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1.0 Introduction

"P•AN AIR is a system of computer programs for the detailed analysis and the
non-iterative design of arbitrary configurations in steady, inviscid, subsonic

and supersonic flows. PAN AIR uses a higher order panel method for the

numerical solution of the appropriate linearized potential flow equations.
The configuration surface is approximated by a set of panels on which unknown

source and doublet singularity distributions are defined. By imposing
boundary conditions at a discrete set of points, the integral equation
soluti6;o to the partial differential equation is reduced to a system of linear
algebraic Pquations relating the unknown singularity strengths. These
equations are solved for the singularity strengths which in turn dete'mine the

properties of the glow field.

PAN AIR is called a higher order panel method because the singularity
distributiotis are generally not constant on each panel. This property enables

the doublet strength to be made continuous, a feature which is critically
important for obtaining numerically stable solutions in supersonic flow. The

method allows the analysis of flow about arbitrary configurations, reduces the

sensitivity of the solution to the details of the panel layout, and also
allows for higher efficienc, in the analysis and solution procedures.

This document'xis the User's Manual for the PAN AIR software system.Af-

contains detailed information on how to use the system. Other documents
describe the technical aspects of the system. The PAN AIR Summary Document
describes the scope and capabilities of the program system. The PAN AIR

Theory Document contains a complete description of the theory and the solution
procedures used in the program. The PAN AIR Maintenance Document describes

the program structure and internal workings. The PAN AIR Case Manual contains

a collection of flow problems solved by the program. The User's Manual and

the Case Manual together will enable users to learn how to apply PAN AIR to

comnonly-encountered flow problems.

Section 2 of this document is a general description of the capabilities of

PAN AIR, including both the engineering arid software features. Section 3 is a
beginner's guide which describes the application of PAN AIR to the most common

aerodynamic analysis problem that users will encounter (flow past an
impermeable "thick" object). This section serves as an introduction to the

system, showing the user an application to an uncomplicated problem without

concern for the generality of the system. Section 4 describes the PAN AIR
systen. architecture and the individual technical modules. Section 5 describes
the use of the program system (control cards, data bases, resource
requirements, and modes oF execultion). Section 6 describes the use of the
module execution control (MEC) "directives". Section 7 is a complete
description of the engineering input data which specifies the aerodynamic
problem to be solved. Section 8 describes the output data produced by PAN AIR.

Associated information is iven in the appendices. Appendix A is a
description of the boundary va~lue problems that PAN AIR is, designed to solve,

including examples of well-posed and ill-posed problems. Appendix B is an

extended description of configuration and flow-modeling in PAN AIR. Appendix
C is a description of how to use the PAN AIR software in solving very large
problems. Appendix D is a summary of the engineering input data formats.
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1. 1 Capabilities

PAN AIR includes the capabilities for both analysis and non-iterative

design. lhe analysis capability has two parts. The first -is an accurate

calculation of the pressure coefficients and velocity components at any ;3int
on the configuration surface. The second part is the calculation of the force
and moment coefficients acting on portions or on the entire configuration by
integration of the surface pressure and mass flux contributions. The
non-iterative design capability includes the analysis of the flow field
resulting from a given configuration with a specified pressure coefficient or
surface velocity distribution to obtain information for redesign of the
surface to obtain the desired properties.

The capabilities of Versior 1.0 PAN AIR can be applied to the solution of
a variety of fluid flow problems. Specific capability features include the
ability to:

1. analyze completely arbitrary configurations in subsonic flow and nearly
arbitrary configurations in supersonic flcli,

t2. ai,alyze either unsymmetric configurations or configurations with one or
two planes of symmetry,

3. analyze configurations in either unsymmetric or symmetric flight
conditions, including ground effect conditions,

4. analyze or design both geometrically thick configurations and thin
configurations, such as, a camber surface representation of a thin wing,

5. analyze configurecions either (in an exact sense) with boundary conditions
applied on the canFiguration surface or (In a linearized sense) with
appropriate bourndary conditions applied to an approximation to the
configuration surface,

6. analyze control surface deflections either (in an exact sense) by
geometric deflection of the appropriate networks or (in a linearized
sense) by imposing suitable boundary conditions on an approximation to the
deflected control surface,

7. design the location of surfaces, including wakes, by the non-iterative
design capability,

e. superimpose incremental velocity components onto the freestrea~n either in
Sglobal sense, for example, additional velocity components to simulate a
finite roll rate, or on a local basis, for examplen to simulate different
angles of attack for different networks or to simulate the effects of a
sl pstream or line vortex,

9. calculate pressure coefficients and force and moment coefficients by
several pressure cnefficient formulas (isentropic, linearized,
second-order, reduced second-order and slender body),

10. caiculate velocity components and pressure coefficients both at standard
points and at user-designated arbitrary points on the configuration
surface (flow quantities in the external flow field can be computed by
using panels with zero singularity strength),
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11. calculate the force and moment coefficients on individual panels, columns
of panels, and networks, with the options of us4ng user-specified
reference dimensions and moment axes of either individuil networks or the
total configuration,

12. include or exclude 'he force and moment contributiors of individual
networks in the calculation of the force and moment coefficients of the
total configuration,

13. calcula:e force and moment coefficients in the reference axis system (of
the user-specified configuration), in the stability axis system, in the
wind axis system, and in a user-specified body axis system, and

14. calculate leading and side edge forces, and moments Jue to singularity of

the leading and side edge force distributions for thin configurations, and
to include these calculations in the total configuration force and moment
coefficients.

1.2 Summdry

1.2.1 Functions Performed

The PAN AIR system is comprised of separate modules which were developed
using an advanced software development approach called Systematic Software
Development Methodology. This method emphasizes modular, structured software
design. Thus the programs can be easily modified because changes in one
module affect the other modules in a clearly identifiable manner. PAN AIR
also includes features which ifrprove the useability, maintainability and
reliability of the program system relative to earlier versions of the panel
technology, that is, the PAN AIR pilot code of references 1.1, 1.2 and 1.3.

Each PAN AIR module performs specific portions of the solution to a posed
problem. A suummary of their tasks is given as follows:

SDMS - Scientific Data Management System - allows definition of the
various data bases used by the modules, and performs nearly al'
data transfers between core and disk.

MEC - Module Execution Control - genc;dccs the control card stream
which will execute the required modules in the proper order
based upon a set of user-supplied directives

DIP - Data Input Processor - processes the engineering input data

D - required by all the modules except MEC

i DQG - De'ining Quantities Generator - transforms the input data of DIP
into a useable form for the other modules

MAG Matrix Generator - creates the aerodynamic influence
K icoefficients in matrix form (that is, the coefficients of the
(ji linear system)
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I
RMS Real Matrix Solver - performs the triangular decomposition of

the aerodynamic influence coefficient matrix so that
forward-backward substitution may be used to solve the linear
system of equations j

RES Right Hand Sid& - generates the right hand side constraints (for
example, multiple angles of attack) of the linear system and

performs the forward-backward substitution to obtain the unknown
singularities

MUG Minimal Data Generator - constructs a data base containing a
minimal set of geometry, influence coefficient and singularity
data at control point and panel grid point locations for use by
the downstream post-processing programs (PUP and CDP)

PDP Point Data Processor - computes potential, velocity and pressure
coefficient data at panel control and grid points and at
user-specified arbitrary points on the configuration surface

CDP Configuratfi~ni Data Processor - computes force and moment•

coefficient data on the configuration and wake surfaces I
PPP Print Plot Prccessor - prepares a file of user requested data

from DQG, PDP and CDP data bases in preparation for printing or
for plotting by user supplied plotting routines

1.2.2 General Functional Flow

The PAN AIR software system determines the program modules execution
sequence from the user defined input. The most common sequences for standard!
PAN AIR problems are depicted in figure 3.1. Other sequences are possible and
can be easily constructed by the user wich the MEC directives described in
section 6. As the modules are executed, certain data bases are generated
automatically but are later purged unless the user intervenes. It is the I
user's responsibility to save data bases ne,4ed for future runs.

1.2.3 Hardware Configuration

PAN AIR is designed to run on the Control Data Corporation 6600, 7600, and
Cyber 175 computers under Scope 2.1, Scope 3.4, NCS 1.2 and NOS/BE operating
systems. It requir7s under 130K octal words of central memory for standardg
runs and 75K octal words for non-standtrd runs using the post-processing
modulesn The system is designed to run in a batch environaent because of apotentially large demand of computer resources such as CPU time and disk
storage. Multiple disks (master and slaves) 'an be used for very large
problems, see appendix C.
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1.2.4 Program Configuration

PAN AIR consists of a total of ten program modules, a library of

specialized and frequently used subrott;,es, and the Scientific Data

Management System (SDMS).

PAN AIR was designed us.ing SSDM (Systematic Software Development and

Maintenance) techniques which are intended to rnsure maintainability and

reliability of large software systems. It is written in FORTRAN TV language

with imbedded design code comments following structured programming
techniques. A few subroutines in the PAN AIR library and the SDMS are written
in the COMPASS language.

Each of the PAN AIR modules generates a permanent SDMS data base for use

by subsequent module(s). The execution control of the system is directed by
the user through the PAN AIR MEC (Module Execution Control) module (see

section 4.4). The problem definition of a PAN AIR run, the associated user

directives and data are processed by the DIP (Data It.put Processor) module and

stored in the DIP data base for use by other, subsequent PAN AIR modules. The

program limits (for example, the maximum number of networks) are listed in
section 7.1.2.7.

The authors wish to acknowledge that portions of this rc. -t were prepared

by Larry L. Erickson, NASA-Ames Research Center. The authors also wish to

thank Paul E. Rubbert for his assistance in preparing the report and to thank

Kathleen Crites for her efforts in typing this document and Gerard Bass and

Sally Chapin for drawing the figures,
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DIP

Input

DIP__ . .............................................

Update of boundary

condition specified 'lows

and/or onset flows '
Q.G ' 4 MAG.. RMS (additional right-hand

.sides) '

MEC

_ M...INPUT I-RHSj-

M-D !.G I
.M1G

PDPJ CDP -

Figure 1.1 - Standard execution sequences of PAN AIR modules I
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2.0 PAN AIR Capabilities

PAN AIR offers a comprehensive aerodynamic analysis Liid design capability
for nearly arbitrary configurations in subsonic and supersonic flows. The
complexity of the problem formulation is determined by the user to suit his
particular needs in terms of accuracy ard resolution versus computing and
manpower costs. The system can be applied to preliminary design problems,
involving linearized modeling approximations for simple configurations. It
can also be used in an "analytical wind tunnel" sense to determine detailed
flow characteristics and the forces and moments about complex configurations.

PAN AIR is designed to permit efficient processing of configurations whose

geometry differs locally from one already analyzed. Examples of this appli-
cation are problems involving multiple control surface deflections and various
store locations. Multiple flow cases involving, for example, several angles
of attack or sideslip, or several inlet flow rates can be handled in one
computer run.

PAN AIR is also designed to allow post-processing (data access, manipu-
lation and display) to be performed independently of the initial data creation
run: a minimal data set, generated as a result of the boundary value problem

solution, is subsequently accessed and manipulated to produce output for
multiple sets of user options. This process can be repeated several times.
Data thus produced can be placed both on the PAN AIR data base and on a stan-
dard format plot file for subsequent plotting with user-supplied routines.

The PAN AIR system is capable of solving boundary value problems of the
type governed by Laplace's equation:

xx yy zz

or the wave equation:

xx yy zz

or extensions characterized by the three-dimensional Prandtl-Glauert equation:

(1 - Mo2 ) Oxx - 0yy - Ozz " 0

It is therefore suitable for the solution of problems involving nearly
arbitrary configurations in subsonic or supersonic flows.

Limitati,)ns to the applicability of PAN AIR are governed by consider-
ations as 'u whether the physics of the flow/configuration problem in question
can be approximated to a reasonable extent by the inviscid, "potential flow"
environment implicit in the use of the method. Applications of PAN AIR to
transonic flow problems (in which subsonic and supersonic flows exist at the

same time in different regions and which cannot be appproximated by either
Laplace's equation or the wave equation) are clearly inadmissable. Similarly,
application of the method to blunt configurations in either the high subsonic
or low supersonic speed regimes should be limited to cases in which any local
embedded supersonic or subsonic regions, respectively, are very small in
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si ze. Use of the method for flows whose characteristics are appreciably
affected by viscous phenomena (for example, thick boundary layers and
separated regions) is of dubious value unless such layers and regions are
simulated by the techniques of "displacement modeling" (see section 2.1.4).
Application of PAN AIR in supersonic flow is limited to linear phenomena
associated with weak shocks, for example, wave drag type pressures of thin
airfoil theory; nonlinear phenomena such as those associated with strong
shocks will not be predicted. Also, in iupersonic flow solid boundary
surfaces can not be modeled if the surface! is at an angle to the undisturbed
flow greater than the Mach cone angle.

PAN AIR can be applied in two general types of aerodynamic problems:
analysis and design. Analysis boundary value problems (section 2.1) are of
the following type: given the conditions in the undisturbed flow field and
the flow conditions at the surface, find the resulting flow field. PAN AIR .
also has a non-iterative design capability (section 2.2) which solves problems
of the following type: given the conditions in the undisturbed flow field and
the desired pressure distribution at the surface, find the resulting flow
field including data needed for linearized redesign to obtain the surface4
having the desired pressure distribution.

2.1 Aerodynamic Analysis Features

The PAN AIR aerodynamic analysis capability consists of the ability to: I

(1) calculate pressures and velocity components at any point on the
surface of a configuration, andI

(2) calculate forces and moments both on the configuration as a whole andon specified portions of the configuration.

The detailed capabilities of the system are illustrated in the following4
descriptions of the analysis features.

2.1.1 Modeling Flexibility .
From a geometric point of view, a configuration is amenable to processing

by PAN AIR if the surfaces of the configuration can be approximated by
"networks" of grid points which represent a mosaic of panels. The user
specifies the geometry of the configuration by breaking it into a set of
networks. Each network usually consists of a four-sided array of four-sided
panels. The panels can be general quadrilaterals; their side edges need not
be parallel to the flow. One side of a network can collapse to zero length so
that the network becomes trianguldr.

The manner in which a configuration is constructed from a set of networksI
is illustrated in figure 2.1 for a transport type wing-body configuration.
The networks are shown in a developed or "folded out" fashion. The number,
sizes and arrangements of the networks are at the user's discretion within
broad limits. (Restrictions on networks and panels are discussed in section
B.1 3.) ' sually networks will represent physically meaningful configuration
components, such as major body components, fairings, and control surfaces.
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PAN AIR uses higher-order pane'is which eliminate many of the modeling
problems and restrictions that lower-order panels typically have. Two
important aspects of the higher-order panels are that within a network (1) the
doublet strength is continuous across all panel edges, and (2) all adjacent
panels can have contiguous edges. This eliminates the generation of spurious
line vortex behavior which can produce diasterous numerical effects in super-
sonic flow. Since the four corner points connected by a particular panel
generally are non-planar, the continuous panel edge geometry is attained by
folding the panel tips about lines connecting the panel midpoints. Thus each
panel has a flat central portion and four flat, foldable triangular tips asI
shown in figure 2.2. The user inputs only the corner point coordinates from
which PAN AIR constructs the geometry of the folded panels.

The user defines each network as a separate entity. This allows consider-I
able freedom in modeling, but has the disadvantage that gaps (or overlaps) can
be inadvertently created at network abutments. These gaps can cause spurious
line vortex terms, which can produce serious numerical errors in supersonic
flow. PAN AIR has the capability to detect such gaps and to create
"lgap-filling" panels that maintain continuous doublet strength across the
network abutments (see section B.3.5). PAN AIR also allows the user to
specify gaps in the configuration which are physically meaniogful and thus to
be retained in the analytical model.

Subsonically, the panels can be oriented arbitrarily in space.
Supersonically, panels representing solid boundaries can still be inclined to
the flow but they must be at angles less chani the Mach angle. For nonsolid
boundaries at angles greater than the Mach angle (for example, at an engine
inlet or exhaust) a special "superinclined" panel can be used. Although the
superinclined panels look like blunt surfaces, they do not influence the up-
stream flow. They are used to:

1. Seal off inlets to prevent the propagation of wave-like disturbances into
the interior (which can degrade numerical accuracy).

2. Specify exhaust mass flows and capture oncoming inlet flows.
*3. Close the interior volume so that velocity potential type boundary

conditions can be specified on the interior surfaces of the panels.

Flows or mixtures of flows which exhibit "shear layers" and which can be
* rendered "simply connected" (see section A.3) by suitable paneling of such

layers are frequently amenable to processing by PAN AIR. Such flows include
wakes and free vortex sheets as shown in figure 2.3. Shear layers are modeled
in PAN AIR by "wake networks." The most commnon application of wake networks
is the simulation of wakes originating at the trailing edge of a lifting
surface. PAN AIR does not calculate the shapes of wake networks unless
indirectly as part of a design pt-oblem (see section 2.2); usually the user
must provide approximate shapes for wake networks in the form of paneledsurfces th qulit ofthe oluionbeig dpenent n te qaliy o th
approximation. Some examples of the modeling of shear layers are .iven in
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2.1.2 Configuration Symmetries (record GA)*

The PAN AIR user may take advantage of the geometric symmetry properties
of the configuration to be processed. This reduces both the amount of data
input and the cost of the solution. Even if configuration symmetry is
involved, asymmetric flight conditions may still be processed, subject to the
considerations described below in section 2.1.3. The symmetry option may be
used not only for the obvious cases involving one or two planes of configur-
ation symmetry but also for ground effect problems in which the "total"
configuration consists of the vehicle itself and its reflected image.

The various classes of problems involving symmetry are discussed in the
following.

2.1.2.1 Asymmetric Configutations

PAN AIR is capable of handling completely asymmetric configurations. To
accomplish this the user is required to provide panel arrangements for the
complete configuration and any wakes or jets attached thereto. Examples of
configurations which must be treated in this fashion are shown in figure 2.4
and include symmetric configurations with an asymmetric wake configuration,
yawed wing configurations arid aircraft with asymmetric stores arrangements.
No configuration is completely symmetric of course, if only for the presence
of small asymmetric elements. The choice of whether to consider the
configuration as symmetric or asymmetric is the responsibility of the user anddepends on the degree of detail desired in the analysis. Processing of

asymmetric configurations is more expensive, in trrms of both computer
resources and input effort required, than processing of similar configurations
with one or two planes of symmetry.

2.1.2.2 'One Plane of Symmetry

The one plane of configuration symmetry option can be used to handle
efficiently two cases shown in figure 2.5:

(1) Configurations with one plane of symmetry. This case is typified by
configuration symmti.y about an arbitrary plane of symmetry, usually the
plane yo = 0 (fiSdre 2.5a). In this case the user must input either half
of the configur;tion paneling, but forces and moments will be calculated
as if the whole configuration were present.

(2) Asymmetric configurations in ground effect. In this case the single
plane of configuration symnetry may be used to represent a ground plane.
This capability may be used not only for truly asymmetric configurations
in ground effect but also for configurations at some angle of bank

* Configuration symmetries are specified by record G4 of the DIP module input
data. Record identifiers and names are listed in section 7.2.2; records are
described in sections 7.3 to 7.7.
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relative to the ground (figure 2.5b). (Configurations with one plane of
symmetry at zero angle of bank in ground effect may be dealt with by using the
two planes of symmetry capability described below. When a ground plane is
specified, forces and moments are not calculated for the "image half" of the
"total" configuration.

2.1.2.3 Two Planes of Symmetry

In the two planes of symmetry option the two planes must be orthogonal, I
that is, at right angles to each other, but otherwise may be selected!
arbitrarily. One or both planes may be used as a ground plane on instruction
from the user. Again, a ground plane is differentiated from art "ordinary"
plane of symmetry in that forces and moments are not computed for the
associated "images" in the case of the ground plane. The two planes of
configuration symmetry option can be used to handle efficiently three cases
shown in figure 2.6:

(1) Configurations with two planes of symmetry such as the "cruciform"
configuration shown in figure 2.6a. In this case only one quarter of the
vehicle and wake paneling need be input.

(2) Con. urations with one plane of symmetry in ground effect, in which
case one i..lf of the vehicle, that is, one quarter of the "total"
configuration, is input (figure 2.6b).

(3) Flow about an arbitrary object positioned in the "corner" between two

perpendicular walls (figure 2.6c), the flow being along the walls. The
complete object, which is one quarter of the "total" configuration, is
input in this case.

Special treatment is req.-ired for networks which lie in a plane of
sym~netry, for example, a plariar, Ehin surface representation of a vertical fin
lying in the plane yo 0 0. Such networks are identified by a "reflection in
plane of symmetry tag" (record N5). which instructs the program tt specially
treat the "images" of the network in question. Alternately, a network is
determined by the program to lie in a plane of symmetry if its panel center
points lie in the plane of symmetry.

2.1.2.4 Asymmetric Flow CasLý for Symmetric Configurations

Problems whose panel geometry contains a plane of symmetry can take
advantage of symmetry economies even though the boundary conditions and/or the
onset flow are not symmetric. For example, a configuration with one plane of
xo-zo symmetry at an angle of sideslip falls into this category. Program
economies are achieved by decomposing the effective incident flow into
symmetric and antisymmetric components, solving these two separate boundary
value problems, and then summing the solutions to obtain the final, asymmetric
results. With one plane of symmetry two sets of N equations are solved,
rather than a single set oi 2N equations. Certain restrictions are implicit
in this capability when compressible flow cases are considered as shown in
figure 2.1:
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(1)~~~~ ~ ~~ For- one plane of, cofgrto symty the copesiilt
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(2) For ton planes of configuration syrmmetry, the compressibi lityI

direction must lie in both planes of symmetry and hence must be in thle
direLtion of the intersection of the two planes (figure 2.7b).

These conditions restrict the use of the configuration symmetry options. If
the restrictions on the compressibility direction are not 'net, the user either
must forgo use of the configuration symmetry option(s) or must use
approximations in modeling the onset flow field.

The direction of the 'uniform onset" flow velocity L6 may deviate from theI
compressibility direction, but such deviations should be limited to small
angles to maintain tne validity of the linearized compressible formulation.4
For example, for the singly symmetric configuration at an angle of sideslip o
in figure 2.7a, that angle Fhould be small, while for the cruciform configur-
ation in figure 2.7b both angles of attack a and sideslip o should be
small. (The distinction between the compressibility direction and the
direction of the uniform onset flow is discussed further, in section B.2.2.)
The allowable range of the angles of attack and sideslip should be reduced as
the Mach number is increased. Typical ranges are ±1?f at Mach = 0.5, 15* at
Mach 1.3 and I? at Mach = 3.0. For asymmetric flight conditions in
compressible flow in which these angles are not small, the configuration must
be treated as asymmuetric. However, these restrictions do not apply in
incompressible flow, where any configuration with geometrical symmetry can be
treated in this fashion regardless of the magnitudes of the angles of attack
and sideslip. The symmetry option can also be used for configurations whose
panel geometry is symmetric but whose boundary conditions are not. Examples
of this are asymmetric flow due to linearized control surface deflections
modeled through the boundary conditions (see sections 2.1.4 and B.3.2) rather
than by deflecting the actual control surface networks (figure 2.8a), and due
to propeller discs with differing influxes (figure 2.8b).I

2.1.3 "Thick" arm "Thin" Configurations

Thle fundamental "composite panel", with two boundary conditions per
control point, provides the PAN AIR user with a great deal of flexibility in
dealing with varinus types of configurations.

In the most frequent type of usage, panels are distributed over the
surface of a "thick" configuration (that is, one in which the surface encloses
a finite volume, for example the "thick" wing section shown in figure 2.9a) to
provide a detailed simulation of the surface shape. The two boundaryI
conditions on each panel zontrol not only the flow around the outside of the
vehicle, but also the flow in the interior of the configuration which,
although of no physical significance, is required to render the solution
unique (see section A.3). (In most thick configuration cases the interior
flow will be set equal to thc freestream velocity by the selection of standard
boundary conditions and need not be of concern to a majority of users.)
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Some types of problems however may warrant a "thin" surface treatmnent in
which the panels are used to simulate both the upper and lower surfaces of an
infinitely thin wing, for example. In this case, the interior volume is
non-existent and the two boundary conditions control the outer flow over both
upper and lower surfaces of the wing (figure 2.9b). Presumably, in this type
of usage the configuration will be sufficiently thin to warrant thin surface
treatment and, furthermore, the user will be aware of the accuracy limitatiuns
imposed by the approximate nature of the configuration simulation. Thin
surface simulation will usually be substantially cheaper in terms of computer
time anid c ~st, and iniput effort required, than corresponding "thick"
config;uration cases. This provides the user with an important flexibility in
weighing his requirements in terms of accuracy versus incurred cost.

Techniques are available which will increase the configuration fidelity of
thin surface representation. For instance, finite wing thickness may be sim-
ulated with a thin surface network representation by specifying a source sing-
ularity distribution (in addition to Lhe doublet distribution) whose strength
is equal to the rate of change of thickness. Such "linearized" modeling tech-
niques are described below in section 2.1.4. Both "thick" and "thin" surface
representations may be used in the same analysis as shown in figure 2.9c.

2.1.4 "Exact" and "Linearized" Modeling

The terms "exact" and "linearized" pertain to whether the boundary con-
ditions applied on the network surface representation are used to represent
the flow conditions at the network surface itself (exact), or at some small,
non-zero distance away from the network surface (linearized).

Consider the example of a paneled surface representation of a thick wing.
If the user were interested only in the characteristics of the wing in
potential flow., he would specify appropriate "exact" boundary conditions at
the surface of the paneling scheme which would enforce the condition of zero
flow normal to the exterior of the wing (plus a suitable representation of the
interior flow). If on the other hand, he were interested in simulating the
boundary layer thickness on the surface of the wing, he could do this by using
either exact modeling or linearized modeling.

In exact modeling, he would estimate the diplacement thickness of the I
boundary layer at all points on the wing surface, add this thickness to the
wing profile, panel the shape of the wing plus boundary layer and apply exact
boundary conditions at the displacement surface of the boundary layer (figure
2.10a). This is an example of "exact displacement modeling." Modeling of the
displ~cement surfaces in figure 2.10a would require two wake networks, one For
upper and one for the lower shear layer.

Using linearized modeling on the other hand, he would simulate the effects

of the boundary layer without repaneling the shape of the wing plus boundary

layer by imposing suitable "linearized" boundary conditions (or by imposing I
local onset flows discussed in section 2.1.5), which would be applied on the
surface of the wing, but would simulate conditions lat the displacement surface
of the boundary layer. In practice he would do this by specifying a source
strength distribution which would produce a flow out of the paneled surface
eo'.al to the rate of change of boundary layer thickness (figure 2.10b). This
is an example of "linearized displacement modeling".
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Note that the terms "exact" and "linearized" in this context do not imply
any assumptions as to whether the paneling scheme used is "thick" or "thin."
Both exact and linearized modeling techniques can be used on either thick or
thin surface representations. Use of exact modeling is fairly
self-explanatory. Use of linearized modeling is explained by the applications
described below. (The associated boundary condition equations and their
implementation in PAN AIR are discussed in section B.3.2.)

2.1..4.1 Boundary Layers

The linearized representation of boundary layers was illustrated in the
example discussed above.

2.1.4.2 Thickness Distributions

The simulation of thickness for a thin wing surface representation, orI
increments in thickness on a thick configuration, is a problem very similar to
that of boundary layer simulation. In both cases, additional source strength
is specified on the surface equal to the rate of change of thickness,
incremental thickness or boundary layer displacement thickness (figure 2.11a).

2.1.4.3 Camber Distributions

The effects of camber or incremental camber can be simulated for both
thick and thin surface representations by specifying an incremental flow
through the paneled surfaces equal in magnitude to the difference in camber
slopes between the paneled configuration arid the simulated configuration. The
direction of the incrementdl flow is from the paneled surface to the simulated
surface (figure 2.11b).

2.1.4.4 Linearized Control Surface Deflections

The simulation of control surface deflections is essentially the sameI
problem as simulation of incremental camber distribution described above. For
example, in simulating a flap deflection, an incremental flow equal to the
tangent of the flap deflection angle and flowing from the paneled surface to
the simulated surface would be specified (figure 2.11c).

2.1.4.5 Linearized Asymmetric Effects

Asymmetric control surface deflections, for example, aileron deflections,
or asymmetric distributions of camber or thickness can be simulated even if
only one half of a c~onfiguration with one plane of symmetry is used as the
paneling scheme (figure 2.8a). This is possible because no actual change in
network geometry between "real" and "image" halves of the configuration is
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* involved. The user exercises this capability by specifying an additional set
* of boundary condition data on the appropriate "image" network(s). These

inputs are of course different from those for the corresponding "real"
network(s). This option is not available if the plane of synmmetry isI
designated as a ground plane. Also, asymmetric power effects may be simulated
using only one side of a symmetric configuration as a paneling scheme. This
could be performed by specifying, for example, a flow through an "image"
actuator disc (propeller disc) which is different from that on the "real"
paneled disc, again assuming that the slipstream shape is the same for both
"image" and "real" halves of the configuration (figure 2.8b).

2.1..4.6 Flow Entrainment by Jet. Effluxesj

In analyses involving V/STOL aircraft in hovering flight or at low forward
speeds, the flow entrained by lifting jets or slipstreams exerts an
appreciable influence on the forces and momients experienced by the vehicle.
These effects can be modeled using linearized techniques in a manner similar
to that used in modeling linearized boundary layer effects. The efflux would
be treated as an extension of the configuration and modeled with composite
panels. (The user must assumne the location of the "efflux tube" extension.)
Boundary conditions would be imposed such that the source singularities are
used to simulate specified inflow (entrainment) rates at eac~h control point
(figure 2.l1d), see section B.3.6. These inflow rates could be obtained from
appropriate test data or analysis involving mixing jets.

2.1.5 Onset Flows

In PAN AIR the configuration being analyzed is assumed to be at rest with
respect to an inertial frame of reference, which is defined by the "reference
coordinate system" (xo, yo, zo) used to input the configuration geometry. In
the most frequent type of usage, kte configuration is exposed to a uniform
onset or freestream flow velocity L6~ whose direction~ relative to the reference
coordinate system is determined by the angles of attack and sideslip specified
by the user. In addition to the freestream, the aser may specify incremental
flows of two basic types (figure 2.12).j

2.1.5.1 Rotational Flows (record set G6)

These are used for simulation of steady rotational motions, for example,
rates of roll, pitch and yaw or rates of rotation about arbitrary axes, which
must be regarded as "quasi-steady" states because the configuration i; fixed
in inertial space (figure 2.12a). In PAN AIR the flow is rotating with
respect to the fixed vehicle; for a rotating vehicle simulation the user must
specify the negative (,f the vehicle rotation rates.

2.1.5.2 Local Onset Flows (record set NI8)

The user may impose additional velocity components by specifying theI

components of a local oiiset flow on the configuration. This option may be
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used on a per-network basis to simulate in a linearized fashion such effectsI
as a change in wing incidence relative to the remainder of a configuration, or
a change in attitude of a model relative to a wind tunnel, without changing
the geometry of the panel arrangement (figure 2.12b). In addition, the local
onset flow may be varied from panel to panel within a network or group of
networks (figure 2.12c). This is useful, for instance, in simulating the flow
of a swirling, non-uniform slipstream over the surfaces of a wing or nacelle.
In using this option, the user would specify the local onset flow at each

specifying the local onset flow either as three velocity components or ascoto ponantentok h srha h diinloto f
velocity mragnitude and angles of attack and sideslip. In addition to entering¶
into the boundary value problem solution, the incremental flows can be
included in subsequent pressure coefficient calculations. This permits the
calculation of more realistic pressure coefficients in situations which
simulate locally higher energy flows such as slipstreams.

2.1.6 Surface Flow Property Options

Surface flow properties, that is, the velocities and pressures, can be
calculated in various ways and in varying detail at the discretion of the
user. The program will follow one or more paths in calculating these quanti-
ties, depending on the user's choice from the options listed below.

All options have system defaults; if the user does not specify a par-I
ticular choice, the system chooses the default. The options and system de-
faults are summarized in figure 2.13. The user can change the system defaults
by using the Global Data Group records (section 7.3) to specify a new set of
system defaults, including multiple selections of most options. In addition
the user can select an alternate set of options for each "case" of
post-solution computations by using appropriate records in the Surface Flow
Properties Data Subgroup (section 7 .6.1).

2.1.6.1 Surface Selection Options (records G8 and SF5)

PAN AIR solves for both "exterior" aaid "interior" flows. Data Carl be
calculated and printed for both "upper" and "lower" surfaces oif each
singularity sheet (see section B.1.1). Data can also be calculated and
printed for the difference and average of the upper and lower surf~aclo data.

2.1.6.2 Point Location Options (record set SF4)

Several choices of point locations at which surface flow properties areI
calculated are available. These options areU~

y, (1) panel center control points,

ývj(2) network edge control points,
(3) an "enriched grid" of points consisting of points on each panel: the

center point, the four corner points and the four edge midpoints, and
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(4) user-specified points on the surface.

The choi(, of these options can be varied from network to network. Required
computing resources will of course increase as the number of calculation
points increases.

2.1.6.3 Velocity Computation Methods (records G9 and SF6)

Two options are available for the method of computing velocities on the

network surfaces:

(1) by using the analytically differentiated surface potential dis-
tribution, together with the appropriate flow normal to the surface as
defined by the boundary conditions and the known jump conditions across
each panel (BOUNDARY-CONDITION method), and

(2) by using the "velocity influence coefficients" used to construct the
aerodynamic influence coefficients (VIC-LAMBDA method).

Because of its efficiency, method (1) would be used in the majority of cases

involving conventional modeling techniques and boundary conditions. Method
(2) is intended for use in cases involving unusual boundary conditions or
modeling techniques. If both methods are specified, two independently
computed sets of results will be produced.

2.1.6.4 VeloL;tV Correction Options (records G11, SF1Ob and SF11b)

Because of the small perturbation assumptions implicit in the
Prandtl-Glauert equation, errors are introduced into the compressible velocity

computations when the local velocity deviates substantially from the
freestream. The largest such deviations occur in and around stagnatiun
regions such as at wing leading edges and inside inlets. To produce realistic
velocity and pressure results in these regions, two independent velocity'
correction techniques are available which may be applied whenever the panel
method predicts large, negative pe turbation velocities. The first correction
is used to correct the velocity at a blunt leading edge. It is useful for
thick unswept wings or flow-through nacelles. The second correction is used
to correct the velocity for predicting the outer flow in a boundary layer
analysis. It is useful for thick wings or wing-like configurations. The
velocity corrections are discussed in section B.4.1.

2.1.6.5 Pressure Coefficient Rules Options (records G12, SF1Oc and SF11c)

Once the user has decided on the method(s) of computing velocities, he may
similarly exercise several options for computing the pressure coefficients
from the velocities. The pressure coefficient rules available are:
isentropic, linear, second-order, reduced second-order, and slender body.
These formulas are discussed in section B.4.2. The isentropic pressure
formula usually gives the best results with exact surface paneling. The

2-11

.-- - -*-r- -



Kt iothers represent varying degrees of approxima t ion to the isentropic formula
and are often used in conjunction with linearized modeling techniques.
Another option is available in the form of a user-specified pressure reference
velocity (records G14 and SF9). This is used in calculating pressure
coefficients for stationary configurations, for example, an engine operating
under static conditions.
2.1.6.6 Wake Flow Properties

The flow properties on the surfdces of wake networks can be calculated if

desired. This option is useful in determining whether the wake location
specified by the user is a reasonable representation of that which would occur
in practice: large flow velocities normal to the wake imply an inaccurate
estimation of the wake location. In many instances (for example, simple
wing-body configurations) this is not of serious consequence. However, in
some instances the wake location is crucial to the flow characteristics, for
example, a closely coupled tail or canard in which the wake from the forward
surface passes close to the aft surface. In such cases it may be necessary to
perform an iterative cycle of calculations to determine the correct wake
location. The wake flow properties will yield information from which a second
iteration of the wake location can be estimated.

I2.1.7 Force and Moment Calculation Options

Force and moment coefficients can also be calzulated in various ways and
in varying detail at the discretion of the user. These calculations are
carried out independently of the options selected for surface flow properties
calculations described above. The options and system defaults are summarized
in figure 2.14. The defaults, either program defaults or user-specified
defaults, are the same as for the surface flow property computations. The
user can select alternate options for each "case" of computations by using
appropriate records in the Forces and Moments Data Subgroup (section 7.6.3).

2.1.7.1 Surface Selection Option (records G8 and FM12)

Force and moment coefficents can be calculated for the upper and lower
surfaces of each singularity sheet and for the sum of the upper and lower
surface values.

2.1.7.2 Force and Moment Computation and Summation Options (records FM5 and

FM19)

The force and moment coefficents can be computed, printed and summed in
varying degrees of detail:

(1) for each panel,
(2 for each column of panels in a network,
(3) for each network, and
(4) for the user-specified configuration for each case.
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The choice of options (1) to (3) can be varied from case to case as specified
by the user. These options permit, for example, the evaluation of wing

loading and bending moment distributions. An additional option enables

the total configuration. For example, a wind tunnel mounting system can be
modeled, but the networks simulating the mounting system eliminated from the
force and moment calculations.

2.1.7.3 Velocity Computation Methods (records G9 and FM13)

The options available are identical with those available for surface flow
properties (see section 2.1.6).

2.1.7.4 Velocity Correction Option (records Gil and FM15)

The options available are identical with those available for surface flow
properties (see section 2.1.6).

2.1.7.5 Pressure Coefficient Rules Options (reco--ds G12 and F1416)

The options available are identical with those available for surface flow
properties (see section 2.1.6).

2.1.7.6 Edge Force Option (record FM9)

The velocities and pressures near subsonic leading and side edges of
lifting surfaces exhibit very high local velocities. Reasonably accurate
integrations of the "leading edge thrust" force produced by this behavior can
be obtained for thick wings with dense leading edge paneling. However, for
thin wings (in which case the velocities become infinite), integration of
surface pressures omits the edge force effect, thereby yielding unrealistic
drag forces. In PAN AIR an option is available by which the edge force can be
calculated by extrapolating the component of velocity normal to the edge (and
in the plane of the panel) towards the edge in an inverse square root fashion
(see section 0.3 of the Theory Document). The force thus calculated is added
to the furces obtained by integration of the surface pressures.

2.1.7.8 Axis Systems Options (record FM3)

Force and moment coefficients can be calculated and printed in several
axis systems, each with a user-selected moment reference point. The options
available and the defaults for the coordinate systems are:

(1) Reference Coordinate System
In this system the xo, yo, and zo directions are those used to define
the configuration geometry. In the default system the xo-axis points
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toward' the tail of the configuration; the yio-axis points toward the
starboard wing; the zo-axis, forming a right-hand set, points4
vertically upward.I

(2) Stability Axis System
The (wind tunnel) stability axis system is obtained from the
reference coordinate system by a rotation of (minus one times) the
angle of attack about the yo-axis.

(3) Wind Axis System
This system is defined from the reference coordinate system by
rotations given by (minus one times) the angles of attack andsideslip such that the x-axis points downstream in the relative wind
direction, the y-axis toward starboard and the z-axis upward. This
system produces forces consistent with commonly-accepted lift and
drag definitions (for example, reference 2.1, also see section B.4.3).

(4) BoyAi1Sse
An arbitrary body axis system can be specified by supplying an origin
and Euler angle rotations away from the reference coordinate system.
The default body axis system is construicted such that the x-axis
points lorward and the z-axis downward. This system produces forces
and moments consistent with commonly-accepted stability and control ~practice, for example, starboard wing down produces positive roll
angle and starboard wing aft produces positive yaw angle.

2,1.7.9 Reference Dimensions Option (record FM2 and FM11)

The user can specify reference values for chord and span lengths and for
surface area, which are used in computing the force and moment coefficients.

2.2 Aeroiynamic Design Capabilities

The PAN AIR design capability, termed "non-iterative" design, consists of
teability of taking a first approximation to the shape of a portion of a

configuration, together with a specification of the desired pressure or veloc-
ity distributions on that portion and transforming these data into relofting
informat on, from which a second estimate of the desired shape can be cal-
culated. Application of this technique to thick and thin configurations is
illustrated in the following paragraphs.

2.2.1 Thick Configuration Design

Application of non-iterative design to a portion of a thick wing is illus-
trated in figure 2.15. Thp aser starts with a paneled approximation to the
surface to be designed ana a desired pressure or velocity distribution over
that surface (figure 2.15a). The pressure or velocity distribution is then
converted by the user into tangential velocity boundary conditions applied at
the panel center control points of the network in question (Fligure 2.15b), see
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section 8.3.3. The tangential velocity boundary conditions apply only to one
surface of the network under consideration, in this case the "upper" surface;
another set of conditions, in this case zero perturbation velocity potential,
insures uniqueness of the internal flow.

The doublet singularities in the design application are represented by a
different type of network to that used in analysis problems: an extra degree
of freedom is required in both row-wise and column-wise directions. Special
edge conditions are used to control these degrees of freedom. A "closure"
integral condition is imposed at one "free" edge. In this instance, setting
the integral to zero insures that both leading and trailing edges of the
network remain in their original locations when the surface is redesigned.
The "matching" condition applied at the other' "free" edge imposes an
appropriate doublet strength (figure 2.15b).

The end result of the process is shown in figure 2.15c. The tangential
flow conditions are satisfied in the solution but conditions normal to the
panel are left free, except that the closure cnndition controls tre integral
of the normal flow along a particular column. The residual normal flows at
each control point can be shown, using linearized assumptions, to be equal to
the difference in slope between the upproximated surface and the desired
surface. This information is used (external to PAN AIR) to reloft a second
iteration of the desired shape.

2.2.2 Thin Configuration Design

The design process can be applied to "thin" configurations as illustrated
in figure 2.16. Figure 2.16a shows a situation in which the camber surface of
a thin wing is to be designed to produce a-given loading. Boundary conditions
in this case would consist of "c1ifference" tangential"velocities, which pre-
scribe the lnad distribution, and "average" tangential velocities of value
equal to the freestream, which set the source strength on the composite panels
everywhere equal to zero. A matching edge condition must be applied to the
leading edge to set the doublet strength equal to zero. This uses up the
degree of freedom available in the streamwise direction so that no control
over the relative locations of leading and trailing edges can be exercised.

Figure 2.16b shows the design of a "tVck" wing using a "thin" surface
representation. Tangential velocity boundary conditions are used to specify
the pressure distributions on both "upper" and "lowei" surfaces individually.
The program decomposes these into "difference" tangential velocities which
prescribe the loading and "average" tangential velocities which indirectly
determine source strength distributions, thus describing the thikness
slopes. Both closure and matching conditions are applied to insure zero
leading edge doublet strength and a "closed" thickness form, respectively.

2.3 System Usage Capabilities

PAN AIR offers several modes of operation other than the "normal"
one-pass, input-solution-output mode. These modes are designed to facilitate
use of the system with regard to data checking and resource estimating,
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processing of additional flow cases, processing of configurations which differ
[nalmtdwaIrmapeiosyaaye problem, and extraction of data

2.3.1 Data Checking and Resource Estimation

The prc~lems submitted to PAN AIR may involve large amounts of input
data. Rather than risk wasting computing resources on an incorrectly
formulated or erroneous submission, the user is able to take advantage of the
data checking, diagnostic and resource estimating capabilities of the system.

To use this capability the user submits a complete input deck along with a
"CHECK DATA RUN" as a MEC data command. The latter instructs the system to
execute the first two programs, the DIP (Data Input Processor) and DQG
(Defining Quantities Generator) modules, read and echo the user-supplied input
information, check for syntactical errors, problem formulation errors and
logic errors, and print diagnostic messages describing each error in
easy-to-understand terms. The DOG module sets up the boundary value problem
as though a full system execution were requested, including the indexing of
all networks and panels, the construction of network abutments and the
assignment of boundary conditions. DQG prints all pertinent geometric data,
sets up a file for configuration panel display and estimates the computing
resources (core size, disk storage size and central processor time) required
for full problem execution. Execution of the data check process is terminated
only in the case of major input errors which cannot be resolved without user
intervention. This permits the detection of multiple errors in one
submission. Further details on the data check capability are in section 6.

2.3.2 Additional Flow Cases ("Solution Update")

The boundary value problem formulation and solution ultimately involve the
F construction and solution of a system of linear algebraic equations, which can

be expressed in matrix form as:

[AICJ {x} = b)

In this equation {x} is the set of unknown source and doublet
singularity parameters to be solved for. The matrix [AIC] is composed of
"aerodynamic influence coefficients" which describe the influence of a
particular singularity parameter on a particular boundary condition. These
influence coefficients are purely geometric in nature and involve terms which
describe the relative locations of panels and control points, describe the
"type" of boundary conditions at these particular control points (for example,
normal vectors for analysis conditions, tangent vectors for design conditions)

'I and involve Mach number dependenit geometry scaling vectors. These terms are
collectively referred to as "left-hand side" quantities.

The vector (b} consists of scalar boundary condition terms which are
primarily flow condition related. Such quantities as the magnitude and dl.-
rection of the freestream or "onset flow" and the magnitudes of imposed velvc-
ities at control points are represented in this vector. These terms are
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referred to as "right-hand side" quantities.I
The constructiwon and triangular decomposition of the AIC matrix is the

most costly and time consuming-operation in PAN AIR. Once this is per-
formed, multiple solutions involving different "right-hand sides" can be
executed economically.

In PAN AIR, multiple flow cases can be processed in the initial
submission. In addition, the decomposed AIC matrix can be saved and new
"right-hand sides" processed after the initial submission. In using this
capability, a single "STORE AIC" MEG data command accompanies the original
run. Subsequent submissions contain the MEC data commnand "SOLUTION UPDATE"
and the data needed to specify the new solutions. Use of this capability
enables the user to cover a range of flow parameters in a coarse fashion on
the first submission, determine a range of interest from this initial scan,
and then selectively process additional flow cases in the range of interest.

2.3.3 Limited Configuration Changes ("IC Update")

Situations arise in which it is desired to process configurations which
differ from one already processed in a limited fashion with respect to
geometry and/or boundary condition type. This type of change, as opposed to a
"SOLUTION UPDATE," involves changes in tie "left-hand side" information which
appears in the AIC matrix, and can be handled efficiently by an "IC UPDATE"
(IC, influence coefficient) capability.

In the original submission the user appends an "updateable" label to se-
lected networks or network edges (record N8). This tells the program that the
influence coefficients and equations involving these networks or edges might 1
be recalculated in subsequent cases. The program then blocks the solution
matrices so that the coefficients not involved in the change are calculated
once and saved, while those which are involved are placed at the end of the
set of equations so they can be recalculated as part of the processing of
subsequent run(s).

The input listing for the subsequent submission involving the change con-
tains a label which identifies it as an "I1C UPDATE" run, plus a redefinition
of only those networks which were labeled as "updateable" in the original sub-
mission. This redefinition can involve changes in the geometry of the net-
work, the "type" of boundary condition or a combination of the two. The
equation solver then takes advantaqe of the fact that the matrix contains a
block of terms which remains constant for each subsequent case.

This feature is designed to enable the user to execute efficiently the
following types of cases.4

2.3.3.1 Design

When more than one iteration is desired in the design process, the IC A

update capability should be used. The process is illustrated in figure 2.17.

In this thick wing design problem, the network representing the wing is I
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subject to changes in shape from iteration to iteration. It is thus labeled
"updateable." The shape of the trailing edge will also presumably be changed

and so the wake network which abuts the trailing edge must also be labeled
updateable. The shape of the wing-body intersection curve and the in-
tersection curve of the wake with the body to soie distance aft of the
trailing edge will also change, and so portions of the body immediately above I
and below the wing and wake (referred to in the drawing as upper and lower
wing-body fairings) must be labeled updateable. Ncte that the extent of the
updaleable regions of the configurations can be limited by judiciously
splitting up major components into small networks. In th? subsequent update
run, the user may wish to analyze the resulting modified shape, rather than I
perform a second design iteration. In this type. of application, in addition
to perturbing the geometry, he would also change the type of boundarycondition from design to analysis in his second submission.

2.3.3.2 Addition or Deletion of Configuration Components

Addition or deletion of a horizontal tail, for example, can be
accomplished using the IC update capability. Figure 2.18 illustrates two
slightly different situations. In figure 2.18a, networks representing a thick
horizontal tail and the tail wake are to be added or deleted fiom the

configuration. If the tail is to be added, it will be absent !n the original
run and the body networks immediately above and below the tail location will
meet at a common boundary. In the subsequent update run, the networks
representing the tail and wake will be added and the edges of the body
networks shifted to form the shape of the body-tail intersection contour. In
the original run, L,.ose upper and lower body networks will therefore be
labeled updateable. If the tail is to be deleted, the reverse process
occurs. However, since the tail and wake networks are present in the original
run, they, in addition to the body networks, must be labeled updateable. In
the subsequent update run, the tail and wake networks will not be present and
the body networks will be modified to "fill the gap" in the body side. A
slightly different situation is shown in figure 2.18b. Here, the tail is
represented by a "thin" surface and the body networks meet at the line
representing the body-tail intersection. Since addition or deletion of the
tail does not require a change in this intersection line, the body networks
need not be labeled updateable. However, the edge boundary conditions along
the abutment of these networks will cnange upon addition or deletion ot the
tail. These edges must therefore be labeled updateable. If the tail and wake
networks were present in the original run, these networks would be labeled
updateable.

2.3.3.3 Successive Control Surface Deflections

Use of the IC update capability in analyses involving successive control
surface deflections is illustrated by figure 2.19. It is assumed that in the
original run the'surface is in the undeflected position as shown in figure
2.19a. Both the control surfc'.- !nd its trailing wake will be moved in the
following runs, so they must be labeled updateable. Although the aft, outer
wing surfaces remain fixed, conditions at their inboard edges will change, aid
so these edges must be labeled updateable edges. Additional wake networks
will be added in the subsequent deflected cases as shown in figure 2.19h.
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2.3.3.4 Stores Separation

Successive locations of a .Jettisoned external store may be modeledI
efficiently by the updateable feature. The group of networks representing the
store itself and the wake emanating from the store would be designated as
updateable in this case.

2.3.4 Separate Post-ProcessingI

The structure of PAN AIR is arranged so that the final output data can be
V. ~extracted from the system either at the time of problem solution or at any

time afterwards. A minimal data set required for all final configuration data
extractionis is generated by the MDG (Mi~imal Data Generator) module and placed
on the MDG Data Base. (All data bases are automatically saved unless purged
by the user.) In subsequent post-processing, the MOG data base is used assatn ponaocmuesraefo rpris(eoiisadpesr

coefficients) and force and moment coefficients for all networks.'

This arrangement allows the final data extraction to be isolated from the
boundary value problem solution. It also allows multiple sets of data to be
generated in which the several user options available with respect to network,

solution, and surface selec~tions, velocity corrections and pressure
coefficient rules (see sections 2.1.6 and 2.1.7 above) can be varied. Thus, '
for example, complete sets of surface flow properties, generated using
different pressure coefficient rules, can by obtained and compared.

2.3.5 Peripheral Plotting

The data generated in the post-processing operations described above can
be printed by each of the post-processing modules concerned (POP for surface
flow properties and COP for force and moment coefficients). This data and the
geometry of all panel corner points can also be placed on appropriate data
bases and used to set up standard format plot files for subsequent interact' ,ve
graphics display or hardcopy ploting by user-supplied software routines. The
process is initiated by submitting a "PLOT" conmmand in the MEC data. This
activates the Print-Plot Processor module (PPP) and opens the appropriate DQG,
POP and COP data bases. The user then constructs a number of plotting
"cases," each of which represents a separate plotfile. The information
required to specify a plotting case consists of the type of data to be
processed and selections from the previous defined computation case
identifiers, solution identifiers and network identifiers. These plotfiles
are then placed on tape and displayed using interactive graphics or flatbed

plotter equipment.

2-l 9



Q ýend plate T (

lower aileron tip

inboard wing aileron
*upper Iilro

•! told wing
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Figure 2.1 - Construction of a configuration from a set of networks
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Flat triangular tips
~Flat central portion

(parallelogram)

Corner points l and 3 are below the plane of the flat central portion
Corner points 2 and 4 are above the plane of the flat central portion

* 0 Panel edge midpoint

El Panel corner point

H Figure 2.2 -General PAN AIR panel with flat central portion
and four flat trianigular tips.

2-21



F F varying

CO~n7S nt
-4 17

a) simple wake

b) flapped configuration wake

c) separated flow

(i*doublet strength)

Figure 2.3 -Examples of use of wake networks
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c) asymmetric stores or ferry engines

Figure 2.4 - Examples of configurations whichr must be treated as asymmetric

2-23

............



pii t I

*AI

_.___- ___
7 7 77plane of sym77etry

ba) symetric configuration

I, i

i',I

,•• •plane of synuietryIi

i• b) confiyuratic,, in ground effect

ifj
Figure 2.5 - Examples of configurations which have one plane of symmetry
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c) corner flow

Figure 2.6 - Examples of configurations Ahich have two planes of symmetry
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i( b) two planes of configurationi symmnetry

Figure 2.7 - Examples of asymmnetric flow for synmmetric configurations
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a) control surface deflections II
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b) propeller disc modeling

ijFigure 2.8 - Examples of linearized asymmet-ý-ic flow modeled through boundary conditions
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b) thin configuration
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thick body

thin wing

c) combinations

Figure 2.9 - Examples of ihick and thin configuration modeling
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- panel model

airfoil surface

two wake networks
a) exact modeling

panels and boundary conditions on surface
representing airfoil plus boundary layer

(displacement modeling)

displacement surface

panel model

ilA single wake network A

b) linearized modeling

* panels and boundary conditions on airfoil surface

e additional source distribution to represent
boundary layer thickness

paneled surface

Figure 2.10 - Use of exact and linearized modeling of boundary
la-er displacement effects
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II
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i'i simulated surface

Figure 2.11 - Examples of linearized modeling
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arbitrary origin
/~ -- /and axis of rotation
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a) rotational onset flows - global rotation (quasi-steady)

U!
b) local onset flows -network wide

c) local onset flows - each control point

Figure 2.12 - Examples of incremental onset flows
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iSurface selection - Upper (system default)

- Lower
- Uplc (upper minus lower)
- Loup (lower minus upper)

- Average

I

Point location - Panel center control points (system default)
- Neelork edge control points
- Enriched grid points

- User-specified points

Velocity computation methods - Boundary conditions (system default)
- Velocity influence coefficients I

Velocity corrections - Hone (system default)

- Duct flow correction
- Leading edge correction

Pressure coefficient rules - Isentropic (system default)
- Linearized
- Second-order
- Reduced second-order

- Slender body

Figure 2.13 - Surface flat properties - output options

including s,'tem defaults
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Surface selection. Upper (system default)
-Lower

-,,olo (upper plus lower)

Computation summation - Panels

- Panels columns
- Network (system default)
- Configuration (system default)

Velocity computation methods

Velocity corrections .- Same as for surl,"ace, ow properties,

Pressure coefficient rules

Edge force - No (system defeult)

- Yes

Axis systems - Reference coordinate system (system default)

- Stability axis system

- Wind axis system (system default)

Body axis system

Reference dimensions option - No (system default)

- Yes

Figure 2.14 - Forces and moments - output options
including system defaults
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esired velocity

or pressure distribution
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a) probl em

doublet

"free" edge condtion condt on

analysis netorks

=0 '

doublet and source design networks

b) method

residual nor.al
mass flux

analysis networks
c) result

Figure 2.15 - Example of non-iterative design of thick configuration
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conditions: -N\ (both surfaces)
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(doublet)1

closure
(source)

new shape (after lofting)

"•original surface

b) with thickness
(doublet and source design)

Figure 2.16 - Examples of non-iterative design of thin configurations
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design (thick wing)I

updateabl e networksI

upper wing-body fa~iring

lower wing-body fairing

Figure 2.17 -Application of IC update capability -design
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updateable networks
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(deletion only)
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Figure 2.1h - Application of IC update capability - network addition
and deletion
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Figure 2.19 - Application of IC update capability - successive

control surface deflections
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3.0 Beginner's Guide -Standard Aerodyn;.miic Analysis Problems

In this section the engineering input data are described for rhe s~andard
type of aerodynamic analysis problem (called class 1) that tha usor will
encounter most often. The description covers the case of an "exact"
representation of the configuration surface, as opposed to a "linearized"
representation (see section 2.1.4). The user can specify the input data for
this type of problem fairly easily without concern for the full capability,
and the associated complexity, of the PAN AIR system.

'Y It is recommended that the new user gain an initial familiarity with PAN

ARby running this type of problem first. Once an initial acquaintance with

encmpss hefull capabilities of the PAN AIR system. Section B.3 provides
the information necessary to set up and process the more complex cates. There
the reader will find the possible boundary value problems divided into five
classes. These allow the user to specify boundary condition equations and the '
associated input data in a convenient manner for a great variety of problems.

In the following the general structure of the PAN AIR input deck is
described first. The general procedures for configuration model-Ing are then
discussed, including the specification of physical and wake boundaries by
network arrays of panels. Then the subclasses of the class 1 boundary
conditions are discussed in detail. Finally, a sample problem with class I
boundary conditions is discussed.

3.1 Structure of Input Deck

A complete deck for a PAN AIR run consists of three parts, each separated
by an end-of-record card as shown in figure 1.1. The first part consists of a
set of limited job control language (JCL) necessary to initiate execution of
PAN AIR. The second part consists of the user directives to the MEC (Module
Execution Control) module. The third part consists of the user supplied9
engineering data to define the problem to the DIP (Data Input Processor)

nuedule.
The ust'r supplied JCL necessary to initiate execution of the PAN AIR

system is vory limited and simple. To execute PAN AIR on a computer
installation having a catalogued procedure capability, the user needs only to
have the required preliminary control cards (job name, user name, accounting

infirmtin, ndso forth) and then to access and execute a catalogued
procedure created during installation of PAN AIR.

The NEC input data allows the, user to identify the operating system, to
specify identification names for the data bases and to specify the type of run
to be executed through PAN AIR. The MEC module generates the control cards
required to solve the problem.

The DIP module reads the [isic engineering data, performs a few data I
checks and other calculations, and generates a data base for passing the input
data on to the other modules. The DIP input data is divided into five data
groups. In the Global Data Group the user specifies basic conditions of the3-1
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flow problem aoid can change sone program default options. In the Network Data
Group the user' specifies the geometry and boundary conditions for each
network. in the Geometric Edge Matching Data Group the user can specify
atuttnents between network edges (as an alternative to an automatic program
abutmont procedure). The Flow Properties Data Group has two subgroups: in
the Surface Flow Properties Data Subgroup the user specifies calculation of
velocities and pressure coefficients on identified networks; in the Forces and
Moments Data Subgroup the user specifies calculation of force and moment
noefficients on identified networks. In the Print-Plot Data Group the user
ca np scify the creation of data files suitable for subsequent printing and
p lotti11g.

Iiý the Global Data Group the user specifies one or more "solution" data
sets. These are combinations of onset flow properties, for example, angles of
at•ok a and sideslip o. In the Flow Properties Data Subgroup and the
Forces and Momeas Data Subgroup the user specifies independent "cases" for I
the sets of calculations. For each case the user can select one or more
solutlons from the set originally specified in the Global Data Group.

The present section, particularly the example problem, is restricted to
the program options and capabilities that are needed for a standard (class 1)
aeeodynamic analysis problem. The full capabilities of the PAN AIR system are
discussed elsewhere. The full details of the JCL appear in section 5. The
full detcils of the MEC data appear in section 6. The full details of the DIP
data appear ii sectioi 7. This includes a complete description of all DIP
recoods and a list of the options available for each record. I
3.2 Configuration Modeling

The surfaces of both the physical and the wake configurations are defined I
by user-specified networks. Each network is defined by a rectangular array of
grid points which define quadrilateral (or in special cases triangular) panels.

The division of the configuration into networks is somewhat arbitrary. It
is restricted by rules which are described in section B.1.1. The basic rule
is that a network should generally correspond to a physically meaningful part
of the total configuration.

The indexing scheme used for networks is based on the user-defined
rectangular array of grid points which are the corner points of the
quadrilateral panels. The network size is defined by the numbers of rows (M)
and columns (N) of grid points. Using the input grid points, PAN AIR defines
(M-1) rows and (N-i) columns of panels. The identification of the rows and
columns, and the network edge indexing scheme follows from the order in which
the array of grid points is specified. The first column corresponds to the
first set of grid points that are input, that is, points 1 through 3 in figure
3.2. This first column of (three) points also defines the (three) rows of the
array. The second column of points is then input in the order of the rows,
and so forth until the array is complete. The resulting alignment of the rows
and columns, the indexing of the network edges, and the indexing of the (six)
panels are illustrated in figure 3.2. The ordering of the user-specified grid
points can be interpreted as follows: the first column of points forms
network edge four, being ordered from network edge one to network edge three.The other columns of points are input in the same order, with the last column
forming network edge two.

3-2
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The 6irection of increasing row numbers is called the Mdirection and the
direction of increasino column numbers is called the Ndirection (figure
3.2). The direction RAdefines the positive direction of the network and
panel unit normal vectors A. This in turn defines the "upper" and "lower"
surfaces of the network, with the convention that the normal vector points
outward from the upper surface. This definition is very impoý'tant since PAN
AIR requires the specification of boundary conditions on both the upper and
lower surfac~es of the network, and the program output is identified by upper
and lower surface labels. The network upper surface can also be determined in
the following manner: if the viewer looks at the upper surface, figure 3.2
for example, then the network edge indices are in a counter-clockwise order;
the normal vector points toward the viewer.

3.3 Impermeable Surface Mass Flux Analysis (Class 1) Boundary Conditions

problem for an impermeable surface. In the PAN AIR formulation the
correspor'ding boundary condition is that of no mass flux flowing through the
surface, or equivalently a zero value of the total mass flux component normal
to the surface.

3.3.1 General Properties

The total mass flux is the sum of the total onset flow velocity and the
perturbation mass flux, that is,

W aU 0 +w (3.3.1)

In the standar-d case the total ocset flow velocity U0 is equal to theI
uniform onset flow velocity UL6 specified by the speed of the freestream
flow and by the angles of attack a and sideslip o. In general the total
onset flow can also include contributions from a rotational onset flow andM
local onset flows, as described in section 8.2.2.

For incompressible flow, the perturbation mass flux is equal to the
perturbation velocity; the mass flux boundary condition is then equivalent to
that of zero normal velocity at the surface. The reason mass fluxc, rather
than velocity, boundary conditions are used for standard analysis problems isI
discussed in sections 5.4 and 8.0 of the Theory Document. Mass flux boundary
conditions are described further in sections 8.3.2 of this document. Velocity

boundary conditions can be specified in PAN AIR by using class 4 or class 5I
boundary conditions, section B.3.1.

For class 1 boundary conditions for non-wake networks there are two4
boundary condition equations. The first equation specifies the source
strength directly. This equation is applied only at the control points at
each panel center. The second boundary conditiu.n equation is also applied at
the control points at each panel canter. At the control points located on the

network edges only one equation is applied: either the second boundary
condition equation or a condition of doublet strenuth matching with abuttingI
network edges. The latter condition assures continuity of doublet strength at
network edges. The above process occurs automatically when the user has
specified that class 1 boundary conditions are to be used.
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3.3.2 Subclasses

The class 1 boundary conditions are grouped into five subclasses which are
listed in table 3.1 (also figure 7.4). The boundary conditions are applied to
three types of configurations: thick bodies (subclasses 1 end 2), thin bodies
(subclass 3), and wakes (subclasses 4 and 5). The boundary condition
equations are described below for each subclass. The equations for subclasses
1 through 3 are special cases of those used in the corresponding subclasses of
class 2 boundary conditions, "Specified Normal Mass Flux Analysis", which are
described in section 8.3.2. An extended discussion of tUe mathematical
properties and the pitfalls related to specification of boundary conditions,
particularly when one singularity strength is specified directly, is given in
section A.3.

3.3.2.1 Class I - Subclass I (UPPER)

This boundary condition subclass is for an impermeable surface of a thick
configuration in which the network's upper surface is exposed to the external
flow field. This situation correspondsTo the bottom network of figure 3.3.
The boundary condition equations used by the program are

cy -Uo .n (3.3.2a)

OL 0 (3.3.2b)

where a is the suurce strength and OL is the perturbation velocity

potential at the lower surface of the network. It is shown in section B.3.2
that the boundary condition equations (3.3.2a) and (3.3.2b) are equivalent to
the condition of zero total mass flux normal to the upper surface.

This boundary condition subclass produces the condition of flow parallel
to a surface enveloping a nonphysical domain of finite volume. For subsonic
flows the configuration surface (formed from one or more networks) must be,
strictly speaking, closed ai demanded by existence and uniqueness requirements
of the Prandtl-Glauert equation. Thus the surface can have no "holes".
Details such as wing tips must he closed by panelf. (In practice it is
sometimes possible to have small holes in P surface which cause only lnca'ized
distortion of the flow field in subsonic flow.)

3.3.2.2 Class I - Subclass 2 (LOWER)

This boundary condition subclass Is the counterpart of subclass I and is
used when thp lower surface of a network of a thick configuration is exposed
to the external-'`-w field. The top network of figure 3.3 illustrates this
situation. The boundary dondition equations used by the program are

U . (3.3.3a)

0 (3.3.3b)

U
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Subclass* Subclass Description

1 -UPPER Impermeable Upper Surface

2 -LOWER Impermeable Lower Surface

S3 - AVERAGE Impermeable Average (Cambered) Surface

4 - WAKE 1 Wake 1 (with spanwise variation ofdoublet strength)

5 -WAKE 2 Wake 2 (with constant doublet strength)

* Program Index-Keyword

Table 3.1 Subclasses for class 1 boundary conditions

The sign difference between equations (3.3.2a) and (3.3.3a) follows from the

interchange of the upper and lower surfaces.

3.3.2.3 Class 1 - Subclass 3 (AVERAGE)

This boundary condiLion subclass is the condition of zero total normal
mass flux on both the upper and lower surfaces of a thin ("average")
configuration as shown in figure 3.4. The boundary condition equations used
by the program are

o - 0 (3.3.4a)

/ -A -' n (3.3.4b)

wIere wA W -/2 (wU + -W) is the average (of the upper and lower surface

values) perturbation ms~s flux at a control point.

3.3.2.4 Class 1 - Subclass 4 (WAKE 1)

This boundary condition 6uuclass is used for wake networks (type DWI in
prograia notation) which ate placed behind lifting surfaces (or wake networksof the same type). The subclass gives the boundary conditiun equations of (1)

zero source strength, a;'d (2) doublet strength matching at the specified edge
of the wake network and the abutting edge of the lifting surface. For type
OWl networks the doublet strength can vary in the spanwise direction but is

3-5

'Ii

• ' ..... • -,• -• !•.• " • .• .- ,_. .. .1._.



constant in the (nominally) streamwise direction. These properties cause the
Kutta condition to be satisfied at subsonic trailing edges of lifting
surfaces. An example of application of a type DW1 network and the subclass 4

boundary condition is shown in figure 3.5.

The wake network of type DW1 has control points located along only oneI
edge. These allow the doublet strength matching with the abutting edges of
the upstream network(s). The control points are located on edge 1 of a type
DW1 network; thus the user inputs the DWl grid points so that the N-direction
points downstream. Also, it is good modeling practice to having compatible
paneling of the wake and the upstream networks at the abutting edge.

3.3.2.5 Class 1 -Subclass 5 (WAKE 2)

This boundary con~dition subclass is used for wake networks (type DW2 in
program notation) which are used to obtain continuity of wake surfaces. The
subclass gives the boundary condition equations of (1) zero source strength,
and (2) constant doublet strength throughout the network. A network with
these boundary conditions is generally located downstream of a non-lifting
surface or located spanwise either between a fuselage and a wake of a li fting
surface or between two wake networks. The constant doublet strength is
determined by a matching condition with an abutting wake network.

An application of the type DW2 wake network and the associated subclass 5
boundary condition is shown in figure 3.6. Edge 1 of the DW2 network abuts a
non-lifting surface; edge 4 abuts an adjacent wake network; edge 2 abuts the
image of the DW2 network in the plane of configuration symmietry. The DW2
network has a single control point (located at the corner of edges 1 and 4)
which is used to match the doublet strength with the abutting network.

3.4 Example for Class 1 Boundary Conditions

An example of the aerodynamic analysis of a simple configuration shown in
figure 3.7 is described. A complete listing of the input data Is given in
figures 3.8 and 3.9. The input data occurs in three blocks (figure 3.1) which
are: the control cards and JCL, the NEC input data, and the' engineering input
data which is read by the DIP (Data Input Processor) module of PAN AIR.

3.4.1 Control Cards and JCL

This block of data consists of four control cards as shown in figure 3.8.
The first is the job card and the second is the user card. The form of these
two control cards depends on the operating system of the computer
installation. The other two control cards are necessary to initiate a PAN AIR
run. These cards access and execute a catalogued JCL procedure file stored
with the PAN AIR software system. This JCL procedure file accesses andI
executes the MEC module and the control cards generated by NEC.
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In this block of data the user specifies the type of problem to be run.
The MEC module interprets the given input data and performs several
functions. supplies most of the job control cards (JCL) required to solve the
problem, specifies the required data bases, and processes some cotnputing

system information.

An example containing a limited set of MEC input data is shown in figure
3.8. The first card identifies the PAN AIR system. The second cardI
identifies the computer operating system. The third card is a run
identificstion title used to identify the output. The next seven cards
specify the data base information, including all identifications required for
the data bases. The next to last card instructs PAN AIR to use the capability
to check the DIP module input data before executing the regular solution. The
last card indicates the end of the MEC data. It is noted that there is no ~
instruction on the type of solution since a regular potential flow solution is
being requested, which is the default option. For details refer to section 5.

3.4.3 General Information for DIP Module

The complete input data for the DIP module are described in section 7;
only the input records and options needed for a standard aerodynamic analysis
problem are described in the present section.

The DIP input records are of three basic types. First, an instruction
record consists of a "primary keyword"' which identifies the instruction being
specified. Second, an instruction-parameter record consists of a primary
keyword, followed by an equal sign, followed by one or more "secondary
keywords" which specify particular options, or by a user-supplied name, or by
numerical data, or by a combination of the three. Third, a data record
consists of numerical data only.

In most cases one DIP input record is one 80 character computer card. If
an input record is particularly long, it can be continued onto several cards:
"record continuation" is indicated by a plus (+) as the last character on a

card. Record continuation is usually not required for data records.I
User comments can be included in the DIP input data in either of two

formats. Cards beginning with the two sj~nbols */ are conmment cards, which are
ignored by the DIP module. Also, the symbol / is an optional terminator for
input records; all information after this symbol is ignored.

A default is the instruction, option, or data assigned by the DIP module
.1 ~when the user omits part or all of an input record. In PAN AIR many of the

records associated with specialized features or applications have defaults
designed for standard cases. In the present case several of the DO0 input
records shown in figure 3.9 could have beeo~ omitted; these are labelk.d DEFAULT
in the input listing.
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3.4.4 Configuration

For the example of an aerodynamic analysis problem, the configuration is a
triangular delta wing with a double wedge symmetric airfoil section, figure
3.7. The configuration is modeled by three networks: one for the top of the
wing, one for the bottom of the wing and one for the wake. The boundary
conditions on the wing networks are class 1 and either subclass 1 or 2,
depending on whether the upper or lower surface of the network is exposed to
the external flow.

The input data, primarily the configuration geometry, are specified in the
reference coordinate system. The PAN AIR implied reference coordinate system
is used: xo positive aft, yo positive right and zo positive up on the

configuration. The compressibility coordinate system is specified to coincide
with the reference coordinate system (see section 8.2.1). The flow is
supersonic at Mach 2.0. The uniform onset flow speed is specified to have a
unit value; this can be done since the Prandtl-Glauert equation is linear.

3.4.5 DIP Input Data

The input data for the DIP module are listed in figure 3.9. The
identifying numbers of the records used for the example configuration are
included as comments. (A list of identifying numbers and names of all PAN AIR
records is given in sei.Jon 7.2.2.) Individual records are organized by data
groups; the records are described in sections 7.3 to 7.7. The function of
each record listed in figure 3.9 is described below.

Record GI. This record identifies the start of the Global Data Group, which
specif iesglobal conditions of the problem, such as pos-ss11-ble-• --iierTies, com-
pressibility data and solution data. The records can also specify defaulL
options for subsequent calculations, but these are mostly deferred to the FlowProperties Data Group in the present example.

Record G2. This record gives the problem identification (PID) title.

Record G3. This record gives the user identification (UID) title.
Record G4. This record specifies the configuration and flow symmetries. In

this example there is one plane of configuration symmetry (FIRST-PLANE), with
normal vector parallel to the yo -axis (components 0. 1. 0.) and located at
the origin (coordinates 0. 0. 0.); the flow may be asymmetric
(ASYMMETRIC-FLOW) with respect to the pla:ie of configuration symmetry. Since
the configuration is symmetric with respect to the xo -zo plane, only the

Yo a 0 half of the configuration is input (record sets N2).

Record G5. This record specifies the compressibility data. The Mach number
of the uniform onset flow is 2.0. CALPHA and CBETA are angles (in degrees)
specifying the transformation between the reference and the compressibility
coordinate systems (see section B.2.1). With zero values for the two angles,
these two coordinate systems coincide and Mach cones are centered about axes
parallel to the xoaxis.
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Record Set G6. This record set specifies the "solution" data. The first
record identifies the quantities specified: angle of attack (ALPHA), angle of
sideslip (BETA), uniform onset flow velocit' 'UINF), and an alphanumeric
solution identification name (SID). The nL two records specify the data for
two solutions. The first solution has one degree angle of attack and a unit
uniform onset flow velocity. The second solution has one degree angle of
sideslip and a unit uniform onset flow velocity. (PAN AIR will solve the flow
problems for all specified solutions. The user can select subsequently from
these solutions when specifying post-solution calculations of surface flow
properties and/or forces and moments.)

Record G7. This record specifies a tolerance distance of .001 for the auto-
matic geometric edge matching process. If any network edges are separated by
an amount less than this tolerance distance, a network edge abutment is
automatically defined and the doublet strength matching condition is applied
to the edges in the abutment (see s.ction 8.3.5).

Record NI. This record identifies the start of the Network Data Group, which
specifies the geometric and boundary condition data for the independent
networks. (In the present configuration there are three networks.)

Record Set N2. This record set specifies the first network, which represents
the top half of the wing. Record N21 identifies the network data, gives the
user-specified alphanumeric network identification name (WING-TOP), and
specifies the panel array as having 3 rows and 4 columns of grid points (thus
2 rows and 3 columns of panels). Record N2B gives the coordinates of the 12
grid points; figure 3.7 shows the network planform and the grid point
ordering. The first column of points was (arbitrarily) chosen to be at the
wing root, and the points are entered in the direction of increasing xo; this
defines the M-Jliection shown in figure 3.7. The second, third, and fourth
columns of p'i'. are entered in the same fashion, moving from root to tip and
thus defining 9 n-direction. Note that there are three grid points input at
the pointed tip, even though they have identical coordinates (1.5, 1.5, 0.0).
The positive unit normal is in the direction of NxA and thus points downward
into the interior, nonphysical flow field enclosed by the wing boundary. Thus
the lower surface of the network is exposed to the physical flow field.

Record Ng. This record specifies the boundary condition: class 1, 'ubclass
LOWER (or-2). Since the input grid array defines the network surface normalvector as pointing downward, the lower surface is exposed to the external flowfield. Thus subclass LOWER boundaryconditions are requirei for this network.

Record Set N2. This record set specifies the second network, which represents
the bottom half of the wing. Record N2A gives the user-specified alphanumeric
network identification name (WING-BOTTOM), and specifies the panel a-ray as
having 3 rows and 4 columns of grid points. Record N2B gives the coordinates
of the 12 grid points, see figure 3.7. These grid points are entered in the
same order as for network WING-TOP. Thus the normal vector points downward,
which for the present network is pointing into the physical, external flow
field (see figure 3.7). Thus the upper surface of the network is exposed to
the physical flow field.

3-
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Record N9. This record specifies the boundary condition: class 1, subclass
UPPER (or 1). Since the input grid array A•eFines the network surface normal
vector as pointing downward, the upper surface is exposed ,to the external flow
field. Thus subclass UPPER boundary conditions are required for this network.

Record Set N2. This record set specifies the third network, which represents
the wing wake Record N2A gives the user-specified alphanumeric network
identification name (WING-WAKE), and specifies the panel array as having 2
rows and 4 columns of grid points. Record N2B gives the coordinates of the 8
grid points, sce figure 3.7. The ordering of the grid points results in the
leading edge being edge number 1. Thus the wake network control points are in
the correct position. (In the present case with a supersonic. wing trailing
edge, the length of the wake network is not imoortant.) |

Record N9. This record specifies a class 1, subclass WAKE 1 (or 4) boundary
condition since the wake network is type DW1. This type allows spanwise (but•
not streamwise) variation of the doublet strength which in turn allows
trailing vorticity to be shed from the wing.

Comment: The specified configuration is closed as required by good modeling
practice. At this point two solutions and three networks have been
specified. In the subsequent records, the solutions and the networks can be
identified either by their alphanumeric identification names or by the
corresponding integer indices defined by the program. The indices are
assigned sequentially in the order in which the solutions and networks are
input by the user. The names and indices are summarized in table 3.2.

Geometric Edge Matching D~ta Group. The records in this data group are
omitted since all network edge abutrents will be defined automatically. (All
abuttinq edges coincide exactly and thus meet the geometric edge matching
tolerance which was set to .001 in record G7.) The condition of doublet
strength matching will be applied between the abutting edges. 1

I

Record FPI. This record identifies the start of the Flow Properties Data
G r 1)h specifies options for several types otf nes6ution s nra

caclations, that is, calculations that occur after solution of equation(A.3.5) for the singularity strengths. The FP1 record is followed by one ormore "cases" involving calculation of the surface flor properties (SF records)
and/ror ces and moments (FM records). In the present example there is one

case of each type.
Record SF2. This recd identifies a case of surface flow properties I
ieicuatio•s. An alph(numeric case identification name (SF-CASE-A) is
specified. This name or the corresponding integer index (see table 3.2) is
ised to identify the cfse in the output. All the following SF records are for

this case.

Record SF2. This record identifies the networks for which surface flow
raope ortiesyare to be calculated for SF-CASE-A. The networks are (1) the

network WING-TOP, both the input network (INPUT) and tts image network (1ST)h b
in the plIne of symmetrreo ands(2) the network WING-BOTTOM, both the input
network (INPUT) and its image network (bST) in the plane of sydestry. The +
sign on the first card indicates that the record is continued onto the second

caret,,

3-10 '

I i

a ewre au et ilb dfndatmaial. (l
abutt.inq .... , : edge coinc ..de e .cl an. tusmetth.e.eti.egemtcin.



t I

ID Name ID Index

Solutions 1-DEGREE-ALPHA 1 i
1-DEGREE-BETA 2

Networks WING-TOP 1
WING-BOTTOM 2
WING-WAKE 3

Surface Flow Properties I
Cases SF-CASE-A 1

Forces and Moments
Cases FM-CASE-A 1

Table 3.2 Solutions, networks and post-solution cases for example
of figures 3.8 and 3.9

Record SF3. This vecord tells PAN AIR to calculate the surface flow
properties for both the 1-DEGREE-ALPHA and tile 1-DEGREE-BETA solutions defined
in record G6. This record could have been omitted since it specifies the
default condition: all defined solutions.

Record SF4. This record tells PAN AIR to calculate the surface flow
propertifesat ALL-CONTROL-POINTS of the networks (and images) specified in
record SF2.

Record SF5. This record tells PAN AIR to calculate the flow properties on the

UPPER and LOWER surfaces of the networks (and images) selected in record SF2.
Since the lower surface of the WING-TOP network is exposed to the external
flow field, the LOWER surface output for WING-TOP will give the velocities and
pressure coefficients of physical interest. Similarly since the upper surface
of the WING-BOTTOM network is exposed to the external flow field, the UPPER
surface output for WING-BOTTOM will give the velocities and pres3ure
coefficients of physical interest.

Coam•ent: To simplify the interpretation of the surface flow properties (and
forces and moments) output, it is good practice to have the same surface (say,
UPPER) of each network exposed to the external flow. Then the physical flow
properties will always be printed under the same heading. This can be done by
choosing the directions of grid point input such that A (defined by NxM)
always points into the exterior flow field. For example, the direction of
for the network WING-TOP can be reversed from that shown in figure 3.7 by
entering the grid points from trailing edge to leading edge, root to tip; thisreverses the direction of M (but not ) so that the direction 1x4 (and A) is
reve,'sed, and the upper surface is exposed to the external flow field. The
disadvantage of this approach is that it prevents one from using a consistent
input ordering scheme. To avoid this conflict, PAN AIR provides the user with
a REVERSE option on record SF2. When this option is sperified, PAN AIR

3-11r
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reverses the upper and lower surface of the selected network(s) for
calculations done t',' the PDP module (similarly with record FM8 for the CDP
module). The REVF;,.; option does not affect program results computed prior to
the PDP and COP modules. For example, the unit normal n , whose components are
printed by the OQG module, is always in the direction of W, whether or not
the REVERSE option is used. Similarly, the proper choice between subclass I
and 2 boundary conditions is still based on the original (that is, unreversed)
upper and lower surfaces defined by WxR. The REVERSE option is illustrated by
the Force and moment case (FM records) which follows the SF records.

Record SF6. This record specifies the method used for the velocity computa-
tions. In this case the velocities are to be calculated from the boundary
conditions, see section B.4.1. This record could have been omitted since it
specifies the default condition.

Record SF7. This record specifies the option used in the computation of the
pressure. In the present example the approximate pressure coefficient rules
will use the UNIFORM-ONSET-FLOW direction (defined by ALPHA and BETA, record
G6) in defining the first order perturbation velocity component for each
solution, see section B.4.2. This record could have ien omitted since it
specifies the default condition.

Record Set SF10. This record set specifies the quantities to be printed by
the PDP module and is also used to select two associated computation options.
Record SF1OA specifies ALL available printrjt options, see table 7.9. Record
SF108 specifies that no (NONE) velocity correction will be used, see section
B.4.1. This record could have been omitted since it specifies the default
condition. Recnrd SF1OC specifies that the ISENTROPIC and LINEAR rules be
used in computing the pressure coefficients, see section B.4.2.

Record FM1. This record tells PAN AIR that one or more "cases" of forces and
momentscalculations are to be run. (It also indicates completion of the
input data for the previous surface flow properties case.)

Record FM3. This record specifies the axis systems in which the force and
moment coefficients are to be expressed in the output. Two axis systems are
specified: the reference coordinate system (RCS), and the wind axis system
(WAV) which is defined from the reference coordinates by rotations of (minus
one times) the angles of attack and sideslip for each solution. In both
systemns the moment reference point is the origin (coordinates 0. 0. 0.). This
record could have been omitted since it specifies the default condition.

Record FM4. This record tells PAN AIR to compute the force and moment
coefficie~its for both the 1-DEGREE-ALPHA and the 1-DEGREE-BETA solutions
defined in record G6. This record could have been omitted since it specifies
the de4,ult condition: all defined solutions.

Recoro ,is record specifies the options for the force and moment
coefficTidtis to be (calculated and) printed. The force and moment
coefficients for each column (COLSUM) of panels for each specified network are
to be printed; the quantities are to be expressed in the reference coordinate
system (RCS) only. Also, the force and moment coefficients for each specified
network (NETWORK) and for the configuration of networks (CONFIGURATION)
specified (by record FM8) in each "case" are to be printed; the quantities are
to be expressed in all coordinate systems specified in record FM3. This
record could have been omitted since it specifies the default condition.
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Comment: The preceding FM records establish general conditions, including
several defaults, for the "cases" of forces and moments calculations specified
in the subsequent records.

Record FM7. This record ldentifie'i one case of forces and moments
calculatTs. An alphanumeric case identification name (FM-CASE-A) is
specified. This name or the corresponding integer index (see table 3.2) is
used to identify the case in the output. The following FM records are for
this case.

Record FM8. This record identifies the configuration for which force and
moment coficients are to be calculated for FM-CASE-A. The configuration
consists of (1) the network WING-TOP, both the input network (INPUT) and its
image network (1ST) in the plane of symnmetry, with the instruction to REVERSE
the normal vector (and thus reverse the Identification of the upper and lower
surfaces for this network), and (2) the network WING-BOTTOM, both the input
network (INPUT) and its image network (1ST) in the plane of symmetry. The +
symbol on the first card indicates that the record is continued onto the
second card.

Record FM12. This record tells PAN AIR to calculate the force and moment
coeficens on the UPPER surface for each of the networks (and images)
selected in record F98. Since the normal vector of the WING-TOP network has
been reversed for this case by record FM8, the UPPER surface of both networks
is exposed to the external flow field and will give the force and moment
coefficients of physical intere3t. This record could haw. been omitted since
it specifies the default condition.

Record FM13. This record specifies the method used for the velocity computa-
tions. In this case the velocities are to be calculated from the boundary
conditions, see section B.4.1. This record could have been omitted since it
specifies the default condition.

Record FM14. This record specifies the option used in the computation of the
pressure. In the present example the approximate pressure coefficient rules
will use the UNIFORM-ONSET-FLOW direction (defined by ALPHA and BETA, record
G6) in defining the first order perturbation velocity component for each
solution, see section B.4.2. This record could have been onitted since it
specifies the default condition.

Record FM15. This record specifies that no (NONE) velocity correction will be
used, see section 8.4.1. This record could have been omitted since it
specifies the default condition.

Record FM16. This record specifies that the ISENTROPIC and LINEAR rules will
bedusedn-ccomputing the pressure coefficients, see section B.4.2.

Final Record. This record indicates the completion of the DIP input data.
"(It also indicates completion of the input data for the previous forces and
moments case.)

Alternative. The present example allows an alternative way of defining the
geometric configuration. The configuration has two planes of symmetry
although only one plane (the xo-zo) is specified in record G4. If the second I
plane (the x0-yo) were also specified, then the input data for the WING-BOTTOM
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network would be omitted. That network would be automatically defined by
reflection in the second plane of symmetry. The resulting normal vector would
be the ,everse of that shown in figure 3.7, which also reverses the
identification of the upper and lower surfaces for that network. Records SF2
and FM8 would have to be changed accordingly; the former WING-BOTTOM network
would now be specified as additional images of the WING-TOP network.

3.4.6 Printed Output Data

The printed output from a standard PAN AIR run consists of two types of
data. The first type is the checkout information which is printed by •.a MEC
module and by the program modules (in the standard order of execution) DIP
through MDG. The second type is the surface flow properties data printed by
the PDP module, and the forces and moments data printed by the CDP module.
These two types of printed output are described briefly below. In addition
each module of PAN AIR generates data bases which may be accessed by the
user. The PPP module allows the user to sort geometry data from the DQG
module, surface flow properties data from the PDP module, and forces and
moments data from the CDP module. These sets of data are sorted into a form
which can be used by plotting programs (not part of PAN AIR) and can be
printed by the user. This program feature is not described in the present
example (see description of thp PPP module output in section 8).

Checkout information is printed by each program. The MEC program always
prints ("echos") its input data and prints some data base information. The
other modules, DIP through MDG, print checkout information which is controlled
by the user (record G171. In the present example the default option is used
for the checkout prints, In which case each module will print warning
messages, if any. (Error messages are always printed.) In addition the DIP
module "echos" all of its input records. The DQG module will print various
grid point, control point and network abutment data, thich are identified in
the printed output.

Some of the printed output from the PDP module is shown in figure 3.10.
The first page, figure 3.lOa, gives three user-supplied identification titles
(one in the MEC data and two in the DIP data) and some general problem
information specified by the user. The second page, figure 3.10b, describes
the first case of calculatsd surface flow properties, including the options
selected for the case in the surface flow properties data subgroup. This page
is printed at the beginnint, of the data for each case.

The third page, figure 3.10c, and several similar subsequent pages show
the requested flow quantities for the case. The heading information
identifies the case, network, its image and orientation (RETAIN, that is, as
input, or REVERSE). Several computation options selected by the u.,er for this
case are also identified. The flow properties are then printed for the
requested points. The points (either control or grid points) are indexed in
the manner of the "enriched (or fine) grid points," shown in the example of
figure 3.11. The flow quantities are then listed. The flow quantities on
both the upper and lower network surfaces are printed as requested in "he
example problem. Note that the flow properties on the upper surface are those
of undisturbed flow, since the upper surface is not exposed to the physical
flow field, figure 3.7, and thus has the perturbation stagnation boundary
condition.
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Same of the printed output. from the CDP module is shown in figure 3.12.I
The first page, figure 3.12a, describes the first case of calculated forces
and moments, inluding the options selected for the case in the forces and
moments data subgroup. The second page, figjure 3.1.2b, gives three
user-supplied identification titles and some general problem information. The ~ ~
third page, figure 3.12c. gives additional information on the selected
options, including descriptions of the selected axis systems for the force~ and
moment coefficients: RCS (reference coordinate system) and WAS (wind axis
system).

The fourth page, figure 3.12d, and several similar subsequent pages show
the force and moment coefficients for the case. The heading i nformation
identifies the case, network, network image and orientation (REVERSE in this
example). Use~r-selected computation options are also identified.' The force
and moment coefficients are then printed for khe requested panels, columnv of
panels, networks, and configuration (which is the total for a case), for the
requested axis systems and for the requested pressure coefficient rules. The
panel and panel-column indexing scheme is shown in figure 3.2.

The information in figure 3.12 is repeated for all cases specified in theI
forces and moments data subgroup. In each case an accumulation record may be '
included which instructs the COP module to add the force and moment
coefficients (for only one set of computation options) to an accumulation
total. If at least one accumulation is requested, then the accumulation total

is printed as an additional case after the printed output for all other cases.

3-15



V IA

-z .10 IiiUm'C

4.) 4 J.0 4>
4) 0ZO 0

4J M 4.) 4

49 W=

4-b 2

AI 0N N'

4)'-U

A 4A 44 -

c~ .4-(

E4-JA.'0 L)

V) L. U0d

4- 
S. .--

LL. C . r -

C'.,.

4. s- VV

Oo 0 4.)

4 - 4.J

U... o. .



order of input points

last row

3 6 9 12M=3
index of panels

first column (2,1) (2,2) (2,3L for network
edge 4

2 5 8 11

4 (1,) (1,2) (1,3/-- last column

edge 2

1 _ __7 .10

N N~4

network i
origin

first row
edge 1

Note: The viewer is looking at the upper surface
since N x R points toward the viewer.

Figure 3.2 Illustration of input ordering of panel corner points,
indexing of network edges, and indexing of panels.
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1U 1
botop network

Figure 3.3 Example of thick configuration with an upper surface

(bottom network) and 
a lower surface (top network)

wetted by the physical flow field.

V~ .1

Figure 3.4 Example of thin (average) configuration
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lifting surface
or wake (DW1) network

E

( bedge 1 Z0
1_ varies doublet matching

boundary condition

p const nt

wake (DW1) networ

0 control point M

Note: The network edge abutments are defined by the program
if the separation distance c between the network edges
is less than the geometric tolerance distance specified
in record G7.

Figure 3.5 Example of use of DW1 wake network and class 1,

subclass 4 boundary conditions

3-19



-~~~~ -
0 ~ - ,---'

I -~ I

bo(I
,/ l n of

"wk-ewr y 'il L

[ Figure 3.6 -Example of use of wake networks

3-20



- .1
k I

I

DUo Plane of 0• 0o
configuration
symmetry

.03 Input ordering of grid points
.03 ," .. 0.5 1.0 1.5

Network

wing-bottom

V14

xo U L. \3; 6 edge 1 1
, 91

2•eddee

edge 4 7

u L Network

A wing-top 8edge

-01.5 3 6_ edge 3 g I
riN edge 1 2

K M jM
edge 4 edge 2 I

network

wing-wake.

________ edge 3 1____

side view, root section planform view

Figure 3.7 Delta wing configuration example of a standard

aerodynamic analysis problem.
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JOBNAME,T20,CM130000. O1I'. USER,USRNAME,PASSWRD. •CONTROL CARDS
ATTACH,PANPRC/UN-VSNA•4E. AND JCL
CALL,PANPRC,RUN(NAME-VSNAME)i - END OF RECORD -
PAN AIR
SYSTEM VSNAME BOEING
RID- VALIDATION CASE ABC - CLASS I BOUNDARY CONDITIONS
DATA BASE DIRECTIVE BLOCK

APPEND ABC ALL
UN - USNAME ALL MEC DATA
MUN - VSNAME ALL

END DATA BASE DIRECTIVE BLOCK
CHECK DATA RUN
END PANAIR

END OF RECORD -

where VSNANE is the account number unider which all PANAIR program modules and
database master definitions exist on disk and USRNAME is the account number of
the user running a PANAIR problem.

Figure 3.8 - Listing of control cards, JCL and NEC data
for example problem
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*/ GLOBAL DATA GROUP i COMMENT CARD
BEGIN GLOBAL DATA /GI
PID=THICK D•ELTA WING WITH CLASS 1 BOUNDARY CONDITIONS
UID-USER IDENTIFICATION
CONFIGURATION-FIRST-PLANEO. 1. 0.,0. 0. O.,ASYMMETRIC-FLOW /G4
MACH-2.0 CALPHA-0. CBETA-O. /G5
ALPHA BETA UINF SID /G6
1.0 0.0 1.0 1-DEGREE-ALPHA /G6.1
0.0 1.0 1.0 1-DEGREE-BETA /G6.2

TOLERANCE FOR GEOMETRIC EDGE MATCHING=.0O1 /G7
*1 NETWORK" DATA GROUP
BEGIN NFTWORK DATA /NI-------INSTRUCTION RECORD
NETWORK=WING-TOP, 3, 4, NEW /N2A 1--INSTRUCTION-PARAMETER RECORD
0.00 0.00 0.00,. 0.75 O.'WO +0.03, 1.50 0.00 0.00,
0.50 0.50 0.00, 1.00 0.50 ÷0.02, 1.50 0.50 0,00, DATA RECORDS
1.00 1.00 0.00, 1.25 1.00 +0.01, 1.50 1.00 O.0, J (COMMAS ARE
1.50 1.50 0.00, IlA0 1.50 +0.00, 1.50 1.50 0.00 /N2B OPTIONAL)

BOUNDARY CONDITION-I, LOWER /N9
NETWORKWING-BOTTOM, 3, 4, NEW /N2A
0.00 0.00 0.00, 0.75 0.00 -0.03, 1.50 0.00 0.00,
0.50 0.50 0.00, 1.00 0.50 -0.02, 1.50 0.50 0.00,
1.00 1.00 0.00, 1.25 1.00 -0.01, 1.50 1.00 0.00,
1.50 1.50 0.00, 1.50 1.50 -0.00, 1.50 1.50 0.00 /N2B

BOUNDARY CONDITION.-, UPPER /N9
NETWORK-WING-WAKE, , 4, NEW /N2A
1.5 0.0 .0, 10. 0.0 .0, 1.5 0.5 .0, 10. 0.5 .0,

1.5 1.0 .0, 10. 1.0 .0, 1.5 1.5 .0, 10. 1.5 .0 /N2B
BOUNDARY CONDITION-., WAKE 1 /N9
*I GEOMETRIC EDGE MATCHING QATA GROUP - OMITTED
*/ FLOW PROPERTIES DATA GROUP
BEGIN FLOW PROPERTIES DATA /FPI
SURFACE FLOW PRUPERTIES=SF-CASE-A /SF1
NETWORKS-TMAGES.WING-TOP, INPUT, 1ST + - RECORD CONTINUATION

-WING-BOTTOM, INPUT, 15T /SF2 ONTO A SECOND CARD
SOLUTIONS-I-DEGREE-ALPhA, 1-DEGREE-BETA /SF3-DEFAULT
POINTS.ALL-CONTROL-POINTS /SF4A
SURFACE SELECTION-UPPER, LOWER /SF5
SELECTION OF VELOCITY CJMP-BOUNDARY-CONDITION /SF6-DEFAULT
COMP OPTION FOR PRESSURESUNIFORM-ONSET-FLOW /SF7.-EFAULT
PRI NTOUTJTA•L /SF1OA
VELOCITY CORRECTIONS-NONE /SFIOB-DEFAULT
PRESSURE COEFFICIENT RULES=ISENTROPICLINEAR /SF1OC
P)RCES AND MOMENTS /FM1
'.%S SYSTEMS=RCS, 0. 0. 0., WAS, 0. 0. 0. /FM3-DEFAULT
SOI ITIONS-1-DEGREE-ALPHA, 1-DEGREE-BETA /FM4-DEFAULT
PRINTOUT-COLSUM, ACS, NETWORK, CONFIGURATION /FM5-DEFAULT
CASE-FM-CASE-A /FM7
r"TWOR$S-Ii.IAGES=WING-TOP, INPUT, IST, REVERSE +

-WING-BOTTOM, INPUT, IST ;FM8
SURFACE SELECTION-UPPER /FMI2-DErAULT
SELECTION OF VELOCITY COMP-BOUNDARY-CONDITION /FM13-DEFAULT
COMP OPTION FOP PRESSURES=UNIFORM-ONSET-FLOW /FM14-DEFAULT
VELOCITY CORRECTIONS-NONE /FM15-DEFAULT
PRESSURE COEFFICIENT RULES=ISENTROPIC,LINEAR /FM16
END PROBLEM DEFINITION

Figure 3.9 L'cting of DIP input data for example problem
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network first row
originorgi • 1, 1Z•/• g 1.2 ,1.3 1.4 1.5

first column 0 0

3,1 3,2 3,3 3.4 3.5

411 4,2 4.3 4.4 4.5
0 0

5,1 5,2 5.3 5.4 5.5

Figure 3.11 -Illustration of indexing of "enriched" grid polat array
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4.0 System Architecture

4.1 Software Overview

PAN AIR is a modular software systemi. The modules of the system are
"standalone" programs, each with its own well defined function.

Execution of the individual programs is controlled by an executive module,
M.EC, which interprets user directives and generates control cards to execute
the programs in the proper sequence (see sections 5.1 and 6).

The individual programs are connected only by the data passing between
Vthem. SOMS, a Scientific Data Management System (see PAN AIR Maintenance4

Document, Section 13), is used to define the format of the data and handle the
transfer of information between the programs and disk.

The PAN AIR modules are listed below.

MEC Module Execution Control

DIP Data Input Processor

DQG Defining Quantities Generator

MAG Matrix Generator

RMS Real Matrix Solver

RHS Right Hand Side

MOG Minimal Data Generator

PDP Point Data Processor

COP Configuration Data Processor

PPP Print/Plot Processor

The MEC module is discussed in section 4.4 The purpose, data requirementsI
and processing steps of each other PAN AIR module are described in section
4.2. Figure 4.14 displays the relationship of PAN AIR with the data bases and
shows the normal external commnunication. Figure 4.2 shows the standard
execution sequence(s) for the programs.

Except for the PPP and MAG modules, each module produces a single

permanent data base having a default name which is the niame of the module
creating it. The data base created by the NAG module is named MAK. Module
PPP does not produce any database files. Instead it produces several output

Section 4.3.2 describes the flow of data base information between PAN AIR
programs for different solution options. Section 8.3 discusses the format and
content of the data bases.
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4.2 Technical Modules of PAN AIR

The fol lowing sections describe the individual PAN AIR modules in terms of:

1. Purpose
2. Tasks performed (and major options)
3. Input data

4. Output data

More detail is given on input and output data in section 7 and 8. The II; executive module MEC is described in sections 4.4 and 6 of this manual. In
addition, the design of each program is described in a separate document, thePAN AIR Maintenance Document.

4.2.1 DIP - DATA Input Processor

4.2.1.1 Purpose

The DIP module reads user input data which describes the PAN AIR problem
and stores the data on the DIP data base.

4.2.1.2 Tasks Performed

Fol lowing the execution of the NEC module, the DIP module accesses the MEC
data base to read the type of PAN AIR problem to be run. From this dataset,
DIP can determine whether a new or updated data base is to be created from the
inputs. The possible options, described in detail in section 4.3.2, are as
follows:

1. Creation run - no preexisting data base.

2. Post processing run - use existing data base and add PDP, CDP and PPP
directives to It.

3. Right-hand-side update run - use existing data base and update only
"~solution data."

4. IC update run -use existing data base and update geometric data.

The Dinpu data baserTe inita inpu frefedat forma DIPm houd conains gloalh data
Thae inputadat arined rand inproesed fheldfrata freomrcarizd iages.orea oar

imae DIs retad prined nrcse. Theintaipu data areorganizeoud cnaind storeldaon
to describe the boundary value problem and global defaults, network data to
describe the surface definition and boundary conditions, and the geometric
edge matching data to describe network edge matching. The above data
(original or updated) is required for solving a potential flow solution.

The post processing input data for DIP may contain post-solution
calculation cases and data base output airectives. Both of these types of
data require a preexisting DIP datua base plus the results of a potential flow
solution on the data base produced by the MDG module.
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4.2.1.3 Input Data

The DIP module reads data in card form or from a card image file created i
by the user, and also reads from the NEC database created during the execution
of the MEC module. See section 7 for detailed information on the user-defined
DOP input data (e.g., input options, syntax, etc.).

4.2.1.4 Output Data

The output data consists of printouts and a DIP data base. The printed
data consists of the input data and error diagnostic information. For details
of the data, the reader is referred to section 8.1.2.

4.2.2 DQG - Defining Quantities Generator

4.2.2.1 Purpose

The Defining Quantities Generator computes and defines a large number of
intermediate quantities required for solution of the potential flow problem.
These quantities fall into three classes: control data, geometrical data and
boundary condition data.

The control data consists of indices of all singularity parameters and
control points in the configuration as well as an indication of those
singularity parameters that are "known" and those singularity parameters and
control points that are "null," (not used to solve the problem).

The geometrical data includes descriptions of network abutments and

abutment intersections, the coefficients of the source and doublet splinesI
that define the singularity strengths over the surfaces of the networks and
those geometrical properties of panels which are required to compute the AIC

matrix in module NAG.

The boundary condition data processing includes assignment of userI
specified boundary conditions as well as automatic imposition of doublet
matching conditions at network boundaries.

All of the data are stored on the DOG data base. A small amount ofI
printed data is available to the user through the selection of certain print
options in the input to DIP.

DQG also analyzes the configuration for many types of errors which may
lead to an erroneous or singular solution and produces diagnostic information
that the user might use to correct his input to DIP.

4-3
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4.2.2.2 Tasks Performed

The basic tasks of DQG are performed in the six primary overlays of DQG.
(A seventh primary overlay performs some useful but perfunctory communincation
to the user.) In the first overlay, data from the DIP data base are read,
copied and (in some cases) transcribed onto the DOG data base. In the second
overlay, the data associated with individual networks are defined. Also
included are error checks on network size and indexing of singuilarity
parameters and control points. The third overlay of DQG deals with the

inter-relationship of networks with each other: abutments and abutment
intersections. User defined abutments are imposed and a search is made forI
any additional abutments in the configuration. A determination is made of
network edges and corner points where doublet matching boundary conditions
will be imposed. If additional paneling is required to fill in gaps between
network edges, gap filling panels are generated. Also network overlaps are
found, if any, and diagnostics are given as printed output. The fourth
overlay assigns the appropriate number and type of boundary conditions at each
control point in the configuration. The fifth overlay constructs the source
and doublet splines over the network surfaces. The sixth overlay computes
panel geonetrical data, assembles matrices describing source and doublet
strength over the surface of the panel and computes the moments of source and
doublet strength over the surface of the panel. The seventh overlay produces
printed output of control point data and boundary condition data.

4.2.2.3 Input Data

All input data to DQG comes from the DIP data base. The input data
consists of global properties of the problem (Mach number, compressibility
vector, number of networks), network data (size of network, singularity and
edge types), geometrical data (panel corner point coordinates, user described
abutment data) and boundary comditions that the user wishes to impose at
control points.

4.2.2.4 Output Data

The major output produced by DQG is a data base2. Some of the data base
information is accessible to the user through the execution of module PPP but
for the most part the -information stored on the data base is not essential to
the user. If access to this data is desired, the user must write hils own
FORTRAN program to call the appropriate SOMS routines which will transfer the
data from the disk. An example of such a program% is shown in section 1-A of

thie PAN AIR Maintenance Manual. See also section 13 of the PAN AIR

Maintenance Document.I
DOG analyzes the user's configuration for many kinds of errors which might

affect the accuracy of the solution. Diagnostic information provided to the
user consists of fatal error messages and warning messages. When a fatal
error occurs in a DOG overlay, that overlay will complete its operations (as
much as possible) but subsequent overlays will not be executed. However if
during the execution of an overlay more than ten fatal errors accumulate, no
more processing in that overlay will occur, and the program will terminate
execution.
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In addition there are several user-selectable options for printed output.
These include warning messages, network corner ýjint coordinates, network
enriched grid point coordinates, empty space abutment descriptions,
descriptions of all abutments, control point data, boundary condition data and
a predictive estimate of resources required to obtain a full %olution to the
problem.* After each overlay the computer rosources used for the execution of
DQG since initial execution ia printed.

4.2.3 MAG - Matrix Generator

4.2.3.1 Purpose

The Matrix Generator module uses output from the DQG data base to generate
influence coefficients, incorporate symmetry constraints, assemble the
influence coefficient (IC) matrix, and perform operations related to the
transformation of the boundary value problem into systems of simultaneous
linear equations.

4.2.3.2 Tasks Performed

The singularity and control point data from DQG are grouped into the I
catagories of updatable and non-updatable. In addition, the singularity data
are further divided into known and unknown partitions. The itew grouping of
data is put into two directories relating DQG data and MAG data. The
directories are stored in the MAK database. A number of matrices are formed I
from the DQG data. First, the panel geometry specifications and the
reformatted control point dita are obtained frum the DQG and MAK data bases
respectively. The panel influence coefficients (PIC) Are then formed from
complex computations defined in section 4.2.2 of the PAN AIR Theory Document.
These PIC matrices are s)ymetrized to form the entries to the IC matrices.
These IC matrices are stored by column on a temporary data base. Next, the IC
matrices in required row form (up to 5000 words long) are formed from the
column form in which they were stored on the temporary data bases. The
aerodynamic influence coefficients (AIC) are then constructed from the
boundary conditions specified by DQG and the IC matrices. The AIC matrices
which correspond to the known and unknown singularities are stored in the MAK
data base. Finally, the influence coefficients IC's needed by the M1G module
are transferred from the temporary datd base to the MAK data base.

4.2.3.3 Input Data

All input data comes from the DQG data base. It consists of global data
(flow condition), network specifications, control point specifications,
boundary condition specifications, singularity specifications and panel
specification data.

*Tne predictive estimate is not available in Version 1.0

4..5

i(j



4.2.3.4 Output Data

tiVery little printed output is provided by MAG. The output consists of
execution error diagnostic information. Also, for a successful run, a summary
of IC (Influence Coefficient) and AIC (Aerodynamic Influence Coefficient)
matrices generated by MAG is printed.

4.2.4 RMS - Real Matrix Solver

4.2.4.1 Purpose

The Real Matrix !ilver (RMS) module decomposes the partition of the AIC
matrix associated with urknown singularity parameters.

1' 4.2.4.2 Tasks Performed

The RMS matrix solution subroutines operate on the matrices in "blocked
partitioned format " The major tasks of RMS are to block and decompose the
AIC matrices into upper and lower triangular matrices and pivot terms for use
in the solution process in the RHS module.

Li 4.2.4.3 Input Data

The input data for RMS ccetist of the updatable and/or non-updatable AIC
matrices corresponding to the unknown lambda's (singularity parameters as
shown ir the equation in section 2.3.2) from the KAK data base.

4.2.4.4 Output Data

The output data are stored on the RMS data base and consist of the
decomposed AIC matrices and blocking information. The RHS module uses this
data to obtain a solution. If a fatal execution error occurs, printed
diagnostic information is given before the run aborts.

4.2.5 RHS Right-Hand-Side Generator

4.2.5.1 Purpose .

The RHS module creates the righý-hand-side equality constraints for the
linear system of equations defining the &arodynamic problem. The constraints
are formed from the boundary cýmditions and other known quantities. The
module also obtains the solutions to the linear system for each control point
from the RMS module.
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The constraint data for the right-hand-side are obtained from the DIP data
base and transformed into a usable form by RHS. The transformed constraint
data are then stored in a temporary data base.

The RHS module also generates the srnmetrized right-hand-side matrix
consisting of two partitions; those for the known AIC elements and those for
the unknown. Using matrix partition algebra and backward substitution on the
decomposed AIC matrix, all singularity parameters for all solutions are found.

4.2.5.3 Input Data

The constraint data is obtained from the DIP data base. The data consists
of the network specification, network bulk data, closure conditions, general
boundary condition coefficients and specified flow and local onset flow
information. The dfihctory of the control point and DQG conversion index
information are obtained from the MAK data base. The boundary condition type

data is obtained from the DQG data base. The blocked and decomposed AIC
matrix is obtained from the RMS data base.

4.2.5.4 Output Data

The RHS module generates a permanent data base. Printed messages consist
of error diagnostics.

4.2.6 MDG - Minimal Data Generator

4.2.6.1 Purpose

The Minimal Data Generator module is the primary interface of the
upstream, PAN AIR modules, DIP, DQG, MAG and RHS, with the post processing PAN
AIR Modules, PDP and CUP. It reads geometry, influence coefficient, and
singularity data to generate a minimal data base of information at control
point and panel grid point locations. This data, used by PDP and COP,
consists of geometric information and basic flow quantities: ;ource and
doublet singularities, average potential, average mass flux, aid in specific
instances, average velocity in three components. All basic flow quantities
are stored on the MOG database for all solutions and (if planes of :%-,netry
are present) for all distinct images. (See PAN AIR Theory Document, sections
5.7.2 and K.I)

The minimal data base generated by MDG enables POP and CDP to process data
without accessing the DQG, MAK, and RHS data bases and have that data
available in a convenient format at either control points or panel grid points
for a given image and solution.
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4.2.6.2 Tasks Performed

R MDG opens and checks the condition of the data bases from DQG, MAG, and

RHS to assure that other upstream modules have executed withont" errors. It
forms the MDG permanent data base for the global, network-spec, and solution
data sets. For each network, the control points are determined for each
panel. The control point and grid point geometry is output to the MDG data
base.

The !C-matrices from MAK and the singularities from RHS are postmultiplied
to form control point values of average potential, mass flux and velocity in
three c.ponents if specified by the user. Singularities are reformatted
uniformly and unsyinmetrized.

Using spline vectors created by DQG, singularity values are obtained at
nine defining grid points and five defining grid points for doublet and source
singularities respectively on each panel (see figure 4.3). Subpanel splines
are used to calculate singularity values at control points.

At control point locations where IC values were not calculated, values are
calculated from the boundary conditions. If IC's were calculated, the ma*s
flux is calculated from the inner product of these vehocities and the control
point conormal. The values of average potential, mass flux, velociLy, if
specified, and singularities at control points are placed on the MDG data base.

Potential splines, similiar to DQG doublet analysis splines, are
calculated to produce values of flow quantities at grid points from values at
control points. The same quantities output at control points are output at
grid points on each network.

4.2.6.3 Input Data

MDG receives its data from the DQG, MAK and RHS dat:i bases. From DQG it
reads global data, network data, panel data, spline data, control point
information and boundary condition data. From MAK it reads the IC matricies,
dnd from RHS the singularities, solution data, right-hand-side values and
symmetry data.

The DQG global dataset consists of information pertirxent to the run such
as the number and order of networks, number of right..hand-side solutions, Mach
number, and number of planes oF symmetry. Network data gives the network size
and type of source and doublet singularities on the network. The spline data
consist of source and doublet splines for calculating singularities at grid
point locations from the singularity locations. Panel data contains the
geometry quantities stored on the MOG geometry datasets, and the subpanel
splines for splining to control points, plus coordinates and coordinate
transformations. The control point data gives the control point index of each
control point from its grid point location and its coordinates. The boundary
condition data indicates which boundary conditions are imposed at each control
point for potential, mass flux and velocity.

The MAK data base contains the influence coefficient (IC) matrices. These

influence coefficients are multiplied by the singularities to give values at
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control points of potential, mass flux, aid possibly velocity, depending on
the boundary conditions.

The RHS data base has singularites stored by columns (all singularities
for a single solution) and by rows (a set of solutions for each singularity).
The RHS values are used in evaluating the boundary condition e~uatior for
potential and mass flux. The RHS symmetry data determines the number of
images and the RHS/MAG partitioning of singularities.

4.2.6.4 Output Data

The output from MUG consists of a small amount of printed output and the
MUG data base. The printed output consists mainly of error diagnostics if
they occur or a message that a successful run has occured. The data base
output data is described in section 8.2.7. It is diverse and consists of
global, network, solution, control point geometry, grid point geometry,
control point and grid point data.

4.2.7 PDP - Point Data Processor

4.2.7.1 Purpose

The Point Data Processor module is designed to compute flow quantities on
configuration body and wake surfaces. These surface flow quantities consist
of perturbation and total potential, perturbation and total velocities,
perturbation, total and normal mass flux, pressure coefficients and local Mach
numbers for isentropic, linear, second-order, reduced second-order and slender
body approximations.

Each of these computed data items is printed out and/o.' stored on a
permanent data base for later retrieval as selected by the user. The PDP data
ase is generated only if data base storage is requested by the user.

The user options are available to PDP in the DIP data base and the
configuration geometry and other minimal data is available in the MDG data
base.

4.2.7.2 Tasks Performed

The PDP module gets the processed user input from the DIP data base.
These consist of computation options for potential, velocity, velocity
correction and computation schemes, pressure coefficients and local Mach
nuibers. The user can specify several cases of options (a maximum of 100) for
a full PDP rn.

The user has the option of requesting a printed output of the computed
quantities for each case. Since the generated data base can be very large,
PDP scans the user options for all the cases and produces a printed report on
estimated disk storage requirements (see section 8.1.8 of this document).

0. 4-9

U, I • • • • • .• :• • • : '• .. . ,. 0• .• : • • LI)•]• " : 3• •.. •. .. • •• • • . , . .:.ih, •. ,. ,-, );'•.d.,• ,.,:



The configuration geometry and a ainimal set of velocity data
(perturbation velocities at points comp,ited from the AIC matrices and the
local onset flow velocities etc.) are available to PDP in the MDG data base.
FIDP cmipu~es the average and diffE:ence velocities at user selected point
types for each selected network, image and solutions and uses these data to
compuce the perturbation and total velocities on each selected surface. The
velocities are corrected by 'i n by the user selected correction schemes and
are then used to compute pressure coefficients and local Mach numbers for the 1
selected rules (isentropic, linear, second-order, reduced s-ccond-order and
slender body).

These flow quantities are written to the output file and/or to the PDP
da~a 6ose for later retrieval by Lhe PPP module.

4.2.7.3 Input Data

The processcd user options data for surface and wake flow properties are
provided by the DIP data bdse.

The minimal set of configuration geometry and velocity data is provided by
the MDG data base. These coosist of netwnrk geometry for control and grid
points, average potential, average velocity and local onset flow velocities.

4.2.7.4 Output Data

The Point Data Processor generates a permanent data base containing user
selected flow quantities on the configuration body and wake surfaces. The
module also produces as printed output the flow quantities Gelected for
printing by the user. The printed output is designed for easy reference of
data. The global data for thp run and the selected options for each case are
printed out. The run and problem identification, date of run, network, image,
solution indices and the zase numbers are available in the report headers on
each page of the output. ThE selected flow quantities, potential, velocities,
mass flux, pressure coefficients ano local Mach numbers Are printczd out for
each velocity correction, velocity computation and surface selected. This is
repeated for each image, network and solution selected by the user.

An estimate of disk storage requirements for a full PDP run is produced at
the beginning of each run. At the end of 3ach run, an error and accounting
summary report is printed.

4.2.8 CDP - Configuration Data Processor

4.2-B.1 Purpose

The Configuration Data Processor is designed to compute forces ano moments
on configuration body and wake surfaces. The computed forces and moments are
printed out and/or stored in a permanent data base for" late, retrieval as
selected by the user. The CDP permanent data base is generated only if it is
requested by the user.
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The user options for CDP are obtained from the DIP data base and the
configuration geometry and other minimal data are obtained from the MOG data
base.

4.2.8.2 Tasks Performed

The Configuration Data Processor obtains the processed user input from the
DIP data base. These consist of lists of user selected networks, solutions,
axis systems and configuration options for forces and moments. The user can
specify several cases of options (a maximum of 100) for a full CDP run.

The user has the option of requesting printed output and/or storage in CDP
data base of the computed force and moment data for each case of options.
Since the generated •atu base cen be very large, CDP scans the user options
for rll the cases and prints out the estimated data storage requirements for a
full run.

The configuration geometry and a minimal set of velocity data are
available from the MDG data base. The CDP module computes the average and
difference velocities on the points of each panel, corrects these velocities
according to the user seiected correction schemes, and computes the selected
pressure coefficients from the velocity in a user-selected preferred
direction. These pressure coefficients are used to compute forces and moments
on each panel. The edge forces and the corresponding moments are also
computed on user select d network edg6;.

The computed forces and moments are transformed to user selected axis

systems (a maximum of 4) and printed out and/or stored in the CDP data base
for later retrieval by the user with the PPP module.

The CDP module allows the user to sum forces and momentt for all panels in
a column, for all columns in A network and for all networks in a
configuration. A configuration consists of all selected networks for a
particular case. In addition the user may request to sum or accumulate forces
and moments for selected configurations of a PAN AIR run.

4.2.8,3 Input Data

The processed user option data for computation of forces and moments are
available from the DIP data base.

A minimal set of configuration geometry and velocity data is provided by
the MOG data base. These consist of network geometry for cor:trol and grid
points, average velocities and local onset flow velocities.

4.2.8.4 Output Data

The Configuration Data Processor generates a permanent data base
containing user selected forces and moments on the configuration body and wake
surfaces. The module also produces as printed output the forces and moments
data selected for printing by the user. The global data for the run and the

4-11f
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selected cptions for each case are also printed out. The run and problem
identification, date of run, network, image and solution indices, case number
and all identifying labels are provided in each page of the outpoit report.
The computed forces and moments are printed for each velccity correction,
velocity computation, pressure rule, and axis system selected by the user, for
each image, network %nd solution selected.

4.2.9 PPP - Print/Plot Processor

4.2.9.1 Purpose

The Print Plot Processor module extracts user selected information From
selected PAN AIR dita bases and •,repar% the data in a format suitable for
processing by plot programs exte.-ndl to PAN AIR.

4.2.9.2 Tasks Performed

ThL, PPP module extracts user selected data from the DQG, PDP, ard CDP data

bases and reformat• the information for use in preparing plot files. The data
are selected from a menu consisting of geometry data from DQG, point data frGar
PDP, and configuration data from CDP.

4.2.9.3 Input Data

User instructions selecting the data to be proCessed are read from the DIP •1
data base. Based upon these instructions PPP reads and creates plot Hiles
from the following data bAses:-

DIP glfbal data aid options selected by user for, P9P.

DQG network geometry (panel corner points ouly) and globz data.

PDP pressures, velocities, mass flux, e-c. at control pount, for
each cise for each solution, net -rk, velocity computationoption and velkcity cor'ection option seoect, by user.

CDP forces and moments for patiIs, columns of pane,:, networks and
configurations.

4.2.9.4 Output Data

PPP generates two output items:

o A printed listing describing the intormation extracted froa the PAN

AIR d.ta ba3e(s). $

a A coded file containing the user requested data to be 01otted.
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4.3 System Interfaces

4.3.1 Modes of Input/Output

Figure 4.4 displays the types of data going in and out of the PAN AIR

system. All data used within PAN AIR is originally read by the system from
cards or a disk file containing card images. The output data is generated in
the following forms:

o Printed output f;'om each program

o Data file of plot information from PPP

o The SDMS data bases produced by each program

o The control cards produced by MEC

However, the control cards generated by MEC are executed immediately after
being generated and then normally allowed to disappear. The control cards are
descri ed in section 8.4.

4.3.1.1 Card Input Data

Users generate a card deck to run PAN AIR. The deck contains three sets
of records (each separated by an "end-of-record" card) as shown in figure 4.5.

The first set of CDC control cards retrieves the MEC module, executes MEL
and then executes the proper sequence of PAN AIR programs. This limited set
of control cards is described in section 5.2.

The secono set contains the user directives read by MEC. The directives
define the type of problem to be solved and indicate where the data bases are
to be found or stored. The MEC d4rectives are described in section 6.

The third set is a detailed definition of the model and problem options.
It contains network geometry and boundary conditions, flow options, solution
options and other information to be read by DIP. Some data may be omitted and
the program will assume defaults. Section 3 is a beginner's guide to the DIP
input data and section 7 Jescribes the DIP data in detail.

4.3.1.2 Printed Output

Each PAN ,,IR module generates some printed output. The output is labelled
to indicate the beginning and end of each module's processing. Section 8
describes the print options and how to request them,
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4.3.1.3 Plot Data File

According to user instructions (described in section 7.7) the PPP module
will extract information from the PAN AIR data bases and generate a file of
data in a format suitable for plotting. The file is described in section 8.3.

4.3.2 Description of PAN AIR Data Flow

4.3.2.1 Check Data Run

PAN AIR has an option to check the input data before a problem is
executed. The MEC and DIP modules are executed with the option of adding DQG
and/or PPP to obtain a file for plotting the data. Figure 4.6 illustrates the
flow. Example 1 of section 8.5 gives the input/output for a check data run
followed by a full PAN AIR run. For this run, the check data run would
execute but the full potential flow problem would not.

A combination of a check data run and other PAN AIR problems can be
specified. In this case, control cards for both the check data run and the
other PAN AIR problems are listed but only the check data run will be
executed. This euables the user to check both the DIP input data and the
control cards specified for the desired PAN AIR problem.

4.3.2.2 Standard Potential Flow Problem

The standard potential flow problem executes the modules MEC, DIP, DQG,
MAG, RMS, RHS and MDG. In addition one or more of the modules PDP, CDP, PPP
may be added. The resulting output from a potential flow problem could
consist of velocity, mass flux, pressure coefficients, force and moment
coefficients and plut data. Figure 4.6 illustrates the data flow.

4.3.2.3 IC-Update Problem

The IC update problem requires execution of the same modules as the
standard potential flow run. However, it is a subsequent run to a standard
run and the data bases DIP, MAK and RMS must be saved and available for the IC
run. Figure 4.7 illustrates the uata flow. Section 6.3 discusses the MEC
directives required for an IC update run. The IC update capability is
described in section 7.2.3.

4.3.2.4 Solution - Update Problem

The solution update problem executes the modules MEC, DIP, RHS, MDG, PDP
and CDP. This type of run finds solutions for the original pcnel geometry
with new right-hand-side constraints. The plotting preparation module PPP is
optional. Data bases DIP, DQG, MAK and RMS must be saved from a previous
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run. Figurp. 4.8 illustrates the data flow. Section 6.3 discusses the MEC
directives for this type of run. The solution update capability is described
in section 7.2.3.

4.3.2.5 Additional Post-Solution Problem
i

Once a potential flow problem has been run, additional data processing and
plotting may he requested provided that the data bases from DIP and MDG have
been saved. The DIP module does not have to be run aqain provided all output
requests from PDP, CDP and PPP hdve been anticipated in the first standard
run. Otherwise, the DIP module will, have te be executed again for a
post-processing run. Having the data bases for DIP znd MDG available, the
user may select some combination of the modules PDP, CDP, and/or PPP. F .'e
4.9 indicates the sequence of computation. Section 6.3 discusses the ME.
directives required to set up a Post Solution Run. The post-processing run,
including optional updating of the DIP data base, is described in section
7.2.3.

4.3.2.6 Non-Standard Runs I
Non-standard runs of the PAN AIR system may be introduced with the

executive commands of the MEC module. These commands allow the user to
execute any existing module, use existing data bases and introduce any
legitimate control card into the control card stream. Section E.0 describes Ithe MEC commands.

4.3.3 Accessing Data Produced by PAN AIR

4.3.3.1 Use of Data Bases

Each of the PAN AIR modules generates and maintains one or more data bases
for use by subseauent modules. Saving or purging the appropriate data bases
is controlled by the user directives to the MEC (Module Execution Control)
module. Figure 4.10 illustrates the use of the data bases and their creation
sequence. The table should be read by row. Row 1 shows that the DIP data
base was created. Row 4 shows that the RMS module does not need the DIP, DQG
or MAK databases, but it uses the MAK database and creates the RMS data base.

Data base integrity is maintained by the SDMS module and the status of
each data base (whether usable or not) is maintained by each module.

For those users who require aulitional output beyond what has been
provided by the options available in PAN AIR, the information is usually
available from one or more of the databases. To access a database created by
a PAN AIR run, the user will have to write a FORTRAN program. An example of
such a program is given in the PAN AIR Maintenance Document, in appendix I-B.
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4.3.3.2 Use of PAN AIR Plot Data File

The post-processing module PPP generates a forwitted p',)t fVle that can be
used by appropriate plotting software excernal tc PAN AIR. The. contents of
this plot file depends on the user directives and consists us-ially of three
groups of data:

1. limited configuration geometry data,

2. surface and wake flow pressure and velocity data, Znd

3. forces and moments data.

The geometry data is derived from the DQG data base. PPP retrieves the
pressure and velocity data from the PDP data base and the forces and moments
data from the CDP data base selectively as dictated by the user directives.

4.4 Module Execution Control

4.4.1 PAN AIR System Execution Philosophy

The modules of the PAN AIR software system must be run in a particular
order to solve each problem. Each module requires large amounts of input data
from previous calculations, other modules or raw data. To simplify the use of
the system some special constraints were imposed on the design. The use of *
databas-'s for data commnunication between and within modules is intended to
alleviate the problems of dealing with massive amounts of input and output
data. While these problems are solved very satisfactorily by this approach, a
few complications are also introduced. The purpose of the MEC module is to
simplify these complications so that the user who desires to run PAN AIR in a
straightforward fashion may do so with minimal concern for the more esoteric

aspects of file handling and control cards.

There are two complications which arise because of the designI
constraints. First since each module is a separate program, appropriate
control cards must be provided to assure that each program is executed in the
proper order to solve the problem. Secondly, the database system, SDMS,
generates four files for each database that is created during the execu~tion of
PAN AIRý This creates a file management problem.

Due to these complications the number of control cards required for even a
fairly simple execution of PAN AIR can easily exceed one hundred, especially
if suitable ccnrents are included in the deck. It would be imptractical for a
user to supply such a deck of cards. To case this problem, the MEC module
automatically creates control cards to run the PAN AIR system from a small
number of user problem definition directives. These control cards take care
of both the execution of PAN ATR modules 'in correct sequence and the
management of the database files which are created during execution. (Note
that with regard to managing the databases created by a PAN AIR run, the
system design philosophy is such that any databases which are not needed for
execution of the remaining modules are purged. If any of the databases are
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required by the user for some special purpose, cne user must supply NEC with
appropriate directives to save those dat bases Oich are required. Section 6
discusses In detail the appropriate user problem definition directives.)

The overall system architecture is depicted in figure 4.11. Data flow I
procedes generally from left to right. The NEC module produ:es printed output
of user directives and control cards, creates a control card file for
execution and creates a data base for the other modules. The DIP module uses
the MEC data base and reads In the raw input data for the posed PAN AIR
problem. The DIP module outputs the input data card image and a data base for
th? other modules. The PPP mo6ule used for print and plot preparation in
conjunction with DIP and the other modules produces a tape used for plotting
purposes.

The MEC data base contains thv run identification information and data
base information of the other module data bases. Information such as data
base names, account and identification numbers of the files containing the
data bases, passwords and type are stored. Also, database status information
such as existing or not, used or not used and saved or not-saved are stored.
This information is used to decide which data bases should be purged to save
disk space.

4.4.2 The MEC Module

4.4.2.1 Purpose

The MEC module creates a file of control cards and data base information
based upon the user posed PAN AIR problem.

4.4.2.2 Tasks Performed

A data base is created for use by other PAN AIR modules. It contains data
base information on data base: used or created by the other modules. Run i
identification is also processed and stored in the data base. Codes are set
to indicate whether data bases are used, in existence or saved.

User directives for modifying the data base information table areprocessed by MEC and appropriate modifications to the MEC date hase are made. .

User directives for defining the PAN AIR problem are also interpreted and
processed. As a result of these directives, a file of control cards is
created which will solve the specified PAN AIR problem.

4.4.2.3 Input Data

User directives are supplied to MEC via cards and or card images. The
cards contain run identification information, data base directives, problem
definition directives and control card information.
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4.4.2.4 Output Data

The output consists of the data base information table, the card images
used for input, a printout of the generated control card file and error
diagnostics. Section 8.5 contains examples of the output from MEC.

L.
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IExecution (Section 6)
Directives

(Sections 7.7 and 8.4)

Plot Input Data (Section 7)
Data
File

I'EC M EC

Generated
Control Cards

DrivesExecution PDG
of System
(Sections 4.4, • SDMS • "

(Sections/4.4, Data Bases Printed Outpu5.5,~~~MA f.,85 • .... • .,rogrm each.
(Sections 43 from each

(Section 8.2)

Figure 4.1 - Relation of PAN AIR Modules, Data Bases,
and External Input/Output
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Figure 4.5 - Deck to Submit PAN AIR
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K Module Databases

DIP DQG MAK RMS RWIS MDG PDP CDP OFB

I 1 0 0 0 0 0 0 0 0
l'lDQG 2 1 , 0 0 0

MAG 0 2 1 0 0 0 0 U 0

'RMS 0 0 2 1 0 0 0 0 0

RHS 2 2 2 4 1 0 0 0 0

MOG 0 3 4 0 3 1 0 0 0 1d

PDP 2 0 0 0 0 2 1 0 0

CDP 2 0 0 0 0 4 0 1 0

PPP 4 4 0 0 4 0 4 4 4

Codes

0 - Not used or not created

1 - Created

2 - Used

3 - Not needed thereafter unless PPP was requested or a save
has been issued

4 - Not needed thereafter unless requested for a save

Figure 4.10 - Permanent data bases
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5.0 System Usage

5.1 Usage Overview

The PAN AIR software system can be accessed either through cards or a card
image input file. Figure 4.5 illustrates the overall deck structure of a PAN
AIR -un. The DIP module accepts input from cards in the input iile or from a
local file defined by the user in the MEC input data.

5.2 The Job Control Cards JCL for Initiation of PAN AIR

The description of the user supplied and system supplied control cards is

complicated by the various user computer installations and the different
operating systems. There are basically four different combinations of
installations and operating systems that PAN AIR was installed on prior to
general release. They are described in Table 5.1. The user supplied JCL and
the system supplied JCL are defined separately for the three different

combinations.

5.2.1 NOS 1.2 JCL (Boeing Installation)

5.2.1.1 User Supplied JCL

In order to initiate the PAN AIR software, the user must supply the
following cards:

jobname, Ttt,CMfl.

USER,username, pw. j
ATTACH,PANPRC/UN-name.
CALL,PANPRC,RUN(NAME-name)

where tt is the CPU time needed e.g., 100,
fl is the central memory needed e.g., 130000,
username is the user account number,
pw is the password for username,
PANPRC is the procedure file containing Job control cards to

execute PAN AIR
and name is the account number where all PAN AIR programs and data

base master definition files reside.

Once executed, these cards will access a procedure file stored with the
PAN AIR software system. The contents of this procedure file is described in
the next section. ¶
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5.2.1.2 PAN AiR Supplied JCL

The set of procedure cards stored with the PAN AIR software system and
used to access the MEC module is as follows:

COMMENT.*** THE FOLLOWING CARDS ARE THE PANPRC PROCEDURE***
RUN.COMMENT.

W'.MENT. *** ACQUIRE MEC***
COMMENT.
ATTACH, MEC/UNname.
MEC.
RETURN,MEC.
COMMENT. ** MEC PUTS *
COMMENT. *** CONTROL CARDS ONl ***
COMMENT. *** FILE MECCC *
COMMENT.
REWIND,MECCC.
COMMENT.
COMMENT. *** EXECUTE PROCEDURE ***
COMMENT. *** ON MECCC ***
COMMENT.
CALL,MECCC,MECCC(UN.name).
EXIT,C.
COMMENT.
COMMENT. *** END OF PANPRC PROCEDURE *
COMMENT.

It should be noted that "name" in the above JCL is the same as "name" in the
JCL in the previous section (5.2.1.1), "name" being the account number where
all PAN AIR program modules and data base master definition files reside.

5.2.2 NOS 1.2 JCL (NASA Langley Installation)

5.2.2.1 User Supplied JCL

jobname, Ttt, cmfl.
Accn•it, username, pw.
C1:ARGE(nnnnnn, LRC)
'ACKNAM(packname)

ACTACH,PANPRC/UN-name.
CALL,PANPRC,RUN(NAME-name)

where nnnnnn and LRC are the parameters required by the installation
for accounting purposes,

packname is disk-pack name (serial number) assigned to the
user where PAN AIR resides.

and the other parameters have the same meaning as described in section
5.2.1.1.
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5.2.2.2 PAN AIR Supplied JCL

This set of JCL is the same as that given in section 5.2.1.2. All
differenres between the NOS 1.2 Boeing installation and NASA Langley
installation ar-e recognized by the MEC module and thus accomodated in MEC
generated control card file "MECCC".

5.2.3 NOS/BE JCL (Wright Patterson Air Force Base Installation)

5.2.3.1 User Supplied JCL

The following cards must be supplied by the user to begin execution of the
PAN AIR software system:

jobname,Ttt,CMfl,IOnnnn.account
ATTACH,PANPRC,ID-name.
BEGIN,RUN,PANPRC,name ,sn,

where nnnn is the I/O time needed,
account is the user account number,
name is the identification (ID) for all PAN AIR programs and

master definition files
and sn is the setname of disk unit assigned to the user account.

These cards will call upon a JCL procedure file ("PANPRC") stored with the
PAN AIR software system which will continue processing.

5.2.3.2 System Supplied C,%rtrol Cards

The set of procedure cards stored with the PAN AIR software system used toaccess the MEC module and continue execution is as follows:

.PROC,RUN,name,sn.
COMMENT.
COMMENT. '** THE PANPAC PROCEDURE FOLLOWS ***
COMMENT.
ATTACH,MEC,ID=name,SN=sn.
MEC.
RETURN,MEC.

• COMMENT.COMMENT. *** A SYSTEM PROCEDURE ON FILE MECCC **

COMMENT. * IS CREATED BY MEC *
COMMENT.
REWINO,MECCC.
BEGIN,MECCC,MECCC,namesn.
EXIT,C.
COMMENT.
COMMENT. *** END OF PANPRC PROCEDURE ***
COMMENT.

4• REVERT.
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5.2.4 Scope 2.1.3 JCL (NASA Ames Installation)

The user must supply the following JCL cards to initiate execution of the
MEC module, which in turn, generates a local file named MECCC from which the
user obtains the remaining JCL cards for a PAN AIR run. The MECCC file
contains two JCL procedure cards, the first and the last. They must be
removed manuallý and the remainingcards are placed after the same set used to
obtain them in the first place.

FIRST RUN 4
jobname,Ttt,CMfl,YDn,YLm.
ACCOUNT,username,account.
SETNAME(sn)
MOUNT,VSN-vsn,SN-sn.
ATTACH,MEC,ID-name,SN-sn.
MEC.•. RETURN,MEC.

i COMMENT.
COMMENT. * A SYSTEM PROCEDURE ON FILE MECCC I
COMMENT. *** IS CREATED BY MEC ***

COMMENT.
REWIND,MECCC.i DISPOSE, MECCC,PH.

The last control card punches out the file MECCC.

SUBSEQUENT RUN

jobname,Ttt,CMf1,YDn,YLm. I
ACCOUNT, sername,account.
SETNAME(sn)
MOUNT,VSN=vsn,SN-sn.
ATTACH,MEC,ID-name,SN-sn.
MEC. e
RETURN,MEC.CO;.IMENT.!
COMMENT. * A SYSTEM PROCEDURE ON FILE MECCC *

COMMENT. *** IS CREATED BY MEC ***
COMMENT.
REWIND,MECCC.

*DISPOSE,MECCC,PU
Control .... *.PROC,MECCC.
Cards COMMENT.
Provided COMMENT. *** EXECUTE DIP. *
by
MEC on
file MECCC
by EXIT.
first ---- *REVERT.

'i ~run .

*These cards must be removed for the second run.
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where n is the number of disk drives needed (e.g., YD2),

m is the number of logical mounts needed (e.g., YL37)
vsn is the volume serial number of the disk unit (master disk).
sn is the setname of the disk unit.

5.3 Data Base Generation

Most PI.N AIR modules produce data bases which allow communication between
program modules and within program modules. Figure 5.1 illustrates the data
base creation process and indicates the contents of the data stored in the
various data bases.

5.4 Resource Requirements

5.4.1 CPU Time Requirements

Table 5.2 summarizes the CPU timing estimates for the CYBER 175 computer.
The numbers are only estimates and will generally vary from problem to problem.

5.4.2 Core Requirements

Table 5.3 gives the core requirements for the PAN AIR modules. It will be
noted that the existing modules require less than 130,000 octal words.

5.4.3 Disk Requirements

The disk storage requirements will vary greatly from problem to problem.

The permanent and temporary data bases expand or contract as the modules
execute. Table 5.4 gives the known disk requirements for four validation
cases defined in the PAN AIR Case Manual.

For large problems, the user must provide sufficient disk space for PAN
AIR to run successf:,,ly. For installations which allow removable disk packs,
it is advisable to set up a set of two or more disk units. For other
instd1lations, the user must acquire enough disk space (permanent file
storage) for PAN AIR to execute successfully.

5.5 Modes of Execution

The PAN AIR software system is designed to run on CDC operating systems
SCOPE 2.1.3, SCOPE 3.4, NOS 1.2 and NOS/BE. The MEC module produces the
required control cards automatically for the operating system in use.
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5.5.1 Standard Runs

There are five types of standard runs: check data run, potential flow run
and the three types of update runs. The check data run allows the user to
cherk MEC and DIP module input data before execution other modules. The check
run also has options to continue with execution of DQG or both DQG and PPP for
further checks on the input data. The potential flow run executes MEC, DIP,
DQG, RMS, RHS. MDG and PDP (plus CDP and PPP on option). The update runs are
either "left...hand side," "right-hand slde" or "post-solution". A left-hand 1
side update (IC UPDATE) requires reccmputation of portions of the aerodynemic
influence coefficient matrix. A right-hand side update (SOLUTION UPDATE)
allows the itroductioii of new solutions or changes in existing solution
datý. A post-solution update (POST PROCESSING UPDATE) allows the
specification of flow properties calculations. The update capabilities are
described in more detail in section 7.2.3.

Section 6 discusses the MEC input necessary to execute each of the
standard runs. Section 4.3.2 describes these runs in more detAil.

5.5.2 Non-Standard Runs

Non-sthndard rins are all other PAN AIR problems in which the user may
construct his own control card stream using streamlined MEC comlands. Section
6 discusses all MEC directives and section 6.3 provides some examples of the
use of MEC directives in i,on-staoidard runs, e.g., additional post processing
runs.

5.5.3 Running PAN AIR on Non-Standard Operating Systems

As originally cnnstructed PAN AIR will run on CDC machines (CDC 660U, CDC
Cyber 175 and CDC 7600) under three operating systems (NOS 1.2, NOS/3L and
SCOPE 2.1.3). Future expansion may allow modifications to extend use to other
machines or operating systems.

There are two areas of the syste•m which are sensitive to the details of
the operating system. They are the database management system (SDMS) dnd the
Module Execution Control (MEC). SDMS is closely coipl-d to the operating
system because it is responsible for the execution of most disk I/0 durine PAN
AIR execution. MEC is sensitive to oper'tinq system differences since it
provides the set of control cards which simplifies the ,"ser's task of running
the job.

At many installations which share the same operating system there are
variations in implementation which sometimes causes some centrol cards which
are acceptable at one installation to fail to work correctly at another. For
this reason It may be the case that the MEC generated control cards might fail
to work correctly at some installation other than Boeing, NASA/Langley,
NASA/Ames or Wright-Patterson AFB even though the installation is usiig an
implementation of one of the three standard operating systems (NOS 1.2, NOS/BE
and SCOPE 2.1.3).
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If a user finds such a situation to correspond to nis case, it will still
be possible to run PAN AIR but the user may have to accept responsibility for
preparing his own control cards to execute PAN AIR. In such a case the user
is advised to study the control cards provided by MEC (perhaps in consultation
with representatives of his computer installatioa) to determine what
modifications are required to the control card file to allow proper execution
on the user's system.

The modifications may be made either by adding or changing the indicated
cards manually or by modifying the program MEC to produce the required control
cards. Note that if MEC (or any other modules or libraries in the PAN AIR
system) is modified by users for special purposes, the maintenance
organization for PAN AIR will probably not support such modifications unless
the changes occur through the standardized Change Request format. (See PANAIR System Configuration Control Pro,.edures Manual.)

5.6 Saving and Reusing Data

The PAN AIR software system automatically purges unneeded data Lases in
order to conserve disk space. If an update, IC run or post processing run is
to be executed in the future, it is up to the user to save the reqjired data
bases through the use of appropriate MEC module directives. Th-e Saie is true
'fo-irioie taon- dard runs requiring data ases previously generated.
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SOperating Computer Removable Catalogued
Location Syte fardware Disk Packp Proceduree

Boeing NOS 1.2 Cyber 175 No Yes

NASA Langley NOS 1.3 Cyber 175 Yes Yes

NASA Ames SCOPE 2.1.3 CDC 7600 Yes No

Wright Patterson NOS/BE Cyber 74 No Yes
AFB

Table 5.1 - Installation considerations at locations where
PAN AIR was first installed

Module Casel Case2 Case3 Case6

MEC .1 .1 .1 .1

DIP .33 .43 .98 1.2

DQG 2. 9. 106.7 48.

MAG 1.45 18.2 314. 55.8

RMS .6 .62 33.2 8.5

RHS 1.33 6.3 16.9 13.6

l 1.98 7.2 39.8 8.5

POP 1.78 3.5 8.9 8.

SCDP 1.03 1.3 8. 7.

PPP 1.07 1.41 9. a,

Table 5.2 Validation case CPU time requirements (sec)
(NASA Ames CDC 7600)

I>
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Module CDC 6600 CDC 1600

(*1000 words) 8  (*1000 words)8

MEC 70 45

DIP 103 67

DQG 127 74

MAG 130 112

RMS 110 62

RHS 100 51

MDG 125 75

PDP 110 60

CDP 112 60 i
ppp 110 60

Table 5.3 Core requirements for each module

Disk Requirements CDC 7600 (Words)

Module Case 1 Case 2 Case 3 Case 6

MEC 1,800 1,800 1,800 1,800

DIP 17,300 18,900 20,600 18,200

DQG 257,200 651,600 493,600 975,600

MAG 161,700 321,149 735,800 975,600

RMS 17,200 128,815 89,200 104,900

RHS 13,600 68,220 71,300 41,700

MOG 30,600 68,367 91,600 69,800

POP 60,000 130,000 160,000 700,000

CDP 7,000 35,000 40,000 36,000

PPP 4,000 25,000 30,000 24,000

Table 5.4 Validation case disk storage requirements
(CDC 7600 words)
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K•DUL[S DATA 5BASES MODULES AND THEIR PURProSE

MEC MEC HEC generates control cards for problem

D-IP DIP nterprcts user input

DG IX G generates panel defining quantities plus data
for control points, boundary conditions and
singularities

AIC HAG creates Aerodynamic Influence
Coefficients
Unknown Singularity Portion

Ale MA creates Aero"ynamcic Influence
Coefficients

Know Singularity Portion

IC MAG c Influence CIeffIcients
MI Decomposes Ale unknown

Sprocesses singularities and bownidry condition

MiG finds average potential velocity and noromlmass flux at control and grid points plus M•G

gemtry

POP coptes potential, velocity, normal miss flux,
and pressures for selected surfaces

COP computes forces and momnts accumulated over +
pertloms of €ongtfuratton *

.6.1 0Un A 3omputes potenttrl, velocity. morml mass lux

oald locations off configuration

WI selectU dat2 forimtted for external display

+ Not available for Version 1.0

Figure 5.1 - Program Modules and Data Bases
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6.0 MEC Input Data (User Directives)

The MEC imodule interprets user supplied PAN AIR problem definitions in a
very general input language, supplies the job control cards (JCL) required to
solve the posed protlem and provides detailed information concerning the names
and identification parameters of the database files.

Previous sections of this document have discussed the standard and

non-standard problem tyres (see section 5) and the user provided control cards
required to run the PAN AIR sysuem. Before presenting a detailed discussion
of MEC directives it is necessary to discuss some labeling information
regarding the database files.

SOMS defines four files for each database. The files are distinguished
fJovn one another by appending the number 1, 2, 3 or 4 to the database name.
SDMS performs this automatically. The PAN AIR system provides a set of
default dataoase names (e.g., DIP, DQG, MAK). Thus if the default database
nanpe is used, after execution of the DIP module, there will exist four
permanent files with names DIPi, DIP?, DIP3 and DIP4.

If a user solvei more than one aerodynamic problem at the same time (with
separate runs) with PAN AIR, it is necessary to !iave distinct names for the
database files. MEC provides conveniert ways to name the database files with
something other than the default name. The us'er may rename one or more
databases by appending to any of the default rames a sequence of up to three
charactera. Alternatively the user may rename R database with some arbitrary
sequence of up to six characters.

In addition to names for the database files, permanent files also require
a particular account or user identifier. MEC directives allow the user to
define these account numbers or user identifiers. Finally if the operating
system allows the use of removable disk packs, SDMS must be told which pack
(setniame) to use. This is also accomplished by an appropriate MEC directive.

A simple input example for MEC is givel below. The non-indented cards of
the example are the major card separators of the MEC input cards. The order
is important and must be used. Each of the cards will be discussed in detail
after a few preliminary definitions are made.

PAN AIR - Needed for all installations
SYSTEM PANAIR FAEBRP2 AMES - For AMES operating system
RID: SQUARE WING 2X2 PANELING - Run identification
DATA BASE DIRECTIVE BLOCK - specific data base information

APPEND Al TO DIP - relabel default database names
UID - FAELLE FOR MDG, COP - specify user ID for MDG and CDP

database files

MUID - PANAIR FOR ALL - specify user ID for master definition
files

MSET - FAEBRP2 FOR ALL - specify setname of disk where master
definition files reside

END DATA BASE INFORMATION - Last card of data base information
MITE'CK DATA RUN - Checks input data
E-ECUTION DIRECTIVE BLOCK - Defines PAN AIR problem

FIND POTENTIAL SOLUTION - Full solution request
END EXECUTION DIRECTIVES - Last Card of directive block
'END OF PAA AIR MEC INPUT - Last Card of MEC input
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In this example the user is running on an operating system at or simnilar
to that of NASA/Ames (SCOPE ?.1.3). The database directives indicate that the
default datbase for DIP is being relabeled by appending the characters Al to
the default name DIP. Thus the four files created by SDMS which make up the
DIP database will be called DIPA11, DIPA12, DIPA13 and DIPA14. All nther
database files will be called by their default names. The usgr ident~fier for i
the MDG and CDP database files is specified as FAELLE. Tha setname of the
disk which contains the master definition files is specifiel to be FAEBRP2 and
the user identifier for the files is specified to be PANAIR. The "CHECK DATA
RUN" card specifies that control cards will be generated to execute module DIP
alone to allow the user to verify the input data he has provided is acceptable
to DIP. The execution directives indicate that a full potential flow solution
is required. The necessary control cards will be generated so that PAN AIR
modules DIP through CDP will be run in correct sequence. All database files
will be purged at the end of the execution of CDP since the directives to MEC
do not specify that any of the database files should be saved.

The rest of this section presents information necessary to the user to
prepare MEC directives. Section 6.1 discusses general features of the MEC
directives. Section 6.2 presents a detailed discussion of these directives.
This section should be regarded as a reference section which the user would
consult to find the explicit form for a particular directive. As surch, the
first-time reader is advised to skip this section. Section 6.3 is a guide to
the construction of MEC directives. It is more instructional in format that
section 6.2 and should provide the first-time user with an understanding of
the use of MEC directives. Section 6.4 discusses the use of MEC and PAN AIR
on systems and installations other than the standard ones at Boeing, I
NASA/Ames, NASA/Langley and Wright-Patterson AFB.

6.1 General Rules and Conventions

From the example it is clear that there are three basic sections to the
MEC directives. The first (introductory) section specifies the operating
system in use and provides a label for the run. The second section describes
properties of the database files. The third section defines the set of
control cards which MEC will generate for the user.

The minimum input to MEC consists of the PAN AIR card, the SYSTEM card and
the END OF PAN AIR card. If this minumum input is chosen, default names and
identifiers of database files are selected and no control cards are generated
by MEC.

Naturally, the user will wish to provide more than the minimum input in
order to cimplify the execution of PAN AIR. Section 6.2 describes in detailthe various MEC input directives for the three sections. Some examples of MEC
input directives are provided in section 6.3.

The following conventions are used to describe the directives oF the MEC
input module:

o Required key words are underlined. Note that only the first three or
four characters of keywords are recognized.

<> optional item
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* include one from this list

include one or more fro,7 this list

o lower case variables indicate that a user supplied name or value
should be substituted.

o A comma or a blank may be used to separate key words.

The following abbreviations are used to define operating and MEC system
parameters.

uname - PAN AIR software system account number i.e., the account
number where all PAN AIR software exists.

sn - The disk pack set name, where the PAN AIR software resides.

6.2 MEC Input Directives

In this section a detailed discussion of all MEC directives is presented.
Section 6.2.1 discusses the cards in tne introductory section. Section 6.2.2
discusses the cards in the database directive part of MEC input. Section
6.2.3 discusses the cards in the execution directive part of MEC input. Note
that the CHECK DATA RUN card is included as a part of the introductory section
despite the fact that it causes generation of control cards by MEC, a function
primarily of directives in the third section of MEC input. This is done
primarily to simplify the MEC input for the data check run. Examples of the
use of these commands are provided in section 6.3.

6.2.1 Introductory Cards

The introductory MEC inpu÷ cards are discussed in the order they are

needed.

PAN AIR labeling information

This is the first MEC input card and must be present. If the card is
missing the PAN AIR job will be aborted.

SYSTEM uname sn BOEING-- { /AMES

LANGLEY1
WRIGHT

The SYSTEM card gains access to the PAN AIR software system. The input
"uname" refers to user account number for NOS 1.2 operating system or to user
identifier for Scope 2.1 and NOS/BE operating systems. The input parameter
"sn" is the set name of a removable disk pack if it is used to store the PAN
AIR system. For a discussion of the use of the SYSTEM card at other
installations see section 6.5.
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RID 76 characters of run identification

The RID card identifies or labels the PAN AIR run being made. This card
is optional.

CHECK DATA RUN WITH DQG WITH PLOTS

The optional card CHECK OATA allows the user to execute and check the
input data for the DIP module. The optional keyword DQG would execute the DQG
module which would check the geometry data as well as the DiP input data. The
keyword PLOT would generate control card to execute PPP module to prepare a

.7. file of DQG geometry data for purposes of obtaining plots.

6.2.2 Data Base Directives

The PAN AIR modules use one or more data bases for input and output.
These data bases are stored on disk. As they are created, each needs a master

kL definition or structure. These definitions are stored as part of the PAN AIR
software system. Each data base needs a default name, actual name, master
definition, account number for the data base, account number for the master
definition, password. A disk set name may also be required for the master
definitions and the data bases for some operating system which require them,
(e.g. NASA/Ames (SCOPE 2.1.3) and Wright-Patterson AFB (NOS/BE)). Tables 6.1
and 6.2 give the stored default values used by the PAN AIR system.

Note that when SOMS receives a value of zero (0) for the setname or user
name for a database file it substitutes the setname value SYSTEM for the
NOSIBE and SCOPE 2.1.3 systems and the user number value of the user's account
card for the NOS/1.2 operating systems.

The user may want or be required to use his own values for the data base
information parameters. It is to this end that the DATA BASE directives are
available.

A few definitions are required before the DATA BASE directives are
described.

The following abbreviations are used when discussing data base

descriptions:

dbnam default data base name of from 1-6 characters

,newmdn new data base name of master definition of from 1-6•,, characters

newnam replacement data base name of from 1-6 characters

SpW SDMS data base password of from 1-6 characters

un** user number for data base

uid* usir identification for data base
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II
set* disk set name for data base

mun** user number for master definition

muid* user identification for master definition

imset disk set name for master definition

dblist a list of default data base names separated by blank
or a comma

suffix 1-3 character suffix to be added to data base name(s)

SNASA Ames and Wright Patterson installations only

* Boeing EKS and Langley installations only

The DATA BASE directives are now described. The first and last must appear in
that order while the other subordinate commands may be in any order. N

DATA BASE DIRECTIVE BLOCK

This card is used to alert MEC that one or more data base information
parameters are to be modified from their default values.

DBASE Card

PW - pw,+ ,-MDN - newmdn,.

DBASE dbnam - newnam UN - un,** MUN - mun**

UID - uid,* MUID - muid*

SET - set,* MSET = mset

* CDC 7600 only ** CDC 6600 only

+ Not used in current version

The keywords should be self explanatory when paired with the item they
introduce (see definition of abbreviations).

APPEND Card

APPEND suffix TO dblist,ALL
This directive is used to change the name of one or more data bases by
appending a 1-3 character suffix. The data base list may include permanent or
temporary data bases.

The seven following directives all operate in the same fashion. They
change data base parameters as indicated. The example given at the beginning
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of section 6.0 illustrates changing DIP data base to DIPA1 by "APPEND",
modifying the default values of "id" for MDG and CDP to FAELLE and using the
user identifier PANAIR for all "id's" of the master definitions.

PW - pw FOR dblist, ALL+

UN - un FOR dblist, ALL*

UID - uid FOR dblist, ALL** i
SET - set FOR dblist, ALL**

MUN . mun FOR dblist, ALL*

MUID -muid FOR dblist, ALL**

MSET - mset FOR dblist, ALL**

* Boeing and Langley Systems only (NOS 1.2 and NOS 1.3) 1
** Ames and Wright-Patterson Systems only (SCOPE 1.3 or NOS/BE)
+ Not used in current version II

RELEASE dblist, ALL i
This directive is used to indicate that the data bases listed may be released
(PURGED) as soon ab the current PAN AIR run is finished using them. They will I
not be saved permanently. (Note that unless directed otherwise MEC
automatically releases (purges) all databases.)

KEEP

IC UPDATE

KEEP FOR FUTURE SOLUTION UPDATE

POST PROCESSING

FIEL..D FLOW

or PRINT PLOT

KEEP FOR FUTURE dblist, ALL

has two forms. The first is called a macro directive. MEC searches the
"KEEP" directive for the macro keywords "IC", "SOLUTION," "POST," and
"FIELD.* Each of those keywords tells MEC to save all data bases required to

make a future run of the type specified. See table 6.3.

In the second form of the KEEP directive the initial keyword is followed
by either "ALL" or a data base list. In this case MEC will purge all except
these databases mentioned in the list.

END
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The last data base directive mL'st be END. This card Is in addition to the

END card required by the PAN AIR directivW'lock.

6.2.3 Execution Directive Block

The execution directive block specifies the type of PAN AIR problem to be
Sru n . T h e r e a r e t h r e e s t a n d a r d t y p e s o f p r o b l e m s a n d a n a l m o s t e n d l e s s n u m b e rSof non-s-Landard problems. The standard runs consist of a full solution of a

potential flow problem using no previous solution results, an IC update which
assumes different geometry but with previous right-hand-side constraint data
or a solution update which uses prior geometry and solution results with new
right-hand-side constraint data. Any other run is called non-standird.

Before describing these directives in detail, a few definitions will be
necessary.

The following abbreviations are used when describing execution directives.

modnam module name

unname id/un associated w'th account number of files

db data base name

Ifn local file name

Ivsn volume set name for disk pack

sn set name for a file

The execution directives are now described.

EXECUTION DIRECTIVE BLOCK

This is the first card of the execution directive block.

This feature is especially useful for large problems since it allows a
user to create the input for DIP (which might consist of thousands of cards)
on a file and thus avoid the clumsiness accompanying such a large input deck.
See appendix C.

INPUT lbn

If the user wants to specify a local file name "lfn" for input to the DIP
module, the INPUT directive is needed. If it is not present, the default file
"INPUT" is used.

FIND POTENTIAL FLOW, FIELD+ FLOW, PLOT

results in the execution of the following PAN AIR modules: DIP, PQG, MAG, I
RMS, RHS, MDG, PDP, CDP. The modules PDP and CDP are not exetuted if data
from them is not requested via DIP input data.

In addition, data bases required for future post processing (after MDG)
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will be saved unless otherwise specified in the DATA BASE DIRECTIVE block.
The ones saved are DIP and MDG.

The keyword "FIELD" would add the module OFB+ to the list (notavailable in version 1.0), and the keyword "PLOT" would cause the module PPP

to be included at the end.

The directive

FIND IC UPDATE FIELD+ FLOW, PLOT

results in the execution of the same modules as the "POTENTIAL FLOW" macro.
However, data bases from a previous run are required and the following modules
work differently internally: DIP, MAG, RMS, RHS.

The directives

FIND SOLUTION UPDATE, FIELD+ FLOW, PLOT

results in the execution of the following modules: DIP, RHS, MDG, PDP, CDP
and optionally OFB/PPP.

The next six directives are used to run non-standard PAN AIR runs. They
are all optional and can be used in any order. They may also appear before
and after the other standard directives. An example of a non-standard run isgiven in section 6.3.

The directive

RUN modnam SIC, un, sn

causes the file named 'modnam' to be executed. If "Imodnam" is not one of the
standard PAR AIR modules, then the special word "SIC" must be added to the
card to warn MEC. Otherwise, MEC will reject unrecognized modules and
prematurely terminate execution.

The directive

DROP db SIC, un, sn

indicates that all data bases in the list are to be released when the current
PAN AIR run is through with them. The keyword "SIC" allows a non-PAN AIR data
base to be dropped (purged).

MOUNT DISMOUNT

The two directives

MOUNT vsn, sn

DISMOUNT vsn, sn

+ Not available in Version 1.0 of PAN AIR
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are included to mount or dismount a removable disk pack. They must be used if
the PAN AIR software system is on a removable disk pack. The commnand MOUNT
must appear before the FIND directive.

Ccc
The directive4

cc standard CDC control card

is placed directly into the stream of control cards generated by MEG. The
module MEG strips off the "CC ." and writes the remair,,er to the control card
file. The blank between "CC" and 1"=" is mandatory.

ERROR

The directive

ERROR Blank, U, C

can be inserted into the control card stream to allow exit conditions in case
an error during execution occurs. This card results in EXIT, EXIT (U) or
EXIT (C).

END

The last directive END must be included as the last directive of anI
EXECUTION DIRECTIVE blocZ Hence, if execution directives are specified, two
END cards appear, one for the termination of the execution block and one for
fe-Fmination of the the PAN AIR directive block.I

6.3 Guide to MEG Directive Construction

This section provides the user with guidance in the preparation of MEG
directives. It is intended to provide an outline of basic directives with
suggestions as to how a user might modify the outline to satisfy his/her
unique requirements.

MEG directives must always begin with the "PAN AIR" card and end with an
"END" card. Unless the user is running on a Boeing computer system, the
"SYSTEM ... "1 directive must occur after the "PAN AIR" card. For practical
reasons some number of database directives will always be required so the
database directive block will also be a part of most MEG directives Unless
the user is familiar with the control card structure of his system and isextremely patient about punching many control cards, the execution directiveblock will also be a pavlt of every set of MEG directives. Thus the basic MEGdirective deck should look like table 6.4.

Only one command will be typically employed in the execution directives.
(See the exception concerning post processing runs below). For the first run
of a problem the user should specify FIND POTENTIAL FLOW. After this run has
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been executed, a subsequent run might employ one of the directives FIND IC
UPDATE or FIND SOLUTION UPDATE, but the first run must have been done with the
FIND POTENTIAL FLOW directive (plus appropriate directives to save the
required databases, as discussed below).

Table 6.9 illustrates the basic set of MEG directives which users will
typically wish to employ to run the system.

The remainder of this section discusses some additional useful
modifications and extensions to this basic set of directives.

Certain MEG directives are useful conveniences rather than necessary
commands. These are the RID and the CHECK DATA directives. The RID allows
the user to label the printed output with a phrase which briefly (76
characters) summarizes the run. The CHECK DATA directive wgill cause a limited
set of control cards to be generated which will run DIP or DIP and DQG and
then stop execution. This allows the user to verify that the problem to be
solved has no input errors and is in fact the problem whose solution is
desired. Thus a user might modify the set of directives in table 6.9 in the
manner of table 6.10.

The database directives MDN, MUN, MUID and MSET are primarily useful for *
program development and will not generally be required by the user. They
specify alternarive file names and/or identification for the master definition
files used to generate the databases used in PAN AIR. (See the PAN AIR SYSTEM
MAINTENANCE MANUAL, section 13.)I

Some dir-actives should be added to the basic deck if either an IC update
or a solution update run is planned.

Figure 4.3-4 indicates that for an IC update run the DIP databases, the
database generated by MAG (MAK) and the database generated by RMS must be
saved after the first run in order to run an IC update. Figure 4.3-3
indicates that the MAK databases will be purged by the MEG control cards after
the execution of MUG in the normal course of a potential flow solution unless
MEG is otherwise directed. Adding the command "KEEP FOR FUTURE IC UPDATE" to
the database directive block causes MEG to save the databases required for the
update run instead of purging them at the end of MDG execution.

In a similar fashion a solution update run requires the same set of
databases that an IC update run requires plus the DQG database. By adding the
directive

" KEEP FOR FUTURE SOLUTION UPDATE''

to the database directive block the user will insure that the appropriate
databases are available for the future run. *

If additional post processing is anticipated the

"KEEP FOR FUTURE POST PROCESSING"

directive will insure the DIP and MOG databases are available for the post

processing run(s).
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The CC. directive allows a user to insert control cards into the sequence
of control cards generated by MEC. One application of this directive is
illustrated in table 6.11. Here a user compiles and executes a program which
automatically generates the input deck required to define the geometry of his
configuration in the form required by DIP. Thus #he CC. directives first run
the geometry program and then the FIND directives cause MEC to generate the
sequence of control cards which will solve the problem. Note that the example
also illustrates the INPUT directive. The user's program creates the DIP
input data on a file called CONFIG. The INPUT directive causes module DIP to
read file CONFIG to obtain the input data instead of the default file INPUT.

Another use of the CC. directive is shown in table 6.12. Here a user has
found the last error in a PAN AIR module while tryiog to solve a potential
flow problem. In order to help the maintenanc. staff find the difficulty, the
user has inserted an appropriate set of cards to generate a core dump of the
module in which the error has occurred. This sequence is generated by adding
an ERROR(U) directive followed by the CC. directives which generate the core
dump. Note that all database files have been saved by the KEEP FOR FUTURE ALL
directive. This allows the PAN AIR maintenance staff to later examnine the
contents of the databases if more information is required than Is furnished in
the core dump.

Two related directives which might be useful at the Ames and
Wright-Patterson sites are the M1OUNT and DISMOUNT directives. The PAN AIR
modules and database master definitions are stored on a removable disk pack.
This pack must be mounted in order to run PAN AIR. This normally would be
accomplished with control cards provided by the user (see section 5.2).
However the user might want the database files generated by PAN AIR to reside
on another removable disk pack which belongs to him. In this case either the
user must mount and dismount the required pack by using the MOUNT, DISMOUNT
directives or he must L2 sure to mount the pack(s) by adding the appropriate
cards to the user provided control cards discussed in section 5. Note that in
the job card the user must specify the YD2, YLm parameters as in

UUALMT,Tnnn,CMXXXXXX,PN,YD2,YL7.

Table 6.13 illustrates the appropriate MEC directives. The user mounts his
private pack and runs the PAN AIR system saveing all databases. Then he
dismounts the PAN AIR disk pack and then attaches and executes a file of his
own called SCANDB.

The MEC directives for an original run followed by those for one or more
updates illustrates the use of most commands discussed so far. Table 6.14
illustrates the MEC directives for the original run in which an IC update, a
solution update and additional post processing runs are anticipated. Table
6.15 and 6.16 illustrate the directives for the update runs and post
processing runs. Note that in the IC update and solution update runs a new
name is given for the MDG databases. This allows the uer to perform a number
of additional post processing runs on the differeait MUG databases to obtain
data which allows detailed comparisons among the variously modified
configurations. Tables 6.17 and 6.18 illlmstrate the appropriate directives
for two such post processing runs. Notice that %.hese sel:s of directives
employ the RUN directive to define the post processing execution sequence.
Modules DIP, PUP and PPP are executed in this case. The extension to
execution of CDP should be obvious.
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6.4 Use of PAN AIR at Non-Standard Installations

PAMI AIR has been designvi to sin;plify the demands on the user with regard
to control card construction. This simplification is effected only for the
small number of operating systems and compiter installations at which PAN AIR
ha' been delivered. If a user wishes to run PAN AIR at other installations,
the control cards generated by MEC may be erroneous or inadequate. If this is
the case the user must provide all control cards by himself e4ther by
completely generating his own decks (using the MEC output as a guide) or by
modifying the control cards generated by MEC so that they are compatible with
his system.

The appropriate SYSTEM card to use in a non-standard installation will
depend on whether the computer site allows removable disk packs or not. If

these are available then either the AMES or WRIGHT locations should provide
the most nearly correct set of control cards. If this is not available, then
either the BOEING or LANGLEY specification should provide the bes, set of
control cards.

The exact form of the "SYSTEM..." card will depend on which operating
system the user is running under. Che card determines what set of control
cards MEC will create and specifies identification information necessary to
access t0e MEC master definition file and all other master definition files
for the database used in the PAN AIR system. Note that while other database
file master definitions can be specified through the use of the database
directive section, the SYSTEM card is the only way in which the identification
information for the MEC master definition file can be specified. The
appropriate card to use at each installation is shown in table 6.5. The exact
file ideentification is subject to change, so check with local PAN AIR
represertatives for current values of file Identification.

Most users will wish to add database directives 6o modify the names of the
database files. The simplest directive which accomplishes the labeling ii the
APPEND directive, 4s in

APPEND XYZ TO ALL

This command defines names for a&' dI tahase files. The names are of the form
DIPXYZI, DIPXYZ2, DIPXYZ3, DIPXYZ4, DQGXYZ1, DQGXYZ2, etc. In addition the
DBASE directive can be used to name database files. Th's is most useful when
used in conjunction with an APPEND ... ALL to make some exceptions to the
global operation invoked by the APPEND statement.

It will also be necessary for most uiers to specif:' some sort of user
number or user identifier and setname under which the permanent database files
will be catalogued. The app.-opriate directive to define this depends on the
operating system. For Boeing and Langley the UN- directive is the appropriate
one. For Ames and Wright-Patterson systems, both the SET. and the UID, cards
will need to be supplied. Table 6.6 and 6.7 illu!.trate the use of the APPEND
and DBASE commands. The results of using the directives in either example is
identical. Table 6.8 illustrates a more sensible use of the DBASE command
than that shown in Table 6.7. (Note that the order of the APPEND and DBASE
directives affects the results. If the DBASE command preceeded the APPEND
command, the MOG database files names would be MDGXYZn. Thus MEC processes
the database directives in the same order as they occur in the input deck.)

6-12
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DEFAULT ACTUAL SET NAME* USER ID* MASTER DEF SET NAME*+ USER ID*+
NAME NAME USER NO** ---- PASWRD NAME USER NO** ----

DIP DIP 0 0 0 DIPMD 0 0
DQG DQG 0 0 0 DQGMD 0 0
MAK MAK 0 0 0 MAKMD 0 0
RMS RMS 0 0 0 RMSMD 0 0
RHS RHS 0 0 0 RHSMD 0 0
MDG MDG 0 0 0 MDGMD 0 0
PDP PDP 0 0 0 PDPMD 0 0
CDP CDP 0 0 0 CDPMD 0 0

* CDC 7600 only ** CDC 6600 only

These values are modified by the entries in the SYSTEM card.

"Table 6.1 - PAN AIR permanent data base default descriptions

DEFAULT ACTUAL SET NAME* USER ID* MASTER DEF. SET NAME*+ USER ID*+
NAME NAME USER NO** ---- PASWRD NAME USER NO**

MAGX MAGX 0 0 0 MAGXMD 0 0
MAGY MAGY 0 0 0 MAGYMD 0 0
MAGZ MAGZ 0 0 0 MAGZMD 0 0
RMST RMST 0 0 0 RMSTMD 0 0
RHSX RHSX n 0 0 rtHSXMD 0 0
MDGF MOGF U 0 0 MDGFMD 0 0MDGC MDGC 0 0 0 MDGCMD 0 0
MDGM MDGM 0 0 0 MDGMMD 0 0
PD0T PDPT 0 0 0 PDPTMD 0 0
CDPT CDPT 0 0 0 CDPTMD 0 0

* CDC 760U only ** CDC 6600 only

+ These values are minified by the entries in the SYSTEM card.

Table 6.2 - PAN AIR temporary data base default descriptions
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FUTURE FUTURE FUTURE FUTURE FUTURE
T--PUATE SOLUrION UPDATE •TT ROCESSING ýWFL FLOW+ P INý/PLOT
DIP DIP DIP DIP DIP

DQG DQG DQG
MAK MAK MAK POP
RMS RMS RMS,RHS CDP

MDG

Not available in Version 1.0 of PAN AIR software

Table 6.3 Data bases required for future PAN AIR runs

PAN AIR
SYSTEM ....
DATABASE DIRECTIVE BLOCK

END
EXECUTION DIRECTIVE BLOCK

END
END

Table 6.4 - Outline of basic set of MEC directives
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Boeing Computers: SYSTEM PADJR1 BOEING

NASA/Langley Computer: SYSTEM 039458C LANGLEY

NASA/Ames Computer: SYSTEM PANAIR FAEBRP2 AMES

Wright-Patterson AFB Computer: SYSTEM PANAIR AFFDL WRIGHT

Table 6.5 - System cards at various installations

Boeing System (NOS 1.2) Langley System (NOS 1.3)

PANAIR PANAIR
SYSTEM PADJR1 BOEING SYSTEM 039458C LANGLEY
DATMAAESU C 01 IUCK DfL OCKD'I]Ti• T CK

APPEND XYZ TO ALL -APPEND XYZ TO ALL
EDTN .PADJR1 FOT-LL UN - SSDDS3 FOR ALL

END END

EXECUTION DIRECTIVES EXECUTION DIRECTIVES

END ENDI
SEND END

Ames System (NOS 1.2) Wright-Patterson System(NOS/BE)

PANAIR PANAIR

SYSTEM PANAIR FAEBRP2 AMES SYSTEM PANAIR WRIGHT
DATABASE DIRECTIVES DATABASE DIRECTIVES

APPEND XYZ TO ALL APPEND XYZ TO ALL
UID w ALL UID - JEB ALL
SET - FAEBRP2 ALL SET - AFFDL ALL

END END
EXECUTION DIRECTIVES EXECUTION DIRECTIVES

END END
END END

Table 6.6 - Example of the use of the APPEND directive
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BoigSstem (NOS 1.2)

PANAIR
SYSTEM PADJR1 BOEING
DATABASE DIRECTIVES

DBASE DIP-DIPXYZ, UN.PAJEBI .
DBASE DQG-DQGXYZ, UNwPAJEBi
DBASE MAK-MAKXYZ, UNwPAJEBi
DBASE MAU-MAUXYZ, UN-PAJEBi
DBASE MIC-MICXYZ, UN-PAJEBi
DBASE RMS-RMSXYZ) UN-PAJEBi

DBASE RHS-RHSXYZ, UN.PAJEBI
DBASE RMS.RMSXYZ, UN.PAJEBII
DBASE MDG-MDGXYZ, UN-PAJEBI
DBASE PDP-PDPXYZO UN-PAJEBI

END
EXECUTION DIRECTIVES

END EN

Ames System SCOPE (2.1.3)1

PANAI R
SYSTEM PANAIR FAEBRP2 AMES
DATABASE DIRECTIVES

DBASE DIP-DIPXYZ, SET-FAEBRP2, UID-nJEB
DBASE DQG.DQGXYZ, SET-FAEBRP2, UID-JEB
DBASE MAK-MAKXYZ, SET-FAEBRP2, UIDuJEB
DBASE MAUJ-MAUXYZ, SET-FAEBRP2, UID.JEB
DBASE MIC-HICXYZ, SET-FAEBRP2, UIDwJEB
DBASE RMS.RMSXYZ, SETwFAEBRP2, UIDwJEB
DBASE RHS-RHSXYZ, SET-FAEBRP2, UID.-JEB
DBASE RMS-RMSXYZ, SETwFAEBRP2, UIDnJEB
DBASE MDG-MDGXYZ, SET-FAEBRP2, UID.JEB
DBASE PDP-PDPXYZ, SET-FAEBRP2, UIDftJEB

END

EXECUTION DIRECTIVES

EDENDI

Table 6.7 -Example of tUP DBASE directive
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PANAIR
SYSTEM PADJR1 BOEING
DATABASE DIRECTIVESS~APPEND XYZ TO ALL

UN-PAJEBI FOR ALL
DBASE MDG-MINDAT

EXECUTION DIRECTIVES

END
END

Table 6.8 - A more efficient use of the DBASE directive,

Ames System (SCOPE 2.1.3)

PANAIR
SYSTEM PANAIR FAEBRP2 AMES
DATABASE DIREC;TIVES

APPEND JEB TO ALL
SET - FAEBRP2 FOR ALL
UID . JEB FOR ALL

END
EXECUTION DIRECTIVES

FIND POTENTIAL FLOW
SEND

Boeing System (NOS 1.2)

PANAIR
SYSTEM PADJR1 BOEING
DATABASE DIRECTIVES

APPEND JEB TO ALL
UN - PAJEB1 FOR ALL

END
EXECUTION DIRECTIVES

FIND POTENTIAL FLOW

EDEND F

Table 6.9- Basic set of MEC directives for Boeing and Ames systems
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Boeing System (NOS 1.2)

PAN AIR
SYSTEM PADJR1 BOEING
RID BOEING SYSTEM MEC DIRECTIVES

CHECK DATA
DATABASE DIRECTIVES

APPEND JEB TO ALL
UN-PAJEBI FOR ALL

END
EXECUTION DIRECTIVES

FIND POTENTIAL FLOW
ENDEND

Table 6.10 - Example of variation of basic set of MEC directives

PAN AIR
SYSTEM PADJR1 BOEING
RID TEST GEOMETRY GENERATOR
DATABASE DIRECTIVES

APPEND GG TO ALL
UNoPAJEB1 FOR ALL

END
EXECUTION DIRECTIVESCC.FTN,I,L,OPT.2.

CC.LDSET(PRESET-INDEF).
CC-LGO(INPI'T,OUTPUT,CONFIG).
CCoREWIND,CONFIG.
INPUT - CONFIG
FIND POTENTIAL FLOW SOLUTION.

END
END

Table 6.11 - Example of the use of the CC. directive
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PAN AIR
SYSTEM PADJR1 BOEING
RID TEST GEOMETRY GENERATOR
DATABASE DIRECTIVES

APPEND BUG TO ALL
UN-PAJEBi FOR ALL
KEEP FOR FUTURE ALL

END
EXECUTION DIRECTIVES

FIND POTENTIAL FLOW SOLUTION.
ERROR U
CC-DMP,1,20000
CC.DMP,32577,47650

END
END

Table 6.12 - Example of CC. directives to help debug a module.

PAN AIR
SYSTEM PANAIR FAEBRP2 AMES
RID DATABASE FILES ON PRIVATE PACK
DATABASE DIRECTIVES

APPEND MJN TO ALL
SET - FAEBRP3 FOR ALL
UID - JEB FOR ALL
KEEP FOR FUTURE ALL

END
EXECUTION DIRECTIVES

MOUNT D0267A FAEBRP3
FIND POTENTIAL FLOW
DISMOUNT DO183A FAEBRP2
CC-ATTACH(SCANDB, ID.JEB,SN-FAEBRv'3)
CC-SCANDB

END
END

Table 6.13 - Example of MOUNT and DISMOUNT directives
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PAN AIR
SYSTEM PANAIR FAEBR2 AMES
RID ORIGINAL RUN OF CASE FOR MODIFICATION
CHECK DATA
DATABASE DIRECTIVES

APPEND ORG TO ALL
SET - FAEBRP2 FOR ALL
UID - JEB FOR ALL
KEEP FOR FUTURE IC UPDATE
KEEP FOR FUTURE POST PROCESSING
KEEP FOR FUTURE PDPEND

EXECUTION DIRECTIVES
FIND POTENTIAL FLOW

END
END

Table 6.14 - MEC directives for original run

PAN AIR
SYSTEM PANAIR FAEBRP2 AMES
RID IC UPDATE OF ORIGINAL RUN
DATABASE DIRECTIVES

APPEND ORG TO ALL
SET - FAEBRP2 FOR ALL
UID - OEB FOR ALL
DBASE MDG - MDGICUDBASE POP -PDPICUi

KEEP FOR FUTURE SOLUTION UPDATE
KEEP FOR FUTURE POST PROCESSING
KEEP FOR FUTURE PDP

END
EXECUTION DIRECTIVES

FIND IC UPDATE
END

END

Table 6.15 - MEC directives for subsequent IC update.
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PAN AIR

SYSTEM PANAIR FAEBR2 AMES
RID SOLUT11N UPDATE OF IC UPDATE
DATABASE DIRECTIVES

APPEND ORG TO ALL
SET FAEBRP2 FOR ALL
UID a.EB FOR ALL
DBASE MDG - MDGSUP
DBASE PDP - PDPSUP
KEEP FOR FUTURE POST PROCESSING
KEEP FOR FUTURE PDP

END
EXECUTION DIRECTIVES

FIND SOLUTION UPDATEEND
END

Table 6.16 - MEC directives for solution update of
IC update run.

PAN AIR
SYSTEM PANAIR FAEBRP2 AMES
RID SOLUTION UPDATE OF IC UPDATE
DATABASE DIRECTIVES

APPEND ORG TO ALL
SET - FAEBRP2 FOR ALL
UID - JEB FOR ALL
DBASE PDP = PDPPPO

END
EXECUTION DIRECTIVESF RUN DIP PANAIR FAEBRP2

RUN POP PANAIR FAEBRP2
RUN PPP PANAIR FAEBRP2

END
END

Table 6.i? - MEC directives for post processing runs post
processing for original run.

6-21

"J',



PAN AIR I
SYSTEM PANAIR FAEBRP2 AMES
RID SOLUTION UP~DATE OF IC UPDATE
DATABASE DIRECTIVES

APPEND ORG TO ALL
SET - FAEBRP2 FOR ALL
UID - JEB FOR ALL
DBASE POP - PDPPPI
DBASE MDG .MDGICU

END j
"EXECUIION DIRECTIVES

RUN DIP PANAIR FAEBRP2
RUN PDP PANAIR FAEBRP2V RUN PPP PANAIR FAEBRP2

NDEND

Table 6.18 - MEC directives for post processing run:
post processing for IC update run.

6.
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7.0 DIP Input Records

The input records read by the DIP module specify the flow problem to be
solved by PAN AIR. The DIP input records are described in this section.
General rules are given for the formats and organization of the input
records. The input records then are described for each data group.IThe input records read by the DIP module are organized and written onto a
data base for use by the subsequent. program modules. The calculations in the
DIP module are restricted to a few data adjustments and some checks on the

r validity of the input data. The optional printout of the DIP module allows
the user to inspect the input data, some intermediate calculations, and the
options selected by the program.

7.1 General Rules

The general rules for preparation of the DIP input records are listed in
thi4 section: first, those for defining the physical model and, second, those
for preparing input records.

7.1.1 Physical Model

All configuration data must be specified in a reference coordinate system
(see appendix B.2.1). This system must be orthogonal and right-handed, but is
otherwise arbitrary. PAN AIR has an implied reference coordinate system: x0
positive aft, yo positive right, and zo positive up. The program defaults are

based upon the implied reference coordinate system.

The dimensional unit of all length quantities is established by the
reference coordinate system. This dimensional unit must be used for all
specified geometry (network grid point and other point coordinates), for other
geometric quantities (tolerance distances, length and area reference
parameters), and all velocity quantities (uniform onset velocity, local onset
flow velocity, specified flows, and so forth).

The dimensional unit of all time quantities is established by the
user-specification of uniform onset velocity (record G6). This dimensional
unit must be used for all other time-related quantities: rotational onset
flow, velocity, local onset flow velocity and specified flows in the boundary
condition equations. In many applications the user will give the uniform
onset velocity a unit value. This scales the time dimensional unit; all other

* time-related quantities (the velocity quantities listed above) must be scaled
in the same manner.
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7.1.2 Input Records

7.1.2.1 Structure of Input Records

The symbology used for the input records is listed in table 7.1. Input
records are of three basic types. First, an instruction record consists only
of a primary keyword ("ITEM", table 7.1) which i-de-ntfries the instruction
being specified. Second, an instruction-parameter record consists of a
primary keyword, followed by an equal sign, flowTed by7one or more secondary

keywords ("Item", table 7 .1) to specify particular options, or by a
user-supplied name ("item", table 7.1), or by numerical data, or by 'a
combination of the three. Third, a data record consists of numerical dataL only.

* C>--Data items enclosed in brackets have default values.

* { 1--Data items enclosed in braces have optional input entries. One of the

indicated options must be selected.
H )-Data items enclosed in double braces have optional input entries. One

or more of the indicated options must be selected.4

Note: Brackets < , braces {2 ) , and double braces H 1used in
describing the record formats are not input.

ITEM -An item typed in all upper case letters is a primary keyword. At

least the underlined portion(s) must be input. If portions of twoI
words are underlined, they must be separated by at least one blank.

Item -- An item with only the leading character cyped in tipper case must be
selected from a list of secondary keywords. if several secondary
keywords are input, their ordering is arbitrary. At least the
underlined portion of keywords must be input. Imbedded blanks are not
allowed in secondary keywords.

Note: All data on a record starting with a primary keyword (ITEM) must be on

a single rec~rd unless "record continuatiun" is indicated by a plus
()as the last character on a card.

Table 7.1 Symbology for input records

7.1.2.2 Default-.

A default is the instruction, option, or numerical data assigned by the
DIP module when the user omits part or all of an input record. There are two
types of defaults. First, a record default is the omission of the entire
input record. Second, a parameter default occurs in an instruction-parameter

7-2

L WiMI. aii"a.



record when some or all of the parameters are omitted. Both types of defau~lts
are identified in the descriptions of the input records (sections 7.3 to 7.7).

7.1.2.3 Format Rules

The user-specified input records must satisfy the format rules listed
below:

k, 1. Two delimiters (which are intei-changeable)(are used to separate words and

numberst blank and comma . An equal sign ()is used as a special
delimiter to separate primary keywords from subsequent data and to
separate user-specified names from secondary keywords.

must be separated by delimiters. Integers anid ifloating point numbers must
,7. be piroperly input, for example, integers are not converted to floating

point numbers by the proyrim. A special format is used for repeated
values. For example, three consecutive 1.5 values can be input as
01.5, -2" which is interpreted: a single 1.5 value and that value
repeated 2 more times.

3. User-defined alphanumeric names can consist of 1 to 20 characters. input
alphanumeric names with more than 20 cha.'acters are truncated to the first
20 characters. Alphanumeric names can consist of letters, integers, and
the symibols hyphen, period and both parentheses. Imbedded blanks are not
allowed. The alphanumeric names are arbitrary except they cannot be
purely numerical or something that aill be interpreted as numerical. For
examplere 1d"E5 will be interpreted as "t.E+5i r by the program.

4. Record continuation is indicated by a plus (4) as the last character on a
? card. The continuation symbol must not split a word or a number.

5. Record continuation is not required for data records, that is, records
which give numerical values only. A series of numerical values can be
arbitrarily separated onto different cards. There is one exception: for
numerical values which occur in triplet (that is, coordinates or vector
components), each triplet must be on a single card. If a triplet is split
onto more than one card, then record continuation is required.

6. input records do not require a terminator. The optional record terminator
Is a slash (/) which can be used to add conmments: the DIP module ignores
'the text following the slash. Record continuation (rule 4 above) cannot
be used with comments. An input card starting with a star-slash (*/) or a
slash (/) is ignored by the program and can be used for comments.

7. Several records can be combined onto a single card if they are separated
by a dollar sign ()

44L 7-3
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7.1.2.4 Records and Cards

In most ca&ses one input record is one computer card. However, one input
record can consist of several cards under the record continuation feature,
rules 4 and 5 in the list above. Several input records can he placed on a
single computer card, rule 7 in the list above. Also, the DIP module will
accept either physical cards or card images.

7.1.2.5 Examples

Several sample applications follow, illustrating the symbology and the
formats used in description of the input records in sections 7.3 to 7,7. In
each case the symbolic description of the input record is given, followed by
an example of the record. Each example is given in two or more formats which
give identical instructions and data to the program, thus illustrating
alternate formats which can be used for the input records.

1. Primary keyword only

Input data listing:
BEGIN NETWORK DATA

Example:TIN NEWORK DATABEGI NETW ,"i

2. Primary and secondary keywords

Secondary keyword(s)

Input data listing: Select and enter one or
more of -five secoihdary
keyword options

<PRESSURE COEFFICIENT RULES {{Rule(s) )>
ISENTROPIC' ....A default exists

Primary keyword -I1rMAR
SECOND-ORDER
Oeo CED-SFCOND-ORDER

r of input is arbitrary

Example:PRESSURE COEFFICIENT RULES - ISENTROPIC, SECOND-ORDER •

PRES - ISEN, SECO If

PRES - SECO, ISENTROPIC /COMMENT WITH ANY USER-SUPPLIED TEXT

4.
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3. Primary keyword and data

ri Input data listing:
<SOLUTIONS . {{solution-id(I)1}>

"Exa'nle:
41LUTIONS -1,3,6
SOLU-l 36 6

4. Primary keyword and data with default values

Inpit data listing:
-rIýATIO OF SPECIFIC HEATS . {{gamma(s)}}>

' 1 Record Default: amma . 1.4 for all values in the array
Ethat is, gamma . 1.4, 1.4, 1.4, 1.4, 1.4, ...

RATIO OF SPECIFIC HEATS . 1.667, 1.4, 1.286 ,S• .... RATI - 1.667, 1.4, 1.286I

Resulting array: gamma . 1.667, 1.4, 1.286, 1.4, 1.4, V

5. Primary and secondary keywords and data

Input listing:
<ABUTMENT (( network-id, edge-number < enT-poEnt pair>.

<. ENTIRE.-EDGE .,~..

Example:
ABUTMENT . WING-A, 3, ENTIRE-EDGE On

- WING-B, 1, 1, 4 + One input record,"i,, .WING-C,
ABUT - WING-A, 3, ENT[ - WING-B, 1, 1, 4 - WING-C, 3

The equal signs are used to separate the user-supplied network-id names.

Iit
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iL7.1.2,6 Input Records with a List of User-Specified Names

The user can specify alphanumeric names for solutions, networks and two
tyre&; of calculation cases (surface flow properties, and forces and moments).
These eiares are arbitrary except for the restrictions under rule 3 of section
7.1.2.3 and for a requirement that the names in each category to be distinct.
Also an integer index,which corresponds to an (independent) alphanumeric name,
io assigred by the DIP rrodule. Subsequent references to the solutions,
nftworks and the two types of calculation cases can use either thea'(phanv~mer-ic names (example 5 in the previous section) or the integer indices

texample 3 in the previous section).

The requirements for the user-specified alphanumeric names to be arbitrarySare ýor the alternative use of the corresponding integer indices has affected
thA de,.ign of the input records. There are two basic types of records if a
list o0 alphanumeric names or integer indices is specified. The first type of
recor,' is a list of names/indices without any other instructions being
specified. See example 3 of the previous section. The record has (in
addition to the primary keyword) a single equal sign followed by the list of
names/indices, which must be separated by at least one delimiter (blank or
"comma). The second type of record is a list which includes the names/integers
along with other instructions. See example 5 of the previous section. In
this type of record eech of the names/indices is preceded by an equal sign.
The PIP module uses the equal signs to distinguish the names/indices from the
other instructions on the record.

7.1.2.Y Pr-ogram Limitations

PAN AIR has the following limitations.

Number of solutions: 200
Number of networks: 100
Number of calculation cases -

Surface flow properties: 100
Forces and moments: 100

The DIP module enforces these limitations. The limitations on the solutions
and on both calculation cases can be avoided by using the update capabilities,see section 7.2.3. Note that there is no direct limitation on the number ofpanels, but this number strongly influences the cost of a computer run.

7-
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7.2 Input Record Listing

The set of DIP input records is described briefly in this section.
Included are a description of the data groups and a listing of the input
record names. Also included is a brief description of the PAN AIR update

capability and the associated restrictions on the DIP in~put records.I

7.2.1 Data Groups

The input records are divided into five data groups, which must appear in
the order given below.

1. Global Data Group
conditions which a-i required in the formulation of the flow prob 1em.
Second, it defines global default values for several quantities which
appear in subsequent data groups.

2. Network Data Group
This data group defines the basic configuration data, such as panel grid
point geometry and boundary conditions, on an individual network basis.

3. Geometric Edge Matching Data Group
This data group defines network abutments and associated boundary
conditions, which usually involve more than one network.

4. Flow Properties Data Group
This data group defines options for two types of post-solution

* calculations. Included in the group are instructions for calculation of
surface flow properties (PDP module), and forces and moments (CDP module).

5. Print-Plot Data Group
This data group defines various options for preparing files for subsequent
printing and plotting of parts of the program output.
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7.2.2 List of Input Records

The DIP input records are listed below. The records are organized by data
groups. Jach record has an identifying ,umber. An asterisk (*) indicates
that. the record has ordering restrictions. Records G8 to G16 define global
default options; these records are repeated (indicated by +) in later data
groups so that the global options can be redefined locally.

Global Data Grou
WG1. Goal Data Group Identifier

G2. Problem Identification
G3. User IdentificationG4. Configuration and Flow Symmetry

G5. Compressibility Data
G6. Global Onset Flow Record Set
G7. Tolerance for Geometric Edge Matching
G8. Surface Selection Options
G9. Selection of Velocity Computation Method
G10. Computation Option for PressuresG11. Velocity Correction Options

G12. Pressure Coefficient Rules
G13. Ratio of Specific Heats
G14. Reference Velocity for Pressure
G15. Store Velocity Influence Coefficient Matrix
G16. Store Local Onset Flow
G17. Checkout Print Options

Network Data Group*N1, "NýAwork bata Group Identifier
*N2. Network Identifier Record Set

AN2a. Network Identifier
*N2b. Grid Point Coordinates

N34 +(G15). Store Velocity Influence Coefficient Matrix
N4. +(G16). Store Local Onset FlowN5. Reflection in Plane of Symmetry Tag • '•
N6. Wake Flow Properties TagN7. Triangular Panel Tolerance

N8. Network and Edge Update Tag
N9. Boundary Condition Specification
NIC'. Method of Velocity Computation
Nl1. Singularity TypesN12. Edge Control Point Locations •

N13. Remove Doublet Edge Matching
N14. Closure Edge Boundary Condition Record Set

*N14a. Closure Edge Condition Identifier and Locator
*N14b. Closure Term
*N14c. Closure Solutions List
*N14d, Closure Numerical Values
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N15. Coefficients of General Boundary Condition Equation Record Set
*N15a. Coefficients of General Boundary Condition Equation Identicier
*N15b. Equation Term

*N15c. Equation Solutions List
*N15d. Equation Control Point Locations
*N15e. Equation Numerical Values

N16. Tangent Vectors for Design Record Set
*N16a. Tangent Vectors for Design Identifier
*N16b. Tengent Vectors Term
*N16c. Tangent Vectors Scaling
*N16d. Tangent Vectors Solutions List
*N16e. Tangent Vectors Control Point Locations
*N16f. Tangent Vectors Numerical Values
*N16g. Tangent Vectors Standard Numerical Values

N17. Specified Flow Record Set
*N17a. Specified Flow Identifier
*N17b. Specified Flow Term
*N17c. Specified Flow Symmetries
*N17d. Specified Flow Solutions List
*N17e. Specified Flow Control Point Locations
*N17f. Specified Flow Numerical Values

Ni8. Local Onset Flow Record Set
*N18a. Local Onset Flow Identifier
*N18b. Local Onset Flow Term
*N18c. Local Onset Flow Symmetries
*N18d. Local Onset Flow Solutions List
*N18e. Local Onset Flow Control Point Locations*N18f. Local Onset Flow Numerical Values

Geometric Edge Matching Data Group
*GEl. GeomietricZEdge Matcfing Tata Group Identifier
*GW2. Abutment Definition

GE3. Abutment in Planes of Synmetry
GE4. Smooth Edge Treatment Option

Flow Properties Data _Grop
W-RUI. TowFowPeT-rtTes Data Group Identifier

Surface Flow Properties Data Subygru
ur••• ace--- ti•w •ubgroup Identifier

SF2. Netvorks and Images Selection
SF3. Solutions List
SF4. Calculation Point Locations Record Set

*SF4a. Paint Types
*SF4b. Arbitrary Points

SF5. +(G8). Surface Selection Options
SF6. +(G9). Selection of VElocity Computatioti MethodSFT. +(GIO) . Carputation Option, for Pressures

SF8. +(G13). Ratio of Specific Heats
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SF9. +(G14). Reference Velocity for Pressure
SF10. Printout Options Record Set

*SF1Oa. Printout Options
*SF1Ob. +(G11). Velocity Correction Options
*SF1Oc. +(G12). Pressure Coefficient Rules

SF11. Data Base Options Record Set
*SF11a. Data Base Options
*SFl1b. +(G11). Velocity Correction Options
*SF11c. +(G12). Pressure Coefficient Rules

Forces and Moments Data Subgroup
*FM1. Forces and Moments Subgroup Identifier

FM2. Reference Parameters
FM3. Axis Systems
FM4. Solutions List
FMS. Printout Options
FM6. Data Base Options

*FM7. Case Identifier
FM8. Networks and Images Selection
FM9. Edge Force Calculation
FMIO. Moment Axis
FM11. Local Reference Parameters
FM12. +(G8). Surface Selection Option
FM13. +(G9). Selection of Velocity Computation Method
FM14. +(GIO). Computation Option for Pressures
FM15 +(Gil. Velocity Correction Options
FM16. +(G12). Pressure Coefficient Rules
FM17. +(G13). Ratio of Specific Heats
FM18. +(G14). *eference Velocity for Pressure
FM19. Local Printout Options
FM20. Local Data Base Options
FM21. Accumulation Options

Print-Plot Data Group

*PPI. Pnt-Plot Data Group Identifier
PP2. Geometry Data Record Set

*PP2a. Geometry Data Identifier

*PP2b. Network Selection
PP3. Point Data Record Set

*Pp•a. Point Data Id~ tif e
*PP3b. Case Selection
*PP3c. Solutions List
*PP3d. Networks and Images Selection
*PP3e. Array Type

PP4. Configuration Data Record Set
*,P4a. Configuration Data Identifier
*PP4b. Case Selection
*PP4c. Solutions List
*PP4d. Networks and Images Selection

A termination record "END PROBLEM DEFINITION" can be used to indicate the
end of the data. Its use -inot required.

Within each group most input records can appear in any order. The
exceptions are listed below by data groups. The repetitions which are
possible within each group are identified.
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Global Data Group: Record G1 (Global Data Group Identifier) must be the first
record inthe data group.

Network Data Gruup: Record N1 (Network Data Group Identifier) must be the
first record in the data group. Records H2 to N18 are repeated for each
network; record set N2 (Network Identifier Record Set) must be the first
record(s) for each network. The other records can appear in any order. This
includes the record sets N14 to N18; however the records within these record
sets must be in the specified order since repetitions are allowed. The data
for each oietwork are independent,-except for a global network optien which can
be defi,ied in record N9.

Geometric Edge Matching Data Group: Record GEl (Geometric Edge Matching Date
Gr3up Identifier) must be the first record in the data group. Records GE2 to
GE4 are repeated for each abutment; record GE2 (Abutment Definition) must be
the first record for each abutment. The data for each abutment are
independent.

Flow Properties Data Group: Record FP1 (Flow Properties Data Group"Identifier) must be the first record in the data group. The subsequent two

data subgroups can appear in either order, but the data for one subgroup must
be completed before starting the other subgroup. The Surface Flow Properties
Data Subgroup allows repetition of all records to specify independent cases;
record SF1 must be the first record for each case. The Forces and Moments
Data Subgroup has two parts. Records FM1 to FM6 specify global options;
record FM1 must be the first record in the data subgroup. Records FM7 to FM21
can be repeated to specify independent cases; record FM7 must be the first
record for each case. q

Print-Plot Data Group: Record PP1 (Print-Plot Data Group Identifier) must be
the first record in the data group. The subsequent three record sets can
appear in any order, but only once each. The records within the record set
must be in the specified order.LI

71Ii
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7.2.3 Update Capabilities

The PAN AIR update capabilities allow the reuse of results from previous
computer runs. These capabilities have cost advantages, since they save
recomputatiun of results available in previous runs. Three types of update
runs are available. The type is specified in the MEC language (see section
6). The distinction between the three types is based upon the results
availaole from the previous run. The types of update runs are listed below in
order of progression through a complete analysis. Each update includes the
capabilities of those updateq appearing below it in this list.

1. IC UPDATE (IC-influence coefficient): This is. a left-hand side update
requiring recomputation of partitions of the aerodynamic influence
coefficient matrix, dtue to changes either in the surface geometry or in
the left-hand side of any boundary c-ndition equation.

2. SOLUTION UPDATE: This is a right-hand side update, which allows the

introduction of new solutions or changes in existing solutions, including
changes in the right-hand side of any boundary condition equation. For
example, each solution allows different values of the onset flow,
including the uniform onset flow speed and the angles of attack and
sideslip, seeappendix B.2.2. The aerodynamic influence coefficient matrix
and the left-hand side'- of boundary condition equations cannot be changed.

3. POST PROCESSING UPDATE: This is a post-solution update: the solution for
the singularity parameters can not be changed. This update allows the
specification of flow properties calculations: surface flow properties,
and forces and moments calculations can be specified. Also, the
preparation of print-plot files can be specified.

In using the IC update, the Associated network updating capability
requires special consideration. An IC update allows modification of the
configuration, including the replacement or deletion of existing networks, and
the addition of new networks. However any network which is replaced or
deleted must have been designated as "updateable" (record N8) in the
originating run. All network edges which abut any updated nL.work no-' also
have been designated as updateable. (As a user convenience, the DQG -dule
printout identifies any network edge which abuts an updateable network.)
Otherwise, the IC update capability cannot be used; the modified configuration
must be handled as a new run. Also, a program restriction requires that the
entire configuration cannot be designated as updateable.

The SOLUTION update includes two options. These allow either the
specification of a new set of solutions or the selective updating of the
existing solutions defined in the originating run.

The POST PROCESSING update is post-solution, that is, the solution for the
singularity distributions has been completed. The update allows specification
of input data for post-solution calculation cases under two options. These
allow either the elimination of all existing post-solution calculation cases
or the selected updating of existing cases together with the addition of new

cases.
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I
The description of the input records, given in sections 7.3 through 7.7,

includes ill possible input rec3rds. For update runs the allowable set input
records is restricted, since several quantities defined in the originating run
(or in prior update runs) cannot be be redefined. A list of the allowable
input records for each type of update run is given 4n table 7.2.

IC UPDATE I
Global Data Group: Gi, G6, G8o-G14, G17
Network Data Group: all recurds for selected networks
Geometric Edge Matching Data Group: all records for selected networks
Flow Properties Data Group: all records
Print-Plot iata Group: all records

SOLUTION UPDATE
Global Data Group: G1, G6, G8-G14, G17
Network Data Group: N1, N2a, N14-16 (only right-hand side data), N17, N18
Geometric Edge Matching Data Group: none
Flow Properties Data Grour: all records
Print-Plot Data Group: all records

POST PROCESSING UPDATE
Global Data Group: G1, G3-G14, G17
Network Data Group: none
Geometric Edge Matching Dati Group: none I
Flow Properties Data Group: FP1, SFI-SF11, FMI-FM21
Print-Plot DAta Group: all records

Table 7.2 -Allowable input records for each
type of update run

I
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7.3 Global Data Group

The global data group specifies basic program data and options. Records
G2 to G7 and record G17 specify data ,nd options which do riot change during a
run. Records G8 to G16 specify globul defaults for data and options which
appear in subsequent data groups. The Global Data Group must be present in an
originating computer run, in an IC update and in a SOLUTION update.

Ordering: The first record in the Global Data Group must be the group
identifier, reLord GI. Theother records can appear in any order.

Record GI. Global Data Group Identifier

This record identifies the data group and specifies a possible solution
update option. (The update option is specified in the MEC language as
described in section 6; the update options are described in section 7.2.3.)

< BEGIN GLOBAL DATA - <Solution-update-option>>
NEW
REPLACE
IMTE

Parameter Default: NEW

NEW: The computer run is either an originating run or a post-solution update
(not a SOLUTION update nor an IC update).
REPLACE: All solution data (right-hand side data) from the previous run are
'ýTliminated. New solution data are specified in the Global arid Cetwork Data
Groupsj undefined solution data are given the listed default values.
UPDATE: The exigting solution data are retained, but can be can be
se7ectively updated, except that the number of solutions and the solution-io's
cannot be changed. (Use this option if the solution data is not to be
changed.)

Record Default: The global data group can be om-i:ted in update runs. If
omitted, the global defaults are those of the existing DIP data base. If this
record is omitted, then omit all records in the data group.

Examples:
BEGIN GLOBAL DATA
BEGI GLOB - REPL
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Records G2 and G3 are identifiers which will appear in the output. Each
record is a single card. The identification names will consist of the last 76
characters on the card. These names have no restrictions on the use of
symbols or imbedded blanks. (Note that records G2 and G3 are distinct from
the Run ID and the r ID specified in the MEC data.)

Record G2. Problem Identification

(PID - problem identification>

Record Default: PID.NO PROBLEM ID

Record G3. User Identification

<UID - user identification>

Record Default: UID-NO USER ID

7 17
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Record G4. Configuration and Flow Symmetry

This record specifies possible planes of symmetry (see section 8.2.3).
The presence of configuration symmetry will reduce the amount of input data,
since only the unique portion of the configuration is defined. The desig,1ated
configuration symnetry must be complete, including all physical and wake
surfaces. If the configuration is symmetric, the flow may be either syi•metric
or asymmetric. The user must be careful in the specification of the onset
flow (record G6 and record set N18) and any specified flow (record set N17),
which must be consistent with any flow symmetry specified here. The option of
asymmetric flow should b(4 used if there is any doubt about the flow symnetry.

<U2,FIGURATION - List(n)>
List(n) options: If no planes of configuration symmetry, use List(I)

If one plane of configuration symmetry, use List(2)
(Iii If two planes of configuration symmetry, use List(3)

List(l) - ASYMMETRIC-GEOMETRY

List(2) - FIRST-PLANE <6irection-numbers <point>X'Flow-type>
ASYMMETR IC-FLOW
VWETRIC-FLOW
"UND-EFFECT

List(2) parameter defaults make the xoz 0 plane that of symmetry:

direction-numbers - 0., 1., 0.
point . 0., 0., 0.
Flow-type - SYMMETRIC-FLOW

List(3) - <List(2)> SECOND-PLANEdirection-numbers> <Flow-type>
ASYMMETRIC-FLOW
SWETR IC-FLOW

=1rUND-EFFECT

List(3) parameter defaults make the xoZo and xoYo planes those of

symmetry:
List(2) parameter defaults and
direction-numbers - 0., 0., 1.
Flow-type - SYMMETRIC-FLOW

The planes of symmetry are specified by the direction numbers (in the
reference coordinate system) and by one point in the plane. The input
direction numbers are normalized by the program~to give the direction cosines,
wlihli are the components of the normal vectors nI and A2. The positive

direction(s) of the norial vector(s) must satisfy two rules:

(1) If there are networks in the plane of symmetry (record N5) then the normal
vector .oust point from "point" in List(2) toward the input ccnfiguration.
(2) If there are two planes of synmwitry then the comprPssibi'ity vector a.
(record G5) must satisfy the relatior, E. nA x n, . The GRLUN')-EFFECT
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instruction is the same as the SYMMETRIC-FLOW instruction except that the
forces and moments are computed on one-half (or one-quarter) of the total
configuration. With List(2), if only three -w,=bers are given for the
"direction-numbers point" they are taken to be the direction numbers. I
Record Default: CONFIGURATION - FIRST-PLANE, 0. 1. 0., 0. 0. 0., SYMMETRIC-FLOW
(That is, one plane of configuration syimnetry, with the normal vector being the
yo-axis, and with symmetric flow.)

Restrictions: The direction numbers cannot be all zero, wh-ich is an error.
With two planes of symmetry, the planes mustbe orthogonal: if the normals
are not perpendicular within 0.01 degree, the program gives an error. j
/!

Examples*
CONFIGURATION - ASYMMETRIC-GEOMETRY
(That is, the configuration is asymmetric.)
CONF . FIRS, 0., 0., 1., SYMMETRIC-FLOW
(That is, one plane of configuration symmetry with normal vector being the
zo-axis, and with symmetric flow.)

CONF . FIRS, 0., 1., 0,,, 0., 0., 0., ASYM, SECO, 0., 0., 1., ASYM
(That is, two planes of configuration symmetry, with the normal vectors
being the yo-axis and the Zo-axis, resp.ctively, and with asymmetric flow

for both planes.)

7
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Record G5. Compressibility Data

This record specifies the freestream Mach number and the compressibility
direction, which is the x-axis of the Prandtl-Glauert equation, see sections
A.1 and B.2.1. For incompressible flow (MACH = 0.), the compressibility
direction is not required in theory, but one must be specified to avoid
numerical problems. The compressibility angles of attack and sideslip, ac and

Bc, define the transformation between the reftrence coordinate system and the
compressibility direction, co' as shown in figure 7.1.

<MACH - mach> <CALPHA- calpha> <CBETA - cbeta>

mach - freestream Mach number; default - 0.
calpha - angle of attack defining the compressibility direction

(degrees); default depends on configuration symmetry.cbeta - angle of sideslip defining the compressibility direction(degrees); default depends on configuration syimmetry.

The three instructions can be in any order on one, two or three records.

Restrictions and Defaults: If there are plane(s) of configuration symnetry
(record G4), the compressibility direction must lie in those plane(s):

(1) In the case of one plane of symmetry and either zero Mach number or
defaulted values of both calpha and cbeta , the program will define the
compressibility direction as the projection of the xo-axis (reference

coordinate sjstem) into the plane of symrmetry.

(2) If at least one of calpha and cbeta is not defaulted, the compressibility
direction must be in the plane of symmetry: if co and A, are not
perpendicular within 0.01 degree, the program gives an error.

(3) In the ct;e of two planes of symmetry, the input values of calpha and
cbeta are ignored; the compressibility direction will be the intersection of
the two planes of symmetry, specifically c^ = I x n The resulting

compressibility direction must be approximately in (that is, not oppcsing) the
flow direction.

Example:
MACH = .7 CALPHA = 2. CBETA - 3.
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Record Set G6. Global Onset Flow Record Set

This record set specifies the global onset flow and the basic solution 1
data, !,hat is, the data defining the right-hand side of the boundary conditionK= equations. Some additional solution data may be defined for individual
networks: specified flow (record set N17) and local onset flow (record set
N18) terms. The global onset flow consists of a uniform and a rotational
flow, which are described in figure 7.2. Note that a rotation of the flow
field, not a rotation of the vehiclu, is specifiad. The direction of the
uniform onset flow velocity 1L is defined by the angles a and s , see
figure 7.2. (The uniform onset flow direction is distinct from the
compressibility direction defined by record G5, see section B.2.1.) Note that
the onset flow must be consistent with any flow symmetry specified in record
G4; the program makes no check for consistency.

The gllobal onset flow data can be input in one of two format options.

Format Option 1: Header Record and Parameter Values Records 11

Header Record < ALPHA ><BETA >< UINF ><WM> WDC ><.CP>< S.>
Parameter Values: a'pna beta uinT wm Wdc wcp S•O

The parameter values record can be repeated, each time defining a set of
values for one solution. Each set of parameter values must be on a single
record; record continuation is indicated by a plus (+) as the last character
on a card. Any quantities not listed on the header card are omitted from the
parameter values records. They will be given default values for all
solutions. The header card can be repeated several times, each time defining
different quantities for input for a different set of solutions.

Format Option 2: Separate Record for Each Parameter

<ALPHA . alpha(I), alpha (2),..., alpha(N)>
< B-fA beta(1), beta(2),..., beta(N)>
<U]W;F- uinf(1), uinf(2),... uinf(N)> i<•QI--. n(1), wmi(2),..., wm(N> ••

< - wdcx(1), wdcy(1), wdcz(1), wdcx(2),.. , wdcz(N)>
<W--(• wcpx(1), wcpy(l), wcpz(l), wcpx(2),..., wcpz(N)>
<MIU - solution-id(1),..., solution-id(N)>

The ordering of these records is arbitrary. Each must be a single record;
record continuation is indicated by a plus (+) as the last character on a
card. The number of solutions is the maximum value of N from all records.
Missing parameter values are given default values.
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alpha - • . angle of attack defining the direction of uniform onset flow
velocity (degrees); default 0.

beta - =-angle of sideslip defining the direction of uniform onset flow
velocity (degrees); default - 0.

ulnf L60. magnitude of uniform onset flow velocity; default - 1.
Wm . m - magnitude of rotational onset flow velocity (radians/unit

time); default - 0.

wdc . direction numbers of rotational velocity vector; default . 0., 1., 0.
wcp - coordinates of point locating rotational velocity vector;

default . 0., 0., 0.
sid - solution-identification alphanumeric name (maximum of 20 characters.

without embedded blanks)

Both UINF and UNIF are accepted by the program. The magnitude of rotational
onset flow velocity (wm) must not be negative. The direction numbers (wdc) are
normalized by the program to give the direction cosines. If the
identification name is omitted, then the solution-identification is a blank
label. Otherwise the solution-identification names must be unique. The
program assigns ordering indices to each solution, consecutive and starting at
1. In subsequent records each solution can be referred to either by its
ordering index or by its (non-blank) identification name.

Record Default: all parameter defaults for one solution.

Restrictions: If the three direction numbers (wdc) are zero and the rotational
velocity magnitude (wm) is non-zero, the program gives an error. The number
of solutions cannot be mare than 200. Format option 1 can not be used if only
the solution-identification name is being specified.

Example (same data defined in both format options):
Format Option 1:

ALPHA BETA WM WCP SID
1., 0., 1., 100..0.,0., ANGLE-OF-ATTACK
0., 1., 1., 100.,0.,0., ANGLE-OF-SIDESLIP

Format Option 2:
ALPHA :.
BETA - 0.,1.WM . .,I.

WCP - 100., 0.,0.,100., 0., 0.
SID ANGLE-OF-ATTACK, ANGLE-OF-SIDESLIP
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z°= position vector of rotation point

Total onset flow ; o= + ot + Uoc,

0 0

Reference coordinate system: Xo' Yo Z

Uniform onset flow: Urn=U (cosQ cos8, -sin8, sin~zcosli)
Rotational onset flow - Uo x (t-+

ro muWx( w

Rotational flow velocity, magnitude - wm
Rotational flow velocity, direction cosines, u - ( w•, r )

u wnx W'O nz)
Position vector of point in flow field = -

Position vector of rotation point R"

Global onset flow U U+ Urt

Local onset flow = Inc

Note: =wm u is the negative of the vehicle rotation rate in a steady

non-rotating flow

Figure 7.2-Definition of total onset flow
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Example of usage of rotational onset flow: Consider the quasi-steady effect I
of a wing pitching nose down about a point aft of the trailing edge as shown

U"100 ni/s
0

"J. (200,0,0o) w (1200,0,0)

Rotation rate of wing with respect to fluid ,1 w - (.0,-.01,.0) rad/s

Rotation rate of fluid with respect to wing -w ( .O,+.01,.O) rad/s

The total onset flow of the fluid is
Sx

If this is divided by the uniform onset flow speed (in effect giving L6
a unit value), the total onset flow is

__ ÷6 ix (P - R )Ub. i i

where the i subscript indicates the program input quantity. The corresponding

PAN AIR input for the original and the scaled solutions would be

ALPHA BETA UNIF WM WDC WCP
0. 0. 100. .01 0.,+.01,0. 1200.,0.,0.
0. 0. 1. .0001 0.,+.01,0. 1200.,0.,0.

Note that any specified flows (record set N17) and local onset flows (record
set N18) must also be divided by UL in the scaled solutioti.

The flow angularity aw seen by the wing at point P is due to the combined
effect of L6 and Vp, w x (P-R). For the original solution

Vp Vp 10.
tanw -- - 1--- .

cw W U ~100.

In the scaled solution the flow angularity is unchanged since both velocities
are divided by UL

tan (V iU)W*.
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Record G7. Tolerance for Geometric Edge Matching

This record specifies the tolerance distance which is used by the
automatic network edge abutment capability to define abutments. This
capability specilfas strength matching boundary conditions and inserts
gap-filling oanels which eliminate gaps or overlaps between abutting networkI' edges (see section B.3.5). The network edges or portions of edges which are
within the geometric edge matching tolerance are assumed to abut. The
automatic edge mratching procedure can be suppressed (1) for individual network
edges by using the Remove Doublet Edge Matching Option (record N13) or (2)
globally by giving a negative value to the present tolerance distance. (The
magnitude of the tolerance distance is also the default value for the
Triangular Panel Tolerance. record N7). Alternately the abutment procedure
can be accomplished by specification of abutments in the Geometric Edge
Matching Data Group (section 7.5), which overrides the automatic capability
for the edge abutments specified there.

< TOLERANCE FOR GEOMETRIC EDGE MATCHING - {tolerance)>

Record Default: tolerance - 0.

Examples:
TOLERANCE FOR GEOMETRIC EDGE MATCHING -.01
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Records G8 to G16 globally specify several options and parameters for the
Network and the Flow Properties Data Groups. These records can be used to
avoid repeatedly specifying the same records in those data groups. The global
options and parameter values are used unless overridden locally in those data
groups. Table 7 3 shows the data groups and subgroups in which these records
are repeated.

Network Flow Properties Data Group
Data ! !_
Group Surface Forces

Record Flow and
Properties Moments

G8. Surface Selection Option(s) SF5 FM12*
G9. Selection of Velocity

Computation Method SF6 FM13
GIO. Computation Option for

Pressures SF7 FM14
Gil. Velocity Correction Options SFIOb FM15

SF11b
G12. Pressuire Coefficient Rules SFIOc FM16

SF11c
G13. Ratio cF Specific Heats SF8 FM17
G14. Reference Velocity for

Pressure SF9 FM18
G15. Store Velocity Influence

Coeffic:;ent Matrix N3
G16. Store Local Onset Flow N4

* One option only

Table 7.3 - Subsequent records which refer to global options
and parameters ..pecified in records G8 to G16

Records G8 to G12 allow selection of several options for the calculation
of flow quartities: veloci ies, pressure coefficients, and force and moment
coefficients, The c 'culat ins will be made for all combinations oF the
selected LptionS (and all ,bsequently selected solutions). Care should be
used in selecting the numb(, of possible options, since the use of all options

can result i a large amount of output. For example, specification of all
options available in these records will result in 150 sets of results for each
solution and for each specified case of surface flow properties calculations.
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Record G8. Surface Selection Options

These options specify the network surfaces or surface combinations for
which flow quantities and pressure (and force and moment) coefficients are to
be computed. Several options can be selected, resulting in multiple
calculations.

<SURFACE SELECION = {{Surface(s)}}>-- UPPER

UPPE (upper minus lower

-(ower minus upperý
AVMAGE

According to the instruction, the computations of surface flow properties will £

give the flow quantities and pressure coefficients on a surface (UPPER or
LOWER), the difference between the values on the two surfaces (UPLO or LOUP),
and the average value on the two surfaces (AVERAGE). For the computations of
forces and moments, the LOUP and AVERAGE options are ecuivalent to the UPLO
option, see discussion on record FM12. (The upper surface of a network is
that on which the normal vector points outward, see section B.1.1). For
example, if the user wants the difference in pressure coefficients between the
upper and lower surfaces and the flow quantities (for example, local IHlach
number) on the upper surface, then the UPLO and UPPER options should be
selected.

Record Default: UPPER surface only

Examples: L
SURFACE SELECTION = UPPER, UPLOSURF =LOWE

7 I
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Record G9. Selection of Velocity Computation Method

This record selects one or two velocity computation methods, see sectionB.4.1. The BOUNDARY-CONDITION method uses the boundary condition equationsl
and is relatively inexpensive. (The specific procedure used by this method is
specified by record N1O for each network.) The VIC-LAMBDA method us- the
velocity influence coefficient matrices. To use this method the VIC mctrices
must be stored, either globally (record GiS) or individually (record N3) for
non-wake networks. The VIC-LAMBDA method must be used for a network if an
edge force calculation (record FM9) is requested in the forces and moments
calculations. Both methods can be selected, resulting in multiplecalculations.

< SELECTION OF V7'CZITY COMPUTATION = {tMethod(s)}}>
BOUNDARY-CONDITION
VIC-.LAMBDA

Record Default: BOUNDARY-CONDITION method only

Examples:
SELECTION OF VELOCITY COMPUTATION - VIC-LAMBDA
SELE - BOUN, VIC

7-3
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Record G10. Computation Option for Pressures

This record selects a preferred direction, which is required by several
relations used to compute pressure coefficients and local Mach numbers, see
section B.4.2. The option does not change the velocities, but does change
some of the calculated pressure coefficients. For example, the linearized
pressure coefficient rule

Cp c 2u

requires the definition of u, the perturbation velocity component in the
preferred direction.

< CO____UTATION OPTION FOR PRESSURES {Option) >
UNIFORM-ONSET-FLOW
TGT-L-ONSET-FLOW
•WRESSIBILITY-VECTOR

For the first and second options, the preferred direction is that of the
uniform onset flow (record G6). For the second option only, any incremental
onset flows, including rotational (record G6) and local (record N18) onset
flows, are included in the pressure coefficient and local Mach number
relations, see section B.4.2. The local onset flows are used only if they are
stored, either globally (record G16) or individually (record N4) for each
network. Note that the first two options are solution dependent (see section
N.5 of the Theory Document). For the third option, the preferred direction is
the compressibility direction (record G5).

Record Default: UNIFORM-ONSET-FLOW option

Restrictions: If the UNIFORM-ONSET-FLOW option is selected and uinfmO.
(record G6), then a warning will be printed, the UNIF option will be replaced
by the COMP option, and execution will continue. If the
COMPRESSIBILITY-VECTOR option is selected and the Mach number is less than 0.1
(record G5), a warning will be printed and execution will continue.

Examples:
COMPUTATION OPTION FOR PRESSURES-TOTAL-ONSET-FLOW
COMP - UNIF
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Record Gil. Velocity Correction Options

This record specifies possible velocity corrections. The corrections are
used in stagnation or near.-stagnation conditions where the small perturbation
assumlptions are violated (see section 8.4.1). For incompressible flow the
corrections are null; this record should be omitted. The first correction
(SAl) iý used f5or thick unswept wings or flow-through nacelles. The second
correction (WA) is used in connection with a subsequent boundary layer
analysis of thick wings or wing-like configurations. Several options can be
selected, resulting in multiple calculations.

< VELOCITY CORRECTIONS - {jCorrection(s)Dý>
NONE

=AZ

Recor.J Default: NONE only

Examples:
VELOCITY CORRECTION~S M ONESA1
VELO -SA2
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Record G12. Pressure Coefficient Rules

This record specifies the rules to be used to calculate the pressure
coefficients (also force and moment coefficients) and local Mach numbers. The
corresponding relations are listed in section 8.4.2. Several rules can be
selected, resulting in multiple calculations.

< PRESSURE COEFFICIENT RULES. (fRule(s)1}>
I SENTROP IC

""UND-ORDER[ 1EDU'CED-SECOND-ORDER
TI1RDER-BODY

For incompressible flow the isentropic relation is equivalent to the reduced
second-order relation.

Record Default: ISENTROPIC rule only

Examples:
PRESSURE COEFFICIENT RULES ISENTROPIC,SECOND-ORDER
PRES LINE

73
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Record G13. Ratio of Specific ,hats

* This record specifies values of the ratio of specific heats, which are
used in the SAl velocity correction (record Gl1), and in the pressure
coefficient ax.d local Mach number relations. For incompressible flow the
ratio Is rQt used; this record should be ritted. A set of values can be
input, one for each solution defined in record G6.

< RATIO OF SPECIFIC HEATS - {{9amm(s)}}>

Parameter Default: gamin - 1.4 for all solutions not in the list above.

Record Default: gama . 1.4 for all solutions.

Restrictions: gma - 0. gives an error. If the number of values is greater
than the aumber of solutions (record G6). the progri gives an error.

Exmples:
RATIO OF SPECIFIC HEATS - 1.4. 1.667
RATI * 1.286
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Record G14. Reference Velocity for Pressure

This record is used only if UINF is zero in record G6. (Other'ise UINF is
the pressure reference velocity.) This record specifies values of t,2
reference velocity which is ijsed in calculation of pressure coefficienL (see
section B.4.2) and force and notient coefficients (see section B.4.3). A set
of values can be input, one for each solution defined in record G6.

< REFERENCE VELOCITY FOR PRESSURE { {{rvp(s).}>

Parameter Default: evp - uinf (record G6) for all solutions not in the list

above.

Record Default: rvp - uinf (record G6) for all solutions.

Restrictions: rvp - 0. gives an error, If the number of values is greater
than the number of solutions (record G6), the program gives an error.

7imples:
REFERENCE VELOCITY FOR PRESSURE - .5
IEFE - 2.,1.,10.
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Records G15 and G61 instruct the program to store the indicated data for
each non-wake networZ. Tneie records also appear in the Network Data Group
where storage may be specified for individual networks.

Record G15. Store Velocity Influence Coefficient Matrix

This record specifies the storage (and computation if necessary) of the
velocity influence coefficient matrix for all non-wake networks (see section
8.4.1) . This can significantly increase the computer storage requirements
and should be avoided unless the data are needed for subsequent calculations.f
The VIC matrix must be stored for each network where the velorities are to be
coin~uted by the VIC-LAMBDA method (record G9) or where an edge force
calculation (record FM9) Is to be used for the network.

<STORE VIC MATRIX >

Record Default: The VIC matrix is not stored o'i a global basis.

Record G16. Store Local Onset Flow

This record specifies the storage of the local onset flow (record set N18)
for the all networks where defined. This can significantly increase the
computer storage requirements. These flows rmust be stored if they are to be
used in calculation of the pressure, and force and moment coefficients and
local Mach numbers. (The use of local onset flows in the right-hand side(s)
of the boundary condition equations is not affected by the present record.
Also this record does not affect rotational onset flows, record G6, which dre
always stored.)

< STORE LOCAL ONSET FLOW>

Record Default: Local onset flow is not stored on a global basis.
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Record G17. Checkout Print Options

This record specifies various printout options related zo input data
checkout. (These are separate from program calculation output options, which
are defined in sections 7.6 and 7.7.) The program modules and checkout printoptions are listed in table 7.4. The checkout print options are described in
more detail in the description of the printed output in section 8.2.

<CHECKOUT PRINTS = (Module(I), List(l), Module(2), List(2)}>

Module(I) ari the module name- listed in the first column in table 7.4.
List(I) are the option numbers listed in the second column in table 7.4.

Parameter Defaults: The modules will have defaults listed in table 7.4.

Record Default: The module defaults listed in table 7.4.

Examples:
CHEC - DIP,I,2,3
CHECKOUT PRINTS - ALL

Module Options (one or more per module) Defaults

DIP 1 Warning messages 1
- Input records 2
*Y Global data summary

DQG 1 Warning messages 1

SCori'er point data 2
SEnrichrid grid
W Abutments with empty space 4
5 Other Abutments
_Control point data 6
7 Boundary Conditions

DEL Delete all above printout

ALL Select all above printout

Table 7.4 - Checkout print options (record G17)
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7.4 Network Data Group

This data group specifies the individual networks which model the physical
and wake boundaries of the configuration. There is no restriction on the
order of appearance of the individual networks of a configuration. The input
data for each network are independent of those for the other networks, with
one possible exception allowed in record N9. The number of networks must not
be more than 100.

A network is defined by a rectangular array of grid points which are the
corner points of quadrilateral panels. The grid definition scheme is
discussed in detail in sections 3.2 and B.1.1. The network size is defined by
the numbers of rows (M) and columns (N) oF grid points. The identification of
the rows and columns is chosen by the user. For the input data the grid
points are ordered as follows: all points on the first column in the order of
the rows, followed by all points in the second column in the order of the
rows, and so forth until the array is complete, see figure 7.3. The array of
grid points may be triangular, that is, one edge may be a single point ("a'Icollapsed edge"). However the grid points must be defined es a rectangular
array with the commnon edge point defined repeatedly.

The ordering of the grid points also establishes the indexing of the
network edges, as shown in figure 7.3. With this indexing the first column of
grid points forms edge 4; the last column of grid points forms edge 2. The
indexed ordering of the network edges dlso establishes the "upper" and "lower"
surfaces of the network. With the column vector M along edge 4 and the row
vector NI along edge 1, then the product (N x M) defines the positive direction
of the panel normal vectors. The panel normal vectors point outward from the

counter-clockwise manner is a view of the upper surface.

Ordering: The first record in the network data group must be the group
identifier, record Ni. Records N2 to N18 are repeated for each network. For
each network the first record must be the network identifier record set N2.
The other records can appear in any order, except for restrictions within
record sets N14 to N18. (The records have the following organizatio~n: record
N2 defines the network, records N3 to N8 give general information, and records
N9 to N18 give boundary condition information.)

Record Ni. Network Data Group Identifier

This record identifies the data group and must be the first record.

< BEGIN NETWORK DATA >

Record Default: No network data (that is, a post-solution update run) in 1
which case all records in the Network Data Group are omitted.
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order of input points

last row
edge 3

M3 63 121
M 3 3index of panels

first column (2,1) (2,2) (2,3 for network
edge 4

2 5 8 _111

(1.1) (1,2) (1.3)/ - last columnedge 2

14 10

network
origin

Sfl rst row

edge 1

Note: The viewer is looking at the upper surface
since N x M points toward the viewer.

Figure /.3 - Illustration of input ordering of panel
corner points and indexing of network edges
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Record Set N2. Network Identifier Record Set

This record set specifies basic network information and must appear first
in the block of records (N2 to N18) for each network.

Record N2a. Network Identifier

This record identifies the network and specifies options related to
possible update runs, which are described in section 7.2.3.

NETWORK - List(n)

Option 1: Original Specification or Addition of a New Network

List(l) - <network-id> (number-rows, number-columns) 4NEW>

Parameter Defaults: The alphanumeric network-id name can be omitted (see

below). The seconda y keyword NEW is the default and can be omitted.

Option 2: Replacement of Existing Network wich New Network (IC update only)

List(2) - (network-id, number-rows, number-columns) REPLACE

Option 3: Definition of New Right-Hand Side Data (IC and Solution updates)

List(3) - {network-id) SOLUTION-UPDATE

Option 4: Deletion of a Network (IC update only)

List(4) - (network-id} DELETE

Under Option 2, all data for the existing network are eliminated; all required
input data must be specified for the replacing network. Under Option 3, all
existing solution data are eliminated; only the right-hand side data can be
and must be defined: records N14 to N18. Under Option 4, there must be no
other input records for the network.

The "network-id" is an alphanumeric name (maximum of 20 characters, without

embedded blanks). If omitted in the original specification of a network, then
the network-id name is a blank label. Otherwise, the network-id name must be
unique. The program assigns an ordering index to each network, consecutively
and starting at 1. In an IC update run, new networks are similarly indexed
starting with the next available index; a replacing network is assigned the
index of the network being replaced; daletion of a network does not result in
the reindexing of the other networks. In subsequent data groups and in later
update runs, each network can be referred to either by its ordering index or
by its (non-blank) network-id name.

The "nuimber-rows" and "number-columns" are numbers of rows (M) and columns (N)
of grid points, figure 7.3.
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Examples:
NETWORK - OUTBOARD-WING 6 7
NETW - VERTICAL-TAIL, 11, 8, REPL
NETWORK - INBOARD-WING-3, SOLUTION-UPDATE
NETW - WING-A4, DELE

Record N2b. Grid Point Coordinates

This record specifies the coordinates of the network grid points, which
completely define the network geometry.

{x(1), y(l), z(1), x(2), y(2), z(2),... I
The coordinates of the grid points must be specified in the reference
coordinate system, see section B.2.1. The grid points must be in the proper
order: all points of the first column in the order of the rows, all points of
the second column in the order of the rows, and so forth. The ordering is
illustrated in figure 7.3. The total number of grid points is the product of
the numbers of rows (M) and columns (N) specified in record N2a.

Restrictions: The coordinates occur in triplets which either must be together
on the same card or else record continuation must be indicated by a plus (+)
as the last character on the card.

7
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Records N3 and N4 instruct the prograw to store particular data for
subsequent use. These two records can be input in the Global Data Group. If
the records were input there, repetition of the records here is unnecessary.

Record N3 (and record G15). Store Velocity Influence Coefficient Matrix

This record specifies the calculation and storage of the VIC matrix for
the network. (For wake aetworks both record N3 (or record G15) and record K46
are required for this.) This can significantly increase the computer storage
requirements and should be avoided unless needed. The VIC matrix must be
stored if velocities are to be computed by the VIC-LAI4DA method (record G9)
or if an edge force calculation (record FM9) is to be used for the network.T

< STORE VIC MATRIX >

Record Default: VIC matrix not stored, unless specified by record G15.

Record N4 (and record G16). Store Local Unrset Flow

This record specifies the storage of the local onset flow for the
network. The local onset flow must be stored if it is to be used In the
computation of the pressure coefficients (also force and moment coefficients)
and the local Mach numbers. This can significantly increase the computer
storp.ge requirements.

< STORE LOCAL ONSET FLOW>

Record Default: Local onset flow not stored, unless specified by record GQ6.

4t
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Record N5. Reflection in Plane of Symmnetry Tag

This record identifies if the network is in a plane of configuration
syimmetry in which case the network reflection requires special treatment to
avoid a singular AIC. Omiit this record if there are no planes of
configuration symmuetry (record G4). This record can be omitted if the entire
network i's closer to the plane of symmnetry than the magnitude of the geometric
edge matching tolerance (record G7), since the reflection will be
automatical ly tagged. Network reflection rules and restrictions are discussed
in section 8.2.3.

<SYMMETRY PLANE NETWORK - {Plane) >
FIRST-PLANE
S=UND-PLANE

The "Plane" option specifies the plane in which reflection is to be specially
treated. The first and second planes of symmnetry are defined by record G4.

Record Default: The network will be reflected in all defined planes ofI
configuration symmetry without special treatment, unless the reflection is
tagged automatically by the programn.

Examples:I
SYMMETRY PLANE NETWORK -FIRST-PLANE

SYMM4 SECO
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Record N6. Wake Flow Properties Tag

Omit this record for non-wake networks. This record instructs the program
to calculate and store data for calculations on a wake network. Specifically,
the potential arnd (normal) velocity influence coefficient matrices are
calculated from the average potential and the average normal mass flux on a
wake network. If the storage of the VIC matrix is requested (record N3 or
record G15), then the VIC mAtrix is also calculated. This option allows
calculation of the wake flow properties in the post-solution calculations of
surface flow properties and of forces and moments.

< WAKE FLOW PROPERTIES TAG>

Record Default: The wake influence coefficient matrices are not stored.
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Record N7. Triangular Panel Tolerance lnt o h uoai rga hc

This record specifies a tlrnelnt o h uoai rga hc
on, "almost triangular" panels. (The program searches for panel edges whose
length is less than the specified tolerance, in which case the edge is
collapsed making the quadrilateral paniel into a triangle, see section 8.1.3.)

< TRIANGULAR PANEL TOLERANCE - {tolerancel >

Recovd Default: The triangular panel tolerance is set equal to the modulus of
the geometric edge matching tolerance (record G7).

Examples:
TRIANGULAR PANEL TOLERANCE .001
TRIA - .02
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Record N8. Netwurk and Edge Update Tag

This record tags either the entire network or selected edges for
updating. This allows updating of the network or its abutting neighbors ii
future computer runs. If not tagged, the network cannot be replaced or
deleted in a subsequent IC update r'jn (options 2 and 4 in record N2a). If the
edges are not tagged, they cannot abut a network which is added, replaced or
deleted in a subsequent IC update run (options 1, 2 and 4 in record N2a). Any
network edge which abuts aA updateable network but is not tagged as updateable
will be identified by a warning message in the DQG module. (Thi abutting
edges include those whose corner control points abut the network to be
updated.) In an IC update, all hiew and replacing networks (options 1 and 2 in
record N2a) mist be tagged. Also, if the closure condition (record set N14)
is specified on a network, then that network (but not the abutting edges of
neighboring networks) must be tagged as updateable. Note two points: (1) an
entire configuration must not be tagged as updateable, and (2) update tags
will increase the program cost.

<UPDATE TAG - <edge-number-list>>

If the edge-number-list is omitted, then the network and all edges are tagged
for updating. If one or more edge numbers are listed, then those edges (and
no other part of the network) are tagged. The network edge indices are
identified in figure 7.3.

Record Default: The network is not tagged for updating.

Examples:
UPDATE TAG
UPDA 1, 4

iI
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Record N9. Boundary Condition Specification

This record specifies the boundary condition class and associated subclass
for the network. The boundary condition class must be one of five standard
classes (see sections 3.3 and B.3.1).

Class 1 - Impermeable Surface Mass Flux Analysis
Class 2 - Specifieu Norm&l Mass Flux Analysis
Class 3 - Specified Tangential Velocity Design
Class 4 - Selected Terms
Class 5 - General Boundary Condition Equation

The associated subclass specifies the specific boundary condition equations.
Figures 7.4 to 7.6 describe boundary condition classes 1 to 3, including the
subclass identifiers (integer or keyword), subclass descriptions, boundary
condition equations and associated singularity types (record Nil). Figure 7.7

describes boundary condition class 4, including the indiv:dual terms of the
general boundary condition equation (see section B.3.1), the ccrresponding
coefficient values, and the identifying indices.

<BOUNDARY CONDITION - <Level>{Class} {{Subclass(es)1}>
LOCAL
U"MALL

Default Parameter: LOCAL

The level instruction allows the user to establish default class and I
subclass(es) which will also apply to subsequent networks. The level OVERALL
establishes the record default, which can be changed by a subsequent record
with the level OVERALL. The level LOCAL allows specificatioo of the class and
subclass(es) for one network, without changing the default values.

Class - one of the values 1 to 5

Subclass(es) - index or keyword listed in columns 1 and 2 of figures 7.4
and 7.6; or pair of indices listed in the last column of figure 7.7.

For classes 1, 2 and 3, figures 7.4 to 7.6, a single subclass is specified;
the subclass defines both boundary condition equations. For class 4 figure
7.7, two boundary conditions equations, each with two "subclasses" must be
specified. Each "subclass" is aWair of numbers: one for the left and one
for the right-hand side of the equation. Exception: if a wake network is
specified in record Nil, the appropriate doublet boundary conditions are
assumed; only one "subclass" need be specified. For class 5, there are no1
subclasses; the boundary condition equations are specified entirely by record
set N15.
Record Default: The class and subclass(es) of the previous network boundary i
condition specification record N9 with the level "OVERALL."
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S~Examples:
BOUNDARY CONDITION . 1,4 W equivalentSBOUNDARY CONDITION . 1, WAKE 1

BOUNDARY CONDITION - OVERALL 2 4
BOUN - LOCA, 3, UPPER
BOUNDARY CONDITION a 5
BOUN - 4, 4 1, 6 3

l,ie last example, for class 4, is interpreted as: boundary condition class 4,
term 4 on the left and term 1 on the right-hand side of the first equation,
te,-m 6 on the left and term 3 on the right hand side of the second equation,
see figure 7.7. The resulting two equations are those of class 1, subclass 1,
see figure 7.4.
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"SUBCLASS SUBCLASS BOUNDARY.CONDITION SINGULARITY

INDEX KEYWORD DESCRIPTION EQUATIONS TYPES

1 UPPER Impermeable Upper a - - n SA
Surface

OL 0  DA

2 LOWER Impermeable Lower - o - U n SA

Surface

_ U __0 DA

SAVERAGE "npermeable Average a = 0 NOS

(Cambered) Surface

wý n --U0 n DA

4 WAKE 1 Wake 1 (with spanwise a - 0 NOS

"variation)

-- - leading edge values DWI

5 WAKE 2 Wake 2 (without a = 0 NOS

"spanwise variation)

u corner point value DW2

UPPER and LOWER surfaces: see sectinn C.I.I

Singularity Types: see section B.3.4

Figure 7.4 - Class 1 (impermeable mass flux analysis)

boundary condition subclasses
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USURCLASS SUBCLASS BOUNDARY CONDITION SINGULARITY

INDEX KEYWORO DESCRIPTION EQUATIONS TYPES

1 UPPER Specified Normal Mass a - .+ 8  SA

Flux on Upper Surface

•L 0  DA
L~~~~O =,, ,, .,

2 LOWER Specified Normal Mass -o- 0U0. + n 1SA

"Flux on Lower Surface

SU "0 DA

3 DEFLECTION Linearized Deflection 0 - 0 NOS

on Average (Cambered) -

S~ISSurface "w A -Uo' + On2 DA

4 THICKNESS Thickness on Average a -
8n1 SA

(Cambered) Surface

- w -U0_ n DA

5 BOTH Both Deflection and a - •n1 SA

Thickness on Average
A DA

Surface wA.n = -Uo n + On2 - A

UPPER and LOWER surfaces: see section 8.1.1

Singularity Types: see section B.3.4

Figure 7.5 - Class 2 (specified normal mass flu:( analysis)
boundary condition subclasses
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SUBCLASS SUBCLASS BOUNDARY CONDITION SINGULARIIY

INDEX KEYWORD DESCRIPTION EQUATIONS TYPES

1 UPPER tipper Surface tU.VU - -ttl + 0 tl SA

Design

OL "DD1

2 LOWER Lower Surface tvL . Utj U t SA

DeIgn

OU "0 DDI

3 THICKNESS Linearized Design on tA' A -V SDI

Average (Cambered)

Surface W n + DA

' CAMBER Caiber Design with o nI SA_ _

Thickness I

"tv Itz Dol 1

S THIC__KNESS Thickness and t - -ttj U +t SOl

_CAMER Camber Design ___

D 81.2

6 BOTH Both Lipper and Lower tu.VU t.1* Uo + tl SD

K Surface Design on 
' 0

Averaqe Surface tL VL - -tt2°u + 't2 D1

UPPER and LOWER surfa*es: see section B.1.1

Singularity Types: see section B.3.4

Figure 7.6 Cla:as 3 (specified tangential velocity design)
boundary condition subclasses

I
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PROBLEM TYPE - MASS FLUX ANALYSIS

(Quantity Term Coefficient Index
Left-hand Side

Upper Surface wU.n au -1 1

Lower Surface WC 1 aL . 1 2

Average Surface wA. n aA = 3

Difference a "D .1 4
nUý bn -

Right-hand side bo"n n -- 1 1

bn 31 2

PROBLEM TYPE - POTENTIAL
II

Quantity Term Coefficient Index

"I• Left-hand side I
Upper Surface CLU cU = i 5

Lower Surface OL cL -1 6

Average Surface OA CA 7

Difference cD 1 8

Right-hand side* bpL'V., . bp -1 1

_ p=1 2-i
bp 0

W* = (xs Y, y, z)

Figure 7,7 - Class 4 (selected terms) boundary conditiorn subclasses

7-68

>7|* -7



II

PROBLEM TYPE - VELOCITY DESIGN

Quantity Term Coefficient Index

Left-hand Side

Upper Surface tutvU t 0 9

Lower Surface t VL tL A 0 10

Average Surface tAvA tA A 0 11

Difference tO. u to A 0 12

Right-hand side bttt. Uo bt = -1 1

bt =1 2

PROBLEM TYPE - VELOCITY ANALYSIS

Quantity Term Coefficient Index

Left-hand side

Upper Surface v U.n eU - 1 13.

Lower Surface vL"n eL - 1 144

Average Surface V A.n -eA = 1 15

SDifference vD0*n e, - 1 16

.:...Right-hand side b n 0.n1 bn = - II

bn - 1

bn =0 3

For any p-oblem type, one of the four left-hand side options and one of the
three corresponding right-hand side options are selected for each equation.
The potential boundary conditions include those on perturbation potential
(bp 0 0) and on total potential (bp . -1). Specified flows (s terms) can be
added separately to the right-hand side. The options allow specification of
all quantities except tangent vectors (record N16) and specified flows (recorJ

•, N17).

Figure 7.7 Concluded
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Record N10. Method of Velocity Computation

Omit this record for boundary condition classes 1, 2 and 3. For wake
networks record N1O should be omitted; the velocity computation is specified
by record N6. This record instructs the program to compute and store data
necessary for computing velocities from the boundary condition equations
(record G9, option BOUNDARY-CONDITION), see section B.4.1. Use of the present
record results only in the computation and storage of data; other records (G9,
SF6 and FM13) select the procedure to be used for the velocity computation.

< METHOD OF VELOCITY COMPUTATION - (Method}>
LOWER-SURFACE-STAGNATION
UPP•-SURFACE-STAGNATION
NUNT3TAGNATION

The method is determined by the form of the boundary condition equations. If
the perturbation potential is zero on the lower/upper network surface, then
the LOWER/UPPER-SURFACE-STAGNATION option should be selected. Otherwise the
NONSTAGNATION option should be selected.

Record Default: For class 1, 2 and 3 boundary conditions the data is computed
and stored by the method: LOWER-SURFACE-STAGNATION for subclass 1,
UPPER-SURFACE-STAGNATION for subclass 2, and NONSTAGNATION for the other
subclasses. For class 4 and 5 boundary conditions the default is the
NONSTAGNATION option.

Examples:
METHOD OF VELOCITY COMPUTATION . UPPER-SURFACE-STAGNATION
METH NONS
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Record NIl. Singularity Types

Obnit this record for class 1, 2 and 3 boundary conditions; the singularity
types are specified by the subclass, figures 7.4 to 7.6. This record must be
input for class 4 and 5 boundary conditions. This record specifies the
singularity types, and the corresponding arrays of boundary condition location
points, for both the source and doublet distributions. The user must select
one singularity type for the source and one for the doublet distribution. Thepossible singularity arrays are shown in figure 7.8. (Notation: DW1

doublet wake, number 1, see table 8.1). The types NOS and NOD are used when
the source or doublet singularity strengths, respectively, are zero on the
network.

< SINGULARITY TYPES = {Source} (Doublet}>
NOS NODNDAf

DW2 i

'ii
Examples:

SINGULARITY TYPES SA, DDI
SING - DWI, NOS

i,,"
j I

k

{I
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Source Singularity Types

SA, Analysis SD1, Design

3 3
0 0 0 ,) 0 0 0

o 0o 04|0 41)EO O

0 0 0 0

Doublet Singularity Types

DA, Analysis S0l, Design

S0 0 0 0

40 40 0 0 2 4o o o2edge index

1 1

Wake Singularity Types

DD1 DW2
3 3

N- direction 4 2 4 2

N - direction 1

0 boundary condition "location point

Figure 7.8 - Singularity types: boundary condition
location point arrays on a sample network (record N11)
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Record N12. Edge Control Point Locations

This record changes the network edge location of the boundary condition
location points from the default positions shown in figure 7.8. The default
location of the points is determined by the edge indexing, which is determined
by the input ordering of the network grid points. If needed, the boundary
condition location points on a network edge can be relocated by u Ing this
record rather than by reordering the network grid point array. The number of
edges specified must equali the number of edges with boundary condition
location points, figure 7.8. (For wake network type DW2 the single control
point has default location on edge I by definition.) This record is not used
for source (SA) and doublet (DA) analysis networks.

<EDGE CONTROL POINT LOCATIONS - <Type(s) - edge-number(s)>>
SNE, source-network-edge(s)
DE doublet-network-edge(s)

Parameter Defaults: Source or doublet edge control points have the default
locations, figure 7.8. (Wake networks are doublet networks.)

Record Default: All edge control points have the default locations, figure
7.8.

Examples:
EDGE CONTROL POINT LOCATIONS = SNE - 1, 2, DNE - 1,2
EDGE. ONE -2 1I
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Record N13. 'lemove Doublet Edge Matching

This record specifies the no doublet strenqth matching along the edges of
a dou? ,t analysis network (type DA, figure 7.8), which is specified either
throuLh, the boundary condition, record Ng, or directly by record N11. Do not
use this record for other types of doublet networks. This record suppresses
any condition of doublet strength matching between abutting network edges or
of zero doublet strength along a free edge; it is replaced by the network
boundary condition. The no doublet strength matching condition allows a
discontinuity in doublet strength either between network edges or aloag a free
edge. To suppress doublet matching at an abutment of network edges, this
record must be input for all edges (and possibly several networks) involved in
the abutment.

< NO DOUBLET EDGE MATCHING - {{edge-number(s)}} >

Record Default: The doublet strength matching condition will be imposed at
all edge control points.

Examples:
NO DOUBLET EDGE MATCHING - 2, 4
NO DOUB 1I

A!
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Record sets N14 to N18 specify boundary condition equations and data
associated with boundary condition equations. Eich record set can appear
anywhere after record set N? within the given network data group. However,
the records within each record set must be in the specified order. Each
record set must begin with the identifying record. The 3ubrequent racords can
be repeated several times, each time giving part of the to-al datd. Each of
these record sets is independent of the others; for example, the solutions
list records (N14c, N15c, N16d, N17d and N18d) apply cnly to the record sets
in which they appear. Examples are given at the end of each record set
description.

For each boundary condition class, use of these record sets either are
always required or may be required, the latter depending on the particular
application, as listed below.

Boundary Condition Class Always Required May Be Required

1 -- N18
2 N17 N18
3 N16 N14,N17,N18
4 --- N14,N16,N17,N18S5 N15 N14,NI6,NI7,N18

Record sets which are not listed are not used for the indicated boundary
condition class.

I .

0I
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This record -;et defines a closure edge boundary condition which is used in.
design apiainsesection 8...Only oecouecniincnb
specified for a network. The closure condition must replace a default
boundary condition of (usually) source or (rarely) doublet strength matching
on a network edge, which is the "specified edge" of the closure condition,
(If the closure condition is specified to replace a doublet strength matching
condition, the program may in some cases override the user specification and
retain the doublet matching condition.)

The user can specify the closure condition in general form:

edg AU (wU )+AL ý n) MA(-w6.n) + AD d J s - BC (7.4.1)

The perturbation mass flux is integrated over each column (or row) of panels
which is headed by a control point on the "specified edge" of the network, the
specified edge is also the lower integration limit, The integration covers
the entire network. The left-hand side coefficients (AU, AL, AA and AD) are
defined at every panel center point of the network. The right-hand side
coefficient (BC) is defined for each row (or column) of panels and for each
solution. The left-hand side coefficients must not be all null on any column
(or row).

Ordering: The records within the record set must appear in the specifiedS
order. Record Nl4a, which identifies the record set, 3ust appear first.
Certain subsets can be repeated several times. T,'e subset of records Nl4b to
Nl4d can be repeated, each time specifying one term c( the closure equation.
The subset of records Nl4c and Nl4d can be repeated, each time specifying BC
coefficients for one set of solutions.
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Record Nl4a. Closure Edge Condition Identifier and Locator

ThIs record identifies the closure edge condition record set, the I
"specified" network edge for the integral closure condition, and whether a
source (SNE) or a doublet (DNE) matching condition on that edge is to be
replaced by the closure condition. The network edge indexing scheme is I
illustrated in figure 7.3. The indicated network edge is also the lower limit
of the closure integral: the integration is over the columns (or rows) of
panels "normal" to that edge.

<COSURE EDGE CONDITION - {Type - edge-number)>
SNE, source-network-edge

[;T, doublet-network-edge

Record Default: No closure boundary condition for the network. (bit all
records in the record set.

Restriction: The indicated source or doublet network edge must be one with
boundary condition location points as determined by either the Boundary
Condition Specified Record N9, ,ee figures 7.4 to 7.6, or the Singularity Type
Record Nil (figure 7.8), and by the Edge Control Point Locations Record N12.

N 3

i;" 'i
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Record N14b. Closure Term

This record identifies the (left or right-hand side) coefficient of the

general closure equation (7.4.1). This and the subsequent records can be
repeated, each time specifying nurrrical values for one coefficient.
Unspecified coefficients - 0.

TERM - (Term}

"Term" has two characters (not separated) defined in table 7.5.

Type of Term First Character Second Character

Coefficients of A U (upper
Normal Mass - (lower)
Flux (Left- A (average)
Hand Side) _ (difterence)

Specified Total
Normal Mass Flux B C
(Right-Hand
Side)

Examples: TERM AD see equation (7.4.1)
TERM -BC J

Table 7.5 Closure term identifications (record Nl4b)

Record Nl4c. Closure Solutions List

This record specifies the solutions corresponding to the subsequent

numerical values. The record is input only for the right-hand side term,
identifier BC in record N14b. (The left-hand side coefficients are
independent of the solution.) This and the subsequent record can be repeated,
each time specifying numerical values for one set of solutions.

<SOLUTIONS - {{solution-id(I1)>

solution-id = either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: All available solutions.
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Record N14d. Closure Numerical Values

This record spec 4fies numerical values at the panel center points of one
term, defined by records N14b and N14c, of the general closure condition.

{{value(s)}}

The coefficient arrays can be either singly dimensioned (BC coefficients,
right-hand side) or doubly dimensioned (AX coefficients, left-hand side). For
the right-hand side coefficients, the index corresponds to the panel rows or
columns, depending upon the integration direction (which is defined by the
edge number specified in record N14a). For the left-hand side coefficients
AX(I,J), the indices (I,J) are those of the rows and columns, respectively, ofthe panels; the indexing is independent of the integration directio,..

The numerical values can be input in three general formats. Only one format
can be used for each numerical values record. Alternate formats can be used
if the term and solutions list records (N14b and N14c) are repeated. If
several values are assigned to one point, the final value is that assigned by
the latest record, that is, a later record supercedes an earlier record.

1. Global Value. A single numerical value is input. The prog,,am applies
that value to the entire array. i

2. Consecutive Ordering. The numerical values are specified for each panel
center point in order: for the AX arrays this means all points on the
first column in order of the rows, followed by all points on the second
column in order of the rows, and so forth. Restriction: the entire array
must be input, that is, numerical values must be input for either all

A. panel center points (AX arrays) or all panel rows or columns (BC array).6I
,. Indexed Input, The index or indices and the corresponding values of the

coefficients are input together. The possible formats and examples are
given in table 7.6.

i
1

Example: Specify the closure condition

edge 3 AD o ds BC

edge 1

which replaces a source matching l.ondition on edge 1 where AD 1 1. for all
columns and for all rows except row 4 where AD - .5; where BC has the same
value for all columns; and where BC 0 0. for solution 1 and BC - 3. for
solution 2. I

CLOSURE EDGF CONDITION - SNE-1
TERM. A$ ( ALL, ALL) 1. $ (4, ALL) - .5
TERM - BC
SOLUTIONS- 1 $ 0.
SOLUTIONS = 2 $ 3.
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Indexed Input:

Numerical values of either one or two dimensional arrays can be 'npecified at
particular points. There are three possible formats for the inpuu. record,
with the general form: a left-hand side giving the indices of the points, an

F equal sign, and a right-hand side giving the numerical value assigned to the
point or points.

1. Format for Single Point. The left-hand siJe gives the index or
indices of the single point to which the numerical value is assigned.

Examples: (2 )-value
1 4 ) -value

2. Format for Range of Indices. The left-hand side gives the range of
indices of the points to which the numerical value is assigned.
Rule: "13 TO 6"1 specifies indices 3 through 6.

Examples: (4 TO 7 ) - value
(2 ,4 TO 8 ) -value
(110O 67 .3 TO 10 ) -value

3. Format for Global Range of Indices. The left-hand side gives a
global range of indices by using "ALL" or "MAX." Rule: "ALL"
specifies the entire range of the index. Rule: "In TO MAX" specifies
indices n through the maximum~ value.

Examples: (3 TO MAX ) value
(ALL ,*T - value
TT0 3, ALL ) .value

(-ALL ) value, value assigned
ALL -~L)-A value to all points

* General Rule: On the left-hand side, the four symbols (,)-and the three
words TO, ALL and MAX must be preceded and followed by at least

* one blank.

Table 7.6 -Formats for indexed input, with examples
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Record Set N15. Coefficients of General Boundary Condition Equation Record Set

This record set specifies the coefficients of a general (class 5) boundary
condition equation, figure 7.9. Omit this record set for class 1, 2, 3 and 4
boundary conditions (record N9). Besides the coefficient terms, the user can
specify tangent vector (record set N16) and specified flow (record set N17)
terms in the boundary condition equations. In most cases two independent
equations are required. The first and second equations correspond to theuser-specified source and doublet singularity type arrays (record Nl1),

respectively. These arrays determine the locations (record N15d) where the
boundary ccndition equations are required. However, if a null singularity
array NOS or NOD is specified, then the corresponding boundary conditionI
equations must not be specified. Also, if a wake singularity array DWI or DW2
is specified, thecorresponding boundary condition equation is not specified.
It is noted that PAN AIR may override a user-specified boundary condition
equation at some control points, see appendix A.2 of the Theory Document.

Ordering: The records within the record set must appear in the specified
order. Record N15a, which identifies the record set: must appear first.
Certain subsets can be repeated several times. The subset of records N1lb to
N15e can be repeated, each time specifying one or more terms of the boundary
condition equations. The subset of records N15c to N15e can be repeated, each
time specifying a right-hand side coefficient for one set of solutions. The
subset of records N15d to N15e can be repeated, each time specifying values atone type of control point location.

Record N15a. Coefficients of General Boundary Condition Equation Identifier

This record identifies the gen.,ral boundary condition equation record set.

<COEFFICIENTS OF GENERAL BOUNDARY CONDITION EQUATION>

Record Default: Class 5 boundary conditions are not specified (record N9).
Omit all records in the record set.
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boundary conditi~pr left-hand side right-hand side
type

mass flux au(m~ +) GaCY bt 0.analysis aAbA A) * a

pot~atial C~4 LCAUA+ CA

velocity ~ t~ Lbte~design U+ V tt D

vealocity eu(tij +) a tL~L ,)
anal~sii~ A(A + e,(#O .)

where b-Perturbation Wass flux a-source streongth
B panel normal i* doub~let strngth

-Panel tangent B- total Speified fl ow
perturbation velocity -' (X/So 2 .y~z)
perturbation velority unifotam Onst flow

potential auiomostfo

U scipsupper n -norwi to parel
L alower P - Potential
A - average t tnett ae

D - differencet tagnWpne

Figurt 7.9 -General boundary condition equation
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Record N15b. Equation Term I
This record identifies the coefficient and the index of the general

boundary colditlon equation, figure 7.g, whih are specified in the subsequent
numerical values. This and the subsequent records can be repeated, each time
specifying numerical values for at least one coefficient. Unspecified
coefficients - 0., except BT - -1. at all control points.

TERM - (Term) 1
"Term" has three characters (not separated) as defined in table 7.7.

Type of First Second Third
Term Character Character Character

1 first
A mass flux U upper equation I

Left-hand 2 second
side C potential L lower equation

Evelocity A average

D difference

B general N mass flux
Right-hand coefficient or velocity
side P potential

T tangential

yelocity

Examples: TERM - ADI see coefficients in figure 7.9

TERM - BP2

Table 7.7 - General boundary equation tern identifications
(record N15b)
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Record N15c. Equation Solutions List

This record specifies the solutions corresponding to the subsequent
numercal values. This record is input only for the right-hand side terms,
identifiers BX in record N15b. (The left-hand side coefficients are
independent of the solution index.) This and the subsequent records can be
repeated, each time specifying numerical values for one set of solutions.

<SOLUTIONS-- {{solution-id(1)}}>

solution-id a either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: All available solutions

Record N15d. Equation Control Point Locations

This record allows the user to specify different numerical values for the
coefficients at different types of control point locations. This and the
subsequent records can be repeated, each time specifying numerical values at
one type of control point location.

POINTS - {Location)
ALL-CONTROL-POINTS
rMW1 ER-CONTROL-POINTS
E-DE-CONTROL-POINTS
MMrIONAL-CONTROL-POINTS

Restrictions: Values must be specified at all control points, since the
program does not assign a default value to the control points after the TERM
has been specified by record N15b. (The user can establish a default value by
using the "POINTS-ALL" option.)
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Record N15e. Equation Numerical Values

This record specifies tile numerical values of the term-solution(s)-points,
specified by records N15b to N15d, of the general boundary condition equation.

[[value(s)}

The type of control point location (record N15d) affects the indexing of the
array of values. The indexing of both the control points and the
corresponiding arrays is described in figure 7.10.

The numerical values can be input in three general formats. Only one format
can be used for each numerical values record. Alternate formats can be used
if the control point locations record N15d is repeated. If several values are
assigned to one point, the final value is that assigned by the latest record,
that is, a later record supercedes an earlier record.

1. Global Value. A single numerical value is input. The program appliesthat value to all indicated control points.

2. Consecutive Ordering. The numericAl values are input for each indicated
control point in order: all points on the first column in order of the
rows, followed by all points on the second column in order of the rows,
and so forth. Restriction: the entire array must be input, thit is,
numerical values must be input for all indicated (by record Ni j) control
points.

3. Indexed Input. The indices and the corresponding values are specified
together. The possible formats and examples are given in table 7.6.
Restriction': this format cannot be used if the control point location
type (record Nl5d) is ALL.

7-9
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(4)
edge 3 ol

(4) (2,1) (2,2)
0 (D

edge 4 edge 2

MN (2)

edge 1

L ~(2,4) 0 11®(,)®,

network origin

(1) (1,1) () (,1) ()

"View of Upper Surface

0) CENTER control points

, EDGE control points

ADDITIONAL control points

CENTER control point array is VALUE(IJ) where I,J are the row, column
indices.

EDGE control point array is VALUE(I,J) where I is the control point index
and J is the edge index.

ADDITIONAL control points are corner control points and points added by
the program as a result of network abutments; the array is VALUE(J) where
J is the edge index. (The same value is assigned to all ADDITIONAL
control points on the edoe.)

ALL control points are Lte collection (in order) of CENTER, EDGE and
ADDITIONAL control points.

Note: The VALUE (IJ) array is input in the order: VALUE(1,1),
VALUE(2,1),..., VALUE(N,1), VALUE(1,2), VALUE(2,2),...

Figure 7.10 - Indexing system for arrays correspondln(ý to the
control point location options
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Example: boundary condition equations for class 1, subclass 3 (figure 7.4)
"and one solution, Input as a class 5 boundary condition. The boundary
condition equations are

(1) .o-

The mass flux analysis terms of the general bouodary condition equation
(figure 7.9) are

'aU t•U'fl) + aL&'fL.6) + YA(WAf0) + aDa bnUoR

To get the boundary condition equation (1), the non-zero coefficients aro
I; •aD I.

bn 0. (default value)

The corresponding "Term" form (table 7.7) is

ADI - 1.

BNI - 0.

To get the boundary condition equation (2), the non..zero coefficients are

"a

bn

The corresponding "Term' form is

,AA2 -1.

BN2 -1.

The input records to specify the boundary condition equations (at all control
points) are:

COEFFICIENTS OF GENERAL EQUATIOI
TERM w AO1 $ POINTS ALL 7, 1.
TERM w BN1 5 POINTS - ALL 1 0.
TERM- AA2 3 POINTS - ALL $ i.
TERMS -N2 $ POINTS - ALL $ -1.
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Record Set N16. Tangent Vectors for Design Record Set

This record set specifies tangent vector cnefficients which appear in the
general boundary condition equation, figure 7.9. Omit this recgrd set for
class I and 2 boundary conditions. The associated terms of the equation are

Left-hand side: + t V + v+ tD

Right-hand side: bttt , U

Tangent vector terms are required in design applications. Some left-hand
side and right-hand side terms are required for class 3 boundary conditions,
depending qn the subclass. The tangent vector terms are zero unless defined
otherwise in this record set. The boundary condition equations for design
(class 3) and for general (classes 4 and 5) applications allow different
values for the left and right-hand side tangent vectors. However the left and
right-hand side vectors are equal in standard applications, see section
8.3.3. If equal, several vectors (including those from both boundary
condition equations) car, be specified by the same numerical data by using the
options in record N16b.

Crdering: The recordcs within the record set must appear in the specified
order. Record N16a, which identifies the record set, must appear first.
Certain subsets can be repeated several times. The subset of records N16b to
N16g can be repeated, each time specifying vector coefficients for one or more
terms of the boundary condition equations. The subset of recouds N16d to N16g
can be repeated, each time specifying a right-hand side vector coefficient for
one set of solutions. The subset of records N16e to N16g can be repeated,
each time specifying values at one type of control point location.

Record N16a. Tangent Vectors for Design Identifier

This record identifies the tangent vectors for design record set.

< TANGENT VECTORS FOR DESIGN>

Record Default: No targent vector coefficients appear in the boundary
=ondition equations for the network. Omit all recoras in the record sit.

t, I
\,1
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L Record Nl6b. Tanyent Vectors Term

This record identifies which tangent vectors of the general boundary
condition equation, figure 7.9, are specified in the subsequent numerical
values. The index of the boundary condition equation, that is, the first or
the second equation, is also identified. This and the subsequent records can
be repeated, each time specifying numerical values for one or more tangent
vectors. Unspecified tangent vectors are zero.

TERM - f{Term(s))}

"Term" has three characters (not separated) as defined in table 7.8.

Restriction: The right-hand side vectors (TERM - TTn) are multiplied by BT,
whose value is specified in record N9 for class 4 boundary conditions and in a
record set N15 for class 5 boundary conditions. If both left and right-hand
side vectors are specified by "Term(s)", then the right-hand side vectors must
be the same for all solutions (record N16d).

Type of First Second Third
Term Character Character Character

T U upper 1 first equation
Left-hand
Side L lower 2 second equation

A average

D difference

Right-hand T onset
Side tangent

Examples: TERM - TA2 -- tA in equation 2

TERM - TT1 -- Ttl in equation 1

Table 7.8-Tangent vector term identifications
(record N16b)
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Record N16c. Tangent Vectors Scaling

This record suppresses the automatic program scaling of the input vector
values into vectors with unit length.

<UNALTERED>

Record Default: Input vector values (record N16f) are scaled to unit length
by the program.

kI
Record N16d. Tangent Vectors Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values. This record is input only for the right-hand side tangent
vectors (identifier TTn in record N16b). (The left-hand side vectors are
Independent of the solution index.) This and the subsequent records can be
repeated, each time specifying numerical values of right-hand side tangent
vectors for one set of solutions. I 1

,- ,JLUTIONS - {(solution-id(I)))>

solution-id - either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: All available solutions

Record N16e. Tangent Vectors Control Point Locations

This record allows the user to specify different numerical values of the
tangent vectors at different types of control point locations. This and the
subsequent records can be repeated, each time specifying numerical values at
one type of control point location.

POINTS ( (Location)
ALL-CONTROL-POINTS
M NTER-CONTROL-POINTS

EDGE-CONTROL-POINTS
ADMTTIONAL-CONTROL-POINTS

Restriction: Values must be specified at all control points, since the
program does not assign a default value to the control points after the TERM
has been specified by record N16b. (The user can establish a default value by
using the "POINTS.ALL" option.)
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Record Nl6f or Record NI6g (not both) can be used to specify numerical
values of tangent vectors for each location specified by record N16e.

Record N16f. Tangent Vectors Numerical Values

This record specifies numerical values of the three components of the
tangent vectors defined by records N16b and N16d.
<[ values}}>

The type of control point location (record N16e) affects the indexing of the
array of values. This indexing of both the control points and the
corresponding arrays is described in figure 7.10.

The numerical values (three components for each control point.) can be input in
three general formats. Only one format can be used for each numerical values
record. Alternate formats can be used if the control point locations record
N16e is repeated. If several values are assigned to one point, the final
value is that assigned by the latest record, that is, a later record
supercedes an earlier recurd.

1. Global Value. A single set of three numerical values is input. The
program applies that set of values to all indicated control points.

2. Consecutive Ordering. The numerical values are specified for each
indicated control point in order: all points on the first column in order
of the rows, followed by all points on the second column in order of the
rows, and so forth. Restriction: the entire array must be input, that
is, numerical values must be input for all indicated (by record N16e)
control points.
Format: tvx(1,l), tvy(1,1), tvz(1,1),

tvx(2,1), tvy(2,1), tvz(2,1),

3. Indexed Input. The indices and the corresponding values of the three
vector components are specified together. The possible formats and
examples (for a scalar quantity) are given in table 7.6. Restriction:
tnis format cannot be used if the control point location type (record
N16e) is ALL.

Restrictions: All three components of the tangent vectors are input, although
this is redundant due to the tangency condition. The vectors are projected by
the program onto the panel. If any vector input in record N16f is not within
60 of a subpanel plane, the program gives an error. The three components
must not be separated; they either must be on the same card or record
cont'nuation must be indicated by a plus (+) as the last character on a card.

Record Default: Tangent vectors are not specified by this method.
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Record NI6g. Tangent Vectors Standard Numerical Values

This record is used if the tangent vectors have a standard form.

<Method >
COMPRESSIBILITY-DIRECTION
HM--POINT - {originating-e. e-number)

1 (from edge 2 to edge 3)
S(from edge 2 to edge 4)

? (from edge 3 to edge 2)
S(from edge 4 to edge fl

For either option, a tangent vector of unit length is defined at all control
points specified by record N16e. For the COMPRESSIBILITY-DIRECTION
option the vectors are in the direction of the projection of the
compressibility vector onto the panel. For the MID-POINT option the vectors
are parallel to a line connecting the mid-points of the indicated edges.

Record Default: Tangent vectors are not specified by this mothod.

Example: Tangent vectors for class 3, subclass I (figure 7.6) boundary
conditions for one solution. For all control points the (unit) vectors are
the projection of the compressibility direction into the panel.

TANGENT VECTORS FOR DESIGN
TERM - TUW, TT1
POINTS w ALL
COMPRESSIBILITY-DIRECTION

Example: Tangent vectors for class 3, subclass 6 (figure 7.6) boundary
conditions. For all solutions and all control points the vectors are equal,
have unit magnitude and are in the direction of the x. axis. I

TANGENT VECTORS
TERM a TUW, TT1, TL2, TT2
POINTS w ALL
1., 0., 0.
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Record Set N17. Specified Flow Record Set

This record set defines specified flows which are the scalar quantities
(B terms) on the right-hand side of the general boundary condition equation,
figure 7.9. Omit this record set for class 1 boundary conditions. There can
be two specified flow terms, one for each of the two boundary condition
equations, at a control point. The specified flow terms are required for
class 2 and 3 boundary conditions and may be required for class 4 and 5
boundary conditions. The specified flow terms are zero for all solutions and
all control points, if record set N17 is not used.

Ordering: The records within the record set must appear in the specified
order. Record N17a, which identifies the record set, must appear first.
Certain subsets can be repeated several times. The subset of records N17b to
Nl7f can be repeated, each time specifying values in one boundary condition
equation. The subset of records N17c to N17f can be repeated, each time
specifying values for different input/image part(s) of the totalconfiguration. The subset of records N17d to N17f can be repeated, each time

specifying values for one set of solutions. The subset of records N17e and
N17f can be repeated, each time specifying values at one type of control point
locati on.

Record Nl7a. Specified Flow Identifier

Th record identifies the specified flow record set.

<SPECIFIED FLOW>

Record Default: All specified flow terms in the boundary condition equations
are zero for the network. Omit all records in the record set.

Record Nl7b. Specified Flow Term

This record identifies the boundary condition equation (that is, the first
or the second equation) for which specified flow values are defined in the
subsequent numerical values. This and the subsequent records can be repeated
to specify numerical values for the other boundary condition equation.
Specified flow . 0. for an unspecified equation number.

TERM {equation-number)
-- equation-number 1 or 2
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Record N17c. Specified Flow Symmetries

This record allows the user to define, either in combination or
separately, the specified flows on the input network and/or its images. This
and the subsequent records can be reoeated, each time specifying values in
another input or image region(s).

< INPUT-IMAGES = ((Image(s)))>
INPUT
3TST

The meanings of the Image(s) terms are defined in figure 7.11. The meanings
depend upon whether there are one to two planes of configuration symmetry
defined in record G4.

Record Default: The defaults depend upon the flow symmetry specified in
record G4. If no flow symmetry was specified, the record default is the INPUT
option. If flow symmetry (or the ground effect option) was specified, then
the record default Is the INPUT option plus all images in plane(s) of flow
symmetry.

Restriction: The specified image options must be consistent with any flow
symmetry (or ground effect option) specified in record G4.

Record N17d. Specified Flow Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values for the specified flow. This and the subsequent records can
be repeated, each time specifying values for one set of solutions.

<SOLUTIONS - ((solution-id(I))}>

solution-id = either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: All available solutions
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Figure 7.11 -Input-Image identifications for one and two planes

of configuration symmetry
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Record Nl7e. Specified Flow Control Point. Locations

This record allows the user to specify different numerical values of the

specified flow at different types of control point locations. This and the
subsequent records can be repeated, each time specifying numerical values at
one type of control point location.

POINTS f (Location}
ALL-CONTROL POINTS
1rTER-CONTROL POINT S
EDE•-CONTROL POINIS

AM'1TTIONAL-CONTROL PO1IN7S
Restrictions: Values must he specified at all control points, (1) since the
program does not assign a default value to the control points after the TERM
not used at some of the control points. (The ,iser can easily establishhis been specified by record N17b, ana (2) even if the specified flow data is

default by using the "POINTS-ALL" option.)

Record N17f. Specified Flou, Numerical Values

This record specifies the numerical values of the specified flows as
defined by records N17b to N17e.

iiiif {v a Iue ( s)

The type of control point !ocation (record N17e) affects the indexing of the

array of values. The indexing of both the control points and the
corresponding arrays is described in figure 7,10.

The numerical values can be input in three generai formats. Only one format
can be used for each numerical values record. Alternate formats can be used
if the control point locations record N17e is repeated. If several values are
assigned to one point, the final value is that assigned by the latest record,that is,, a later record supercedes an earlier record.

1. Global Value. A single numerical values is input. The program applies
that value to all indicated control points.

2. Consecutive Ordering, The numetitoal values are specified for each
indicated control point in order: all points on the first column in order

of the rows, followed by all points on the second column in order of the
rows, and so forth. Restriction: the entire array must be input, that
is, numerical values mus1; be input for all indicated control points.

3. Indexed Input. The indices and the corresponding values are specified ¶
together. The possible formats and some examples are given in table 7.6.
Restriction: this formdt cannot be used if the control point location
typp (recnrd N17e) is ALL.

7-±04
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Example: Specified flows for class 2, subclass 5 (figure 7.5) boundary
condition equations with two solutions and for e, configuration with one plane
of configuration symmetry, with asymmetric flow (record G4). For both
solutions ol - -. 05 for both input and image, and for all control points. For

solution 1, 82 - +.01 for both input and image, and for all control points.
For solution 2, 02 " +.01 for input, 02 . -. 01 for image, and for all control

points.

SPECIFIED FLOW
TERM.1

INPUT-IMAGES.INPUT, IST
POINTS w ALL 1 -. 05

TERM-2
INPUT-IMAGES-INPUT, 1ST

SOLUTIONS-1
POINTS-ALL $ +.01

INPUT-IMAGES-INPUT
SOLUTIONS-2

POINTS-ALL $ +.01
INPUT-IMAGES-IST

SOLUTIONS-2
POINTS-ALL $ -. 01
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Record Set N18. Local Onset Flow Record Set

This record set defines the local onset flow which appears in the
right-hand side of the boundary condition equations and (optionally) in the
computation of flow quantities such as the pressure coefficient and local Mach
number. The total onset flow Vo is

o + Uloc
The uniform U. and rotational Urot onset flows are defined for the entire
configuration by record G6. The local onset flow is defined on a network by
network basis. Since the local onset flow appears on the right-hand side of
the boundary condition equations, it must be specified for each solution.

Ordering: The records within the record set must appear in the specified
order. Record N18a, which identifies the record set, must appear first.
Certain subsets can be repeated several times. The subset of records N16c to
N18f can be repeated, each time specifying values for different input/image
part(s) of the total configuration. The subset of records N18d to N18f can be
reeeated, each time specifying values for one set of solutions. The subset of
records N18e and N18f can be repeated, each time specifying values at one type
of control point location.

Record N18a. Local Onset Flow Identifier

This record identifies the local onset flow record set.

<LOCAL ONSEr FLOW>

Recori Default: All local onset flow terms are zero for the network. Omit
all records in the record set.
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Record N18b. Local Onset Flow Term

This record identifies one of two possible ways of specifying the
numerical values of the local onset flow. All values must be spacified in thesame way for the network.

TERM - {Term)
ALPHA-BETA-MAGNITUDE
vxvz

In the first option the three input numerical values are the angle of attack,
angle of sideslip, and magnitude of the local onset flow velocity. (The
angles are specified in the same manner as those defining the uniform onset
flow velocity, that is, a rotation of -0 followed by a rotation of --, see
figure 7.2 and section B.2.1. The angles are specified in degrees.) In the
second option the three input numerical values are the three components of the
local onset flow velocity (in the reference coordinate system).

Record N18c. Local Onset Flow Symmetries

This record allows the user to specify, either in combination or I
separately, the local onset flows on the input network and/or its images.
This and the subsequent records can be repeated, each time specifying values
in another input or image region(s).

<INPUT-IMAGES = {{Image(s)))}>
INPUTTST-= T

The meanings of the Image(s) terms are defined in figure 7.11. The meanings
depend upun whether there are one or two planes of configuration symmetry
defined in records G4.

Record Default: The defaults depend upon the flow synmmetry specified in
record G4. If no flow symmetry was specified, the record default is the INPUT
option. If flow syinietry (or the ground effect option) wds specified, then
the record default is the INPUT option plus all images in plane(s) of flow
symmetry.

Restriction: The specified image options must be consistent with any flow
syvnetry (or ground effect option) specified in record G4.

7-108



Records Nl8d. Local Onset Flow Solutions List

This record specifies the solutions corresponding to the subsequent
numerical values for the local onset flow. This and the subsequent records
can be repeated, each time specifying values for one set of solutions.

<SOLUTIONS - (Usolution-id(I)1)>

solution-id . either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: All available solutions

Record Nie., Local Onset Flow Control Point Locations

This record allows the user to specify different numerical values of the
local onset flow at different types of control point locations. This and the
subsequent record can be repeated, each time specifying numerical values at
one type of control point location.

POINTS ( (Location)
ALL-CONTROL-POINTS
MN'TER-CONTROL-POI NTS
,E- -CONTROL-POI NTS
AW'r IONAL-CONTROL-POINTS

Restrictions: Values must be specified at all cottrol points, (1) since the
program does not assign a default value to the control points after the TERM
has been specified by record N18b, and (2) even if the local onset flow
velocity is not used at some of the control points. (The user cai easily
establish a default by using the "POINTS*ALL" option.)

7i.
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Record N18f. Local Onset Flow Numerical Values

This record specifies the nuierical values of the local onset flow. A set

of three values is specified for each control point. The meaning of thi three
values was specified in record N18b,

f((v alues}1

The type of control point location (record N18e) affects the indexing of the

array of values. The indexing of both the control points and the
corresponding arrays is described in figure 7.10 (record N15e).

The numerical values (three for each control point) can be input in three
general formats. Only one format can be used for each numerical values
record. Alternate formats can be used if the control point locations record
N18e is repeated. If several values are assigned to one point, the final
value is that assigned by the latest record, that is, a later record
supercedes an earlier record.

1. Global Value. A single set of three nuoerical values is input. The
program applies that set of values to all indicated control points.

2. Consecutive Ordering. The numerical values are specified for each
indicated control point in order: all points on the first column in order
of the rois, followed by all points on the second column in order of the
rows, and so forth. Restriction: the e.tire array must be input, that
is, numerical values must be inp,. for all indicated control points,

3. Indexed Input. The indices and the corresponding values are specified
t,)gether. The possible formats and examples (for a scalar quantity) are
given in table 7.6. Restriction: this format cannot be used if the
control point location type (record Nl8e) is ALL.

Restrictions: The set of three values must not be separated. They either
must be on the same card or record continuation must be indicate-d by a plus
(+) as the last character on a card.

Example: Local onset flow o - = 0 for both input and image (one plane of
symmetry), and for all control points, where iUlocl 1 1. for solution 1 and

IUlocl - 2. for solution 2.

LOCAL ONSET FLOW
TERM - ALPHA

INPUT-IMAGES . INPUT, 1ST
SOLUTIONS : I
POINTS - ALL $ 0.,0.,!..

SOLUTIONS - 2
POINTS = ALL 3 0.,0.,2.
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7.5 Germatric Edge Matching Data Gt up

This data group allows the user to define abutrents betwuan two or more
network edges. For network edges defined in an abutment, the defauly ooundary
condition is doublet strength matching between the abuting edges.

Abutments of network edges can be defined in ether of two ways. First,
PAN AIR has an autz'iatic abutment procedure. Abutments are identified by tho
closeness of the netvork edges, using the geometric edge matching tolerance
distance (record G7). The procedure is described in section 8.3.5, also in
appendix F of the Theory Document. The automatic procedure can be glohal;y
suppressed as described under recora G7. Second, the user can specify
abutments by ,,sing the present data group. In case of conflict, a
user-specified abutment supercedes an automatically defined abutwent.

Ordering: Record GEl, which identitfes the data group, mu~t appear first. The
Wo subgroup of records GE2 to GE4 can be repeated, each time specifying one

abutment. For each subgroup, record GE2 must appear first.

Record GE1. Geometric Edge Matching Data Group Identifier

This record identifies the data group.

<BEGIN GEOMETRIC EDGE MATCHING DATA >

Record Default: No user-specified network edge abutments. Wit all records
in the data group.

I
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Records GE2 tc GE4 specify an abutment of network edges. The records are
repeated for each abutment set. The data for each set are independent.

"ecord GE2. Abutment Definition

This record specifies the networks and the whole or partial edges which
form the abutment. The doublet strength matching boundary condition will be
app);ed Lo those edges. This record must appear first in any abutment set. I

< ABUTEN'0 network-id(I), edge number(I)< end-point-pair(I)> )>{•; •{.t ENTIRE-EDGE J>

The cuMbination o7 'network-id, edge-number, end-point-pair or ENTIRE-EDGE" is
repected fot each network edge in the abutment. Each network-id must be
pracedid by an equal sign.

network.-.id either the alphanumeric name (record N2a) or the
ordering index, which identify the network, see
discussion on record N2a.

edg•'...nuiber - integer index (figure 7.3) of the network edge in the
3butment.

end-point.-pair - indices of the two panel corner points of the network
"edge segment which is to be in the abutment. (TheS~points are ordered consecutively in the direction ofincreasing edge numbers, with the corner point having

index 1.) The two points can be specified in either
order.

The fiinal parameter specifies whether an edge segment or the entire edge is
included in the abutment. For the first network in the abutment the default
Is ENTIRE-EDGE. For subsequent networks the default results in the
end-point-pair being selected to match the segment (or entire edge) specified
for the first network.

1.li , . Restrictions: A maximum of 5 edges, including edges in planes of symmetry,
can be specified in one abutment. A single edge can be specified if it abuts
its reflection(s) in plane(s) of symmetry. All data must be a single card;
record continuation is indicated by a plus (+) as the last character on a card.

Example, see figure 7.12:
ABUTMENT - AI,3,ENTIRE-EDGE +

- A2,1,2,5 +
= A3,1, ENTIRE-EDGE
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Record GE3. Abutment in Planes of Symmetry

This record specifies whether an abutment occurs in one or two planes of 1
configuration symmetry, defined by record G4.

I, <PLANE OF SYMMETRY - (Plane)>
FIRST-PLANE-OF-SYMMETRY
SECOND-P LANE-OF-SYMMETRY
MVT1•-PLANES-OF-SYMMETRY

Record Default: The abutment is not in plane(s) of symmetry.
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Recrd____ Smothdg Treatment Option

Thi reordspecifies smooth edge treatment (doublet strength m~atching by

thesplnefunctions) instead of the standard edge treatment (doublet strength
oachnl y tw ouedger, condition). This option is restricted to abutments with

onl tw edes inludngpossible plane(s) oF symmetry. If the abutment
conain moe tan woedges, the program will override the request for smooth
edg tratmnt nd illimpose doublet strength matching through the boundary
condtios (he tanardmethod). This option is also restricted to networks

(1) with singularity types (record Nil) of doublet-analysis (DA) and either
null-source (Nos) or source analysis (SA), (2) larger than 2 panels b4 2
panels, and (3 with the same method of velocity computation (record 10O)
selected.

< SMOOTH EDGE TREATMENT >II Record Dpfault: Standard edge treatment

7-1~14
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7.6 Flow Properties Data Group

This data group specifies post-solution calculations, that is, those-which
occur after the singularity strengths have been determined from the solution
of 'the composite boundary condition equation (A.3.5). The data group consists
of two independent subgroups corresponding to the two program modules which
calculate flow properties: surface flow properties subgroup (POP module), and
forces and moments subgroup (CDP module).

Independent calculation "cases" are specified in each subgroup. These are
identified by alphanumeric case-id names. For each data subgroup, the program
assigns a consecutive ordering index to each case. Subsequently, each case
can be identified by its data subgroup and either by its (non-blank) case-id
name or by its ordering index. A maximum of 100 cases is allowed for each
subgroup.

The flow properties calculations can be specified in all types of upcoate
runs, which are described in section 7.2.3. In an update run, the user may or
may not want to retain the flow properties calculations cases specified in a
previous run. Two opvions are available for this in record FP1.

Each subgroup repeats some options and data for which default values were
defined in the global data group (records G8 to G14), see table 7.3. This
allows the definition of different options and data for each case in each
subgroup. Upon completion of a case, the program returns to the original
default values.

Ordering: The first record in the flow properties data group must be the
group identifier, record FP1. This is followed by the two subgroups, which
can appear in either order.
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Record FP1. Flow Properties Data Group Identifier

This record identifies the data group and must be the first record in the
data group. An update option is specified which instructs the DIP module on
how to treat any instructions for flow properties calculations which exist on
the DIP data base.

<BEGIN FLOW PROPERTIES DATA s <Update-option>>
NEW
WLACE
U•TE

Parameter Default: NEW

NEW: Either an originating run or an update run with no post-solution
cases from a previous run.

REPLACE: Existing data for post-solution cases are eliminated. New cases
are defined.

UPDATE: Existing data for post-solution cases (identified by their
case-id names or ordering indices) are retained, but can be
selectively updated. New cases can be added.

Record Default: No flow prcoe;,ties calculations. Omit all records in data
group.

iI
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7.6.1 Surface Flow Properties Data Subgroup

This data subgroup specifies caser of calculation of flow properties at
points on a user-specified configuration, which can be conmosed of any
combination of wake and non-wake networks. The user also selects from the set
of solutions (record G6) for each case of surface flow properties
calculations. Multiple, independent surface flow properties cases can he
specified. For each case the first record must be the subgroup identifier,
record SF1. The other records can appear in any order.

Record SF1. Surface Flow Properties Data Subgroup Identifier

This record identifies the data subgroup and the optional case-id name.

<SURFACE FLOW PROPERTIES = <case-idv

The "case-id" is an alphanumeric name (maximum of 20 characters, without
imbedded blanks) which is used for identification in the output and in
subsequent data processing. The case-id name must be unique (or blank) within
the data subgroup.

Record Default. No surface flov, properties calculations. Omit all records in
data subqroup.

Examples:
SURFACE FLOW PROPERTIES - CASE-i
SURF FLOW = OUTBOARD-WING-CASE3
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Record SF2. Networks and images Selection

This record specifies the contiquration on which flow propertieýs are to be
calculated. The configuration can be formed from any combination of the
previously defined networks and their images. An option for an orientation
change is included.

Y:<NETWORKS-IMAfiES fu network-id(I) <.dJU RETAIN> Oreti T)> I>-- _,VUT RETAIN

2ND

tarameter Defaults: !NPUT and RETAIN

The combination of "network-id, Images, Orientation" is repeated for Pach
network. Each network-id must be preceded by an equal sign.

network-id = either the alphanumeric name (record N2a) or the ordering
index which identify the network, see discussion on record
N2a.

Images = The pessible options depend on the number of planes of symmetry.
More than one option can be selected. The options are identified
in figure 7.11.

Orientation = The REVERSE option reverses the direction of the panel
normal vectors,'and thus reverses the definition of the
network upper and lower surfaces (for the
present case of surface flow properties calculations).

Record Default: All defined non-wake networks with all distinct images and
with no orientation change. (All distinct images: input network and all
image network(s) across plane(s) of symmetry for which the asymmetric-flow
option was sp'=:FIlcd in record G4.)

Restrictions. iake network(s) can be specified only if the wake flow
properties were tagged (record N6) for the network(s). All data must be on a
single record; record continuation is indicated by a plus (+) as the lastf character on a card.

U

Exanmples:

NETWORK-IMAGES - WING-A, INPUT, 1ST +
= WING-B, REVERSE +
- WING-C, 1ST

NETW BODY-1 = BODY-2 = BODY-3
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Record SF3. Solutions List

This record identifies the solutions for which surface flow properties are
to be calculated.

<SOLUTIONS {fsolution-id(I)})

solution-id - either the alphanumeric name (SID, record G6) or the
ordefing index which indentifies the solution.

Record Default: All available solutions

Examples:
SOLV'IONS = 1,3,5
SOLU =2 4

I I
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Record Set SF4. Calculation Point Locations Record Set

This record set is used to specify the points at which flow properties
calculations are to be made. The two records must be in the indicated order.

Record SF4a. Point Types

In this record the user specifies the types of points at which the
calculations are to be made, inchL ing arbitrary user-specified points.

<POINTS= - Location(s) f>
""[GRID-POINTS)]

WX-tCONTROL-POINTS
-E'NTER-CONTROL-POINTS
=3 -CONTROL-POINTS

A-DDTTIONAL-CONTROL-POINTS
XAR RARY-POINTS

GRID points are the network enriched grid (panel corner points, center points
and edge mid-points). ALL control points consist of CENTER, EDGE and
ADDITIONAL control points. ADDITIONAL control points are netwirk corner
control points and any edge control points added by the program as a result of
network abutments, see section 8.3.4. ARBITRARY points ore specified by the
user; this option is an instruction to read the nexf record.

Record Default: CENTER-CONTROL-POINTS only
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Record SF4M. Arbitrary Points

Omit this record if the ARBITRARY-POINTS option was not specified in the
previous record. This record specifies the locations (panel, network, and
coordinates) of the user-specified points.

< Itpanel-row, panel-column, ncLwurk-id, {{x(1), y(1), z(1)11 1>
panel-row - row index of the panel containing the point(s)
panel-column - column index of the panel containing the point(s)

index which identify the network (see discussion on record

N2a) containing the point(s)
x(I), y(I), z(1) = coordinates of the arbitrary point(s)

This record can be repeated for each panel. The network must be one of those
specified in record SF?. The panel row and column indexing scheme is shown in
figure 3.2 and B.3. The point coordinates are in the reference coordinate
system. The coordinates are given for the INPUT network, even if that option

is not selected in record SF2. The PDP module will project the specified
point into the indicated panel. A warning will be printed if the projectedj. point is not in the indicated panel.

Record Default: No user-specified arbitrary points.

Restrictions: Each record (which starts with the "panel-row") must be a
single record; record continuation is indicated by a plus (+) as the last
character on a card. A maximum of 10 points can be specified on a record; to
specify more than 10 points on a panul, use new record(s).

L"'

SExample:
POINTS CENTER, ARBITRARY
1,1, WING-A, 1.2 2.5 0., 1.3 2.5 0., +

1.4 2.5 0.
2, 1, WING-A, 1.5 2.5 0.
1, 2, WINGB, 2.1 7.5 0.
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Records SF5 to SF9 are repetitions of records in the Global Data Group,
The global values defined there can be changed for each case in the Surface
Flow Properties Data Subgroup. Records SF5 to SF9 allow selection of several I
options for the calculation of flow velocities and pressure coefficients. The
calculations will be made for all combinations of the selected options. Care
should be used in selecting the number of options, since the use of all
options can result in a large amount of output.

1L • iii:1
Record SF5 (and record G8). Surface Selection Options

These options specify the network surfaces or surface combinations for
which flow properties are to be calculated. See discussion on record G8.
Note that the network upper and lower surfaces are originally defined by the I
input network geometry (record N2h). However if the REVERSE option (record
SF2) is used for a network, then the selection of options in the present
record must be based on the reversed surface definition. Several options can
be selected, resulting in mu•tfTFcalculations. I

< SURFACE SELECTION -_ I Surface(s))I>

L (upper minus lower)
-rW lower minus upper)
WV/WAGE

Record Default: Option(s) selected in Global Data Group

i7
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Record SF6 (and record G9). Selection of Velocity Computation Method

This record selects the velocity computation method(s). See section B.4.1
and see discussion mn record G9. Both options can be selected, resulting in
multiple calculations.

< SELECTION OF VELOCITY COMPUTATION - {tMethod(s))) >
BOUNDARY-CONO IT ION
VTnLPJ4BDA I

Restrictions: The VIC-LAMBDA method can be used only if the velocity
influence coefficient matrix was stored for every network specified in record
SF2, either by record N3 for non-wake networks or by records N3 and N6 for
wake networks. (Alternately, use of record G15 is equivalent to use of record I
N3 for every network.)

Record Default.: Option(s) selected in Global Data Group

J

Ft .4
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Recore SF7 (and record G10). Computation Option for Pressures

This record selects a preferred direction, which is required by several
relations used to compute pressure coefficients and local Mach numbers. See
section B.4.2 and see discussion on record G10. The option does not change
the velocities, but does change some of the pressure coefficients calculated
in the PDP module.

<COMPUTATION OPTION FOR PRESSURES - {Option)>
UNIFORM-ONSET-FLOW
T=TAL-ONSET-FLOW
rMRESSIBILITY-VECTOR

Record Default: Option selected in Global Data Group.

Restrictions: See discussion on record G1O. The local onset flow will be
zero unless it was stored: -ither globally (record G16) or for each network I(record N4).
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Record SF8 (and record G13). Ratio of Specific Heats

This record specifies values of the ratio of specific heats, which is used
in the SA1 velocity correction (records SF1Ob and SFllb) and in both the
pressure coefficien~t and local Mach number relations. See discussion on
record G13. A set of values can be specified, one for each solution (in
order) selected in record SF3.

<RATIO OF SPECIFIC HEATS = {(gamma(s)) >

Record Default: The set of values assigned to the solutions in Global Data
Group.I,

)pI
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Record SF9 (and record G14). Reference Velocity for Pressure

This record is used only if UINF is zero in record G6. (Otherwise ULNF is
the pressure reference velocity.) This record specifies values of the
reference velocity used in calculation of the pressure coefficients. See
discussion on record G14. A set of values can be specified, one for each
solition (in order) selected in record SF3.

<REFERENCE VELOCITY FOR PRESSURE - ((rvp(s)})>

Record Default: The set of values assigned to the solutions in G%obal Data
Group.

t'I
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Record sets SF10 and SF11 specify options for the printout and the data
base creation. The records also specify calculation options related to the
velocities and pressure coefficients. Different sets of these calculation
options can be specified for the printout and the data base.

Record Set SF10. Printout Options Record Set

This record set specifies printout options and two calculation options
defining the quantities to be printed. The three records in the record set
must appear in the order given below.

Record SF1Oa. Printout Options

This record specifies the printout options for the PDP program module.

< PRINTOUT <Option(s)>>
Integers or Keywords, listed in table 7.9
ALL (all allcwable options)

Parameter Defaults: Non-wake networks: 1, 4, 6, 9, 13

Wake networks: 1, 2, 4, 9, 13, 14, 15

The options are listed in table 7.9. Option 15 is meaningless for non-wake
networks; if selected, the values output will be zero.

Record Default: No data printout. Omit next two records (SFIOb and SFlOc).
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DIP DIP PDP Quantity
Index Keyword Headings

I POINT ROW Point, row index
COL Point, column index2 XYZ X-CORD Point, x-coordinate
Y-CORD Point, y-coordinate
Z-CORD Point, z-coordinate3 PWXYZ PWX Perturbation mass flux, x-component
PWY Perturbation mass flux, y-component
PWZ Perturbation mass flux, z-component4 WXYZ WX Total mass flux, x-component
WY Total mass flux, y-component
WZ Total mass flux, z-component

5 WMAG WMAG Total mass flux, magnitude6 WN Total mass flux, normal component7 VXYz PVX Perturbation velocity, x-component
PVY Perturbation velocity, y-componentPVZ Perturbation velocity, z-component

8 VXYZ VX Total velocity, x-componentVY Total velocity, y-component
VZ Total velocity, z-component9 VMAG VMAG Total velocity, magnitude

10 PHI PHI Perturbation potential
11 MRT PHIT Total potential
12 ML_ MLISEN Local Mach number, isentropicMLLINE Local Mach number, linear

MLSECO Local Mach number, second-order
MLREDU Local Mach number, reduced

second-order
MLSLEN Local Mach number, slender body13 CP CPISEN Pressure coefficient, isentropic
CPLINE Pressure coefficient, linear
CPSECO Pressure coefficient, second-orderCPREDU Pressure coefficient, reduced

second-order
CPSLEN Pressure coefficient, slender body14 GMUXYZ GMUX Doublet strength gradient,

x-component
GMUY Doublet strength gradient,

y-component
GMUZ Doublet strength gradient,z-conmonent

15 PSI PSI Angle, average total velocity and
surface vorticity (degrees)16 SING SINGS Singularity strength, source

SINGD Singularity strength, doublet
17 SPDMAX SPDMAX Maximum total speed18 SPUCMT SPDCRI Critical speed
19 MVWC CPVAC Pressure coefficient, vacuum

(x,y,z) reference coordinate system
Note: If option 13 (CP) is selected and Mach number (record G5) is less thanone, then critical pressure coefficients (figure B.48) are also output.

Table 7.9 - PRINTOUT and DATA BASE options for surface flow
properties data subgroup (records SF1Oa and SFl1a)
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b Record SFIOb (and record GII). Velocity Correction Options
4 This record specifies possible velocity corrections. See section B.4.1

and see discussion on record G11. Several options can be selected, resulting
in multiple calculations.

<VELOCITY CORRECTIONS - {(Correction(s))}>
NONE

SAT_

Record Default: Option(s) selected in Global Data Group.

Record SFIOc (and record G12). Pressure Coefficient Rules

This record specifies the rules to be used to calculate the pressure
coefficients and local Mach numbers. See discussion on record G12. This
record can be omitted if neither option 12 nor 13 (nor ALL) were selected in
record SF1Oa. Several rules can be selected, resulting in multiple
calculations.

<PRESSURE COEFFICIENT RULES - {Rule(s)j)>
ISENTROPIC
-•TWAR

SE-COND-ORDER

Rr3UCED-SECOND-ORDER
SL'NDER-BODY

Record Default: Option(s) selected in Global Data Group

Example for Record Set SF10:
PRINTOUT
VELOCITY CORRECTIONS = SAl
PRESSURE COEFFICIENT RULES = LINEAI(, SECOND-ORDER
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Record Set SF11. Data Base Options Record Set

This record set specifies data base creation options and two calculation
options defining the quantities to be stored on the data base. The PDP data
base can subsequently be sorted, in the PPP module, into a form suitable for
printing and plotting. The three records in the record set must appear in the
order given below.

Record SF11a. Data Base Options

This record specifies Aie data base options for the PDP program module.

<DATA BASE - <Option(s)>>
Integers or Keywords, listed in table 7.9.
ALL (all allowable options)

Parameter Defaults: Non-wake networks: 1, 4, 6, 9, 13
Wake networks: 1, 2, 4, 9, 13, 14, 15

The options are listed in table 7.9. Option 15 is meaningless for non-wake
networks; if selected, the values output will be zero.

Record Default: No PDP data base is created. Omit the next two records
(SF11b an(' SF11c0.

Record SF11b (arid record G11). Velocity Correction Options

This record specifies possible velocity corrections. See section B.4.1
and see discussion on record G11. Several options can be selected, resulting
in multiple calculations.

<VELOCITY CORRECTIONS - {fCorrection(s)})>
NONE

Record Default: Option(s) selected in Global Data Group
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Record SF1Ic (and record G12). Pressure Coefficieiet Rules I
This record specifies the rules to be used to calculate the pressure

coefficients and local Mach numbers. See discussion on record G12. This
record can be omitted if neither option 12 nor 13 (nor ALL) were selected in
record SF11a. Several rules can be selected, resulting in multiple
calculations.

<PRESSURE COEFFICIENT RULES - (Rule(s)})>
ISENTROPIC

3E=ND-ORDER
REDUCED-SECOND-ORDER_.DER-BODY

Record Default: Option(s) selected in Global Data Group

Example for Record Set SF11:
DATA - ALL
VELO - NONE, SA2
PRES - ISENTROPIC, LINEAR, SECOND-ORDER
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7.6.3 Forces and Moments Data Subgroup

This deta subgroup specifies the calculation of force and moment
coefficients for user-specified cases composed of one or more networks.
Several methots can bc used for the calculation of the velocities and pressure
coefficients. The force and moment coefficients are obtained by integration
of the pressure coefficients together with the momentum transfer term over
each network surface, with the option for including the contributions obtained
from a special edge force calculation. The force and moment coefficients can
be calculated for individual panels, for columns of panels, for networks, and
for the case CONFIGURATION. (The CONFIGURATION is defined as the INPUT
networks and all images across planes of configuration symmetry, except planes
with the ground-effect option specified in record G4; see record FM8). The
force and moment coefficients are calculated in the reference coordinate
system and can also be expressed in the stability and wind axis systems and in
a body axis system specified by the user.

In addition to the results for each independent case, the user has the
option of adding the CONFIGURATION coefficients for each case into a total
"accumulation case" to obtain the coefficients for the total vehicle. The
accumulation case is output after the regular user-specified cases, with the
case-id name "ACCUMULATION-CASE" and with integer index N. where N is one more
than the integer index on the last user-specified case.

The coefficients for the accunAilation case are the sum of the
CONFIGURATION coefficients of the cases for which tne accumulation option
(record FM21) is specified. The accumulation case includes images across all
planes of configuration synmetry, except planes with the ground effect opticr.,
as specified in record G4.

Ordering: The forces and moments data s'bgroup has two parts, The first part
(records FMI to FMW) defines global options and data. The second part
(records FM7 to FM21) defines data for one case. The records it, the second
part are repeated for each case, with each case independent of the otheos
The records in the first part must appear before the records in the scrond
part. The records within the each part may appear in any order except for the
identifier records: record FM1 must be the first record in the first part and
record FM7 must be the first record in the second part.

Rpcord FMI. Forces and Moments Subgroup Identifier

This recoid identifies the dat subgroup.

<FORCES AND W,OMF.Ni S>

Record Default: No arces and moments calculations. Omit all records in the
data subgroup.
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Record FM2. Reference Parameters

This record defines onp area and two length reference parameters. The
firý. two parameters can subsequently be changed locally (by record FM11) for
each case of forces and moments calculations. Use of the reference parameters
is described in section 8.4.3. (CR is used to nondimensionalize MY and BR is
used to nondimensionalize MX arid MZ, where these moment components are in the
reference coordinate system.)

<REFERENCE PARAMETERS ((Parameter, value))>
SR

SR = area reference parameter; default value a 1.
CR = chord reference parameter; default value - 3.
BR - soan reference parameter; default value = 1.

Record Default: All three parameters have their default values.

Examples: I
REFERENCE PARAMETERS - CR, 5.
REFE x SR, 10., BR, 5.

I

ILI .I
,I

I

7-147

i~~~

V u.'l



Record FM3. Axis Systems

This record specifies the axis systems in which the force and moment
coefficients are to be calculated. (To a limited extent, the user can select
from this set in subsequent records definig program output. However all
desired axis systems must be specified in the present record.) The force and
moment coefficients can be calculated in the reference coordinate system and
in the stability, wi~id and body axis systems as requested by the user. The
axis systems are described in section B.4.3. The stability and wind axis
systems are solution-dependent. (The solutions are selected in record FM4.)
The body axis system is defined by the user. In addition, the user defines
the moment reference point for each axis system. j

700

<AXIS SYSTEMS = ((List, <values>)}> i
RCS <mrp> RCS

Parameter DefaulTs: 0.,0.,0.

SAS <mrp>
Parameter Defaults: RCS values

WAS <mrp> YBAS
Parameter Defaults: RCS values

BAS <Euler angles <mrp>>

Parameter Defau1Tt: 180.,0.,180., 0.,0.,0. default
XBAS orientation

of BAS
RCS - reference coordinate system zBAS

SAS = stabilitt, axis system
WAS = wind axis system
RAS = body axis system
mrp = coordinates (in the RCS) of the moment reference point
Euler angles r Euler anqles (in degrees) defining the BAS by three rotations

from the RCS, see section B.4.3.

Recoi'd Default: AXIS SYSTEMS = RCS, 0.,0.,0., WAS, 0..0.,0.

Examples:
AXIS SYSTEMS = RCS, 100.,0.,0.
AXIS = RCS, 200.,0.,0., BAS
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Record FM4. Solutions List

This record identifies the solutions for which force and moment

coefficients are to be calculated.

<SOLUTIONS = ffsolution-id( I)))>

solution-id either the alphanumeric name (SID, record G6) or the
ordering index which identifies the solution

Record Default: All available solutions

Example:
SOLUTIONS - ALPHA-., ALPHA-4 I

I
I

I
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Record FM5. Printout Options

This record specifies global printout options for the force and moment
coefficipnts. The global options can subsequently be changed locally (by
record FM19) for each case.

<PRINTOUT - [(Parameter(s)))>

"Parameter" can select either one general option or several specific options.

General Parameter Options:
NO: no d&ta printed
%___E: same options as sperified for DATA BASE (record FM6)

ALL: all available specif1c options listed below

Specific Parameter Options:
PANELS Selected-axis-system(s)

RCS: Default Parameter

SAS see record FM3
WAIS

COLSUM Selected-axis-system(s)
RCS: Default Parameter
A see record FM3

NETWORK
, rIGURATmiN

PANELS: print panel force and moment coefficients
j COLS--UM: print column sums of panel fotce and moment coeffic\.ants

TV;ORK: print force and moment coefficients for each network
CONFIGURATION: print force and moment coefficients for the configuration; see

record FM8 for a description of how the confiquration is defined.

* The user can select the axis system(s) for tne PANELS and COLSUM options. The
selected axis systems must be specificd in reccrd FM3. For the NETWORK and
CONFIGURATION options, the program uses all ayis systemi specified in record .'
FM3. (The PANELS option should be used wit' Lare: in most cases this option
will be the dominant contributor to the printed output.)

Rv-striction: The SAME opt;on can not be tpecified for both the printout and
the data base (records FM5 and FM6).

Record Default: PRINTOUT = COLSUMkCS, NETWORK, CONFIGURATION
K

Examples:
PRINTOUT ALL

7 PRIN PANELS COLS,RCSWAS, NETW, CONF
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Record FM6. Data Base Options

This record specifies global data base creation options for the force andmoment coefficients. The global options can subsequently be changed locally(by record FM2O) for each case. The CDP data base can subsequently be sorted,in the PPP module, into a form suitable for printing and plotting.
<DATA BASE = {{Parameter(s)}}>

The "Parameter" options are identical to those of record FM5, with the obvious
interchange of the printout and data base creation fun'tions.
Record Default: DATA - COLSUMRCS, NETWORK, CONFIGURATION

Examples:
DATA BASE = SAME
DATA COLS,RCS,WAS,NETW,CONF

('
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Records FM7 to FM21 specify one case of force and moment coefficients

calculations on a specified configuration. This part of the data subgroup can
be repeated, with each case independent of the others. The default options
and parameter values specified in the Global Cata Grcup (records G8 to G14)
and in records FM2, FM5 xnd FM6 can be redefined for each case.

The accumulation option allows the addition or the force and moment
coefficients of each case (which may represent portions of the entire
configuration) to obtain total values for the entire configuration. The
"accumulation" foace and moment coefficients are obtained in all specified
coordinate systems (record FM3) but for only one set of calculation options
(records FM12 to FM16), see record F.M21.

Ordering: Record FM7 must be the first record for each case, that is,. for
this part of the data subgroup. The other records can appear in any order. I

Record FM7. Case Identifier

This record identifies a case of forces and moments calculations.

CASE - <case-id>

The "case-id" is an alphanumeric name (maximum of 20 characters, without
imbedded blanks) which is used for identification in the output and in
subsequent data processing. The case-id name must be unique (or blank) within
the forces and moments data subgroup.

Example:
CASE FORCES-WING-3B
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Record FMS. Networks and Images Selection

This record specifies the networks and tneir Images on which the force and
moment coefficients are to be calculated. This can be any combination of tile
previously defined networks and their images, and includies a possible
orientation change. A computation option involving the momentum transfer t~erth
is also specified.

<NETWORKS- IMAGE SU netwo rk- id(I)< ima ges(I )> <Or ien tat ionTI.< FM-Opt ion (i)>))1>
INPUT RETAIN PRESSURE-ONLY

T1- TMSE RWRENTUM-TRANSFER

Parameter Defaults: RETAIN and PRESSURE-ONLY. For Images, the parameter
default is al' "distinct" images, see Record Default description below.

The combination of "'network-id, Images, Orientation, FM-Option"l is repeated
for each network. Each network-id must be preceded by an equal sign.

network-id - either the alphanumeric name (record N2a) or the ordering
index which identify the network, see discussion on record
N2 a.

Images = The options are identified in figure 7.11. The possihle
options depen~d on the numlber of planes of sy~mmetry. M~ore
than one option can be selected.

Orientation =
The REVERSE option reverses the definition of the networkI. upper and lower surfaces for the present case of firces and

FM-Option - The MOMENTUM-TRANSFEq option results in the momentum
transfer term being included in the force and mioment
coefficients, see section B.4.3. If the option is not
selected, then that term is omitted, which is the
PRESSURE-.ONLY option. Only one option can be selected.

Record Default: All defineo non-wake networks, with all distinct fimages, with
no orientation change and without the momentum transfer term. (All distinct
imaqes: inPLt network and all image(s) across plane(s) of configuration
symmwetry for which the asyniietric-flow option was specified in record G4.
Thus, images across planes with symmKietric flow are not distinct images.)

Limitetion: The Images option applies to the panels, column-rum and network
force and moment coefficients (as specified in records FM19 and FM2O). Th':,
configuration force and moment coefficients include the INPUT and allI imaes
across planes of configuration sy~mmetry, except planes wit~h the ground efilect
option, as specified in record G4; this is true irrespective of what Image
options are specified.

R~estrictions: Weke network(s) can be specified only if the wake flow
pyoperties were tagged (record N6) for the network(s), All data must be on a
single record; reco.rd continuation is indicated by e. plus (+I as the last
character on a card.

7-11.59
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Examples.,
NETWORK-IMAES - WING-A, INPUT, 1ST +

- WING-B, REVERSE
-WING-c, 1STNUW BOD4 -BODY-2 -BODY-3
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Record FM9. Edge Force Calculation lj
This record specifies the edge force calculation on selected network

edges, see section B.4.3. This calculation is appropriate for edges of thin
configurations. The user should not specify both the edge force calculation
and a velocity correction (record FM15). The edge force can be calculated
only for networks for which the velocity influence coefficients have been
stored, that is, the Store Velocity Influence Coefficient Matrix option was
specified either globally (record G15) or individually (record N3) for each
network specified in the present record.

<EDGE FORCE CALCULATION H = network-id(1), edge-number(s))}>

The combination of "network-id, edge-number(s)" is repeated for each network
with an edge force calculation on one or more edges. Each network-id must be
preceded by an equal sign. The "network-id" is either the alphanumeric name
(record N2a) or the ordering index which identify the network. The network
edqe numbering scheme is identified in figure 7.3.

Restrictions: Each specified network must also be specified in record FM8.
All data must be on a single record; record continuation is indicated by a
plus (+) as the last character on a card.

Record Default: No edqe force calculation I
Examples:

EDGE FORCE CALCULATION WING-A, 3
EDGE -WING-I, 3 - WING-2, 3, 4

71!I
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Record FM1O. Moment Axis

This record specifies the additional calculation of the moment about a
user-specified axis, see section B.4.3. This capability can be used to
calculate hinge moments, for example. The resulting moment must be
interpreted carefully since the moment components in the reference coordinate
system are nondimensionalized separately by the span (record FM2) and chord
(record FM11) reference parameters.

<MO•MENT AXIS - (x(1),y(1),z(1),x(2),y(2).z(2)}>

Record Default: No additional moment calculation

Example:

MOMENT AXIS - 0., 0., 0., 5., 10., 1.
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Record FM11. Local Reference Parameters

This record allows the redefinition, for each case, of the area and chord

reference parameters defined in record FM2. This option should be used with
care when a case is to be added into the accumulation case (using record
FM21): the user must be sure that the accumulation case is the sum of
individual cases with the same reference parameters.

<LOCAL REFERENCE PARAMETERS = ( Parameter, value)) >
SR

SR - area reference parameter; default value defined by record F42

CR = chord reference parameter; default value defined by record FM2

Record Default: Both parameters have the values defined by record FM2.

Examples:
LOCAL REFERENCE PARAMETERS SR, 50.
LOCA REFE - SR,200., CR,20.
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Records FM12 to FM18 are repetitions of records in the Global 0&.. Group.
The global values defined there can be changed for each case in the Forces and
Moments Data Subgroup. Records FM12 to FM18 allow selection of several
options for the calculation of flow velocities and pressure coefficients. The
calculations will be made for all combinations of 1,me selected options. Care
should be used in selecting the nunmer of options, since the use of alli options can result in a large amount of data output.

Record FM12 (and record G8). Surface Selection Option

This option specifies the network surface or surface combination for which
force and moment coeffici.nts are to be calculated. See discussiun on record
(8. Note that the network upper and loer surfaces are originally defined by
the input network geometry (record N2b). However, if the REVERSE option(record FMB) is used for a network, then the selection of an option in thepresent record must be based on the reversed surface definition.

<SURFACE SELECTION (Surface}>"-'- UPPER

UPID (upper plus lower)
P' P (lower plus upper)
]VtAGE (program replaces by LOUP)

The calculations of the force and moment coefficients have three basic
options: UPPER, LOWER and UPLO. The UPLO option gives the coefficients for
the total force and mnwent on the element, which is the qua.ntity of physical
interest. LOUP is equivalent to UPLO, see section B.4.3. AVERAGE is
physically meaningless and is replaced by LOUP in the program.

Restriction: Only one option can be selected,

Record Default: Optinn (if only one) selected in Global Data Group

I
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Record FM13 (and record G9). Selection of Velocity Computation MethodI
This record selects the method of velocity computation. See section B.4.1

and see discussion on record G9. Both options can be selected, resulting inI multiple calculations.
< SELECTION OF VELOCITY COMPUTATION = (Method(s)11>

BOUNDARY-CONDITION
VTn- AMBDA

Restrictions: The VIC-LAMBDA method can be used only if the velocity
influence coefficient matrix was calculated and stored for every network of
the configuration specified in record FM8, either by record N3 for non-wake
networks or by records N3 and N6 for wake networks. (Alternately, use ofI record G15 is equivalent to use of record N3 for every network.)

IRecord Default: Option(s) selected in Global Data Group

I7 1I



Record FM14 (and record G10). Computation Option for Pressures

This record selects a preferred direction, which is required by several
relations used to compute pressure coefficients. See section B.4.2 and see
discussion on record G10.

<COMPUTATION OPTION FOR PRESSURES - {Option}>
UNIFORM-ONSET-FLOW
"TMTIL-ONSET-FLOW.
W• RESSI6BILITY-VECTOR

Record Default: Option selected in Global Data Group.

Restrictions: See discussion on record G10. The local onset flow will be
zero unless it was stored: either globally (record G16) or for each network
(record N4).

dM
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Record FMl5 (and record Gi1). Velocity Correction Options

This record specifies possible velocity corrections. See section B.4.1

and see discussion on record G11. Several options can be selected, resulting
in multiple calculations.

<VELOCITY CORRECTIONS - ({Correction(s)}}>
NONE

Record Default: Option(s) selected in Global Data Group

I 4%J

I
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Record FM16 (pnd record G12). Pressure Coefficient Rules

This record specifies the rules to be used to calculate the pressure
coefficients. See discussion on record G12. Several options can be selected,
resulting in multiple calculations.

<PRESSURE COEFFICIENT RULES ( fRule(s))1}
ISENTROPIC
=TRAR
=~ND-ORDER
AM5CED-SECOND-ORDER
MMTER-BODY

Record Default: Option(s) selected in Global Data Group.
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Record FM17 (and reard 13). Ratio of Specific Heats

This record specifies values of the ratio of specific heats, which is used
in the SA1 velocity correction (record FM15) and the pressure coefficient
relations. See discussion on record G13. A set of values can be specified,
one for each solution (in order) selected in record FM4.

<!RATIO OF SPE';IFIC HEATS - {(gamma(s)})>

Record Default: The set of values assigned to the solutions in Global Data
Group.

I
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Record FM18 (and record G14). Reference Velocity for Pressure

This record is used only if UINF is zero in record G6. (Otherwise UINF is
the pyessure reference velocity.) This record specifies values of the
reference velocity used in calculation of the pressure coefficients. See
discussion on record G14. A set of values can be specified, one for each
solution (in order) selected in record FM4.

<REFERENCE VELOCITY FOR PRESSURE * {{rvp(s)l}>

Record Default: The set of values assigned to the solutions in Global Data
Group.
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Records FM19 and FM20 specify output.options which for individual cases
override the globally specified options (records FM5 and FM6).

Record FM19. Local Printout Options

This record specifies printout options for individual cases. Global

options were specified in record FM5.

<LOCAL PRINTOUT - {f Parameter(s)))>

"Parameter" can select either one general option or several specific options.

General Parameter Options:
NO: no data printed
ý74ME: same options as specified for DATA BASE (record FM20)iTT* all available specific optiov's listed below

Sperific Parameter Options:
PANELS Selected-axis-system(s)

RCS: Default Parameter
see record FM3

COLSUM 3Tected-axis-system(s)
RCS: Default Parameter

see record FM3

NETWORK
, RFIGURATION

PANELS: print panel force and moment coefficients
M' UM: print column sums of panel force and moment coefficients

WI'rIORK: rint force and moment coefficie'ts for each - twork
"-NIG'JRAT'ION: print force and moment coefficients for the configuration, see

"record FM8 for a description of how the conifiguration is selected.

The user can select the axis system(si for thb PANELS and COLSUM options. The
selected axis syste:,is must be specified in record FM3. For the NETWORK and
CONFIGURATION options, the program uses all axis systems specified inl record

FM3. (The PANELS option should be used with care; in most cases this option
will be the dominc.ut contributor to the printd output.)

Restrictions: The SAME and NO options cannot be specified for both the
printout and the data base.

Record Default: Option(s) specified in record FM5
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Record FM20. Local Data Base Options

This record specifies data base creation options for Individual cases.
Global options were specified %r record FM6.

< LOCAL DATA BASE - {{Parameter(s)}) >

The "Parameter" options are identical to those of record FM19, with the
obvious Interchange of the printout and data base creation functions.

Record Default: Option(s) specified in record FM6

Examples:
LOCAL DATA BASE " SAME
LOCA DATA - PANELS, COLS,RCS,WAS, NETW, CONF

(A
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7.7 Print-Plot Data Group

This data group specifies options for creation of data files in the
Print-Plot Processor (PPP) module. These files can be used to print or plot I
output from several PAN AIR modules, see section 8.8. Three types of
print-plot files can be created by the PPP module: network and panel geometry
(from DQG data base), surface flow properties (from PDP data base), and force
and moment coefficient data (from CDP data base). All data bases must be fromthe current (originating or update) run only.

Ordering: The first record must be the group identifier, record PP1. The
other records are grouped into three record sets which can appear in any
order. Within each record set the records must appear in the indicated order,
since the records within a set can be repeated s.veral times.

Restrictions: The specified data, for example, cases, solutions and networks,
must be consistent with those specified for the earlier modules and Available
on the appropriate data base.

Update Options: Only one set of data can be specified for each of the three
types of print-plot files. If a new set of input records is specified in an
update run the new set will replace any previous set on the DIP data base.

Record PP1. Print-Plot Data Group Identifier

This record identifies the data group.

<BEGIN PRINT PLOT DATA>

Record Default: No files will be created by the Print-Plot Processor (PPP)

module. Omit all records in the data group.

if I
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Record Set PP2. Geometry Data Record Set

This record set specifies creation of print-plot filec for the panel
corner point geometry (obtained from the DQG data base) for t.'e specified
networks. The two records in the set must appear in the ine;cated order.

Record PP2a. Geometry Data Identifier

This record identifies the geometry data record set.

,,GEOMETRY DATA>

Record Default: No print-plot files created for geometry data. Onkit all
records in this set.

Record PP2b. Network Selection

This record specifies the networks for which geometry print-plot files are
to be created.

< NETWORKS = {network-id(I)})>

network-Id - either the alphanumeric name (record N2a) or the ordering i
index which identifies the network, see discussion on record

"h N2a.

Record Default: All active networks on the DQG data base.

Example, record set PP2:
GEOMETRY DATA

NETWORKS WING-A, WING-B, +
WING-C
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Record Set PP3. Point Data Record Set

This record set specifies creation of print-plot files for the flow
properties calculated at points on the network surfaces. This record -t
corresponds to the calculations specified in the surface flow properties data
subgroup and performed in the POP module. The contents of the POP data base
are specified by record set SF11 for each case. A selection of cases,
solutions, networks, and the type of point arrays can be made in the present
input data. The data from all computation options originally specified
(records SF5 to SF7, SF11b and SF11c) will be processed; no selection from
these options is made in the PPP module.

The data on the print-plot files are assembled as a rectangular matrix.
The matrix rows correspond to an array of network points which is either a
column or a row of either control points or grid points (see record PP3e).
The matriA columns correspond to the data base contents specified by records
SFl1a and SF11c (also see table 7.9).
Ordering: The records within the record set must appear in the specified

S.order. Record PP3a, which identifies the record set, must appear first.
Certain subsets can be repeated several times. Records PP3b to PP3e can be
repeated, each time specifying options for one set of PDP cases. Records PP3c
to PP3e can be repeated, each time selecting from the set of solutions
specified in record SF3. Records PP3d to PP3e can be repeated, each time
selecting from the set of the networks (and images) specified in record SF2.
Record PP3e can be repeated to specify different types of point arrays.

Record PP3a. Point Data Identifier

This record identifies the point data record set.

<POINT DATA>

Record Default: No print-plot files created for point data. Omit all records
in this set.

J
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Record PP3b. Case Selection

This record specifies the cases for which print-plot files are to be
created for point data.

S<C;ASES - [{case-id( 1)'}>

case-id = either the alphanumeric name (record SF1) or the ordering index
which identify the PDP case

Record Default: All available cases

Record PP3c. Solutions List

This tecord specifies the solutions for which print-plot files are to be
created fur point data.

<SOLUTIONS = {{solution-id(1)})>

solution-id = either the alphanumeric name (SID, record G6) or the

ordering index which identifies the solution

Record Default: All available solutions

Record PP3d. Networks and Images Selection

This re,:ord specifies the networks and their images for which print-plot
files are tu be created for point data. 2

< NETWORKS-IMAGES {{= network-id(1) < Images(I) >}} >
INPUT

network-id = either the alphanumeric name (record N2a) or the ordering
index which identifies the network. Each network-id must be
preceded by an equal sign.

Images The options e-e Identified in figure 7.11. The possible
options depend on the number of planes symmetry. More than
one option can be selected.

Parameter Default: INPUT only

Record Default: All active networks and images on the POP data base.
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Record PP3e. Array Type

This record specifies the type of point arrays for the print-plot file.
The resulting point arrays will be generated for either COLUMNS or ROWS of
either CONTROL-POINTS or GRID-POINTS.

ARRAY COLUMNS CONTROL-POINTS
=<-T-POINTS

Parameter Defaults: COLUMNS. The default for CONTROL-POINTS/GRID-POINTS
depends upon the optio-n-sselected for the PDP calculations. "TFonly one
point type was selected in record SF4a, then that type will be automatically
selected as the present option. If both CONTROL-POINTS (at least the panel
center control points) and GRID-POINTS we selected in record SF4a, then the
default is CONTROL-POINTS.

Record Default: Both parameter defaults

£I

Example, record set PP3:
POINT DATA
CASES - PDP-CASE-1
SOLUTIONS - 2, 3, 4
NETWORKS-IMAGES - FLAP-Al-FLAP-A2+

- FLAP-A3
CASES v PDP-CASE-2
NETWORKS-IMAGES - OUTBOARD-WING, INPUT, 1STH ARRAY * GRID-POINTS

tK
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Record Set PP4. Configuration Data Record Set

This record set specifies creation of print-plot files for the force and
moment coefficients on elements of the configuration. This record set
corresponds to the calculations specified in the forces and moments data
subgroup and performed in the COP module. A selection of cases, solutions and
network-images can be made in the present input data. The force and moment
coefficients for all axis systems (record FM2), for all computation options
(records FM12 to FM16) and for all surface elements (record FM6 or FM20)
originally specified will be processed; no selection from these options is
made in the PPP module. The term surface element here means panelsv
column-sums of panels, networks, configurations (all networks defined for one
case), and any accumulated configurations (record FM21, total configuration
defined by several cases).

The data on the print-plot files are assembled as a rectangular matrix.
The matrix rows correspond to the specified set of solutions. The matrix
columns contain two types of data. The first type is solution data: solution
ordering index, ALPHA, BETA, UINF and WM (record G6). The second type is-
consists of the six force and moment coefficient components for all selected
pressure coefficient rules (record FM16), and for all selected axis systems
(records FM3 and FM20).

Ordering: The records within the record set must appear in the specified
order. Record PP4a, which identifies the record set, must appear first. I
Certain subsets can be repeated several times. Records PP4b to PP4d can be
repeited, each time specifying options for one set of cases. Records PP4c and
PP4d can be repeated, each time specifying options for one set of solutions.

Record PP4a. Configuration Data Identifier

LI "This record identifies the configuration data record set.

<CONFIGURATION DATA>

Record Default: No print-plot files created for configuration data Omit all
records in this set.
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Record PP4b. Case Selection

This record specifies the cases for which print-plot files are to be
created for configuration data.

<CASES ((case-id(I)}}>

case-id * either the alphanumeric name (record FM7) or the ordering index
which identifies the CDP case

Record Default: All available cases

Record PP4c. Solutions List

This record specifies the solutions to be included in the print-plot files.

<SOLUTIONS - ({solution-id(1)1}>

solution-id - either the alphanumeric name (SID, record G6) or the ordering
index which identifies the solution

Record Default: All available solutions
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Record PP4d. Networks and Tmages Selection

The PPP module handles the contents of the CDP data base by either of two
methods. The first method is the default with the present record omitted:
force and moment coefficients for all available surface elements are sorted
and written onto the print-plot file. The data base contents were specified
by record FM20 (or record FM6). This may result in many data sets on the
print-plot file, particularly if force and moment coefficients on individual
panels are included. The second method restricts the surface elements to
those specified in the present record plus the case-configurations and any
defined accumulation-configurations.

< NETWORKS-IMAGES {{- network-id(1) <Images(I)> <PANELS><COLSUM> 11>
INPUT

network-id either the alphanumeric name (record N2a) or the ordering
index which identifies the network. Each network-id must be
preceded by an equal sign.

Images - The options are identified in figure 7.11. The possible
options depend on the number of planes of symmetry. Move
than one option can be selected.

PANELS: include panel force and moment coefficients

COLSUM: include column sums of panel force and moment coefficients

Parameter Default: INPUT only

The network-id and images must correspond to those originally specified in
record FM8. The force and moment coefficients for the COLSUM (column-sum) and
the PANELS will be put on the print-plot file if those options are selected
here an7 were selected in record FM20 (or record FM6) for inclusion in the COP

I •data base.

Record Default: All surface elements on the CDP data base (for the cases
specified in record PP4b).

Example, record set PP4:
CONFIGURATION DATA
CASES a FM-CASE-i, FM-CASE-2
SOLUTIONS a 2,4,6
NETWORKS-IMAGES - WING-A, COLSUM +

- WING-B, INPUT, 1ST

V'k
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8.0 System Output Data

PAN AIR modules produce output in the form of print files, permanent and
temporary database files, plot files generated by the PPP module and tI.e
control card file generated by MEC (see section 6). This .section ot the
User's Manual is a guide to the user for the interpretation of the octput
produced by PAN AIR modules. Section 8.1 discusses the printed output
produced by each of the PAN AIR modules. Section 8.2 briefly sunmmarizes the
data on the database files. More detailed information concerning the contents
of the database files will be found in the PAN AIR Maintenance Manual.
Section 8.3 briefly discusses the plot files produced by PPP. Section 8.4
discusses the use and analysis of the CHECK DATA run. Section 8.5 discusses
the control card files which are created by the MEC module when EXECUTION
DIRECTIVES are provided.

8.1 Printed Output

The regular printed output is discussed below for each module in the PAN
AIR system. Section 8.1.11 discusses error and warning messages which might
o~cur during execution and which are due to some user error. All printed
output from PAN AIR modules begins and ends with a label block which gives the
module name and version and also provides the date and time of execution. In
the end block the total execution time required to run the module is also
printed.

After the beginning block a summary of the datahAe file names and
L identifiers which the module will use or create is printed by all modules

except MEC. Modules which are constructed in overlvs also print the elapsed
CPU time in seconds required to execute the overlay befu.,e the next overlay is
called.

8.1.1 MEC Output

The printed output consists of the input card data, the generateJ control
cards for a PAN AIR run, error diagnostic data if input errors occur and the
printed output image of the MEC temporav'y data base description. Examples of
the output data from the MEC module for the PAN A:R run are given in figure

The first page of the MEC output identifies the module and version which
is executing and provides the date and time of execution. Following this is a
reflection of the user input MEC directives. Each separate card is a single
record of input (no continuation capabilities are provided in MEC) and is
indexed sequentially by both a record count and a card count. Errors occuring
in the input directives are diagnosed and printed.

If execution directives are provided, the next series of pages list the
control cards which are generated on the MECCC file. After the control cards
are listed, MEC prints the data base information tables for the permanent and
temporary data bases to be used by the subsequent modules for the user

8-1



specified PAN AIR run. These tables contain the default and actual (user
specifiled) names and locations (setname of disk unit, user account number or
identification, etc.) of the PAN AIR data bases and the correspo-aing master
definition files. This information is also stored in temporary MEC data base5
so that the subsequent modules can access the approprihte existing data bases
or create a data base with the user specified name, location and password
using the appropriate master definition file.

Subsequent pages contain the actual name of the database files.
Immnediately below the actual name is listed the name of the master definition
file of the database. In the succeeding columns appear the file identifiers
and set names (if required), the password (not used in the current version of
PAN AIR), and an indication as to whether the database is a permanent one or a
temporary one. The final three columns indicate whether the databases exist
(labelled by 1), or not (labelled by 0), whether they are used by the problem .
which has been posed and whether the files are to be saved following solution
of the problem. (Note that some databases are labelled as existing in the
case of an update run.)

P;ýrý of the output created by the MEC module is a file name, MECCC which .
iontains the control cards necessary to execute the appropriate sequence of
the PAN AIR modules to accomplish the task the user has requested through the
use of MEC directives. Section 6 of this document discusses the use of these
directives. Section 8.5 contains a description of this control card procedure
file produced by MEC.

8.1.2 DIP Output

There are three classes of output that are provided by DIP. They are: an
echo of the input data; a data summary; and warning or error messages. The
user may select any or all of these through the use of the CHECKOUT PRINTS
command to DIP (see section 7.3, discussion on record G17).

Figure 8.2 illustrates the ',utput from DIP when all options are selected.
The echo of inpu~t data is mostly self-explanatory. Each successive card is
numbered at the far right of the page. Each successive record of input is
numbered at the left hand side .of the page. Note that conmments inserted in
the input data count as a card but not as a record. Thus the record index and
the card index of an input data itemn are not necessarily identical. A data
summary is provided for the global data and for the network data. The global
summary consists of the Mach number, direction of compressibility vector,
symmetry information for both the configuration and the flow, a list of

solutions describing the name associated with each solution and the relevant
data, angle of attack and sideslip, magnitude of onset flow and direction andI
magnitude of rotational onset flow contributions. The summary of network data
consists of a list of networks defining the network nameu, status (NEW,
REPLACED or UPD'A.TED), information concerning the boundary condition class dnd
subclass for the network, the source and doublet singularity types of the
network (abbreviations for the singularity types are described in table 8.1)I
and the number o-t corner point rows and columns in the network. In the case
of class 4 boundary conditions the two hsubclasses"l are listed, one defining
the index of the terms present in the left hand side of the boundary condition
equation and the other defining the index of the terms present in the right
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hand side of the equation. For an interpretation of the indexing of boundary
condition classes and subclasses, see section 7.4. figures 7.4 to 7.7 and the
examples of record N9.

8.1.3 DQG Output

The user may request, through DQG, a number of output items, most of which
describe the geometry of the problem. These items include, warning messages,
network corner point coordinates, network enriched grid coordinates, empty
space abutments, all abutments, control point data and boundary condition data.

The type and amount of output provided by DQG depends on user requests

through the CHECKOUT PRINTS command in the DIP input (see section 7.3
concernlng record G17). The minimal DQG printed output will contain fat&l
error messages if errors occur, certain warning messages for highly irregular
conditions and the CPU cost of execution of each overlay in DQG, printed just
before the execution of the next overlay is begun.

The warning and error message output is discussed in section 8.1.11.
Figure 8.3 illustrates the output from DQG when all options are requested by
the user. The first page of output from DQG indicates the version of DQG,
date and time of execution and describes the names and identifiers of the
database files in use. This is followed by a listing of the network corner
point coordinates. The row and column indices of each corner point are listed
followed by its x, y and z coordinates in the reference coordinate system
(RCS). If a network edge Is collapsed (spe section 7.4, record N2b of this
document and the PAN AIR Theory Document, section D.1.4), the corner point
coordinates are flagged by "CHANGED" in the last column of the listing even if
their values are not redefined by the program.

After printing the network corner point coordinates the enriched grid
point coordinates of the network are printe6.' The fine grid row and column
indices of each corner point is listed followed by the corner point index
number and the x, y and z coordinates in the Reference Coordinate System.
Figures 8.4 and 8.5 illustrate the indexing scheme of the corner point rows
and columns in the net iork (the coarse grid latice indexing scheme) and the
indexing scheme of the enriched grid (or fine grid) rows and columns in the
network (the fine grid lattice indexing scheme).

Following the listing of the corner point data DQG describes the abutments
i the configuration. First thp abutments of network edges with one another
or with planes of symmetry are listed. Then abutments with empty space arelisted. Both output formats are similar. For each abutmvant, first the index

of the abutment the abutment type and the number of networks in the abutment
are printed. Abutments are indexed sequeotially in the order they are defined
by the use; and in the order in which they are discovered by •he automatic
abutment search. There are three types of abutments: NON-SMOOTH, SMOOTH and
EMPTY-SPC. These refer to the methods by which doublet strength will be made
continuous across the network edge. In the case of NON-SMOOTH abutments,
doublet matching boundary'conditions will be imposed at control points along
the edge of one of the networks in the abutment (see PAN AIR Theory Document,
sections 5.3 and F). A SMOOTH abutment establishes doublet continuity by
computing doublet splines which extend across network boundaries. In this
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case both singularity parameters and control points along the edges of the
II ~networ~s are ignored in the computatlc'r of the solution (see PAN AIR Theor

Document, section 1.1). Empty space abutments areb labelled by EMPTY-SPCor
They occur wherever a network edge~ does not meet any other network edges or
planes of symmetry. Except for non-matching edges of design networks and wakeFl networks, boundary conditions are added along these empty space edges which
force doublet streaigth to zero (see PAN AIR Theory D~ocument, section F).

Beo teeneral information about the abutment is a table describing the
network ede which make up the abutment. In the leftmost column is listed
the network index and in the rightmost column Is the network name. (NetworksPp
indicates a plane of symmnetry by convention. Thus -1 is the first plane of
symmnetry and -2 is the second plane of sylmmetry. Following this is the edge
index of the network edge. In the next two columns are listed a description
of the starting and ending points of the atutment. (Note that in PAN AIR a I
single abutment does not have to extend along the whole edge of Ii network.
See the PAN AIR Theory Document, section 5.3 and F.) They are described in
two fashions. First an integer is given which is the index of the corner
point along the edge in a counter clockwise sense. (See figure 8.6). This is
the form the user provides to DIP. After the intege;- there appear two
integers enclosed in parantheses. These are the coarse grid row and column
indices of the point. (DQG uses the coarse grid indexing system to describe
abutments internally.)

After the description of the network edges which take part in the
abutment, there appears a series of columns which describe at which edge and
corner points In the abutment doublet or source matching boundary conditions
are imposed. This group of columns are labelled "MATCHING DATA" and cuntain
subcolumn headings of "START", "EDGE" an~d "END", indicating the control point
at the starting corner points, the control points at edge midpoints between
the starting corner point and the ending corner point, and the control point
at the ending corner point of the network edges which make up the abutment.
For each network edge in the table there are two rows. On- is labelled
"DOUBLET" and the other is labelled "SOURCE". An IMM" in any location in the
table indicates the control points at that location will be used to impose
matching boundary conditions across the abutment. An "NM"' indicat~es no 4
matching condition is imposed at the point(s). Note that the imposition of a
matching boundary condition at an empty space abutment is equivalent to setting
the singularity strength at that point to zero.

Below the abutment description there appears a commnent indicating whether
gap filling panels have been added to this abutment (see PAN AIR Theory
Document, section F.6).

The next major item in the DQG output is the DQG global data summnary. In
this section the RUN, PROBLEM and USER identifiers are printed followed by
some global configuration data. The global configuration data define whether
the run is an initial run or an update run (INIT or UPDA), and lists the Mach
number, the compressibility vector, the total number of singularity parameters
and control points, the number of non-null boundary conditions and the number
of gap filling panels in the problem. Note that typically the number of
singularity parameters, control points and boundary conditions will not be *
identical to one another. The number of non-null boundary conditions is thie

same as the size of the AIC matrix (inciuding both known and unknown portions;
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see PAN AIR Theory Document, section 5.7). The number of singularity
parameters will equal the number of non-null boundary conditions unless there

Sare null singularity parameters in the problem, such as at a collapsed edge of
a network or along network edges which form a smooth abutment. The number of
control points is included for completeness mostly and indicates in a rough
sense the complexity of the problem. There may be more control points than
the number of non-null boundary conditions or there may be fewer, depending on

Sthe detailed properties of the configuration. After this information is
printed, there follows a description of the planes of symmetry if any are
defined for the problem.

Following the summary of general properties of the problem there appears a
summary of properties of the networks which make up the configuration. The
network index and identifier are printed followed by a flag indicating
updatability of the network, the number of corner point columns and rows in
the network, the source and doublet type and the source and doublet edge types
of the network. Note that if the network as a whole or any of its edges havebeen labelled as updatable the network is listed as being updatable in the

table. The abbreviations indicating source or doublet type of the network are
shown in table 8.2. Table 8.2 defines the meanings of the abbreviations used
in the source and doublet edge type definitions. Note that source edge types
are defined only for Source Design networks (see section 7.4, records NI. and
N12, and figure 7.8; and the PAN AIR Theory Document, sections 5.4 and D).

After the DQG global data summary the control point data is printed. Note
that this can be a large volume of printed output since data for ten control
points requires a complete page. The control-point data is printed for each
network in succession. Within each network the data is printed first for all
control points located at panel center points, then for all control points
located at edge midpoints along the network edges and finally for all control
points located at corner points of the network.

j Data printed for each control point consists of the control point index,
the fine grid row and column indices of the point, the (hypothetical)
coordinates of the control point in the reference coordinate system, the
normal vector at the control point and the characterizatiou of the control
point for all symmetrizations and for each boundary condi . (Note that the
hypothetical coordinate of the control point is differentokan the controlpoint location printed in the POP output. POP prints the recessed coordinate

of the control point. In the MAG module, wherever potential r velocity at a
control point is computed, the recessed location of the contl point is used
to avoid a logarithmic singularity in the integral. The hypothetical location
is used in MAG to compute matching boundary conditions and values of source
and doublet strength. (See PAN AIR Theory Document, sectioif 5.3 and G).
There are eight control point characterizations, one for each of fo,,r possible
synmetrizations of the configuration and one for each of two possibte boundary
conditions. If all four symmetrlzatlons are not defined (i.e., if tnere is
only one or no planes of symmetry in the problem or if flow symmetry exists,
then those characterizations of the control point which are nbt required are
given as "NULL", which means that no row of the AIC matrix will be created for
this boundary condition and syrmmetrization. Table 8.3 lists the ibbreviations
of the possible characterization labels of the control point and explains whatthey mean.
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Following all of the control point data the boundary condition data is
printed. This information is provided in the same sequence as the control
point information discussed above. The data printed includes the control
point index, the fine grid lattice indices of the point and a summnary of the
values of the non-zero left hand side boundary condition coefficients for each
of the boundary conditions at the point. Table 8.4 lists the abbreviations
used in the output, the symbols used in the PAN AIR Theory Document toI represent the coefficients in the general boundary condition equation and the
description of the values of the coefficients. Note that if all possible
coefficients are zero (e.g. a MATCH DBLT boundary condition), the
characterization of the control point is printed. These are listed in table
8.3. Note also that the boundary condition data for fifteen control points is
printed on each page of output. Thus large problems might generate many pages
of output if this option is invoked.

The OQG output ends with th'e printing of the module name and version, the
date and time of execution and the elapsed time (CP seconds) used by DQG.

J 8.1.4 MAG Output

A summary table is printed which gives the number of near, intermediate
and far field PIC's, and the number of closure, general and matching boundary
condition AIC's. In addition, CPU time is printei for each execution of a MMG
overlay, as well as for total influence coefficient computation. During
processing, if an error occurs, a diagnostic message is printed and the
program is stopped. Such an error message (unless it indicates that a needed
data base does not exist) will generally be of no meaning to the user, and
signifies an error In the operation of the program rather than an error in the
user inputs. i
8.1.5 RMS Output

The printed output consists only of fatal error diagnostic messages (less
than a page) pertaining to the singularity condition of the partition of the

AIC matrices corresponding to the unknown lambda's during the solution process.

RHS output consists of a small number of warning messages. and a number ofI
fatal error messages which indicate a program error rather than a user error.

8.1.7 MOG Output

MOG printed output consists of a few lines indicating that a successful
run has occured. If the run is not successful, a diagnostic program error
message is given and execution stop%.

Q,6
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8.1.8 POP Output*

The Point Data Processor produces two sections of output in the case of a
normal run, one of these being optional.

*1 ~In the first section, a report on estimated disk storage requirements is
printed out for each case of user options. The user is urged to consult this
report and to assign enough disk storage for subsequent POP runs. This report
is useful if the run aborts prematurely and no actual computer resource report
is given.

The second section is optional and produced only if print selections are
made for any of the flow quantities computed by PDP. The report starts with a
printed page of the global data (which remain constant for a given POP run)
for the run. For each case of user options, the options selected are printed
as the first page for the case. The rest of the report consists of the flow
quantities selected for printing for each velocity computation, velocity 1
correction and surface. The flow quantities associated with the network
itself which do not vary from surface to surface are also printed, e.g.,
source and doublet strength, gradient of doublet strength, pressure
coefficient in vacuum, etc., are independent of the surface. A 'REVERSE'
option is available to the user, the effect of this being the reversal of the
network surface, i.e., upper surface becomes the lower surface, etc. This is
repeated for each image, network and solution selected. Each page of the
report also contains the run and problem identifications, date of run,
network, image and solution indices, the case number and all identifying
labels as part Pf the report headers. The printed flow quantities consist ofI

perturbation and total velocities, the perturbation, total and normal m~ass
flux, gradient of doublet strength, vorticity angle for wake surfaces and
pressures and local Mach numbers for isentropic, linear, second order, reduced
second order and slender body approximations. Refer to section B.4 of this

jdocument for the definitions of these quantities.

t Table 8.5 defines the headings in the second section in terms of the
mathematical symbols used in this document and in the PAN AIR Theory Document
(where applicable) and in terms of a short verbal description of the item.

Figure 8.7 illustrates a typical POP output.

8.1.9 COP Output

The Configuration Data Processor produces two sections of printed output.
The first section lists problem specifications which includes global data
(remains constant for a given COP run), and case options data (varies over a
given COP run).

The second section lists forces and moments data which have been requested
by the problem specifications. The date will follow the list of its
corresponding set of case input parameters. The forces and moments printed
are associated with the velocity correction, velocity computation method,
pressure rule and axis system specified by the user. This is repeated for
each image, network and solution selected. Selected forces and moments which
are accumulated over selected sets of case input parameters may be printed.
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usdTable 8.6 defines headings used in CDP output in terms of the typically

usdmathematical symibol and a shoi-t description. Figure 8.8 illustratesa
typical CUP output.

9.1.10 PPP Output

The print-plot processor module obtains configuration geometry and control
point data from DOG, pressure, velocity and related data from POP and force
and moment data from COP. Depending upon the user selected options, the
printed output ranges from a small number of lines to thousands of lines.

Table 8.7 defines the headings in the output of PPP in terms of the

addition the index provided to DIP which selects this item is listed at the

far right in the table. Figure 8.9 illustrates a typical PPP output. The
PPP module also generates plot files of data from DQG, POP and COP data bases
in a format suitable for processing by plot programs external to PAN AIR. A

description of the plot file is given in section 8.3.

8.1.11 Warning and Error Messages j
In addition to the standard output discussed above, warning and error

messages may also be printed by programs in the PAN AIR system. This section
discusses these in some detail.

Warning messages are primarily advisory in nature. They indicate that the
module has encountered an unexpected or irregular condition that should not
cause difficulties or errors but is sufficiently unusual that the user ought
to verify that the situation is in fact what is desired. in some cases these
cause the module to assume default values for some parameter. In these cases
the module informs the user that the default has been assumed and where
practical, also defines the default value.

Error messages are always fatal in the sense that only some portion of the
module in which the error occurs will execute. Certain modules (DIP and DOG)
allow a certain number of errors to accumulate before terminating execution.
In others, execution terminates immediately.

There are three possible causes of PAN AIR-generated error messages. The
first cause is a user error in the problem definition. These occur only in
modules DIP and DOG and possibly (for one partl':,:ular error only) in RMS. The
second is an operating system error. The third possible cause is a program
error, that is, a mistake in the code of one or more modules.

An error due to the first cause is fixed by finding the incorrect or
faulty input data and by replacing it with the correct data, An eiror due to
the second cause will usually disappear if the job is resubmitted. If it does
not, the user must consult the representatives oF the computer installation at ,

which PAN AIR is being used. An error of the th'rd cause usually requires
modification of the software.
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Sections 8.1.11.1 through 8.1.11.4 discuss errors which occur in each of
the modules of PAN AIR., In addition to errors which occur within a moduleI
there are some errors which occur which are associated with the database
management system, SDIIS. These are labelled by the phrase "SDMS ERROR.'"
Those SDMS errors which occur due to erroneous user input are discussed in
section 9.1.11.5.

8.1.11.1 Errors in MEC

r Error messages produced during execution of NEC occur as a consequence of
errors in the NEC directives supplied by the user. The appropriate
corrections should be obvious when the input data is examined. If they are
not, then the user should study fur-ther section 6 of this manual, and should

* pay particular attention to the examples in section 6.3. The error mressages

in NEC should all be self-explanatory.

* 8.1.11.2 Errors in DIP

All error messages in module DIP occur as a consequence of some user error
in the data provided to either DIP or MEC. The appropriate corrections are
obvious when the individual input records are examined, especially if the
appropriate part of section 7 of this document is consulted for comparison.

Warning messages produced by DIP usually advise the user that a particular
default option has been selected. Usually this is of no consequence.
Attention of the user is directed to it solely to assure that the resulting
default is in accord with user expectations.

8.1.11.3 Error and Warning Messages in DOG

DOG produces error and warning messages as a result either of user errors

or of program errors. The basic arproach to processing errors in DQG is
intended to provide information about what has happened, to describe where in
the configuration the error has occurred and to allow the program to continue
running sufficiently long so that if the indicated error occurs several places
in the configuration, the user will be alerted to that fact.

This is all accomplished by printing a short description of the error that
has occurred, followed by information regarding the location of the error in
the configuration (e.g., network, identified by network index and panel,
identified by column and row number, in which the error occurred). This is
often followed by supplementary information which lists the erroneous %;" bad
data. Within each major overlay of DQG up to ten errors can accumulate before
all processing in the program stops. If ten or fewer errors occur, processing
within that overlay will continue to completion but no subsequent overlay in
DOG will be executed. In this manner several identical errors can be
discovered with only one execution of the DQG module.
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In order to make it easier to find a particular error message, the errors
have been grouped by overlay. Recall that DQG prints a statement concerning
elapsed CPU time at the end of each overlay. This statement labels the end of
each overlay. Each of the following tables is labelled by a similar
statement. The error messages in each table will occur after the printing of
the statement which heads the table and before the printing of the nextS~similar statement.

Only errors which might be due to user errors are listed in the tables.
Two other types of errors might occur. PROGRAM ERRORS are lablled as such at
the time the error message is printed. If one of these occurrs the user must
consult with the maintenance staff of PAN AIR. The data accompanying these
error messages is intended to be of uie to the programmer and not to the
user. For this reason no detailed discussion of these messages is provided.

Vi The second type of error which might occur is an SDMS error. These are
discussed in section' 8.1.11.5. 1

Tables 8.8 through 8.14 describe the possible errors for each overlay of
the DQG module. The possible warning messages generated by DQG are described
in tables 8.15 through 8.20.

8.1.11.4 Error Messages in MAG, RMS, RHS, MDG, POP amd CDP

A error messages in these modules occur due to program errors (except
for on, error in RMS as mentioned below). Users should consult with those
responsible for maintaining PAN AIR if any errors occur in these modules. The
messages in these modules will not be explained further.

Certain warning messages are produced in RHS which involve the selection
by RHS of a vanishing right hand side term for the indicated boundary
condition. The user should assure that this is indeed the required boundary
condition if such a message is encountered.

One user-caused error in RMS might occur. If the user defines an
ill-posed boundary value problem, RMS may discover a ringular matrix. In this
case the error message "SINGULAR MATRIX ..... will be pr ited by RMS. The
appropriate action is to redefine the problem so that it is no longer anill-posed problem. A discussion of well-posed boundary value problems may befound in section A.3 of this document.

8.1.11.5 SDMS Error :.lessages

Errors diagnosed by the database manager system SDMS are not as self
explanatory as other error diagnostics in PAN AIR. A message to the effect
that an SDMS error has occurred is printed along with one or two error codes.
These error codes correspond to entries in a table in section 13 of the PAN
AIR Maintenance Document. The errors are explained in the table.

SDMS errors can occur because of user errors, operating system errors
and/or program errors. The table mentioned above is often not easy to
irterpret. For this reason, we list in tables 8.21 through 8.23 those SDMS

. ..........



Serrors which might be due to either user. oi- operating system errors and

indicate the user action which will probably correct the difficulty. If an
SDMS error is encountered which is not listed in the following tables or if
the recommeded modification does not correct the problem, the user is advised
to consult with those responsible for the mnaintenance of PAN AIR.

9.2 Permanent Data Base

All PAN AIR modules create a permanent data base except for MEC and PPP.
The MEC module creates a temporary data base which is used by all ether
modules. Tables 8.24 tPrough 8.31 give the dataset names of the permanent
data bases and a short definition of what each data set contains.

The complete master definition of each database created by each module in
the PAN AIR system is given at the end of each appropriate section of the PAN
A:R Maintenance Document.

If database files are saved at the end of execution of a job through the
use of the KEEP directive to MEC (see section 6), the user may access the
database files to obtain additional information which resides there. Section
1 of the PAN AIR Maintenance Document provides some guidance concerning how
the user may write a FORTRAN program to accomplish this database access.

8.3 Plot Data File

The PPP module prepares plot files of data from DQG, PDP and CDP in a
format suitable for processing by plot programs external to PAN AIR.

8.3.1 DQG Plot File

The preparation of network geometry for three-dimensional plots from the
DQG data base consists of the following:

(1.) Run identification (40 characters)

(2.) DQG global data

(3.) Geometry corner point data at selected networks consisting of row
number, column number, number of points, and X, Y, Z coordinates.

Tables 8.32, 8.33 and 8.34 describe the format of the geometry plot file.

8.3.2 PDP Plot File

I .The PPP module prepares data for plotting at control points along columns
or rows of panels, including aiy control points on network edges.
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Preparation of the point data for two-dimensional plots from the POP data
base consists of the following:

(1) Run identification (40 characters) that consists of information
concerning case, solution, and network numbers, point location type,ii selected row/column location, and selected option types

(2) Parameter name list of the selected options

(3) PDP global data

(4) Plot titles I
(5) Titles associated with the parameters in file
(6) Data format (if used) .

(7) Plot data (formatted or free field).

Tables 8.35, 8.36 and 8.37 describe the format of the plot file.j

8.3.3 COP Plot File

The PPP module prepares data for plotting CDP data by case, solution, and
networks.

The preparation of the configuration data file for two-dimensional plots
from CDP data base is similiar to the POP plot data file formatting.

Tables 8.38, 8.39 and 8.40 describe the format of the plot file.

8.4 Analyzing the CHECK DATA Run

To aid the user in correctly defining the complex geometry required to
solve realistic flow problems PAN.AIR offers a CHECK DATA mode of operation in
which only the DIP or the DIP and DOG modules are executed. These provide the
user with many diagnostic aids and information which he can use to assure that
the problem he wishes to solve has been correctly described and interpreted by

the PAN AIR system.

This section is a guide for the first-time user of PAN AIR to point out
what items in the DIP and DOG output should be examined to assure that the
will assure that the problem can be solved by the PAN AIR system, but it does
not mean that the problem is what the user thinks he has defined. To assure
that the user's concept of the problem is in accord with PAN AIR's4
interpretation of the problem, the user must study certain items of the output
with care.

The only sensible way to perform a CHECK DATA run is with all print
options turned on for both the DIP and DOG modules. Note that this can lead



to a large volume of output (see sections 8.1.2 and 8.1.3). Thus record G17
with option ALL (see section 7.3) ought to be included in the input deck for a
CHECK DATA run.

The first items to look for are errors which might have occured during
execution. Only if no errors are found can the printed output be examinedI with confidence.

Once all errors are eliminated the user should examine all warning
messages, consulting section 8.1.11.3 if necessary and should determine
whether the input should be revised to eliminate questionable aspects of the
problem. After all errors are eliminated and the warning messages are
understood, the true analysis of the run begins.

First the MEC output should be checked to assure that the database files
have been properly defined (that is, that the file names and identifiers are

.1 - what the user expects). Following this the user should examine the Global
Data Summary provided by DIP. Check that the Mach number and the
compressibility direction are correct, that the symmetry properties of the
problem are as expected and that the list of solutions includes all those of
interest. Then examine the Network Data and assure that the singularity types
and boundary conditions are in agreement with expectations.

If all these items agree with user expectations, the DQG output should
then be examined. In the printed list of panel corner point coordinates,
check that any network edge which has collapsed (labelled by CHANGED) should
in fact be collapsed, and assure that supposedly collapsed edges are if fact
collapsed (labelled by CHANGED).

Then the empty space abutment descriptions should be examined in order to
be sure that no abutments have been missed. Check that each edge segment in
the empty space abutment list is not supposed to meet any other network
edges. When the emipty space abutment list has been verified, examine the4
abutment list to be sure that the correct sets of network edges meet
together. If any network edges were labelled as NO DOUBLET EDGE MATCHING
edges (record N13 of section 7.4), then the user should check that the start,

F edge and end points of that network edge are labelled by NM in the abutment

description. I
Next the DQG Global Data Summary should be examined. Again verify the

Mach number and compressibility direction. Check the size of the AMC matrix
to assure that sufficient resources have been allocated to allow MAG to run to
completion. Examine the network list and verify especially that the source
and doublet edge types are correct.

Following the examination of the global data, the control point data
output 'ought to be checked. Here the user should look closely at the normal
vector at each control point to determine the outward surface of the network.
Then the user should make sure that he has chosen the correct upper or lower
surface boundary conditions to correspond with the network orientation.

Those users who have selected class 3, 4 or 5 boundary conditions are
advised to examine the boundary condition data closely. In this output the
values of the non-vanishing coefficients in the general boundary condition
equation are listed. (See PAN AIR Theory Document, sections 5 and H).

8413



If all of the above items are in agreement with the user's expectations,

then PAN AIR's understanding of the problem is in accordance with the user'sconcept of the problem.

ii 8.5 Control Card Procedure File

[ To free the user from the necessity of preparing large control card decksIto run PAN AIR, the MEC module creates a file of control cards which is
sufficient to execute most PAN AIR problems.

8.5.1 General Structure of File

k I The MEC control card file is called MECCC. The basic operations which the
control card file performs are:

1) obtains a copy of a file which contains the next module which is
to be executed;

2) executes a module of PAN AIR;

3) purges a set of database files.

The exact nature of the cards which perform these operations depends on the

installation's operating system. Figures 8.10 to 8.13 illustrate thecontents of a typical MECCC file for the four standard operating systems underwhich PAN AIR was initially installed.

8.5.2 Modification of Control Card Files

IUnder some circumstances (notably for solving large problems with PAN AIR)
the control card file generated by MEC is not adequate. In this case one or
several control cards must be modified. A discussion of the exact
modifications required in various circumstances is contained In Appendix C.
The most effective method to modify the control card file is to execute MEC,
create the MECCC control card file and copy the file to the local operating
,ystem card punch file. This will create a deck of cards which can easily be
modified and resubmitted to complete the execution of the full PAN AIRI
system. Note that the card deck must be appended to the original card deck
that caused MEC to execute.
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NOS No source
SA Source analysis
SD1 Source design
NOD No doublet
DA Doublet analysis
DO1 Doublet design
OWl Doublet wake, type 1
DW2 Doublet wake, type 2

t , Table 8.1 -Abbreviations for source and doublet types

NATC Matching edge
NON Non-matching edge
NO No doublet matching edge
CLOS Closure edge

Table 8.2 - Abbreviations used for source/doublet edge types

V!
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NULL No boundary condition is imposed and no AIC row is
created for this type of characterization.

AERODYNAM A linear combination of one or more of the following
quantities defines the boundary condition imposed:

Potential
Normal Mass Flux
Velocity

All are average quantities.

SING SPEC A boundary condition which specifies either source
strength, doublet strength or gradient of doublet
strength is imposed at the point. This boundary
condition is imposed only when the singularity
specification which is imposed does not create
a known singularity parameter.

KNOWN DBLT The boundary condition imposed defines a known doublet
singularity parameter.

KNOWN SRC The boundary condition imposed defines a known source
singularity parameter.

CLOURE A closure boundary condition is imposed over the
rows or columns of the network.

MATCH DBLT A doublet matching boundary condition is imposedat the control point. :-

MATCH SRC A source matching boundary condition is imposed
at the control point.

I

Table 8.3 - Control point characterizations
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ABBREVIATION SYMBOL DESCRIPTION

MFLUX AA Coefficient of mass flux

SRC AD Coefficient of source strength

POT CA Coefficient of potential

OBLT CD Coefficient of doublet strength

VTANX Vx Coefficient of tangent vector for

VTANY V See VTANX

VTANZ Vz See VTANX

OTANX Tangent vector for evaluation of
OTANY gradient of doublet strength.
MATCH SRC Indicates that a source matching

boudary condition will be imposed at
the point.

MATCH DBL Indicatcs that a doublet matching
boundary condition will be imposed at

KNON.DLTthe point.

KNOWN SRC Indicates that the boundary condition
KNOWN DOLT results in known singularity parameters.

CLOSURE Indicates that closure boundary
)if conditions will be imposed at the point.

NULL Indicates that no boundary conditions
are defined for this control point and
boundary condition.

Table 8.4 - Boundary condition coefficient abbreviations i
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POP Math. Quantity POP DIP
Headings Symbol -dx

ROW Point, row index POINT 1

COL Point, column index I

Ina
YX-CORD xo Point, x-coordinate, RCS XYZ 2Y-CORD YoPoint, y-coordlnate, RCS

Z-CORD zo Point, z-coordinate, RCS 2

PWXx x-component, PWXYZ 3
Perturbation mass flux

PWY Wy z-component 3
Perturbatlon mass flux

PWZ wz z-component, 3
erturoataon mass f lux

WX Wx x-component WXYZ
Total mass flux

WY y-component, 4
SmTotal mass flux

WZ Wz z-component, Total mass flux 4

WMAG g magnitude, Total mass flux WMAG 5

WN Wn normal component, WN 6
Total mass flux

PVX vx x-component in RCS PVXYZ
Perturbation velocity

PVY Vy y-component in RCS, Perturbation velocity 7

PVZ vz z-component in RCS, Perturbation velocity 7

VX Vx x-component in RCS, Total velocity VXYZ 8

VY Vy y-component in RCS, Total velocity 8

VZ Vz z-component, Total velocity 8

Table 8.5 - POP headings
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4 POP Math. Quantity PoP DIP

Heading Index

VM', V Magnitude, Total velocity VMAG 9

PHI Perturbation potential PHI 10

PHIT Total potential PHIT 11

MLISEN M Local Mach number, isentropic ML 12

MLLINE M Local Mach number, linear 12

MLSECO M Local P1ch number, second-order 12

MLREOU M Local Mach number, reduced 12
second-order

MLSLEN M Local Mach number, slender body 12

CPISEN Cp Pressure coefficient, isentropic CP 13

CPLINE Cp pressure coefficient, linear 13

CPSECO Cp Pressure coefficient, second-order 13

"CPREDU C Pressure coefficient, reduced 13p 1second-order

CPSLEN Cp Pressure coefficient, slender body 13

GMUX Wplax Doublet strength gradient, GMUXYZ 14, x-component

,,GMUY aulay Doublet strength gradient, 14
y-component

GMUZ alaz Doublet strength gradient, 14
z-component

PSI Angle betvaen average total PSI 15
velocity and surface vorticity
(degrees)

SINGS Singuarity strength, source SING 16

SINGD Singulerity strength, doublet 16
SPDMAX V.. Maximum total speed SPDMAX 17

SPDCRT Vcr p-itical speed SPDCRT 18

CPVAC ?ressure coefficient, vacuum CPVAC 19

Table 8.5 - Continued
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PDP Math. Quantity
Headings _____

CPCISN Cpc •riticalpressure coefficient-lsentropic

CPCLIN Cpe CJitical pressure coefficient-lnear

CPCSO Cpc Critial pressure coefficient-
secono order

CPCRSO Cpc Critical pressure coefficient-
reduced second order

CPCSB Cpc Critical pressure coefficient-
!,• slender body

B.C. Boundary Conditions

VIC Velocity Influence Coefficient

SA1 Stagnation to ambient (Correction 1)

SA2 Stagnation to ambient (Correction 2)
"i,:iUNIFVL UO= Uniform onset flow valocity

ALPHA Angle of attack (degrees)

BETA p Angle of sideslip (degrees)

CALPHA 01c Anae of attack defining compressibility direction•:( •d~grees) "

CBETA ac 'An le of sideslip defining compressibility direction
(Jgrees)

k( Table 9.5 -Concluded
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!!e H adingst h l ~ ~ ~ 7 C~ d n tOV r o s A i y t m

FX CFx Force, x-coordinate:: xFY CFy Force, y-coordinate

WA CFz Force,a ois y te
yVarious Axis Systems

SASStabilityoaxisnaytem

MX CMx Moment, x-coordinate

AHMY CAy Moment, y-coordenatee

MZ CMz Moment, z-coordinate

ISEN Isentropic
6tLINE Linear

SECO Second-order

REDU Reduced second-order o s)

SLEN Slender body

RCS XH YO Zo Reference coordinate system
WAS 

Wind axis system

BAS Body axis system

SAS Stability axis system

HAS Hinge moment axis

ALPHA Angle of attack (degrees)

BETA Angle of sideslip (degrees)
UNIF UM Uniform onset flow velocity

B.C. Boundary condition

CALPHA 01c Compressibility angle of attack (degrees)

CBETA Oc Compressibility angle of sideslip (degrees)

V.I.C. Velocity influence coefficient 
.

MACH M ft Free stream meach number

Table 8.6 - CDP headings 
..
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PPP Headings for PDP

PPP Math. Quantity DIP
Headings Smbol Index

X xo Point, x-coordinate 2

Y YO Point, y-coordinate 2

zPoint, z-coordinate 2

PWX wx Perturbation mass flux, 3
x-component

PWY Perturbation mass flux, 3i y-component

PWZ wz Perturbation mass flux, 3
z-component

WX Wx Total mass flux, x-component 4

WY Wy Total mass flux, y-component 4

WZ Wz Total mass flux, z-component 4

WMAG W Total mass flux, magnitude 5

WN Wn Total mass flux, normal 6

component

PVX vx Perturbation velocity, x-component 7

PVY Vy Perturbation velocity, y-component 7

PVZ vz Perturbation velocity, z-component 7

VX Vx Total velocity, x-component 8

VY Vy Total velocity, y-component 8

VZ Vz Total velocity, z-component 8

VMAG V Total velocity, magnitude 9

Table 8.7 - PPP headings
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PPP Math. Quantity DIP
Headings Symbol Index

PHI 0 Perturbation potential 10

PHIT 0 Total potential 11

MLISEN M Local Mach number, isentropic 12

MLLINE M Local Mach number, linear 12

MLSECO M Local Mach number, second-order 12

MLREDU M Local Mach number, reduced 12
second-order

MLSLEN M Local Mach number, slender body 12

CPISEN Cp Pressure coefficient, isentropic 13

CPLINE Cp Pressure coefficient, linear 13

CPSECO Cp Pressure coefficient, second-order 13

CPREDU Cp Pressure coefficient, reduced 13
second-order

CPSLEN Cp Pressure coefficient, slender body 13 I 4
. GMUX an/ax Doublet strength gradient, 14

x-component
GMUY Wp/ay Doublet strength gradient, 14

y-component

GMUZ Bp/3z Doublet strength gradient, 14S~z-component

PSI Angle between average total velocity and 15

surface voticity (degrees)

SINGS a Singuarity strength, source 16

SINGD p Singularity strength, doublet 16

SPDMAX Vm Maximum total speed 17

SPDCRT Vcr Critical speed

CPVAC Cpv Pressure coefficient, vacuum 19

Table 8.7 - Continued
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PPP Math. Quantity
Headings Symbol

BOUN Boundary conditions

SA1 Stagnation to ambient (Correction 1)

SA2 Stagnation to ambient (Correction 2)

UNIF U. Uniform onset flow velocity

ALPHA Angle of attack (Degrees)

BETA s Angle of sideslip (Degrees)

FX CFx Furce, x-coordinate

FY CFy Force, y-coordinate

FZ CFz Force, z-coordinate

MX CMx Moment, x-coordinate

MY CMY Moment, y-coordinate I
MZ CMz Moment, z-coordinate

ISE Isentropic

LIN Linear

SEC Second-order

RED Reduced second-order

SLE Slender body

RC Reference coordinate system

WA Wind axis system

BA Body axis system

SA Stability axis system

Note: Combinations of (FX, FY, FZ, MX, MY, MZ) with (ISE, LIN, SEC, RED, SLE)
with (RC, WA, BA, SA) are used. Example: FYLINWA means y component of
force with linear pressure rule in the wind axis system.

Table 8.7 - Concluded
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"0,0 OVERLY ELAPSED CPU TIME...."

RUN, PROBLEM AND USER ID'S NOT FOUND
ON THE MEC DATABASE

This indicates MEC did not correctly create a MEC database. Check
Ij the MEC input data to assure that no errors have been made. If no errors

are found this might be a program error in MEC. Consult those t-esponsible
I. for the maintenance of PAN AIR.

INO NETWORKS DEFINED

The user has failed to define networks in the input to DIP. Define
the networks for the configuration and rerun DIP (see section 7.4 of this
manual).

ZERO LENGTH ABUTMENT
USER ABUTMENT INDEX 3

NETWORK FOGE START PT END PT
1 2 3 3

The user has defined an abutment with identical start and end
points. In the example above the third abutment in the BEGIN GEOMETRIC
EDGE MATCHING portion of'bIP input was erroneously defined to extend from
point 3 on edge 2 to point 3 on edge 2. Correct the abutment description
and rerun DIP.

Table 8.8 - Error messages in DQG overlay (1,0)
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"1.10 OVERLY ELAPSED CPU TIME ....h

SOURCE DESIGN 1 NETWORK WITH NON-MATCHING
EDGE CANNOT BE COLLAPSED

DQG has attempted to collapse a non-matching edge of a source design
network. If this edge is required to be collapsed, the source type of the
network has to be redefined and DIP must be rerun. If the edge should not
be collapsed then either the network geometry must be redefined or a
larger value must be chosen for the TRIANGULAR PANEL TOLERANCE, (see
record N7 of section 7.4).

NETWORK (FOREBODY )EDGE 2 (
AVERAGE PANEL LENGTH EXCEEDS TOLERANCE
BUT THE MINUMUM DOES NOT. THE EDGE

.1 CANNOT BE COLLAPSED.

There is at least one panel edge on the indicated network edge which
is short compared to the TRIANGLE PANEL TOLERANCE but most of the edges

£are longer. If the edge is supposed to be collapsed, the TRIANGLE PANEL
TOLERANCE must be increased and DIP needs to be rerun. If the edge is not
supposed to be collapsed, the TRIANGLE PANEL TOLERANCE should be reduced.
It is possible that the coordinates of one or more points on the indicated
edge are in error. Check the coordinates of the network for errors.

TWO ADJACENT EDGES HAVE ZERO LENGTH
NETWORK UPPER-WING EDGES 1 2

the network coordinates are in error or the value of the TRIANGLE PANEL
TOLERANCE needs to be decreased. (See record N7 of section 7.4).

INTERIOR PANEL IS TRIANGULAR
NETWORK UPPER-WING PANEL COLUMN 5 AND ROW 2

H Either there is an error in the coordinates of the corner points of
that panel (and possibly some others adjoining it), or the TRIANGLE PANEL
TOLERANCE is too large. Check the geometry, redefine it if necessary or
change the tolerance distance and rerun DIP.

ASPECT RATIO - 0.6934E+06
NETWORK UPPER-TAIL PANEL COLUMN 3 AND ROW 8

H The aspect ratio for the indicated panel exceeds the limits of[ 10,000. Redefine the geometry and rerun DIP.

Table 8.9 -Error messages in DQG overlay (2,0) -



"1"2,0 OVERLY ELAPSED CPU TIME .... "

ERRONEOUS USER ABUTMENT DATA
OVERLAPPING ABUTMENTS

NETWORK LOWER-WING EDGE 3
OVERLAP FROM COLUMN 3 ROW 5
TO COLUMN 7 ROW 5

The user has defined two abutments which refer to the same part of
one network edge. Redefine abutment data so that the two abutments do not
overlap or allow the automatic abutment search procedure to find the
abutments.

ERRONEOUS USER ABUTMENT DATA

USER ABUTMENT NUMBER 3
NETWORK EDGE START-X START-Y END-X END-Y

2 5 1 1 7 1
2 3 7 1 7 7

Some data items in the abutment description are in error. (In the
example above, networks cannot contain a fifth edge.) Find the error in
the data, correct it and rerun DIP.

Note that the data provided is an abutment description (see section
8.1.3). START-X and START-Y are the column and row indices of the
starting point of the abutment and END-X and END-Y are the column and rows
of the end points of the abutment.

NETWORK EDGES TOO FAR APART FOR ABUTMENT
USER ABUTMENT NUMBEP 3

NETWORK EDGE START-X START-Y END-X END-Y
1 6 6
1 1 3 12TH NETORK EDGE IN LIST GT 1.357E+15

FROM FIRST NETWORK EDGE IN LIST

An abutment was defined for two network edges that are too far
apart. If abutment is correct and geometry cannot be modified, then this
error can be avoided if a full description of the abutment is provided as
input to DIP. (See section 7.5, record GE2). That is the network, edge
and point pairs must be given for all networks in the indicated abutment.

Table 8.10 - Error messages in DQG overlay (3,1)
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"3,1 OVERLY ELAPSED CPU TIME ... "

TOO MANY NETWORK EDGES IN ABUTMENT
THIS MAY ARISE EITHER FROM HAVING TOO
MANY NETWORK EDGES COMING TOGETHER IN
A SINGLE ABUTMENT OR FROM THE SAME
NETWORK EDGES TAKING PART IN TOO MANY
ABUTMENTS

NETWORK EDGES1 1

2 1
3 2
4 1
5 3 ,
6 4
7 2
8 4
9 1

10 3
11 3

Check geometry of listed networks. If geometry is correct and
networks should not be in an abutment together, reduce the TOLERANCE FOR
GEOMETRIC NETWORK EDGE MATCHING, record G7 of section 7.3, or turn off

automatic abutment search and defioe abutments as in section 7.5.

UPDATABLE NETWORK EDGE ABUTTING
A NON-UPDATABLE NETWORK EDGE

ABUTMENT INDEX 3
NETWORK EUG.L START-X START-Y END-X END-Y I

1 1 1 1 5 12 3 3 3 1 3
UPDAI•ABLE FLAG 10

This is a warning unless the current run is an update run. The
update run cannot be made. The edge of the non-updatable network must be
relabelled as being updatable. In the example above, network 2 edge 3 is
non-updatable. The original run must be repeated completely and then the
update run may be attempted.

Table 8.11 - Error messages in DQG overlay (3,2)
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MORE THAN ONE HATCHINS EDGE IN ABUTMENT
ABUTMENT INDEX 9
NETWORK EDGE START-X START-.Y ENP-X 'iND-Y

5111 7 1
1 1 1 ,31

Only one "matching edge"' may Occur in an abutment. Either the edgo
types or network typ~es mu~st 'be reiefimed or~the configm.ration stust' be
c'nanqd anid DIP must be rerun. (See record N12 or section 7.4).L

NETWOR~K ENCOUNTERED WHICH PARTIALLY LIES
ON A PLANE OF SYMMETRY

NETWORK PLANAR-BODY PLANE OR SYMMETRY 1
pNUMBER OF POINTS OFF P-O-S 20
ANUMBER OF POINTS ON P-O-S 10

If network should lie on' plane of symmnetry it need not do'io exactly
if the SYMMETRY PLANE NETWORK option is %elected (see record NSr of' rection
7.4). Thus by turning on ~this option the error will be eliminated. If
network should not lie in plane of syimetryo either change geometry of
network or reduce the TOLERANCE FOR GEOMETRIC NETWORK EDGE MATCHING
(Record G7 of section 7.3).

' AUTOMATIC ABUTMENT SEARCH FAILURE
MAY CAUSE PROBLEMS LATER

NETWORK EDGE START-X START-Y END-X ENO-Y

Abutments involving indicatiJ network edge not found in automratic
abutment search. Change TOLERANCE FOR GEOMETRIC NETWORK EDGE MATCHING
(increase if network edge should be in abutment, decrease If network
should not bt in abutment-), change geometry of configuration or turt. 0~f
automatic abutment search by defining abutments as in record GE2 of
section 7.5.

TOO MANY NETWORKS IN ABUTMENT '
NETWORK EDGE START-X START-Y END-X END-Y

1 11 13 1
2 1 6 1 1 1
3 1 4 1 1 1
4 1 1 151
5 1 7 1 1 1
6 1 a 1 1 1

five networks truly form the abutment, then redefine the problem and rerun
the programs. If not, then either decrease the TOLERANCE FOR GEOMETRIC

NETWRK DGEMATCHING ýrecord G fscin73 rdfn btet si
record GE2 of section .5. 7o ecin73 r eieautet sI

Al Table 9.11 - Concluded
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NEhO IN"3,0 OVERLY ELAPSED CPU TIME..."

MACH INCLINED PANEL AND/OR SUBPANEL•:• NETWORK FIN•iPANEL COLUMN 2

PANEL ROW 6
h NORMAL-CONORMAL INNER PRODUCT 1.378E-13

i hange Mach number or modify geometry of indicated panel so that
-A4 A 0, and rerun DIP.

VANISHINGLY SMALL INNER AND OUTER SUBPANELS
NETWORK WING
EDGE 2
CORNER PT COLUMN 8
CORNER PT ROW 1
SUBPANEL NUMBER 2
PT 1.000E-11 2.OOOE-11 2.OOOE-11 1.OOOE-11 ..

O.OE 00 O. OOE 00 1.OO0E-11 1.OOOE-11 ....O.OOOE 00 O.OOOE 00 O.OO0E 00 O.OOOE 00 ....

SPanel is too small. Redefine geometry so smallest panel has edge
length greater than 1.OOOE-10.

NON-CONVEX PANEL WITH CORNER POINT
CLOSE TO PANEL CENTER POINT

NETWORK WING
ErDGE 3SCORNER PT COLUMN 5

CORNER PT ROW 3
SUBPANEL NUMBER 3

Non-convex panels are permitted but the center point cannot be too
close to one of the corner points (see section B.1.3). Redefine network
geometty by moving offending corner point by some small distance (say,
one-tenth of the length of one panel edge), and rerun DIP.

TANGENT VECTOR PROJECTION TO PANEL
I1 LESS rHAN HALF OF TANGENT VECTOR MAGNITUDE

NETWORK WING
PANEL COLUMN 3
PANEL ROW 2
USER CLASS
TANGENT VECTOR XXXXXXXXXX

Where XXXXXXXXXX may be one of UPPER, LOWER, AVERAGE, DIFFERENCE or

RHS, referring to the tangent vectors for the upper, lower, average and
difference shrfaces and the right hand sides. The tangent as defined is
not sufficiently parallel to the panel in question. Redefine the tangent
vector and rerun DIP (see record N16 of section 7.4).

Taule 8.12 - Error messages in DQG overlay (4,0)
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TANGENT VECTOR MAGNITUDE TOO SMALL
NETWORK WING
PANEL COLUMN 4
PANEL ROW 1
USER CLASS
TANGENT VECTOR XXXXXXXXXX

See above for explanation of XXXXXXXXXX. Tangent vector as definedis not a normalizable vector. Redefine tangent vector and rerun DIP. See ,

record N16 or section 7.4.

NO USER SPECIFIED BOUNDARY CONDITION
NETWORK HOR-STABIL

FINE GRID COLUMN INDEX 2
FINE GRID ROW INDEX 2

No boundary conditions were provided for network. Add desired

choices from records N14, N15 and N16 of section 7.4 and rerun DIP.

Table 8.12 - Concluded
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'1
"-"4,0 OVERLY ELAPSED CPU TIME .... '

INCORRECT SELECTION OF XI-ETA VECTORS

XI ETA ZETA POINT PO VECTOR

S................ 0.......* .........

This might be either an error in the corner point coordinates of the
network or it might be a program error. Check the coordinates of the
network to assure that two adjacent network corner points do not have the
same coordinate. Look in the vicinity of the coordinates In the column
labelled POINT. If no such error is encountered, consult with those
responsible for the maintenance of PAN AIR.

SINGULAR LEAST SQUARES FIT
NETWORK INDEX 7
LATTICE INDEX-X 9
LATTICE INDEX-Y 6

DEVIATION FROM UNITY 1.377E 00

A singular outer spline was discovered. This may be due to poor
paneling or it might be a program error. If an exotic paneling technique
has been employed, try a more conventional one. If the paneling is not

5'. unusual, consult with those responsible for the maintenance of PAN AIR.

In version 1.0, a triangular design network (which is not
permissible) may cause this message.

Table 8.13 Error messages in DQG overlay (5,0)

-3
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'15,0 OVERLY ELAPSED CPU TIME .... "

SINGULAR INVERSE FOR SUBPANEL
TRANSFORMATION MATRIX
DUE TO INVALID MACH NUMBER
ONE MINUS MACH NUMBER SQUARED - 3.791E-16

i ~Mach number is too close to unity. Change Mach number and

rerun DIP.

MACH INCLINED PANEL DISCOVERED
NETWORK UPPER-PLATEPANEL COLUMN 3
PANEL ROW 5

Change Mach number or modify geometry and rerun DIP (see table 8.12).

LEAST SQUARES ERROR IN PANEL SUBSPLINE
:r •NETWORK BELLY

PANEL COLUMN 9
PANEL ROW 6

Poor panelling has resulted tn a singular least squares fit for the
panel spl~ne. Modify geometry and rerun DIP.

MACH INCLINED SUBPANEL DISCOVERED
NETWORK TAIL
PANEL COLUMN 9
PANEL ROW 3

"9 SUBPANEL INDEX 7

Change Mach number or modify geometry and rerun DIP (see table 8.12).

Table 8.14 - Error messages in DQG overlay (6,0)
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"1,0 OVERLY ELAPSED CPU TIME .... '

ASPECT RATIO 0 0.6394E÷04
NETWORK UPPER-WING PANEL COLUMN 3 AND ROW 9

The panel has an aspect ratio which exceeds 1000 but is less than
10,000. As a consequence the subpanel splines may be inaccurate over the
surface of the panel. Check the coordinates of the corner points of this
panel to assure that they are correct and recall when interpreting the
output from PDP that the answers on this panel may be less accurate than

k ithe answers over other parts of the configuration.

Table 8.15 - Warning nessages in OQG overlay (2,0)

"2,0 OVERLY ELAPSED CPU TIME ... "

TOO MANY NEARBY NETWORK EDGES

SOME ABUTMENTS MAY BE MISSED
NETWORK FIN EDGE 1

This message indicates that there are too many (more than twenty)
network edges which lie close enough to the indicated network edge for the
automatic abutment search procedure to work correctly. This may result in
some fatal errors at a later time within this overlay. The reconmededH correction to the user is to explicitly define the abutments for the
indicated network edge (see record GE2 of section 7.5) and rerun the
problem. It should not be necessary to defi: . all of the abutments in the
configuration. The i-tomatic abutment search will find the remaining
abutments.

It may also be that the TOLERANCE FOR GEOMETRIC NETWORK EDGE MATCHING
value is much too large. Check this value before explicitly defining the
abutments. If it is significantly larger that say a typical panel edge
length, then try redefining it with a more sensible value.

Table 8.16 - Warning messages in DQG overlay (3,1)

:844
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"3,1 OVERLY ELAPSED CPU TIME ...

AUTOMATIC ABUTMENT SEARCH MAY HAVE
MISSED NETWORK ABUTMENT. CHECK
ABUTMENT DESCRIPTION CAREFULLY

NUMBER OF UNMATCHED EXPANDED ABUTMENTS 1
NUMBER OF EXPANDED ABUTMENTS 3

The automatic abutment procedure has found a network edge segmentwhich lies near another network edge segment but the other network edge

segment does not lie near enough to the first edge segment. Check the
list of abutments carefully, especially the empty space abutments. If an
abutment has been missed, the user can increase the TOLERANCE FOR
GEOMETRIC NETWORK EDGE MATCHING (record G7 of section 7.3) or the user can
define the troublesome abutment explicitly (record GE2 of section 7.5).
If the abutments are correct, the message can be ignored. If the user
wishes the message to disappear, it will probably be eliminated by
reducing the TOLERANCE FOR GEOMETRIC NETWORK EDGE MATCHING, although there
is a chance that some other abutment may be missed if the tolerance isreduced.

UPDATABLE NETWORK EDGE ABUTTING
A NON UPDATABLE EDGE

ABUTMENT INDEX 3
NETWORK EDGE START-X START-Y END-X END-Y

1 1 1 1 5 1
2 3 3 3 1 3

UPDATABLE EDGE 1 0

No TC update will be permitted for this case. If the user wishes tor~un an IC update for this problem he must define both indicated edges to

be updatable. In the example above network 2, edge 3 must be labelled
updatable (see record N8 of section 7.4).

j MORE THAN TWO NETWORKS IN SMOOTH ABUTMENT
SMOOTH ABUTMENT TREATED AS NORMAL ABUTMENT

ABUTMENT INDEX 4
NETWORK EDGE START-X START-Y END-X END-Y1 1 1 1 6 1

3 2 4 1 4 3
6 4 1 1 1 7

See explanation below.

Table 8.17 - Warning messages in DQG overlay (3,2)
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SMOOTH ABUTMENT DEFINED WITH DESIGN NETWORK
SMOOTH ABUTMENT TREATED AS NORMAL ABUTMENT

ABUTMENT INDEX 5
NETWORK EDGE START-X START-Y END-X END-Y

4 1 1 1 3
"5 2 4 4 4 1

Se. explanation below.

NETWORK HAS TOO FEW PANELS FOR SMOOTH ABUTMENT
ABUTMENT INDEX 6

NETWORK EDGE START-X START-Y END-X END-Y
6' 1 1 1 2 1
5 3 6 7 1 7

INDEX OF SMALL NETWORK 1

See explanation below.

VELOCITY OPTION NOT COMPATIBLE
ABUTMENT INDEX 9

NETWORK EDGE START-X START-Y END-X END-V
7 4 5 1 1 5

VEL COMP METHODS 0 1

All of the above messages indicate the user has defined a smooth
abutment which violates one or more of the rules for the application of
smooth abutments. The abutments are redefined to be non-smooth. No user
action is necessary unless the abutment must be smooth. To avoid the
warning message, the smooth abutment choice should be eliminated from the
input to DIP (see record GE4 of section 7.5).

MATCHING EDGE ABUTS A PLANE OF SYMMETRY.
RESULTS DEPEND ON THE CONFIGURATION.
THE AIC MATRIX MAY BE UNDERCONSTRAINED,
OVERCONSTRAINED, SINGULAR OR REASONABLY
CORRECT. OTHER ERRORS MAY BE TRIGGERED
BUT PROCESSING WILL CONTINUE AND A
SOLUTION WILL BE ATTEMPTED.

DOUBLET MATCHING IMPOSED AT ABUTMENT

The condition of a matching edge abutting a plane of symmetry can in
certain circumstances lead to a variety of problems. It is recommended
that (unless the offending edge is part of a wake network) the
configuration be rearranged to avoid this situation. This may be
accomplished by relabelling the edges of the network (see record N12 of
section 7.4).

Table 8.17 -Continued
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AUTOMATIC ABUTMENT SEARCH FAILURE
MAY CAUSE PROBLEMS LATER

NETWORK EDGE START-X START-Y END-X END-Y
6 1 8 1 4 1

The automatic abutment search failed to find an abutment for the
indicated network edge although one or more candidates were discovered.
The user should check the empty space abutment list carefully. If an
abutment has been missed, either the TOLERANCE FOR GEOMETRIC NETWORK EDGE
MATCHING should be increased (record G7 of section 7.3) or the abutment
should be defined explicitly by the user (record GE2 of section 7.5).

(V

Table 8.17 - Concluded
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"3.3 OVERLY ZIAPSED CPU TIME...."

NO DOUBLET MATCHING AT NETWORK EGE
ABUTMENT INDEX 9

NETWORK EDGE START-X START-Y END-X END-Y
10 2 4 1 4 .3
11 4 1 811

Boundary conditions which inpose doublet matching will not be invoked
at control points located at the edge midpoints along the networks which
make up the abutment, Unless these are wake networks this will produce a
discontinuity in doublet strength across these edges and will give rise to
a line vortex. If this message is printed for the non-matching edges of
wake networks, no user action is required. The doublet strength will be
continuous across the edges. The continuity is imposed in this sase by
the wake type spline. The user should expect to see this message for
every abutment which involves a network edge which the user has labelled

6i as a "NO MATCHING" edge (see record N13 of section 7.4) as well as for

all network edges which are "NON MATCHING" edges of wake networks and

design networks. I
INSUFFICIENT NUMBER OF CORNER POINTS ASSIGNED
TO IMPOSE DOUBLET MATCHING

INTERSECTION 8
NUMBER ASSIGNED 0
NUMBER REQUIRED 1I
WITH ABUTMENTS

1001 1002I
At an abutment intersection a certain number of corner control points

must be used to impose doublet continuity at the intersection. If this
warning appears, it means that doublet strength will not be continuous at
the indicated intersection unless it is an intersection which involves
abutments with non-matching edges of wake networks. The list of abutment
indices corresponds to the indices of network edge abutments if the
indices lie between 1 and 999. If the indices lie between 1001 and 1999,
they correspond to empty space abutments with indices between 1 and 999.
If the indices are greater than 2000, (5ay 2XXX), they correspond to

i network edge abutments XXX 1which include a plane of syvmmetry). The
abutments in the list should include either non-matching edges of wake
networks or network edges which the user has labelled as "NO MATCHING"
edgesi. If the indicated abutments do not include such edges, then this
may be a program error.

Table 8.18 - Warning messages in DQG overlay (4,0) i
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"4,0 OVERLY ELAPSED CPU T',ME .

POOR LEAST SQUARES FIT

NETWORK WING-TIP
LATTICE INDEX-X 7
LATTICE INDEX-Y 5

DEVIATION FROM UNITY 5.369E-07

An ill-conditioned outer spline matrix was encountered. The user
should expect the doublet spline in the vicinity of this point to be
inaccurate. The lattice indices are the fine grid column and row indices
of the point where the spline is evaluated. If an exotic panelling scheme
has been employed, it is recommended that the user try a more conventional
panelling scheme. It is possible that some coordinates of corner points
in the vicinity of this point are mispunched. Also, a triangular design
network (which is not permitted) may cause this error.

The solution should be accurate overall, but the solution in the
vicinity of this point will be less reliable.

Table 8.19 - Warning messages in DQG overlay (5,0)
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"5,0 OVERLY ELAPSED CPU TIME .. "

CRITICALLY INCLINED PANEL DISCOVERED
NETWORK UPPER-PLATE

PANEL COLUMN 3
PANEL ROW 6

ANGLE WITH RESPECT TO MACH CONE - -3.017E-03

CRITICALLY INCLINED SUBPANEL DISCOVERED
NETWORK BLUNT-TAILPANEL COLUMN 6

PANEL ROW 5
SUBPANEL INDEX 1ANGLE WITH RESPECT TO MACH CONE - -3.796E-04

The solution near this panel or subpanel may be erroneous. Moreover

it may have a bad effect on all panels downstream of it. A solution will
be attempted, however. To avoid this difficulty change the Mach number orthe geometry of the panel so that . o r O.

"NON CONVEX PANEL DISCOVERED
NETWORK LOWER-PLATE

PANEL COLUMN 7
PANEL ROW 4

NEARLY NON CONVEX PANEL DISCOVERED
NETWORK LOWER-WING-TIP

PANEL COLUMN 5
PANEL ROW 9

Non-convex panels are permissible in PAN AIR (see section B.1.3). No
difficulties should be expected. However, often an erroneous entry of
network corner point coordinates gives rise to non-convex panels. If the
user does not expect non-convex panels, he should check the coordinates of
the network in the vicinity of the indicated panel.

Nearly non-convex panels may lead to singular subpanel spline
matrices. If this should occur it is a fatal error. See table 8.14.

GAP SIZE EXCEEDS PANEL SIZE
NETWORK BODY
EDGE 1
PANEL INDEX ALONG EDGE 9

GAP SIZE/PANEL SIZE . 3.691E 00

Unless inhibited by the user (see record G7 of section 7.3) gap
filling panels will be added to fill in this excessive gap size. No user
action is suggested.

Table 8.20 - Warning messages in DQG overlay (6,0)
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Error Code Explanation

5 Permanent File Error. See table 8.22 for NOS 1.2 and 1.3
operating systems and see table 8.23 for SCOPE 2.1 and NOW/BE
operating systems.

6 system error. System error 2 is the only user caused error
which might occur. This means a premature end of information
was encountered on a database file (i.e., the file is empty).
The reconmmended user action is to assure that the database file
is present.

7 Field length limit exceeded. Recommended user action is to
increase field length appropriately to allow execution to
proceed.

11Unknown database name. Recoimmended user action is to correct
misspelled database name in MEC input.

22 Attempting access which violates user password. RecommnendedI
user action is to find correct password for MEC input and rerun
the job.

28 Duplicate database name. Recormmended user action is to change
the MEC directives which define the database name or purge the
preexisting database file which has the same name.

j ~ ,.Table 8.21- SDMS errors caused by user or operating system

re
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*Secondarylr','l' Error"~~~"'.

Code ErrExplanation

2 One of the following has occurred:
The specified permanent file could not be found. The
specified account number could-not be found. The user is
not allowed to-access the specified file. 'An indirect -

access file commland was .issued for a direct access file..

Recommiended user action is to correct what is probably a
misspelling of file name or account name in the MEC input
deck.

5The user has already saved or defined a file with the name
specified. The user should either rename the file in the 2
NEC input de:k or should purge the preexisting file and
rerun the job.

7 File name contains illegal characters. Correct the
misspelled file name in th'm NEC input deck.M

8The user is not validated to create direct access or
indirect access permanent files. Take whatever steps are
required to gain validation permission before trying to
rerun the job.

9 File length exceeds the limit for which the user is
validated. Either obtain permission for generation of
longer files or run a smaller sized problem.

possible. This is an operating system difficulty. Consult
with representatives of the computer system to determine
when access will be available.

16 The numbir of files in the user's catalog exceeds the
limit. Purge some of your files or obtain permission for a
larger number of files.

17 The size of the indirect access files In the user's catalog
exceeds the limit. Run a smaller Job or obtain a gr'eater
limit on the size of your files.

*ERROR is 5,N where N -Secondary error code .
Table 8.22 -Permanent file SONS errors in the NOS 1.2

and NOS 1.3 operating systems
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Secondary-'ErrorExanto
Code, .xlnto

20 The Job's local'' f ile limit has beqn,,excaedgd.' If theruser'.is trying to save all datab's# Y ilýete i~hrteue
.must obtain perm~ission 'for a 'ar 66:111e I IMimt' or he, mustý

purgo some local files.'4s 'execution proceeds.

21 . The Job's mass stdrage 0hysical rq& unit limit has been .

lmtfrtemass storage physica~l 'record~unit Aim~it. 'AV C

22 Permit limit hdi been exceeded for a private file'.' Take(whatever'steps are required to obtain'permission to access

24 the indicated file.

24 the rdsource execdtive has detected' a fatal error. Contult
with representatives of the computer sy'stem to determine'
1ýhe caute of the failure. The user might try to resubmit
the Job agah, iThis is a~operat~ing systemfl error..'

25,6 No allocatable tracks remai,n on the equipment. the disk isV&full:. Either run a smaller job or arrange, to' have access
to a greater' a~munt of 'space on the di'sk. ý'This is often an
unpredictable situation, Often rerunning the job will
allow execution to 0ontinue particularly if the job is run

I' during a time when' demand for computer rpsources.,is low.

31 An error was encountered in reading a portion of the
permanent file catalog or permit information. :this is an
operating system error. Consult with representatives of
the computer systemi to determine the source of the problem
and take whatever steps are required to fix the problem.

Table 8.22 - Concluded
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*Scond~r Error panto

N o room fr-new'cycle. Purge priv ious, cy cles of files or
rename daz bso filt in MEC lniput.

10rie not on set. Check for misspelled file name. If name
is not-missprelled, then f~le was inadvwortntly purged.

.1~ R~re~e ile and~itry job again'..,-

19 Cycle incomplete 'on an 'attach. Recover; detected error on
ýil~e. This is an operating system error. Teremovable
disk noy need mainten~ahce o~r,, rep4aqeent,

22 LIO error in permianent file device. invalid itn.Ti
is an operating sys,ýer error. Thyresubmitting J90,

29 Permanent file' alreAdy 'in syst Iem. Change ,nwie of, - ile anti
'try running the job og~1iO.

32 * ' gllMenark (se ntc 'mounted). Add appropriate mount

Table 8.23 -SDf4S permanent file error on AM4ES &nd.
WRIGHT operating-systems
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Datazet Neme Contents

LATA-BASE-HEADER Contains module name, version,
condition, date, run ID, problem
ID and user ID

G.LOBAL Global flow properties

GLOBAL-'FLOW-PROP Case counts and case labels for
POP and CDP problems

GLOLFAL-DS-OUTPUT Count of PPP directives

SiQAL-DEFAULTS Global parameter values for use as
default values in Network data as
well as PDP and COP problems

OMiORK-UPDATE-CODES Update codes for all defined
networks. Networks are fully
updatable, edge updatable or not
updatable

GLOBAL.?RINTS Check print flags for each PAN AIR
module

NEIWK-SPEC Specifications for each network,
one dataset per network. Contains
network parameters, boundary

I condition class, number of grid
point rows and columns,
singularity types, edge types,
updatability and triangular panel

Ji tolerance

PANEL-COORDS Array of grid points, one dataset
per column, one set of columns per
network

NETWORK-BDC Network bulk data control data.
Contains the count of terms and
the identity of each term input
for the five types of bulk data
control data. One dataset per
network. The five types are:
closure, coefficient (general
boundary condition equation),
tangent vector, specified flow
equation term, and local onset flow

Table 8.24 - DIP datasets

(.j 8-45
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Dataset Name Contents

CLOS-COND Closure condition data, for a
particular term, for a givennetwork

COEFF-GEN-BC Coefficient data, for a particular
term, for a given network

TANG-VEC Tangent vector data, for a g
particular term, for a given
network

SPEC-FLOW Specified flow data, for a
particular term, for a givennetwork i

LOCAL-FLOW Local onset flow, for a given
network

USER-ABUT User defined abutment data. One
dataset per abutment. Contains
list of networks in the abutment
as well as the edge number and
part of edge involved

SURF-FLOW Surface flow properties for POP
problems. One dataset per case
(problem). Contains list of
networks, solutions and parameters
to be saved or printed.

SURF-FAM Surfaces, forces and moments for j
CDP problems. One dataset per
case. Contains list of networks,
solutions, and parameters to be
saved or printed.

DO-OUTPNT Data base output for PPP
directives. One dataset per
directive.

Table 8.24 -Concluded
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Dataset Name Contents
DATA-BASE-HEADER Run identifier and data base

condition
"GLOBAL Global flow properties

NETWK-SPEC Network data
PANEL-CORNER-COORDS Corner point coordinates
FINE-GRID-.COORDS Enriched grid coordinates

EDGE-POINT-COORDS Coordinates of corner points ati•: ..'n e t w o rk e d g e s.USER-ABUT User-input abutment description

ISER..-ABUT

;•i SEARCH-L IST

Intermediate storage forABUTMENT-KEYS 
a

EXPANDED-ABUTMENT automatic abutment search

INTERSECTION

ABUTMENT-SPEC Abutment data (network edges)

EMPTY-SPACE-ABUT Empty space abutment data

GAP-SIZE Gap size for each panel on networki& edge
GAP-PANEL Gap-filling panel data

SPECTAL-POINTS Data for short and end points of
abutments along network edges

SBNDRY-CONDN-EN 
User Ir.put boundary condition data(network wide)

CLASS-6-BC-DATA User input boundary condition data
(point by point)

CLOSURE-DATA-IN User input closur-e data

CONTROL-PT-SPEC Location and cenormal of control•/ point

Table 8.25 - DQG datasets
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Dataset Name Contents

INDRY-CONDN-SPEC Boundary condition data for
control point

B-POINTER Pointer for right-hand sides of
boundary condition equations

EXTRA-HYPO-LOC Extra hypothetical locations
of matching control points

CLOSURE Closure boundary condition
data

PANEL-SPEC Panel data: geometric,
splines and far field moments

SINGULARITY-SPEC Singularity parameter data
(keyed by index)

SINGULARITY-MAP Singularity parameter data
(keyed by location in network)

B-SPLINE-SOURCE Spline vector for source spline

B-SPLINE-DOUBLET Spline vector for doublet spline

INTERIOR-SPLINE Smooth abutment spline vector

Table 8.25 - Concluded

0
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Dataset Name Contents

DATA-BASE-HEADER Run identification information

COLMAP Singularity indices of DQG from
MAG indices

COLMAP-INVERSE Singularity indices of MAG from
DQG indices

ROWMAP Control point indices of DQG fromMAG indices

ROWMAP-INVERSE Control point indices of MAG from
DQG indices

AIC-KNOWN (UNKNOWN) AIC matrix partitions

SYMMETRY Table of symmetrized matriceq

IC-MATRICES Influence coefficient matrices

Table 8.26 - MAK datasets

Vi• Dataset Name Contents

DATA-BASE-HEADER Data base header information
consists of module, version,
condition, date and
run/problem/user identifications

PIVMAT Pivot term information resulting
from the decomposition process Al

BLIN Matrix blocking information with
the maximum number of column/row
of blocks being set to 100 each
(requires 214 words)

AICBLK The AIC blocks of submatrices are
stored in blank conmmon (preset to
10,000 words) which must hold any
3 submatrices. A matrix of order
2000 by 2000 would have 36
row/column blocks with 57
rows/columns each stored on the
data base

Table 8.27 - RMS datasets
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Dataset Name Contents

DATA-BASE-HEADER Run identification information

SOLUTION-DATA Solution and synmmetry information

RHS-UNKNOWN Equality constraints corresponding
to unknown AIC elements

RHS-UPDATED Equality constraints corresponding
to known singularities

RHS-KNOWN Equality constraints corresponding
to unknown singularities

ONSET-FLOW Flow vector at each control point

AIC-DIAGONAL Known AIC elements in column form

LAMBDA-KNOWN Known singularities in column form

LABMDA-UNKNOWN Oknown singularities in columnform

SING-KNOWN Known singularities in row form

BLOCK-INFO Blocking information K~ '

LAM-MAT Blocked submatrices

Table 8.28 - RHS datasets

8-50
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Dataset Name Contents

DATA-BASES-HEADER Run IDS, data base condition

.,GLOBAL Global flow properties

NITWORK-SPEC Network data

SOLUTION-DATA Solution ID's and numbers

CP-GEOM Control point data, normal,
tangent vector and subpanel spline

GP-GEOM Grid point coordinates, skewness
parameter, doublet strength
moment, doublet far field moment
and normal cross product of
doublet strength

CP-DATA Control point data, control point
index, singularities, average
potential, mass flux and velocity
X, Y, Z components at control point

GP-DATA Grid point data, grid point
sequence, singularities, average

potential, mass flux and velocityIX, Y, Z components at grid points

I .Table 8.29 - MDG datasets

( ),
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Dataset Name Contents
DATA-BASE-HEADER Run, problem and user

identification and condition ofdata base

GLOBAL Number of cases, user options,
network list, Mach number,
compressibility direction, flow
velocity, and symmetry information

NETWK-SPEC Number of panel rows and columns
plus the network source and
singularity type information

SURF-OPTIONS User options keyed by case
number. The options include
velocity correction, pressure
rules and computed flow quantities

FLOW-QUANT Surface flow quantities (pressure
coefficients, local Mach numbers,
mass flux, velocities, etc.)

Table 8.30 - POP datasets

(-5
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Dataset Name Contents

DATA-BASE-HEADER Run, problem and user
identification and condition of
data base

NETWK-SPEC Number of panel rows and columns

plus the network source and
singularity type information

SURF-FAM-OPrIONS User option data keyed by ce.se
number. The options includo
velocity correction type, velocity
type, pressure rules, axis
selection and accumulation rules

PANEL-FORCES Forces and moments for each panel
and selected accumulated totals

LEADING-EDGE-FORCE Forces and moments for each
selected network edge and
accumulated totals for the edges

NETWORK-FORCES Forces and moments for each
selected network and accumulated
totals

CONFIG-FORCES Total forces and moments for each
configuration and for each case.
Forces and moments for selected
accumulated totals for all cases

Table 8.31 - CDP datasets

8-53

........



S., ~~~~' . ) •3)r.!

The network panel corner points data along with its identification information
is written onto a plot file (logical unit 9), as given below:
Record '

Set(s) Item Columns Description

DQG Plot Titles DQG Plot Title Information consisting of
4 lines of title information as follows:

a) NETWORK GEOMETRY 1-35 DQG Title (Format 3AIO,A5)
FRCM DQG DATA
BASE

b) Run ID 1-7? DQG Run Identification (RID). (Format
# Run ID 7A1O,A2)

c) Problem ID 1-72 DOG Problem Identification (PID).
(Format 7A1O,A2)

d) User ID 1-72 DQG User Identification (UID). (Format
7A10,A2)

2O*START 1-5 Signifies start of data (Format A5)

3 $GLOBAL DATA 1-12 Global Data (see table 11-E.2 of
Maintenance Document for details)

4 (DQG Run Id) 1-28 DQG Run Name Identification (Format Al,
13, 212, 2A10) (see section 11-E.3 of
Maintenance Document).

5 (Geometry Data Network Geometry corner points data X,
from DQG) Y and Z along with its identification

data [Format 14, 6X, 3(14, 1X), 3(F12.6,
IX)]

1-4 Sequence Number
5-10 Blanks11-14 Row Number

15 Blank
16-19 Column Number20 B lank

21-24 Network Number
25 Blank
26-37 X-coordi nate
38 Blank
39-50 Y-coordinate
51 Blank
52-63 Z-coordi na.e
64 Blank

(Repeat record sets 4 and 5 above for
each Network selected.)

*END 1-4 The last line of data contains *END to

signify the end of DQG data (Format A4)

I

Table 8.32 Plot file format for geometry data
8-54 ;!
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A description of the Global Data for DQG is written on the geometry plot file
(logical unit 9) following record set 2 (i.e., *START descriptor record

signifying the start of data).

Record Record
Set(s) Subset(s) Item(s) Columns Description Format

3 $GLOBAL DATA 1-12 Global Data A12

1 DATE 1-5 The heading DATA AS
DATECR 6-15 Date of creation in A1O

the form Yr/Mo/Date*

2 AMACH 1-10 Mach Number F10.5
CALPHA 11-20 Angle of attack F10.5
CT2 0 (degrees)
CBETA 21-30 Angle of sideslip F10.5

(degrees)
NUMPOS 31-5 Number of planes of 15

symmetry,
& =0 unsymmetric

1 one p1'ne of sym.
.2 two pl, as of sym.

NNET 36-40 Number of Ne..Norks I5

3 POSNRM 1-60 Normal to first and 6F10.5
second planes normal
to the planes of symi-
metry (3 by NUMPOS)

4 POSLOC 1-30 Coordinates of point 3F10.5
common to first and
second planes

"5 NETPPP,NETID 1-70 Network index and ID, 2(14,1X,2A1O,1OX)
two networks per

¶1 record subset
[network number
(14) and network
id (2A10)]

*For the Ames system the form is Date/Mo/Yr

Table 8.33 -Global data for geometry file
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I TEM LITERAL
NUMBERS COLUMNS NAME/VALUE FORMAT DESCRIPTIONI

1 1 D Al DQG Identification

2 2-4 13 Network Number

35-6 12 Number of RowsI

4 7-8 12 Number of Columns

5 9-28 A20 Network ID

Table 8.34- DQG run name format

B-56
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The format of the pointdata plot file (on logical. unit 10) is described below:

Record

SItem Columns Description II,'

1 (6F10.5) 1-8 . Data Format Specification (Format AS)

2 . PUP PLOT TITLE(S) POPPlot Title Information. Starts in
column 1 with a $ and consists of 4 7
"linbs of title information as follows:

a) $POINT DATA FROM 1-30 PUP Plot Title (Format 3A10)POP DATA BASE
b) :$(RID) 1-72 PDP Run Identification (RID).(Format

7A10, A2)
c)•$(PID) 1-72 , POP Problem Identification

- (PID).(Format 7A10, A2)
d) P(UID) 1-72 POP User Identification (UID).(Format .,

(i, 7A1O,A2)

3 *RUN 40 1-7 Identifies maximum run name length of I
40 alphanumeri, characters in PDP run , I,
name (record set 6).

4 GLOBAL DATA 1-12 Global Data (see table 8.36 for
d~tails)

"5 PDP Parameter 1-76 Identifies parameters available for
Name List) plotting. If more than oe line is

needed to specify parameters, the wordMORE must be intered in columns 73-76
jon!on at line except for the last line
of a parameter list. The parameter

', - name list is written on the plot file
at the.:)eginning of each solution.
The par1ne':.er list is written 6 per
line.

(PDP Run Name) 1-40 A detailed descriptiorn of the PUP run
name is described in table 8.37
(Format Al, 12, 13 12, 4A4, Al, 13,A3, A4, Al, 12, 2Xi.

I (Point data from 1-60 PDP Data list in order of pa.rameter
POP in order of name list in the format specified in
Parameter name list.) Record Set 1 above.

(Repeat Record Sets 6 and 7 above for

all selected data options.)

8 *EOF 1-4 The last line of dataset containt *EOF
to signify the end of data for that
run (Format A4).

Table 8.35 -Plot file format for point data

.. ,
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A descriptV'On .of Ithe Global Data for POP is written on 'the point data plot file
(logical unit 10)" following record set 3 (i.e., *RUN 49 descriptor reccqrd
identifying maximpm run name length of 40).

Record Record •

Sets Subset(s) Item(s) i Columns Description Format

4 $GLOBAL DATA 1-12 qlobal DatA A12

I DATE 1-5 The heading DATA A5
DATECR 6-15 Date of creation in A1O

the form YrlMolDate*'

2 AMACH 1-10 Mach Number :FlO.5
CALPHA 11-20 Angle of attack .F10.5

(degrees')
C9ETA 21-30 Angle of sidesip 410.5

, ,,(degrees)
NUMPOS, 31-35 Number of planes of I5

symmetry,
M0 unsymmetric
a1 one pilanb;of sym..
I2 two planes of sym.

* !NNET 36-40 Number pf Networks is
NSOL 41-45 Number of solutions 15
NCASE 46-40 Number pf cases is

3 ,POSNRM 1-60 Normal to first and 6F10.5
secotd planes normal
to the planes of sym-
metry (3 by NUMPOS)

4 POSLOC 1-30 Coordinates of point 3F10.5
common to first and
second planes

5 NETPPP,NETIO 1-70 Network index and 2(I4,1X,2A10,1OX)
ID, two networks
per record subset
(network number (14)
and network id (2A10)]

6 ALPHA 1-70 Angle of attack for 7F10.5
each solution(max 200)

* For the Ames system the form is Date/Mo/Yr

Table 8.36 - Global data for PDP file

8-58
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Record Record
e Subset(s) Item(s) Columns Description Format

7 BETA 1-70 Angle of sideslip for 7F10.5
each solution(max 200)

8 SOLLSTSOLID 1-70 Solution index and 2(14,1X,2A1O,1OX)
ID, two solutions per
record subsetr(solution number (14)
and solution id (2A10)]

9 CASLSTCASEID 1-70 Case index and ID, 2(14,1X,2A10,1OX)
two cases per record
subset [case number
(14) and case id (2AN0)]

Table 8.36 - Concluded

J
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For Literal name
Item Literal Name(s) or Associated , ,

Number Columns or Value(s) Integer Format* Description,v

1 1 P Al PDP Identificttion

2 (a) 2-3 12 Case Number
(b) 4-6 13 Solution .Number

3 7-8 99 12 Job number, preset to 99
(not used)

4 9-12 UPPE - 1 A4/14 Surface Selection
LOWE - 2
UPLO - 3
LOUP - 4
AVER - 5

5 13-16 BOUN - 1 A4/14 Velocity computation
VIC - 2 option

6 17-20 UNIF - 1 A4114 Pressure computation
LOCA - 2 option

7 21-24 NONE - 0 A4/14 Velocity correction
SA1 - 1 option
SA2 - 2

8 (a) 25 N Al Network ID
(b) 26-28 13 Network number

9 29-31 INP - 1 A3/I3 Images
IST - 2
2ND - 3
3RD - 4

10 32-35 CENT - 1 A4/14 Point type
EDGE- 2
ADDI - 3
GRID- 4

11(a) 36 R or C Al Row or Column ID
(b) 37-38 12 Row or Column Number

12*(a) 39 C Al Column ID
(b) 40-41 12 Column Number

13* 42-44 13 Run Sequence Number

* Note that the PDP plot file has 2 similar names for each dataset option. Item numbers
12 and 13 in the Run Name are used for only the second run name descriptive with
associated integer values for item numbers 4, 5, 6, 7, 9 and 10 above. Also, the
second run name length is 44 characters instead of the maximum length of 40
specified in record set 3 described in table 8.35.

Table 8.37 - PDP run name format
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The format of the configuration data plot file on logical unit 11 is described
below:

! Record

Sats(s) Item Columns Description

I (6FI0.5) 1-8 Data Format Specification (Format A)1

2 CDP Plot Title(s) CDP Plot Tbtle Information. Starts in
S~lines of title information as follows:

a)ICONFIGURATION 1-38 CDP Plot Title (Format 3A10, AS)S~DATA FROM CDP
DATA BASE

b) $(RID) 1-72 CDP Run Identification (RID).(Format
7A1O,A2)

!• c) $(ID) 1-72 CDP Problem Identification
i (PID).(Format 7AIO,A2)

I!d) $(UID) 1-72 CDP User Identification (UlD).(Format
• 7A10,A2)

3" *RUN 40 1-7 Identifies maximum run name length of
2 •40 alphanumeric characters in CDP run

name (record set 6).

4 'GLOBAL DATA 1-12 Global Data (see table 8.39 for
details)

5 (CDP Parameter 1-76 Identifies parameters available for
! •Name List) plotting. If more than one line is

needed to specify parameters, the word
MORE must be entered in columns 73-76
on--that line except for the last line
of a parameter list. The CDP
parameter name list is written on the
plot file at the beginning of the plot
file data for each solution and at the
beginning of the accumulation sum
data. The parameter list is written 6I per line.

6 (CDP Run Name) 1-40 A detailed description of the CDP Run
Name is described in section 11-G.3 of
Maintenance Document (Format Al, **

12, 4A4, Al, 13, A3, Al, Al, 12, Al:
12, 2X).

Table 8.38 - Plot file format for configuration data
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Record
Sets(s) Item Columns Description

7 (Configuration data 1-60 COP data is written in order offrom CDP in order of parameter name list specified inparameter name list) record set 5 above. The first record

lists the solution number, magnitude of
uniform onset flow velocity al ha
(angle of attack) and beta 1 of
sideslip) values using format (I10,
3F10.5). The forces and moments data
for the selected pressure rules and axis
systems as shown in table 11.3 of
Maintenance Document are written on the
plot file in the format specified in A
record set 1 above.

(Repeat record sets 6 and 7 above for
all selected data options.)

*EOF 1-4 The last line of dataset contains *EOF
to signify the end of data for that run
(Format A4).

**Formats for configuration options in columns 2-6 of the COP Run Name are
described in table 8.40 item number 2.

Table 8.38 - Concluded ..

,,,. .
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A description of the Global Data for CDP is written on the configuration 'data
plot file (Ingical unit 11) following record set 3 (i.e., *RUN 40 descriptor
record identiiing maximum run name length of 40).

Record Record

Set_ s Subset(s) Item(s) Columns Description Format

4 $GLOBAL DATA 1-12 Global Data A12

DATE 1-5 The heading DATA A5
DATECR 6-15 Date of creation in AIO

the form YrIMoIDate*

2 AMACH 1-10 Mach number F10.5
CALPHA 11-20 Angle of attack F10.5

(degrees)
CBETA 21-30 Angle of sideslip FIO.5

(degrees)
NUMPOS 31-35 Number of planes of 15

syisymetry,

0. unsymmetric
1.. one plane of sym.
2. two planes of sym.

NNET 36-40 Number of networks 15
NSOL 41-45 Number of solutions 15
NCASE 46-50 Number of cases 15

3 POSNRM 1-60 Normal to first and 6F10.5
second planes normal
to the planes of sym-"metry (3 b NUMPOS)

•,ii i! POSLOC 1-30 Coordinates o point 3F10.5
common to first and

NETPPNETI 170 second planes5, NETPPP,NETID 1-70 Network index 24,.1X. 2AIO,1OX )

and ID, two networks \
per record subset
[network number (14)
and network id (2A1O)J

6 ALPHA 1-70 Angle of attack for 7F10.5
each solution
(max 200)

* For the Ames system the form is Date/Mo/Yr

Table 8.39 - Global data for CDP file
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Record Record
Set(s) Subset(s) Item(s) Columns Description Format

"7 BETA 1-70 Angle of sideslip 7F10.5
for each solution(max 200)

8 SOLLST,SOLID 1-70 Solution index and ID,2(14,1X,2A10,1OX)
two solutions per record
subset ( solution number
(14) and solution ID (2A10)]

9 CASLSTCASEID 1-70 Case index and ID, 2(I4,1X,2A1O,1OX)
two cases per recordI•1 subset (case number
(14) and r se ID (2A10)]

10 REFPAR List of reference data
coefficient values

SR 1-10 Area reference F10.5
"parameter

"CR 11-20 Chord reference F10.5
parameter

BR 21-30 Span reference F10.5
- )parameter

K 11 NUMAXS 1-4 Number of axis 14
AXIARsystems selected
SAXISAR List of selected

axis systems
allowable

5-8 1. reference coor- 14
dinate system (RCS) ,L

9-12 2. wind axis system 14
(WAS)

13-16 3. body axis system 14
(BAS)

17-20 4. stability axis 14
system (SAS)

12 MOMLST 1-72 Coordinates of mo- 12F6.2
ment reference values
for above axis system
(3 by NUMAXS)

13 ELRLST 1-72 Euler angles in 12F6.2
degrees to go from
RCS to selected axis

system only for BAS

Table 8.39 - Concluded
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Item Literal
Numbers Column(s) Name(s) 7ormat Description

I C Al CDP Identification

2(a)Panel 2-3 12 Network Number
Data 4-6 13 Panel Number

(b)Column 2-3 12 Network Number
Sum 4 C Al Column Sum ID5-6 12 Column Number

(c)Network 2-3 12 Network Number
Sum 4-6 3X Blanks

(d)Config. 2-4 CON A3 Configuration ID
( Sum 5-6 12 Case Number

(e)Accum. 2-4 ACC A3 Accumulation ID
Sum 5-6 12 Case Number

3 7-8 99 12 Job number, Preset to 99
(Not used)

4 9-12 UPPE A4 Surface Selection Option
LOWE
UPLO
LOUP
AVER.I

5 13-16 BOUN A4 Velocity Computation Option
VIC

6 17-20 UNIF A4 Pressure Computation Option
LOCA

21-24 NONE A4 Velocity Correction OptionSA1
SA2

8(a) 25 C Al Case ID
b) 26-28 13 Case Number

129-31 INP A3 Images
9N1ST

2ND
3RD

lO(a 32 P Al Panel ID
(b 33 R Al Row ID
(c) 34-35 12 Row Number

11(a) 36 C Al Column ID
(b) 37-38 12 Column Number

Table 8.40 - CDP run name fbrmatI 8-65
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Figure 8.4 - Coarse Grid Lattice Indices (14t4)
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M(Colunn Index)

a) Indexing of rows, columns, edges and edge points

Figure 8.6- Abutment Indexing Scheme in DQG
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Reader is looking down at

the lower side of the networks.

Plan[ of
Symm;etry

Edge 1 & Empty Space
of Abutment No. 1

M NMNM NM EdgeA2u &N N Empty Space
Abutment

Network 1 No. 3

NM M -WING M

Edge 4 & -1
Nonsmooth
Abutment
No.2 2

NM i M

NM KM NM Edg, 3 NM M M Nonsmooth

NM NM M Edgj1 I M NM AbutmentI No. I

Network 2 Edge 2 &
WAK Empty Space

Edge4& -WAKE Abutment
Nonsmooth No. 3

Abutment NM 'M M NM
No. 3

NM NM __ NM
NM NM NM NM

Edge 3 & Empty Space Abutment No. 4

b) Example with matching and nonmatching identifications
at edge points

Figure 8.6 - Concluded
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9. 0 PAN AIR Engineering Glossary

This glossary defines the most commonly used engineering terms 4in the PAN
AIR Theory and User's Documents. In general, all specialized terms (that is, j
terms whose meaning in the context of PAN AIR is different from their meaning
used in the PA AR engineering documents. Terms which relate to the
compting aspects of PAN AIR are defined in a separate glossary, the PAN AIR
software glossary.

The format of the glossary is the following: Each term is followed by a
list of principal references and a definition. The references give the
section number where the item is discussed, preceded by a T for Theory
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Key Word Description

Abutment A curve where two or more network edges
(exactly or approximately) meet.

Abutment Intersections Points where several abutments meet.

Account numbers Computing center cost accounting labels.

Address The software identification of a word
in central memory.

Array A collection of contiguous words in
central memory.

B (Outer) Spline A matrix which gives the value of
source or doublet strength at panel
grid points in terms of surrounding
singularity parameters.

BP-Spline A row vector giving a flow quantity at
a grid point in terms of the flow
quantities at surrounding control
points. A*

Block Partition Format The arrangement of a coefficient matrix
as a collection of rectangular[I submatrices.

Buffer An area of storage which temporarily
holds data that will be subsequently
delivered to a processor.

Calling relationship The set of all subprograms invoked by prgaant

4CDC Cyber 175, 6600, 7600 Control Data Corporation data
processing systems.

Clo~ure Condition A non standard boundary condition
imposed to insure a design network edge
will remain unchanged after the
geometry has been relofted.

Communication Vehicle A method of data transfer between
subprograms.

Comp ass The CDC Assembly language.

Compilation The translation of a high level source
lAnguage, like FORTRAN IV, into machine
language.
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Key Word Description

Compressibility Direction The direction of freestream flow in the
4 Prandtl-Glauert equation. It is

defined by the input terms mCALPHA" and
"CBETA."

Compressible Inner Product An inner product with respect to the
compressibility coordinate system.

Constraints Right-hand-side values for boundarycondition equations.

Control Card Stream A sequence of control statements.

Control Statement A user instruction to the operating
system.

Core Semi-conductor memory which is
manipulated by the central processingunit.

CPU (Central Processor Unit) Elements of a data processing system
that carry out a variety of essential
data manipulations and controlling
tasks.

Data Base Communication Chart A taoular listing which correlates
datasets and the subprograms which use
them.

Data Base Directive A user directive which may specify the
file identification parameters for thePAN AIR databases and the master

definitions.

Data Base Information Table A tabular listing of the specifications
made by the data base directives.

Data Base Management System A piece of software which manages data

bases in direct access storage.

Data Base status The completeness of the infor 4tion in
a data base.

Data flow The relationship of the output data of
one program to the input data of
another program.

Dataset A collection of element sets and their
associated key sets.

Design Code See pseudo code.
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Vey Word Description

Diagnostic message.. Program identification of an
warning message abnormality detected during execution

which will not result in program
termination.

Dsk A computer storage medium external to
the CPU.

Element The basic informational unit of an SDMS
data base.

Element Set A well defined collection of elements.

lend of record' card The delimiter between sections of a Job
J input file.

Executable Code FORTRAN statements which specify
actions the program is to take.

Execution The operation of the CPU under control

of a program.
Execution time The wall clock time at which a program

Is in execution.

Executive Directive A user directive which specifies the
type of PAN AIR analysis.

Executive Module The component of a software system
which controls the execution of other
system components.

Fatal error An abnormality detected by the program
during execution which results in
program termination.

Flow quantity Surface potential, velocity or normal
mass f ux.

Formal Parameters Arguments which appear in calling
sequence of SUBROUTINE or a FUNCTION.

FORTRAN IV A procedure-oriented language supported
by CDC compilers.

Free field format The interpretation of program input by
its content instead of position.

Functional Decomposition The breakdown of a major computing task
into basic computing functions.

Glossary A section of the program preface which
describes program variables.
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Key Word Description

.4Heterogeneous Ths condition of the specified flow
data set of the DIP data base when
smearing has not been employed.

Homogeneous The condition of the specified flow
data set of the DIP data base aftor
smearing has been employed.

IC Matrix A matrix giving one or rare field flow
properties as a linear combination of
the array of singularity parameters.

Input Data used downstream from a given PAN
AIR module.

JCL (Job Control Language) The criteria for defining the set of
all syntactically correct control
statements.

Key An element set identifier.

Key Set A collection of key which uniquely
identify an element set.

Library See program library.

Load Transform a program held on some
external storage medium into the main
memory of the machine in a form

V suitable for execution.

Macro-options A data set of the MEC data base which
will inform all downstream PAN AIR
modules of an IC-update, solution
update or post-solution run.

Main program A program which is not a subprogram.

Main Overlay The overlay which is loaded initially
and remains in core.

Maintainability Resilience to internal changes

Map A correlation between SONS dataset
elements and program variables.

Masking A bit by bit logical operation on one
or more words in central memory.

Master Definition File A collection of data records which
defines the structure of a
permanent/temporary data base.

10-6
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Key Word Description

MEC Directives Data base directives and executive
directives.

Modular Code Software which has localized the impact
of changes in its operating environment.

Module One of the ten basic programs of the
PAN AIR system.

NOS, NOS/BE, SCOPE Control Data Corporation operatingsystems.

Operating System The computer system software that
assists the hardware to implement
various supervisory and control
functions it performs for the tasks
created by the users.

Out-of-core Matrix Multiplication The computation of the product of two
out-of-core matrices (stored on SDMS
data bases).

Output Data used downstream from a given PAN

AIR module.

Overlay A portion of a !irogram written on a
file in absolute form and loaded at '
execution time with,ý'ht relocation.

PAN AIR Problem The computation of a numerical solution
to the Prandtl-Glauert equation and
boundary condition equations over a
surface configuration.

Permanent (Temporary) Data Base A well defined data structure,
generated by a particular PAN AIR
module, which will (not) remain

accessible after the job has run to
completion.

Plot data file Input data to plotting software.

Preface Software documentation presented as
comment statements at the beginning of
each PAN AIR module.

Primary Overlay An overlay which may be called into
core only by the main overlay and is
loaded immediately following 'he main
overlay.

Procedure A collection of control statements,
separate from the job control statement

section, that may be called by a
control statement.

10-7
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Key Word Description

Procedure File A collection of data records which may
be called as a procedure.

Program A collection of FORTRAN statements,
with optional coiments, terminated by
an END statement.

KProgram Library A collection of computer programs made
available to computer users to reduce
the work of programming.

Program Tree Structure The schematic representation of calling
relationships between subprograms of a
module.

Pseudo Code A user-defined, non compilable
shorthand for use in defining the flow
of a program segment.

Secondary overlay An overlay which may be called into
core only by a primary overlay and is
loaded immediately following the
primary overlay.

Smearing The application of a single specified :
flow value to a subset of control
points.

Software System An integrated collection of programs
which perform a major computing task.

Solution data Basic flow quantities associated with a
particular set of right-hand-side
equality constraints.

Stand-alone program A program module which may be executed
independent from other modules.

Structured Programmilng Software development which has employed
disciplined program organization and
notation to facilitate correct and
clear descriptions of data and control

ii structures.

System Architecture The construction of a computing system
by assembling basic modules.

Submodule A subprogram of a PAN AIR module.

Subprogram A program unit that begins with a
SUBOUTNEFUNCTION or BLOCK DATA
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Key Word Description

Subroutine A subprogram unit that begins with a
SUBROUTINE statem~ent.

Symmnetrize Transform a large system of linear
equations into smaller systems of
linear equationst by usinj symmetric
properties of the coeffic ent matrix.

Transportability Resilience to external changes.

Tree Diagram See program tree structure.

Unsymunetrize Transform the solutions of symmietrized
I systems of linear equations into the

solution of the original system.

User Directives A collection of user specifications
which define a particular PAN4 AIR

. problem and its computing environment.

i -(
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11.0 List of Symibols

a coefficient of normal mass flux in boundary condition equation

a' coefficient of normal mass flux in closure equation

[AIC3 aerodynamic influence coefficient matrix

.b constraint in a boundary condition equation

b vector of constraints in a system of equations

[B] matrix of constraint vectors

BAS body axis system (DIP record Ff3)

BR span reference parameter (DIP record FM2)

c coefficient of potential in boundary condition equation

Co unit vector in compressibility direction

Cp pressure coefficient

Cpo known value of pressure coefficient

Cpv vacuum (minimum) value of pressure coefficient

tF force coefficient vector

CM moment coefficient vector

CR chord reference parameter (DIP records FM2 and FM11)

d coefficient of tangential velocity in boundary condition equation

ds differential of surface area
e coefficient of normal velocity in boundary condition equation

aE energy added by incremental onset flow

FX,FY,FZ components of force coefficient vector

I,i row index

F 6', integrals related to force and moment coefficient vectors

J,j column index

M number of rows of panel corner points (grid points) in a network

1,1-1 / ,
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vector at network origin in direction of first column of panel corner

points

MX,MY,MZ components of moment coefficient vector

Moo freestream Mach number

n panel normal coordinate

n unit vector normal to panel, outward-pointing from upper surface

conormal vector of a panel

n outward-pointing unit vector normal to panel surface
S

N number of columns of panel corner points (grid points) in a network

vector at network origin in direction of first row of panel corner

points

p pressure, newtons/m 2

2p• pressure in the freestream, newtons/mr

P point in space

POS plane of configuration symmetry

Q arbitrary point on panel or on integration surface

"" field point . i

r% rotation reference point (DIP record set G6)
0

R(P,Q) hyperbolic (compressible) distance between P and Q

moment reference point (DIP record FV13)

RCS reference coordinate system

s coordinate on a surface

s sign ('-M2)

sI . 1, sign corresponding to network edge in an abutment

SAS stability axis system

SR area reference parameter (DIP records FM2 and FM11)

t tangential coordinate on a surface

t coefficient of tangential velocity in boundary condition equation

11-2
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t vector tangent to surface

unit vector tangent to surface

(u~v,w) components of perturbation velocity in coordinate system whose x-axis

is aligned with freestream or uniform onset flow (DIP records G10,

SF7 and FM14)

• uniform onset flow

•iU0 total on-at flow

ti'OC local onset flow (DIP record set N8

6"- •o rotational onset flow (DIP record set G6)
v perturbation velocity

S•" total velocity

V.• freestream velocity (in compressibility direction)

Vcr critical speed

V i m maximum speed (at vacuum condition)

SV, total velocity as used in pressure coefficient calculations, see
i equation (8.4.12)

1•[VIC] velocity influence coefficient matrix

Slinearized perturbation mass flux

W total linearized mass flux

WAS wind axis system

(x,y,z) compressibility coordinate system

(xoYozo reference coordinate system

(x,y,z) scaled coordinate system ..

(xy',zl) a coordinate system for force and moment coefficients
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P1,

Greek Symbols

ii Q angle of attack, rad

angle of attack defining compressibility direction, rad
B I1 - 2 1 1/2

e in boundary condition equation

BC angle of sideslip defining compressibility direction, rad

y ratio of specific heats of a gas

y surface vorticity vector, see equation (A.2.9)

p rotation matrix

a difference between values on the upper and lower surfaces of a panel

A difference between simulated and actual surfaces

AJA V - NO.
AV incremental onset flow velocity

C user-defined tolerance distance for edge matching (DIP record G7) 1
e an Euler angle defining body axis system (DIP record FM3)

7, array of singularity parameters

[Al matrix of vectors of singularity parameters

doublet strength at a point on a panel

doublet strength at point on the ith edge of an abutment

(•.,n,•) panel coordinates

P density of fluid, ko/m3

density of fluid in freestream, kg/m 3

souiece strength at a point on a panel

denotes summation

perturbation potential, an Euler angle defining body axis system (DIP

record FM3)

total potential

11-4
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) "1

S' an Euler angle defining body axis system (DIP record FM3)

- 2(x/sB , y, z)

rotational onset flow velocity

Subscripts

A average of upper and lower surface values

c comprersibility, camber, closure

0 difference of upper and lower surface values

f flap

I input

L lower surface value

n normal direction

nm normal mass flux

nv normal velocity

p potential
(' ! r rotation

t tangential direction, thickness

U upper surface value

1,2 denotes first, second boundary condition equation

Sdenotes undisturbed flow

64
Overscripts

denotes a vector

A denotes a unit vector
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Other Symbols

a denotes partial differentiation

gradient operator

compressible gradient operator, see section A.2

denotes a col wn vector

[1 denotes a matrix

surface integral

<< very much less than

x vector cross product operation

vector dot product operation
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3 ~A.0 Fundamental Aspects of Bnunda-'j Value IProb'lems PAN AIR CanSolve

IIThe fpndamental ideas behin d the method PAN ATR uses' to'solve bounliAry
value problems are described in this appendix. First, some basic relations of
f 1id mechanics are summiarized, Seco~nd, the properties of sourcf'A )nd doublet
panels are described. Third, the d2filift~on of a-prloperly posed boundary
value problim together with some examples of well and ill-posed boundary value
problems are disrsspd.

A.1 Prandtl-Glauert 9quition

The perturbation velocity potential, 0 of 'the fluid motion tatisfies-a
second-order-linear partial differential equation celed the Pr~atdtl-Glauert
*..quation2.(A1)

where Mw is the Mach number of the freestream flow. PAN-AIR solve% the
Prandtl-Glauert equation with appropriate ~ooundarj cooditlons~for the fluid
motion. The equation describes the steady, irrotational notion of a perfect,
inviscid fluid. Tho equation is derived from the general relations of flold
motion by restpiction to small perturbations from freestream flow and by
exclusion of the range of tr'insonic flow. For incompressible flow M., w 0;
the Prandtl-Glauert equation becomes Laplace's equation. For compressible
flow the x-axis in the Prandtl-Glauert equation is termed the compressibility
direction. (The compressibility directiuA is specified by the angles CAL~PkA
and CBETA of record G5.) The Mach number'cin be lets than or greater than
one, corresponding to subsonic or supersonic flow.I

The perturba 'tion velocity of the fluid motion is the gradient of the
perturbatioA velocity potentials, that is,

V (A.1.2)

where V is the gradient operator with components

The total velocity of the fluid motion is the sum of the freestv'eari and the
perturbation velocities.

V+ ~ (A.1.3)

The freestream Mach number Mo Is the ratio of the freestream fltow, speed V..

and the frees tream speed of sound. .'
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The development of the Prandtl-Glauert equation from the basic relations
of fluid mechanics is discussed in sections 2 and 3 of the Theory Document.The associated integral equation is discussed in appendices A and B of the
Theory Document.

A.2 Properties of Source and Doublet Panels

The properties of source and doublet panels are important in modeling flowfields. PAN AIR uses composite panels which have both source and doublet
r.ingularity distributions. The properties of the composite panels are alinear combination of the properties of source and doublet panels. The source
and doublet singularities are related to the jump properties across a panel,which are important for understanding how each singularity is used to satisfy
the imposed boundary conditions. (For standard aerodynamic analysis problems,that is, class 1 boundary conditions, the specification of the boundary
condition equations is developed entirely by PAN AIR.) Each panel has twosurfaces, the Oupper" and "lower" surfaces, with the panel normal vector npointing outward from the upper surface.

The source a and the doublet , strengths of a panel are related to the
jump properties across the panel.

n W (A.2.1a)
U; L

"U - (A.2.1b) J

where ý (nx, nyq ) is the panel normal vector, W is the mass flux, and the
subscripts U and L indicate the upper and lower surfaces of the panel.

The source strength can be expressed in terms of either the perturbation
m&ss flux or the velocity potential. The total linearized mass flux is

*,, + w (A.2.2)

as discused in section 5.4 of the Theory Document. The perturbation massflux is

w" VO (A.2.3)

,here i is the compressible gradient operator with components

Y (sg 0 ax , ay , aZ
2

where s sign (1 - M )
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Thus the components of w and T are related as
2(w wy w (s, 0v z (A.2.4)

The panel source strength is expressed in terms of the perturbation mass
flux and the potential by combining equations (A.2.1a), (A.2.2) and (A.2.3).

n - f • (w ' wL (A.2.5a)

n (A.2.5b)o -• . (U " OL) " • (OU O L) (..b

where;. (s s2 nx, fys nz) is the panel conormal vector.

The relations between the jump properties across a panel and the source
and doublet strengths on the panel are summarized in table A.1. The source
strength on a panel is equal to the jump in the normal component of the mass
flux (either perturbation or total) between the upper and lower surfaces of
the panel. For the special case of incompressible flow the source strength is
also equal to the Jump in the normal velocity component. The doublet strength
on the panel is equal to the jump in the velocity potential between the upper
and lower surfaces. The preceding relations for the source and doublet
strength are developtd from the integral equation for the velocity potential
in section 3 of the Theory Document.

Jump Source Panel Doublet Panel

Normal Mass Flux, A wn a 0

Tangential Velocity, a vt 0

Potential, A 6 0 u

Table A.1 - Values of the jumps between the upper and lower
surfaces of composite panels (compressible flow)

The increment in potential due to a source density distribution over a
panel of area aS, figure A.1, is

a -(P R() 6S (A.2.6)6€(P) 4 I w R(P,Q)

A-3

.LT

S.. ... . .Ii. ,, - - , ,++ - . . . . . ... ..... .. . . . .. . . . . .. . +•+. . • ; P



where c(Q) is the source density, Q I , •, • ) is a point on the panel,
P - (x,y,z) is a point in space, and R(P,Q) is the hyperbolic distance between
points Q and P.

[R(P,Q)] - x)2 e s02 [(n - y)2 + (C _ z) 2 ] (A.2.7)

The jump properties of the source panel are shown in figure A.1. The normal
component of the mass flux jumps across the panel, the jump being equal to the
source strength on the panel by equation (A.2.1a). The velocity potential is
continuous across a source panel. Since the velocity potential is continuous
across the panel at all points on the panel, the tangential velocity component
is also continuous across the panel.

The increment in potential due to a doublet density distribution over a
panel of area aS, figure A.2, is

60p U( ) as A28
P- Q 4 R (P,Q')

where u(Q) is the doublet density. The jump properties of the doublet panel
are shown in figure A.2. The potential Jumps across the panel, the jump being
equal to the doublet strength on the panel by equation (A.2o1b). The
tangential velocity also Jumps across the panel, the jump being equal to the
gradient of the doublet strength on the panel. The normal component of the
mass flux is continuous across the panel.

The doublet panels used in PAN AIR are equivalent to vortex panels. The
equivalent surface vorticity is obtained from the doublet strength by the
relation

y - n x Vp (A.2.9)

where "6 is the surface vorticity vector. Both " and -u are in the
plane of the panel.

The properties of a vortex panel are shown in figure A.3. The jump
"properties of the vortex panel are the same as those of the equivalent doublet
panel. The velocity potential is discontinuous across the panel, the jump
being equal to the doublet strength. The tangential velocity is discontinuous
across the panel, the jump being related to the surface vorticity by equation
(A.2.9). In component form

(Vx,)- (Vx,)L M VyL (A.2.1Oa)

(vy,) - (vy,)- - YxI (A.2.1Ob)

where x' and y' are orthogonal coordinates in the panel plane. The normal
component of the mass flux is continuous across the vortex panel.
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Since the surface vorticity is related to the derivatives of the doublet

strength, a discontinuity in the doublet strength introduces line vortex terms
(see appendix 8.3 of the Theory Document). This is illustrated by a simple
example. Consider a distribution of doublet strength ir' the x'y' plane whose
strength is constant for positive values of x1, that is,

0 x, < 0

[P(' y') > 0

This 0oublet distribution gives the same flow field as a line vortex aligned
with the positive y'-axis and having strength po. The doublet sheet is
accordingly equivalent to this line vortex, with a cut introduced on the X'y'
half-plane (x' > 0) to allow a discontinuity in the potential, equal to NO
by equation (A.2.lb), across the half-plane. In a similar manner, a doublet
panel with constant doublet strength is equivalent to a constant strength ring
vortex located on the panel perimeter.

The composite panel of PAN AIR includes both the source and doublet
panels. The jump conditions associated with the composite panel are simply a
linear combination of those for the source and doublet panels.

A.3 Well and Ill-Posed Boundary Value Problems

PAN AIR can solve only properly posed boundary value problems, so it
behooves the pioneering user to understand what this means. The dictates thus
imposec6 arise directly from the fundamental mathematical requirements
(reference A.1) of the partial differential equation being solved and are in
no way related to the numerics associated with PAN AIR. The key issues
involved are the following.

A.3.1 Domains, Boundaries and Surfaces

A "domain" is defined to be a region in space containing fluid. A
"boundary" is defined to be a perimeter of a domain. The term "surface" is
given a special meaning: a boundary has two surfaces either referred to as
"inner" and "outer" if useful for physical interpretation or referred to as
"upper" and "lower" which are specific designations in PAN AIR. The
terminology for the two surfaces of a boundary is required since boundarY

conditions must be specified on both surfaces in most problems.

Each domain is completely circumscribed by a boundary. This simpleI
statement can be somewhat difficult to comprehend for domains which extend to
infinity. However, this is easily overcome by adopting the thinking that

there always must exist a boundary at infinity. Figure A.4 gives an example
containing two domains and two boundaries. Domain 1 is bounded completelyth

finite boundary. Domain 2 is bounded completely by the "inner" surface of the
finite boundary.
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Another classification of surfaces occurs in supersonic flow because the
nature of the boundary value problem depends upon the surface inclination.
Surface panels are classified as "superinclined" or "subinclined" if the panel
is inclined ahead of or behind the Mach lines of the freestream flow,
respectively. Examples are given in figure A.5. Equivalently the panel is
superinclined or subinclined if the product (n;n) of the panel normal and
conormal vectors is negative or positive, respectively (see section 5.2 of the
Theory Document). If the panel is superinclined, no point on the panel lies
in the downstream zone of influence of any other point on the panel. If the
panel is subinclined, the more downstream points lie in the zone of influence
of the more upstream points. The distinction between subinclined and
superinclined panels is fundamental in formulating boundary value problems in
supersonic flow. The standard application of superinclined panels is at an
engine, either to seal off the inlet or to specify exhaust mass flow.
Superinclined panels should be avoided in such applications as the blunt
leading edge of a wing. However, if the leading edge is subsonic, the panels
on the leading edge will be subinclined.

A.3.2 Flow in a Domain

The flow in any one domain is governed entirely by boundar conditions
applied on the surfaces which are "wetted" by the domain. in the-example-of
figure A.4, the flow in domain 1 is governed entirely by boundary conditions
applied on the boundary surface at infinity and on the outer surface of the
finite boundary, these surfaces hereinafter being referred to as the boundary
surfaces of domain 1. The flow in domain 2 is governed entirely by boundaryconditions applied on the inner surface of the finite boundary. Note that the

flows in each domain are completely isolated from one another in the sense
that all boundary conditions affecting the flow in domain 1 do not Influence
the flow in domain 2, and vice versa.

Since flows in separate domains are completely independent of each other,
it is essential that the PAN AIR user realize when domains are separate and
when they are not in a given problem. A fairly common situation is shown in
figure A.6. In figure A.6a a closed boundary is defined wilch separates
domain 1 outside the boundary from domain 2 inside the boundary. In figure
A.6b an open boundary is defined resulting in a single domain which includes
the regions outside and fnside the open boundary. A common example
illustrating a practical encounter with these distinctions is the treatment of
a wing tip. If the tip is closed by means of a paneled surface, then two
domains are created and the flow about the exterior of the wing is completely
isolated from that in the interior domain. But if the wing tip is left open,
the "inside" of the wing becomes part of the external flow domain.
Consequently, the boundary conditions on the inside surface will influence the
external flow field, possibly in a significant and unrealistic manner.

A.3.2.1 Subsonic Case

In a subsonic flow, boundary conditions applied on any portion of the
boundary surfaces wetted by a domain influence the flow throughout the entire
domain.
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A.3.2.2 Supersonic Case

In a supersonic flow, boundary conditions applied on any portion of a

boundary surface wetted by a domain influence the flow only in a region
bounded by the Mach cone envelope opening downstream from that portion of the
boundary surface.

A.3.3 Boundary Conditions

A.3.3.1 Subsonic Case

In the subsonic case, boundary conditions governing the flow in any domain
must be applied on every par• of every boundary surface wetted by the domain.
Ihere can be no exceptions; there can not exist a part of the boundary surface
wetted by the domain that does not have an associated boundary condition.

Furthermore, only certain types of boundary conditions are allowed, namely
those of the form

a (w.n) + c 0 + d 30 + e J- 0 b (A.3.1)

where a, b, c, d and e are specified. PAN AIR allows the user to specify the
general boundary condition of equation (A.3.1).

In the case where c-d.e.O, this reduces to the classical "Neumann"
boundary condition allowing the specification of the normal mass flux, that is,

ai (A.3.2)

(In PAN AIR normal mass flux boundary conditions are usually used in
preference to normal velocity boundary conditions. The two conditions become
equivalent in incompressible flow.)

In the case where a.d.eO, this reduces to the classical "Dirichlet"
boundary condition allowing the specification of 6 ,that is,

b b (A.3.3)

In the case where a.c-e-O, this reduces to a design-type boundary

condition allowing the specification of .. , a tangential velocity
component.

In all cases with subsonic flow, only one such boundary condition is
permitted on any part of a boundary suf ace. it is never permissible to
impose more than one boundary condition on the same part of a boundary
surface. Note, however, that we are defining the boundary surface as that
wetted by the domain. Thus, in the example of figure A.4, the finite boundary
contains two surfaces, its "inner" and "outerN surface. One is allowed and
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required to apply one boundary condition on the outer surface to control the
flow in domain 1, and one is allowed and required to apply one boundary
condition on the inner surface to control the flow in domain 2. These two
boundary conditions are to be thought of as completely independent.

In PAN AIR the boundary condition required to be applied at any and all
boundary surfaces located at infinity is dealt with automatically throughspecification of the free stream conditions and/or the angles of attack and

sideslip, which are controlled directly by the conditions at infinity. The
user need not be further concerned about the boundary conditions at infinity.

A.3.3.2 Supersonic Case

In the supersonic case the rules are different. Here we have the
possibilities of subinclined boundary surfaces or superinclined boundary
surfaces. (PAN AIR does not permit the use of boundary surfaces inclined at
exactly the Mach angle.)

.(1) Subinclined Surfaces. For these the rules are the same as for subsonic
flow, namely there must be one and only one boundary condition on every
subinclined part of a boundary surface wetted by a domain. The permissible
choices are the same as for subsonic flow, that is, those listed in equation(A.3.1).

(2) Superinclined Surfaces. The two basic rules for superinclined surfaces
are shown in figure A.7. The first rule is that no boundar conditions are
ermitted on any portion of the upstream surface of a superinclined boundary.
Any conditlons on this surface would have no effect on the upstream nfow

field.) The second rule is that two independent boundary conditions must be
imposed on each and every portion of the downstream surface of a superinclined
boundary* The permissible choices for the two boundary conditions are those
se In equation (A.3.1). Application of these two rules is shown in figure

A.8. Figure A.8a is an example of flow impinging on a superinclined nacelle
inlet. Since no boundary condition can be imposed on the upstream surface, no
condition can be used to specify the nacelle inlet flow. Figure A.8b is an
example of flow exiting from a nacelle outlet. Since two boundary conditions
can and must be imposed on the downstream surface, one condition can be used
to specify the nacelle outlet flow. i

A.3.4 Special Rules

There are a few special rules which are exceptions to those specified in
section A.3.3. They are the following.

A.3.4.1 Domains not Wetting a Boundary Surface at Infinity

The simplest example of this is domain 2 of figure A.4, which is ( '
completely enveloped by a finite boundary. Another example is that of aTeh2i

domain bounded by a tubular surface extending to infinity as sketched in
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figure A.9. (This domain falls loosely within the definition of "not wetting
a boundary surface at infinity" in the sense that the angle subtended ba
cross-section of the tube is zero at infinity.) This example is conunon y
encountered in the modeling of propulsion system exhaust plumes. In these
cases., the following special rules apply.

(1) Subsonic Flow - Rule 1. Neumann boundary conditions applied everywhere on
the boundary surface wetted by the (finite) domain are illegal (for example,
equation (A.3.2) applied everywhere on the surface). A physical rationale
underlying this rule is readily apparent in the example of figure A.4, whereby
its violation would enable the boundary conditions to commnand a net flux of
mass into or out of the domain 2 of finite size, which is clearly not
physically possible. This rationale is somewhat obscure in the example of
figure A.9, but the rule is nevertheless valid. If the user violates this

special rule with PAN AIR his run will blow, usually with a singular matrix.
(Note that this is an inherent problem, so that the user can not avoid the
from the surface is zero.)

This rule does not apply if the domain extends to infinity with a nonzero
subtended angle. In figure A.4, for example, mass flux boundary conditions
can be specified on the outer surface of the finite boundary. The resulting
boundary value problem in the infinite domain 1 will be properly posed. The
net mass flux out of the surface wetted by the infinite domain need not be
zero. However, in figure A.9 the domain within the tube extends to infinity
with zero subtended angle and hence mass flux boundary conditions applied '
everywhere on the surface wetted by this domain are illegal.

The examples of figure A.6 show how this rule requires the user to realize
what domains have been defined when he specifies the cinfiguration
boundarias. With the closed boundary of figure A.6a, domain 2 is of finite

size, so that it is illegal to specify mass flux boundary conditions on the
is no domain of finite size. Thus it is legal to specify mass flux boundary
conditions on the inside surface of the boundary. Conversely however, anyA
boundary conditions specified on that surface will influence the "external"

(2) Subsonic Flow - Rule 2. A Dirichlet boundary condition, equation (A.3.3),

must be used at least at -one point on the surface of an interior domain such
as domain 2 of figure A.4 and the inside of the tube of figure A.9. If this
is not done, the absolute level of the velocity potential within the domain
will be indeterminate. When using the PAN AIR class 1 boundary conditions for
a thick configuration, for example, the perturbation velocity potential is set
to zero on the surface wetted by the finite domain.

(3) Sueersonic Flow - Rules. This flow regime is less well understood at the
present-time.Howver, -recent work seems to be leading toward the suggestion
that the boundary value problem is always well-posed when the downstream end
of a domain contains some region of superinclined boundary surface or extends
to infinity. Also, computational experience indicates that useful, physically
valid solutions arc usually obtained with the class 1 boundary conditions, but
the fundamental mathematical justification for the validity of this boundary
value formulation remains to be proved for supersonic flow. Indeed, there are
indications that if nonsmooth or nonzero values of the perturbation potential
are prescribed, a true (in a mathematical sense) solution may not exist.
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A.3.4.2 Design Type Boundary Conditions I
The specification of ao - f(s,t) as a boundary cundition, where s,t

refer to local coordinates on a surface, does not yield, by itself, a unique
solution. This can be seen by integrating this expression to yield

"(s,t) = 8 dt + g(s) (A.3.4)

where g(s) is any arbitrary function of s. Equation (A.3.4) is the classic
Dirichlet boundary condition and thus constitutes a well-posed boundary
condition. The problem is that g(s) is indeterminate. Therefore, additional
boundary conditions must be formulated to establish g(s).

These conditions are obtained from physical features of the flow and are
handled automatically for the user in PAN AIR. In the case of a thin lifting
wing design, g(s) may be viewed as an indeterminacy in the level of the
potential as a functiin of the spanwise coordinate (corresponding to s). PAN
AIR selects that solution which renders the potential ,, p across the wing at
its leading edge to be zero, which is the physically -orrect condition. In
other cases involving thickness design, the PAN AIR input allows the user to
specify a closure condition, which renders g(s) determinate.

A.3.4.3 Mixed Type Boundary Conditions

PAN AIR is sufficiently general to permit a user to input mixed boundary
conditions of the form of equation (A.3.1). However, existence and uniqueness
issues associated with special cases which may arise have not been examined at
this time, so the user should proceed with caution and an inquisitive mind.

A.3.5 Connectivity, Wakes and Kutta Conditions

The inquisitive reader will find the subject of connectivity discussed in
a variety of texts (references A.2 and A.3). !ndeed, the advanced user may
find it instructive to read the literature on the subject, but for almost all
practical purposes the PAN AIR use., need only model his problem using a
reasonable degree of physical insight in the treatment of wakes.

The textbooks state that a multiply-connected domain must be rendered
singly-connected by the insertion of appropriate "cuts" or "barriers" in space
before it can be solved as a properly posed boundary value problem. An
example of this is shown in figure A.1O for the case of a two-dimensionalconfiguration and f'ow field. In figure A.lOa the exterior domain is
doubly-connected due to the isolated, finite boundary. In figure A.lOb a cut
representing a doublet sheet has been added which connects the isolated
boundary with that at infinity. The exterior region is now singly-connected.
(In practice a panel model of a doublet sheet can not and need not extend toinffinity.) In aerodynamics problems these "cuts" are invariably doublet
sheets representing physical wakes emanating from physical boundaries in the
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presence of Kutta conditions. If the PAN AIR user selects the presence or
absence of wakes and Kutta conditions by following physical observation and
his aerodynamics training, PAN AIR will invariably relieve him of further
worries of mathematical connectivity. In adding the physically proper wakes
and Kutta conditions to his physical problem, he will have added the "cuts" or
"barriers" discussed by the mathematician. Also, PAN AIR will automatically
impose the proper boundary condition at the abutment of the trailing edge of
the physical (non-wake) boundary and the wake. With a subsonic trailing edge,
the Kutta condition is applied. With a supersonic trailing edge, the flows on
the upper and lower surfaces of the physical boundary are independent.

For those who have studied the texts, we report that PAN AIR will produce
a unique solution to a problem with a multiply-connected domain. The solution
produced will be the one corresponding to continuity of the velocity potential
across any cut or cuts the user would otherwise have added. A simple example
illustrating this would be a two dimensional airfoil in the absence of a
wake. In such a case, there is no mechanism for the user to apply a Kutta
condition (because we have purposefully omitted the doublet wake in order to
create a doubly-connected domain) and PAN AIR would produce the nonlifting
flow solution about the airfoil irregardless of its angles of attack and
camber.

A.3.6 Integral Equation Considerations

- PAN AIR solves the Prandtl-Glauert equation by means of an integral
equation formulation (see appendix B of the Theory Document). One consequence
is that solutions are produced in all space, encompassing every domain. In
the typical engineering problem only certain of the domains are of physical
interest. For example, in the analysis of flow over a thick wing or body,
only the domain extending from the configuration boundaries to infinity is of
physical interest. Nevertheless, PAN AIR will produce solutions in all space,
which in this example will include a flow solution in 'the nonphysical domain
corresponding to the physical interior of the thick wing or ody,

The primary reason that the PAN AIR user must be concerned with flows in
nonphysical domains is that the mathematics embodied in PAN AIR require that
all boundary value problems governing flows in the nonphysical domains be well
posed, just as is required in the physical domains. Thus, the rules and
exceptions set forth in the preceding paragraphs apply equally to physical and
nonphysical domains.

Having learned that attention must be paid to the boundary value problem
formulations in nonphysical domains, the user must next be provided with means
enabling him to determine the character of the boundary value problem in
nonphysical domains and to modify or fix it if required to render it properly
posed. For this we list two possibilities. (The following discussion covers
the cases of subsonic flow and supersonic flow without superinclined panels.)

1. Direct Specification of Boundary Conditions on All Boundaries of All
- Domains. This option Is always available. The user is Tree to specity

whatever boundary conditions he desires on surfaces wetted by nonphysical
... domains, subject to the rules listed heretofore. In so doiny he would

probably try to select boundary conditions that produced imooth singularity
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strength variations on the surfaces so as to enhance the overall numerical
accuracy of the solution. In practice this option is not recommnended because
it is computationally expensive. It requires the use of sources and doublets
of unknown strengths on every boundary and this leads to unnecessarily large
matrices to be solved.

VleFormulations in All Domains. This is the option used by PAN AIR in mos05
oftestandard classes or problems. Whenever a boundary exists between two

Iv dmais, i isnecessary to specify boundary conditions associated with each
surace(tat stwo conditions for the boundary, one applyin to each

surecify soen whc seuvln. Mni frn pin
areaviialeWhich are equivalent. For instance, it is permissible to
speifyonecondition on the average flow (the average of the flows on the two
surace oftheboundary) and another on the difference between these flows.
Altrnaely itis permissible to substitute the direct specification of the

strngt ofeither the sources or the doublets for one of the two surfate
bonayconditions. This latter option leaves only one flow boundary
condtioi t beapplied. It is usually applied on only one surface of the

bonay
Thi lateroption, namely specification of one flow boundary condition on

one surface, plus specification of one singularity strength, is the option
most conmmonly used in PAN AIR. It is computationally efficient because the
size of the matrix equation to be solved is reduced since only one type of
singularity strength remains to be determined from the flow boundary
condition. One example of this type of treatment is the class 1 boundary
condition (subclasses 1 and 2) wherein the source strength is specified and
then the value of the velocity potential on one surface (that wetted by the
nonphysical flow) is specified as the flow boundary condition. Other
combinations are also permissible.

When using such modeling with flow boundary conditions imposed on only one
surface, it is necessary to have a means for deciphering what effective or

This is needed to be able to determine the character of the boundary value
problem governing the domain that lies across the boundary so that it can be
examined to ensure that it is properly posed. Many examples can be
constructed wherein the boundary value problem thus imposed on adjacent
domains is not well-posed. When this happens PAN AIR will blow and leave the4
user scratching his head over the cause of the problem.

The means by which a user deciphers the character of the boundary value
problems on both surfaces of a boundary is through the jump conditions
associated with source and doublet sheets, which are:

Source Sheet: * velocity potential is continuous across the sheet

# tangential velocity component is continuous

# normal mass flux component is discontinuous, the
magnitude of the discontinuity being equal to the
strength of the source sheet
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Doublet Sheet: * velocity potential is discontinuous, the magnitude
of the discontinuity being equal to the strength of
the doublet sheet

* tangential velocity component is discontinuous, the
magnitude of the discontinuity being equal to the
gradient in doublet strength

* normal component of mass flux is continuous across
the sheet.

Thus, consider the two examples illustrated in figure A.11. In the
example of figure A.11a we suppose that the source strength has been specified
on the boundary and that a flow boundary condition (of any permissible type)
has been imposed on the surface wetted by domain 1. The character of the
boundary value problem in domain 1 is governed by the type of flow boundary
condition used and is not an issue. The question is, what is the character of
the implied boundar. condition on the surface wetted by domain 2. The answer
can be found as follows by examining the jump conditions. First, the flow In
domain 1 is completely determinate from its boundary conditions: the velocity
potential and the normal and tangential velocity components on the surface of
the boundary wetted by domain 1 are thus determinate. Examining next the jump
conditions, we note that the jump in +he normal component of mass flux across
the boundary is completely determinate, being equal to the strength of the
source sheet, which is given; the doublet sheet induces no jump in the normal
component of the mass flux. Hence, the boundary conditions of figure A.11a
are equivalent to the specification of the normal component of mass flux on
the surface wetted by domain 2. We thus learn the character of the boundary
value problem in domain 2 to be of Neumann type. In summary, specification of
a flow boundary condition on one surface plus specification of the source
strength on the boundary is equivalent to s~ecificatlon of a flow boundary.
condition on one surface of the boundary and a Neumann-type boundary condition
on tthe otHer surface. 

Y

Referring now to figure A.11b we suppose that the doublet strength has
been specified on the boundary and that a flow boundary condition (of any
permissible type) has been imposed on the surface wetted by domain 1. Again
the flow in domain 1 is completely determinate from its boundary conditions.
Examining next the jump conditions, we note that the jump in velocityi potential across the boundary is completely known from the given information,

hence the magnitude of the velocity potential on the surface of the boundary
wetted by domain 2 is determinate. Hence we learn that the boundary value
problem in domain 2 is of Dirichlet type (velocity potential specified).

The type of reasoning outlined above enables the PAN AIR user to ascertain
the character of the boundary value problem in domains where boundary
conditions are not directly specified, and therefore to determine whether they
are proper in the sense of satisfying the rules listed heretofore. A simple
example is the class 1 boundary condition for flow about an object such as a
thick wing or body. The velocity potential is fixed on the surface wetted by
the nonphysical domain forming the interior of the object, and the source
strengt on the boundary is fixed. First it is observed that the boundary
value problem in the nonphysical domain is of Dirichlet type and is thus
properly posed, satisfying the rules set forth in section A.3.3 and the
exceptions listed in section A.3.4. Turning next to the physical domain
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extending from the boundary to infinity, we observe from the jump condition
reasoning discussed above that the equivalent boundary conditions on the

H surface wetted by the physical domain are of Neumann type. Referring to the
rules, we find this to be permissible. Thus the boundary value problems inall domains are properly posed and hence PAN AIR should produce a solution.

Let us consider next the example of figure A.12. Here the user is
interested in the physical flow in the exterior domain 1 and has chosen to
specify that the mass flux be parallel to the object's boundary by imposing
the condition that *n - 0 on the surface wetted by domain 1. He has also
elected to fix the source strength on the boundary to some specified value
(perhaps zero, leaving only doublets on the surface, although the choice is
unimportant for this example). PAN AIR will allow him to set up this problem,

P, but the program will blow if he tries to run it!
To learn wiiy, we first examine 6he character of the boundary value problem

in domain 1. It is of Neumann type, satisfies all rules and is therefore
permissible. Turning now to the nonphysical domain 2, we ascertain from the
jump ccnditions that the equivalent boundary conditions on the surface wetted
by domain 2 are also of Neumann type. This is the cause of the problem, since
it violates rules 1 and 2 (subsonic flow) listed 1i section A.3.4.

When a PAN AIR user observes such problems, he must change the problem
formulation. He usually has several choices. In the present example he could
choose to specify the doublet strength on the boundary instead of the source
strength. This causes the boundary value problem in the nonphysical domain to
be of Dirichlet type, which is satisfactory. Or, he could insert a small
source panel anywhere in domain 2 and accompany it with a boundary condition
setting the potential to any arbitrary number. This effectively introduces
another surface within the domain on which a Dirichlet boundary condition is
imposed, thereby satisfying the restrictions listed in section A.3M4.

Another example that most PAN AIR users eventually encounter occurs in the
modeling of exhaust plumes from propulsion devices. In the model (and
subsonic flow) of figure A.13a there are two domains. The boundary conditions
governing the flow in domain I are well-posed, comprising Neumann conditions
on the impermeable surfaces and a Kutta condition at the trailing edge
accompanied by an appropriate doublet wake. The reader can use the prior
discussion and examples to asccrtain the validity of the modeling in domain 2,
this being dependent on the particular boundary conditions applied, which have
not been stated in this example.

The model of figure A.13b is one frequently used when the user desires to
control the inflow and outflow from the nacelle. Again the flow in domain I
is well-posed, and in domain 2 is dependent on information which has not been
stated. The domain that frequently causes trouble with inexperienced users is
domain 3. Hgre, part of the domain boundary surface is formed by the trailing
doublet sheet, which from the jump conditions is equivalent to specification
of a Neumann type of bUoundary condition. (This problem is of Neumann type
since the source strength on the doublet sheet is zero which, together with
the well-posed problem in domain 2, results in a normal mass flux boundary
condition on the surface wetted by domain 2. See the previous discussion of
figure A.11a as an example of a boundary with specified source strength.)
Another part of the boundary surface is labeled "impermeable", implying that
"the user specifies Neumann conditions here also. The difficult part of the
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boundary surface is that labeled with a question'mark. The typical error made
by an inexperienced user is to specify Neumann boundary conditions on this
surface (or to impose a boundary condition upstream in domain 2 together with
a specitfied source strength, which is equivalent). His motivation IIs USually
to attempt control ofi'tho'moss flow exiting'from the nacelle. The resultLis
invariably the same, namely a blown run! The reason is that'this modelin ,
violates both rules listed under section A,3.4. L " '

To meet these rules the user must (1) find a'way toavoid the use of .
Neumann conditions everywhere on the boundary surface, and (2) 'find a wayto
set the global value of the potential within domain 3. This is most easily

f done by selecting a Dirichlet boundary condition for the surface having the.
question mark, using any arbitrary value for the potential to,;be specified. ',
The flow solution will be independent of the magoitude selecteid for the
potential. ,(Oiffering m~gnitudes are achieved by the appearance of different
constant values of doubldt strength added to the entire boundary 'of domain3t,
Since a constant strength doublet sheet having no perimeter edge induces'no
velocity, the flow field will be independent'of the magnitude of 'this
constant). With this model the amount of fluid exiting from the nacelle will'
be determined from theoverall flow characteristics about the nacelle which in
turn are dependent on the shape and ,location of the wake networks. This is as-
it should be, since in the presence of Kutta conditions surrounding the exit
one is not free to specify independently the exiting flow.

A.3.7 Integral and Matrix Equations ''.

The Prandtl-Glauertidifferential equation is converted to an integral
equation in 'order to-apply the panel method. The development of the. .A,

appropriate integral equation is discussed in appendix B of the Thebry '

Document. The solution of the Prandtl-Glauert equation or the equivalent
inte ral eq.ation requires a set of boundary conditions." The general boundary
condition equation:(A.3.1) specifies a linear combination of the normal mass
flux, velocity potential, tangential velocity ahd normal velocity at'points on
each panel. Given the general functional dependence of the source and doublet
distributions which are used in PAN AIR, the boundary conditions are expresseo
as a linear combination of unknown singularity parmeters. The collection ofj all boundary conditions forms the matrix equation.

[AIC] {X} ( b) (A.3.5)

where [AIC) is the aerodynamic influence coefficient matrix, (x} is thd array
of unknown singularity parameters and {b} is the constraint array. The
solution of the flow problem requires that the number of boundary condition

equations be equal to the number of unknown singularity parameters, orequivalently that the AIC be a square, non-singular matrix. Equation (A.3.5)
can then be solved for the unknown singularity parameters. The potential and
velocity can then be determined, which determine the flow field satisfying the
Prandtl-Glauert equation and the boundary conditions on the boundary surfaces.
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A.3.8 Ill-Conditioned Problems

Although problems are mathematically classifiedas either well-posed or

i 1,-pos.d, the computer implementation of a problem tolution introduce the
additional catagory of ill-conditioned problems. These are problems which are
in theory well-poged but are so close to being ill-pooed that-the computer can

"3.': not effectively solhe the problem. Equivalently, the aerodynamic intluence
coefficient matrix is ill-conditioned. However since 'the aerodynamic
influence coefficient matrix is not singular, the program may operate wythoutS.pparent difficulty, btthe results could be meaningle,'. '

[I! The standard example of an ill-conditioned problem is one on the border
line between well-posed and ill-posed prob1ems. Constddr ,the example of,
figure A.6, showiny uPven and closed boundaries. Ifthe 'bounoary is closed by
"a panel spanning A-B as in figure A.6a and Neumann boundary conditions are
imposed on the interior surface, then the problem is ill.!posed. As a r'e~sult,,
the AIC matrix will be singular and the solution Wi.l fail. Out if the
boundary is not closed, then with Neumann boundary conditionsi'or. the same
"surface, the problem is well-posed and can *in principle be solved. ,However if

1ý1 .10! the distance between A and B in the boundary becomes very small, the.AIC
P matri- will be almost singular and therefore ill-conditioned. tThus althouhgh

the problem is in theory well-posed, the computer solution coul1d be I

,ý meaningless. (In physical terms the total specified normal mass flux on the
interior surface must be balanced by an outflow, possibly extremely large,
through A-8.) A similar situation is the i1l-posedNeumann problem in a
domain enclosed by a wake which extends to infinity, figure A,9, for example.
In practice a panel model of such a wake must have finite length, resulting in
a well-posed problem. However if the wake is long, the AIC matrix-will bealmost singular and thus ill-conditioned. To avoid these situations, the user
should not impose Neumann'boundary conditions on closed or almost,-losedlil[:}l~jlboundaries. (Also, PAN AIR has automatic abutment and gap-fi.lling-panel

features which can eliminate small hoees in a boundary.) " . ,(
Another type of ill-conditioned problem occurs'through purely geometric

considerations. There is a basic rule that two panel control points can not
be in the same position since this causes a singular AIClmatrix. (This is
true in PAN AIR exCept for network edge control points, which receive special
treatment.) If two control points are very~close, but not coincident, the AIC
can become ill-conditioned. The most common cause of this is the reflection
of a network across one or two planes of synmetry, since the user may not
realize that a particular network is being reflected. (In PAN AIR the
reflection of networks in a plane of symmetry can be deleted either
automatically Ly the program or directly by the user.)
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t , •-ane; 
AQ~f) .(Q

Z -o(Q)a sorcedensity per unit area

i;!•*l " ( . }--normal mass flux ,jumps across panel; 6(9-n^) •o(Q) -/I

panel edge view

tangential velocity component continuous across panel
' - --- .velo'lty potential continuous across panel

,r,. r Figure A.1 - Source panel and its properties

nI

unit normal vector

"p () • doublet density per unit area

normal mass flux component continuous across panel

panel edge view
tangential velocity jumps across panel; 4(•.) = j i(Q)

velocitt potential jumps across panel; ,&= P(Q)

Figure A.2 - Doublet panel and its properties
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j(x,,y,) m surface vorticity vector

e velocity potential is discontinuous across sheet

e tangential velocity jumps across sheet

e normal mass flux component WzI is continuous across sheet

e a continuous doublet sheet of strength p(x,y) is exactly the

same as a vortex sheet~of strength (x,y) - R xl(x,y)

Figure A.3 - Equivalence of doublet and vortex sheets
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boundary at infinity
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"inner" surface
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. Figure A.4-Three dimensional field containing two domains,
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superinclined panel

subinclined panel

sul

panel normal n (n xno)

panel conotiml -n~ (-t ,~i on)

Il I

Fi~gure A.5-Exhnmples of subinclined and supotincl i ted Panels
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domain 1

boundary :
A

domai n 2

B

a) Closed boundary, two domains

domain 1

.. ,. boundary

AI

B I

b) Open boundary

Figure A.6-Examples of closed and open boundaries

A-21I



superincl ied boundary
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upstream surface: downstream surface:

no boundary conditions 2 boundary conditions

I
Figure A.7 - Boundary conditions required on

surfaces of superinclined boundary
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no boundary
conditionsCa
be specified

a) nacelle inlet

X-axis

1 2 boundary

conditions reured

b) nacelle outlet

Figue A8 -TWO applications Of superinclifled networks
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domain boundaries

Figure A.9 - Tubular domini atnfny

a) dublyconncteddoin boundary at infinIty ~

L b) dingly-connected doamin

Figure A.10 Exanipies of doubly-connected and singly-connected domains
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domain 2 domain 2

source strength doublet strength
S/ spect fledspcfe

domain 1 flow b undary
\ ~condit tln

Imiposed on
side We ted by
domain

(a) source strength specified (b) doublet strength specified

Figure A.11 - Boundary condition transfer across a boundary

doman 1

0.-

source- strength a specified

Figure A.12 - Example of an improper formulation
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domain 1

impermeable surface

A ,~KuttA condition wake

Idomain 2 /

- - center-line

(a) flow nacelle

impermeable dmi

specified- domain \-ipemebl

inf low 2'a'

(b) nacelle with controlled inflow and outflow

Figure A.13 -Nacelle modelling in subsonic flow
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B.0 Configuration and Flow Modeling in PAN AIR

The modeling of phys', configurations and fluid flow fields in PAN AIRI •is described in this appendix. First, the considerations involved in using
networks and panels to model configuration and wake boundaries are discussed.
Second, some general considerations involving coordinate systems, onset flows,
and both configuration and flow symmetries are discussed. Third, the boundarycondition equations are described. Finally, the flow field calculations

available in PAN AIR are described.

K B.1 Configuration and Wake Modeling

The basic considerations involved in modeling configuration and wake
boundaries are discussed in this section. The properties and restrictions on
the definition of panels, networks and configurations are described. Some
guidelines for the selection of panels and networks are also described.

B.1.1 Basic Configuration Elements - Networks and Panels

The boundaries of both the physical and the wake configurations are
defined by user-specified networks. In PAN AIR the number of boundary
conditions on each network coincides with the number of assigned singularity A
parameters. This property together with automatic network edge matching I
conditions produces the logical independence of each network, that is, for
each network the number of boundary condition equations equals the number of

G unknown singularity parameters,

"The division of the configuration into networks is fairly arbitrary, but
has certain restrictions. First, a network generally should correspond to a
physically meaningful part of the total configuration. Examples of this are
control surfaces, distinct parts of the wing, separate wake surfaces, and so
forth. An example of the breakdown of a configuration into networks is shownri ,. in figure 2.1. Secund, physically meaningful breaks in configurations must
correspond to network edges. For exampie, significant slope discontinuities
in a boundary must occur at network edges. Third, networks can abut only at
their edges. Finally, since a :etwork is the basic unit for the definition of
input data, a good choice of the networks can simplify the input data. For
example, it is convenient if a network has only one class of boundary
condition equations, one type uf local onset flow, one type of specified flow,

Od and so forth.

The netwo-ks are combined to fornm user-specified configurations, which are
used in the 1'ulation of force and moient coe.'ficients. These specified
configurati, ^t ýorrespond to individual networks or to groups of
networks; thJ; .. ,nnoc consist of a part of a network. Also, the force and
moment coefficients on -he configurations can be accumulated to obtain the
values for a selected "total" configuration, which can consist of an
individual network or a group of networks. Parts of the configuration which
the user waiits to exclude from the total force and moment coefficientcalculation thus should be specified as separate networks.
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The use of closure conditions (see section B.3.5) in design applications
introduces another constraint on the definition of networks. The closure
condition is the integral of the normal mass flux, multiplied by
user-specified constants, over rows or columns of panels of a network. A
closure condition can be applied to one network only, that is, a closure
integral can not cover more than one network. (However, each design network
can each have its own independent closure integral.)

The use of the PAN AIR update capability introduces other constraints on
the definition of networks. The update capability allows computational
economies in the modification of a given configuration, since selected
networks can be modified or deleted without redefinition of the other
networks. Appropriate definition of the networks will simplify the use of
this capability. For example, if the location of some parts of the
configuration will be changed in an update run, then those parts should be
defined as separate network(s) in the original computer run.

Each network is defined by a user-specified rectangular array of grid
points which define the corner points of quadrilateral panels. The indexing

".j conventions used for each network are based on this user-specified array. The
conventions are illustrated in figure B.la where the three grid noints
numbered 1, 2, 3 along the left-hand ec~ge of the network have been entered
from top to bottom. This first column of points defines the first, second and
last row of the array. All points in the second column are then input, again
in the order of increasing row number, and so on through the last column of
points. The direction of increasing row numbers is called the M direction and

the direction of increasing column numbers is called the N direction, as shown
in figure 8.1b. The network size is defined by the numberi~ of rows (M) and1
columns (N) of grid points, figure B.lc. These define (M-1) cvis and (N-1)
columns of panels, figure B.lc. The array of network grid points may be
triangular, that is, an edge (a "collapsed edge") may be a single point.
However the grid points must still be defined as a rectangular array, with the
conmmon edge point defined repeatedly.

LiThere are no restrictions upon the choice of the A and N directions. ~For
wake and design networks there is a preferred, but not required, choice whch
is discussed subsequently.) This is illustrated in figure B.2. On the
network representing the toptwin? boundary surface, the M and N directions are
arbitrarily chosen to be in the nominally) streamwise and spanwise
directions, respectively. On the fuselage network just aft of the wing, M andI
N are chosen to be in the circumferential and streamwise directions,

ý-j respectively. This figure also illustrates the use of a collapsed edge for
the pointed wing tip.

The network edge numbering convention is illustrated in figure B.3. EdgesI
I and 3 are the first and last rows of grid points, respectively; edges 4 and
2 are the first and last columns of grid points, respectively. Figure B.3
also illustrates the double-index panel indexing convention. The ordering of
the user-specified grid points (figure 8.la) can be interpreted as follows:I
the first column of grid points forms network edge 4, being ordered from
network edge 1 to network edge 3. The other columns of points are input in
the same order, with the last column forming network edge 2.
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Two double-index conventions are used to label the network grid points and I
equivalently the panel corner points. The first convention is for "panel
corner points," the row and column indices being those 'of the point row and
point column, see figure B.lc. The second convention is for "enriched (or
fine) panel corner points," in which the array is enriched by including all
panel center points and panel edge mid-points. This indexing convention is
illustrated in figure B.4.

The ordering of the rows and columns of grid-points defines the positive
direction of the network and panel normal vectors. The positive direction is
defined as follows: if N and M are vectors in the directions of the point
rows and columns, respectively, then the vector;product (N x M) is a vector
pointing in the positive direction of the normal vector, figure B.5. The
'normal vector defines the "upper" and "lower" surfaces of the network, with
the convention that the normal vector points outward from the upper surface.
This definition is important since PAN AIR requires the specification of
boundary conditions involving both the upper and lower network surfaces, see
appendix A.3. The network upper and lower surfaces can be defined in an
alternate but equivalent manner: if the viewer looks at the lower (upper)
surface, figure B.3 for example, then the network edges are indexed in a
clockwise (counter-clockwise) order.

For non-wake analysis networks the ordering of the network edges, and
hence the orientation of the upper Iand lower surfaces of the network, have no
general restric.Lions in PAN AIR. However, the orientation of the upper and
lower surfaces should be compatible when the networks are combinej to form a
configuration. Incompatibility is not prohibited. However compatibility
simplifies both preparation of the input data and interpretation of the
program output. The orientation of wake network edges should satisfy the
following rule, which is related to the corresponding arrays of "boundary
condition location points" discussed in section B.3.4: for wake networks,
edge 1 should be the leading (that is, most upstream) edge. This choice is
preferred since it corresponds to the program default options for the boundaryH condition location points, but the choice is not required since these points
can be put on any network edge by using record N12. For desi n networks the
rules for the orientation of the network edges depend on the specific
application, as discussed in section B.3.4.

A wake network is a special form of doublet network which is used to model
shear layers. Two types of wake networks are available. One type (DW1) has
constant doublet strength in one direction, which will be the (nominally)
streamwise direction in physical applications. This network is used to model
wakes trailing from lifting surfaces. A second type (DW2) of wake network has
constant doublet strength throughout. It is used in a variety of special
cases and to insure the continuity of wake surfaces, as discussed in the next
section and in section B.3.6.1.

In supersonic flow it is necessary to distinguish between subinclin(.d and

superinclined panels. The distinction is critical for the formulation of the
proper boundary conditions, as discussed in appendix A.3. A subinclined paaiel
is one which is inclined behind the Mach cone, see figure A.5. A
superinclined panel is one which is inclined ahead of the Mach cone, in which
case no point on the panel lies in the domain of influence of any other point
on the panel. If the panel is tangent to the Mach cone, it is called
Mach-inclined; Mach-inclined panels are prohiLited in PAN AIR.
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8.1.2 Modeling Guidelines

In modeling physical boundaries the user must first' decide what is wanted
from the computations. This decision dictates the theoretical model including
the formulation of the boundary value problem and selection of the accuracy

NI required. From this, the panel model is defined including specification of
networks, selection of panel density, selection of possible approximations,
and so forth. The primary point theuser must consider is the tradeoff
between the cost of the computer simulation and the required accuracy oreffectiveness of the results.

There is a general guideline that finer paneling should be used in areas
of primary interest and coarser paneling in areas of secondary interest. Two
examples of this guideline insubsonic flow are shown in figure B.6. The
first example, figure B.6a, is a study of the flow and pressures due to ,
nacelle-wing interference. A detailed paneling has been used for the nacelle
and the adjacent parts of theawing. A coarsor paneling has been used fo• the
inboard wing and for the body. This coarser paneling is adequate for
representing the influence of the inboard wing and the body upon the nacelle
and the adjacent part of the wing. The model may not be adequate for studying
the flow on the body, but that is not the purpose of the study. 'The second
example, figure B.6b, is a Study of the flow and pressures on an empennage.
Again a finer paneling is uted in the area of interest; a coarser paneling is
used in other areas. The effects of the wing and body upon the empennage are
well represented, although the model may not be adequate for studying the flow
on the wing and body themselves. When both fine and coarse grid paneling are
used, abrupt transitions between the two should ba avoided as much as
possible, particularly if,the flow is supersonic.

There is an additional requirement an panel-density in curved regions.The basic panel analysis and the use of triangular subpanels approximately
accounts for surface curvature, but a minimal density should be used in curved
regions. As a guideline, a circular cross-section should be represented by a

minimum of 18 panels to insure reasonable accuracy.

Supersonic flow problems Introduce ;pecial cinsiderations since local
disturbances propagate throughout the flow. Thus the use of coarse paneling
outside the region of primary inte'-est may cause spurious results since the
effects oP Lhe pineling in one region are not localized. An associated
problem is the propagation of local Mach waves as would occur, for example, ina narrow channel in supersonic flow, A related example involving a nacelleinstallation on a highly swept wing is shown in figure B.7. Figure B.7a shows

an idealization of the nacelle cross-section and the thin wing. With this
idealization shock waves originating at the nacelle lip would be reflected off
the wing and the nacelle body in a complex manner, requiring fine paneling
throuqhout this region to retain fidelity. One way to eliminate the problem
would be to mode: the wing-nacelle attachment in a more realistic manner,
since the actual installation would have some fairings for boundary layer
diversion. An alternate revision would be to add a frontal plate and side
plates between the nacelle and wing, figure B.7b. New boundary conditions
would be introduced to allow inflow through the frontal plate and a balancing
outflow through the side plates.
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r Various linearized flow approximations can be selected by the user, see
section 2.1.4. Again there is a tradeoff between the relative accuracy and
cost of various analytical approaches. For example, since the compressibility
vector Eo (see section B.2.1) is in the direction of the uniform onset flow, a

II change in that flow direction requires recomputation of the AIC matrix. In
one form of linearized flow approximation a change in the flow direction can
be represented by an onset flow, which results in changes in the boundary
condition values. (Onset flows are discussed in section B.2.2.) However the

original AIC matrix is used. This approach is very economical and is4
reasonably accurate in most cases. A related linearized flow approximation is
the use of specified flows in the bouiidary condition equations as discussed in
scdtions w...Ithothi prxmtoml changing thSufae geometry, (wihwuloeurercmutnrh
example control surface deflections, can be represented in the boundary.
AIC matrix). The specified flows can also be used, for example, to implement
the thickness and camber approximations of classical thin airfoil theory.

~5The location of wake networks, which simulate shear layers in the flow,
msbedefined by the user. A reasonable estimate of the wake location is

adequate in many applications. There are cases however where the wake
location must be accurately known for reasonable prediction of the vehicle
aerodynamics. An example is the interference between the wing wake and the
horizontal tail, where small changes in the wing wake position can cause large
changes in the pitching moment of the aircraft. Another example is a V/STOL
vehicle where both the wing wake and the jet efflux from the engines must be

F accurately located. The location of wake networks can be treated as a design
problem in PAN AIR, since one computer run with an initial estimate of the
wake position will give results which can be used to locate the wake more
accurately.

The use of wake networks and the importance of proper wake modeling is
shown by the example in figure 8.8. The configuration has a wing and body
with one plane of symmnetry. A type OWl wake network is added which abuts the
thin trailing edge of the wing along AB. This wake network allows the doublet
strength to vary along the leading edge of the wake in order to match that at
the wing trailing edge. The doublet strength matching boundary condition (see
section B.3.5) is applied by PAN AIR along the network abutment AB. Since tne
outboard edge of the wake ~tetwork abuts empty space, the doublet strength is
zero there. If the inboard edoe of the wake were also to abut empty space,
the doublet strength would be zero there also. This is physically unrealistic
and would cause unrcalistic flow conditions on the wing due to the doublet
strangth matching condition at point B. This problem ?s corrected by filling
the region between the body and the DWl wake with type DW2 wake network, the
leading edge of the DW2 network abutting the body along edge BC, abutting the
inboard edge of the DWl wake network, and abutting its own image in the planie
of symmnetry aft of point C.

Some other points regarding wake modeling are shown in figure B.8. The
paneling of the OWl wake should be either compatible or a refinement of the
paneling of the abutting wing network(s). That is, every panel corner point
of the DWI wake network should match a panel corner point of the abutting wing
network. (The paneling is not important for DW2 networks, since they haveI
constant doublet strength.) Also, the wake networks, which must be truncated

* to finite length in a panel model, should be extended a sufficient length in
the streamwise direction so that the truncation does not significantly
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influence the flow on the physical configuration. Experience has shown that
in subsonic flow a wake network behind a wing should have a length at least
twenty times the wing chord length. (Type DW1 wake networks are usually not
paneled in the direction of constant doublet strength, that is, in the
direction of the flow. They can be extended an arbitrary distance in the flow
direction without difficulty, except to avoid extremely long and na rrow
panels. See restriction number 5 in section B.1.3.1.)

Wake networks have an additional application as a method to obtain field.
flow properties, that is, velocities and pressures at points not on a physical
or shear layer boundary. To do this a type DW2 wake network can be used. The
single network control point (at the corner of network edges l and 4) muit be
located away from any other (non-null) network. Then the doublet strengtih
will be zero because the program introduces a doublet strength matching
condition at the control point. The source strength is always zero. The
resulting null network will have no effect on the flow field. The surface
flow properties can be calculated in the PDP module (surface flow properties
data subgroup). The wake network must be tagged (record N6) so that the
program will calculate and store the required information. In this case the f
paneling of the DW2 network is important. '

B-1.3 Restrictions on Panels, Networks, and Configurations

Each network is defined by a grid of user-specified panel corner points.
These points define quadrilateral pael which need not be planar and which
can be triangular in special cases. Each panel is divided into subpanels (by
the program) which are used in the analysis of the boundary value pro em.

8.1.3.1 Restrictions on Panels and Subpanels

1. TrianularPanels Triangular panels must not occur inside a network.
escan be triangular only at network edges and only if an entire edge

is composed of triangular panels, in which case the "collapsed " edge is a
single point. An example of a network with two nonadjacent collapsed
edges, which is permissible, is given in figure B.9. The configuration of
figure B.10 is prohibited due to the presence of both triangular and
quadrilateral-panels on edge AB. The situation in figure 8.10 could be

v changed by the program check on the network triangular panel tolerance
(record N7). If the average length of the four panel sides on edge AB is
less than the tolerance, that edge will be collapsed to a point. All
panels on the edge are then triangular, which is permissible. (If the

average panel length on edge BC were also less than the tolerance, then
that edge would also be collapsed; the network then would have two
adjacent collapsed edges, which is an error.) (Version 1.0 of PAN AIR has
the restriction: triangular panels are not allowed on networks with
design boundary conditions.)

2. Almost Triangular Panels-i. The case of a quadrilateral panel with one

sie very much smaller than- the others can cause numerical problems. ToI
avoid this, a triangular panel tolerance (record N7) is specified by the
user. If one side of a panel is shorter than the tolerance length, then
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that side is collapsed to a point. An example of the application of this
triangular panel definition capability is shown in figure B.11. If the
collapsed panel edge is not part of the network edge, then a triangular
panel occurs inside a network, which is an error. If the collapsed panel

edge is part of the networktedge then the previous restriction applies:ifthe edge is composed of tiangular panels only (a collapsed edge) an
error does not occur; if the edge is composed of both triangular and .
quadrilateral panels an error occurs.

3. Almost Triangular Panels-2. The case of a quadrilateral panel with three
corner points on a straight line is discouraged. If three corner points
are almost on a straight line, the program gives a diagnostic due to the
possibility of subsequent numerical problems.

4. Non-Convex Panels. Non-convex panels are allowed, but the program gives a
warning indicating their presence. An example of a non-convex panel is
shown in figure B.12. An error occurs in the special case where the I
panel center point (which is the average of the four corner point
coordinates) is located on a network edge.

5. Aseect Ratio. The distances from the panel center point to each edge are
cluated; the panel aspect ratio is the ratio of the largest distance to

the smallest distance. The aspect ratio of non-wake panels must be lessI
than 10,000; a ratio larger than 10,000 causes an error. Smaller ratios
are allowed, but the program gives a warning if the ratio is greater than
1,000 due to the possibility of subsequent numerical problems. There is
no restriction on the aspect ratio of wake panels, but warnings are

printed if poor least squares fits occur in the spline construction.
6. Mach-Inclined Panel or Subpanels. A panel or a subpanel must not be

Mach-inclined, that Is, tangent toa Mach cone, in which case the panel
normal and conormal vectors are perpendicular: (R.^i) 0. If this
occurs, the program gives an error.

7. Panels in Identical Location. Two or more panels must not have an
identical location sincethis- results in a singular AIC matrix. (No

earlier warnings will occur.)

B.1.3.2 Restrictions on Networks

1. Non-Intersecting Networks. A network can not intersect itself. However,

opposite edges of a network can abut; an example is shown in figure B.13.
2. Network Partly in a Plane of Syimmetry. If a network is (completely or

partly) located In a plane of symmietry, special treatment is required for
its reflection in that plane. This avoids singularities which otherwise

would occur because the input network and its image network have the same
location. This special treatment is activated either byI
user-specification (record NS) or by a program check on the network
location. (A user-specification takes precedence over the program
check.) With the program check there is a restriction that the networkcan not be partly in a plane of synmmetry. Specifically, the program
checks the position of all panel center points relative to the plane(s) of
symm~etry. If all these points are within a user-specified tolerance
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distance (record G7) of a plane of symmetry, then the special treatment is
used. Figure B.14 illustrates the possible situations. In figure B.14a
all network panel center points are within the tolerance distance of the
plane of symmetry; the network would be specially treated. In figure
I.14b all network panel center points are outside the tolerance distance;
the network would not be specially treated, but would be reflected in the
regular manner. In figure B.14c network panel center points occur both
within and outside the tolerance distance, resulting in an error. (Other
aspects of the special treatment of network reflection are discussed in
section B.2.3.)

3. Network Abutments. The separately-defined networks are combined to form
the confi guration and flow boundary surfaces. The network edges meet at
abutments, which are defined either by the user (geometric edge matching
data group) or by the program. An abutment is a curve along which aparticular set of network edges meet. Each abutment contains one or more
network edges, with a maximum of five edges in an abutment. PAN AIR
allows a general network abutment, with no requirement on compatibility of
the network edges. An example of a general network abutment is shown in
figure B.16. The abutment consists of segments Al through AS which
consist of one, two or three network edges. Other examples of network
abutments are given in appendix F of the Theory Document.

4. Network Abutments and Network Panels. In PAN AIR there are no strict
requirements on the paneling of the networks at an abut nt. However, a6;
a rule of good modeling technique, the paneling of networks should be ascompatible as possible at an abutment. (Violation of thig rule may or mily

not significantly degrade the quality of the analysis.) For example, cn
figure B.16 the division of the abutment into segments Al through AS
should correspond to panel corner points in the abuting networks.
Similarly, panel corner points of abuting networks should coincide if
possible. An example of this is the abutment of two networks, shown in
figure B.16, one with a coarser paneling and one with a finer paneling at.
the abutment. Every panel corner point of the coarser grid should
coincide with a corner point of the finer grid at the abutment. (The
network with the finer grid is a "refinement" of the other network.)
Abutments with non-matching panel corner points, such as occur at the
wing-fuselage intersection of figure B.6b, can degrade the quality of the
analysis, especially for supersonic flow, but are not prohibited. Also,
if an abutment is supersonic, the panelling on the most downstream network
edge should be equal or finer, that is, a "refinement," of the other edgei;
in the abutment. A comparison of the requirements of an earlier program
(reference B.1) and the modeling flexibility allowed by PAN AIR is given
in figure B.17. Figure B.17a shows that PAN AIR does not require
compatibility of network edges at an abutment. Figure B.17b shows that
PAN AIR does not require identical paneling for two networks at an
abutment. Figure B.17c shows how the flexibility allowed by PAN AIR can
simplify the modeling of a simple configuration, resulting in less input
data. Figure B.17c also shows an application of gap-filling panels, which
are discussed in section 8.3.5.

5. Network Abutments and Design Networks. The use of design boundary
conditions introduces some special considerations in defining networks and
network abutments. For design boundary conditions, there is a restriction
that two abuting network edges can not both have control points. (See
section B.3.4 for further discussion of control points, boundary condition
location points and this restriction.) Also, to improve the quality of
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the analysis, a design network edge with control points should not have
coarser paneling than that of the other edges in the abutment. Network
abutments and the associated edge matching boundary conditions are
discussed in more detail in section 8.3.5 and in appendix F of the Theory
Document. Several associated points are also discussed there: smooth and I
non-smooth abutments, details of the automatic abutment procedure,
gap-filling panels, the no doublet edge matching condition, and the Iiclosure condition. k

B.1.3.3 Restrictions on Configurations

PAN AIR optionally calculates the force and moment coefficients on

individual panels, columns of panels, networks, and configurations formed from
several networks. A program option allows the calculated force and moment
coefficients to be accumulated to give the values for a group of user-defined
configurations. The program identifies upper and lower surfaces of each
network based upon the input ordering of the network grid points in the input 21data, see section B.1.1. There are advantages in ordering the grid points in
a consistent manner, such that the upper surfaces are compatible when the
networks are combined to form a configuration. An example of consistent
ordering would be a thick configuration with all network upper surfaces
located on the outside (or wetted) surface of the vehicle. This compatibilityis not required, since the program allows the user to reverse the
specification of the upper and lower network surfaces in foming a
configuration (record SF2 and record FM8, option REVERSE). However, lack of
compatibility results in extra input data. For example, the program default
allows the user to specify the total (non-wake) configuration In a simple
manner; this feature is useful only if all network upper-and lower surfaces
are ordered in a compatible manner.
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B.2 General Considerations

Several basic features of the PAN AIR system are described in this
section. These include the coordinate systems, onset flows, and symmetries.
These features are a necessary part of PAN AIR and allow simplifications in
use of the system.

B.2.1 Coordinate Systems

The PAN AIR user must define two basic coordinate systems. First, a
"reference coordinate system" is t-sed to specify the configuration geometry
and the undisturbed flow field. Second, a "compressibility coordinate system"
is required by the Prandtl-Glauert equation (A.1.1). (PAN AIR a' o uses
coordinate systems which the user does not define, for example, .jcal subpanel
coordinate systems).

The reference coordinate system must be used to specify all geometry data
for the configuration boundaries (the networks of panel grid points) and the
incident flow fields. The reference coordinate system is a body axis
systemfixed to the vehicle. The user may select any reference coordinate
system provided it is orthogonal and right-handed. PAN AIR has an implied
reference coordinate system: xo-axis positive aft, yo-axls positive right,
and zo-axis positive up. This system is used to define program default values
and is used in all examples and figures in this document.

The compressibility coordinate system (x,y,z) is defined by the
Prandtl-Glauert equation for the velocity potential.

(,M 2)
Thi yy z

(1-Mm 2) xx + y +~ .z 0 (A.1.1)

This equation has a preferred direction x, which is the compressibility axis.
A compressibility vector Co having unit length is defined in the direction of

the compressibility axis. The axes of all Mach cones, for example, are in the
direction of Eo. The orientation of the other two axes (y and z) is
arbitrary, provided the axis system is orthogonal and right-handed. The
direction of the compressibility axis is unimportant in the special case of
incompressible flow (Mý - 0), although a compressibility vector must be
defined (program defaults can be used) to avoid numerical problems.

The compressibility coordinate system is defined by two rotations: a
compressibility angle of attack ac and a compressibility angle of sideslip

0 (CALPHA and CBETA, record G5). The definition of the compressibilityc
vector in the reference coordinate system is shown in figure B.18 for positive
values of the two rotation angles. The compressibility coordinate system is
obtained from the reference coordinate system by a rotation (--c) about the

yo-aXfs followed by a rotation (-sc) about the new position of the zo-axis. 5
Equivalently, the reference coordinate system is obtained from the
compressibility coordinate system by a rotation (+oc) about the z-axis
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followed by a rotation (+ac) about the new position of the y-axis. The

associated transformation matrix is developed in appendix E.3 of the Theory
Document.

Several other coordinate systems are introduced in the development of the
force and moment coefficients, see section 8.4.3. These coordinate syst&As
have no effect upon the formulation and solution of the flow problem, since
they are used only in the post-solution calculation of the force and moment
coefficients.

B.2.2 Onset Flows

Onset flows are used to define both the undisturbed flow field and special
flow features. The undisturbed flow field is defined by the uniform onset
flow velocity U. This is specified by a magnitude and by the angles of
attack and sideslip, a and s (UINF, ALPHA and BETA, record G6). The direction
of the uniform onset flow is obtained from the xo-axis of the reference
coordinate system by a rotation (--) about the yo-axis followed by a
rotation (-o) about the new position of the Zo.axls. The definition of the
uniform onset flow in the reference coordinate system is shown in figure
B.lgfor positive values of the two rotation angles. In the reference
coordinate system the components of the uniform onset flow (see appendix E.3
of the Theory Document) are

L6 (U-W cos a cos o, - Uco sin o, Ua sin a cos o) (B.2.1)

The use of the uniform onset flow is shown by the equation which
determines the array of singularity parameters.

[AIC] {xj (b) (A.3.5)

One PAN AIR run allows one compressibility vector Co and one Mach number,

and consequently one aerodynamic influence coefficient matrix [AIC3. In an
exact representation of the uniform flow field, the uniform onset flow must beh in the direction of the compressibility vector, that is,

[ where V60  L o and where m - ac and o = Bc" If the direction of

the uniform onset flow changes, then the compressibility vector must also
change. This requires computation of a new AIC matrix, which is relatively
expensive. This can be avoided by using the approximation of linearized onset
flow: changes in onset flow are represented as small changes about the
original compressibility direction. The compressibility vector and
consequently the AIC matrix are not changed. The allowable range by which a
and B can vary from cc and Bc and still give reasonable results is
dependent on thg Mach number. Typical ranges are *10° at Mach 0.5, +50 at
Mach 1.3 and *1 at Mach 3.0.

The onset flow approximation gives the relation

-U.L + AU* (B.2.2)
Si71B-11
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where &U*v 0 if am c and Bo Bc. The quantity aU* is the difference
between the velocity of the uniform flow field as specified by t in the
compressibility direction (defined by ac and o ) and by Go which has the
same magnitude as \6 but a different direction (defined by q and o).

The distinction between \6. (.cic) and L6. (z,B) is further illustrated
with the aid of figure B.20 for the special case of s-Bc- 0. Figure B.20a

shows the freestream flow. . The direction of \6 is denoted by the
unit compressibility vector Co along the compressibility axis. The
orientation of this direction with respect to the xo axis is denoted by the

symbol ac . Also shown in the figure is the mass flux boundary
cond:4ion (see appe,'dix H of the Theory Document) for an impermeable surface,
that is,

(6 + w). n - 0 (B.2.3a)

where w is the perturbation mass flux (see section A.2). For this boundary
condition the elements of {b} in equation (A.3.5) are ! and thus
change whenever the angle ac changes. But the AIC matrix of equation

"(A.3.5) is also a function of c Thus for equation (A.3.5) to be an

"exact" numerical solution of equation (A.1.1), separate AIC matrices and
separate right hand side vectors {bl must be computed for each angle of attack.

For multiple angles of attack the "exact" procedure described above can be
replaced by an approximate, but much less expensive procedure in which only
the right-hand sides of the boundary conditions are modified, while keeping a
single AIC matrix. This is illustrated in figure B.20b. The single
user-specified angle =. is used to create the AIC matrix. The uniform
onset flow U* has the same magnitude as Va but is allowed to have a
different orientation, defined by a, so the boundary condition becomes

In this way, a single AIC matrix is used to generate "sclutions" for multiple
angles of attack .2 (and in general for multiple combinations of the angles of
rttack a and sideslip o, and other onset flow quantitiet).

Use of any onset flow is restricted to defining different values of the
constreint vecter b oi, the right-hand side of equation (A.3.3). ConsEquently
it is possible to have multiple constraint vectors b and corrasponding
nultiple zIngularity parameter arrays x. Equivalently equation (A.3.5) is
,ewritteto as (see appendix L of the Theory Document)

[AIC] [A3 - [B] (B.2.4)
where [A] and [B] are rectangular n.mtrices with each column being a separate 1

and b vector. In PAN AIR terminology each column is a "solution" which car
have different user specified onset flows (record G6 and record set N18) and
specified flows (record set 17). For each set of solutions there is only one
AIC matrix or equivalently one set of MIw and a values (record G5).
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Extending the idea of onset flows, three basic types of onset flows can be
specified in PAN AIR.

U U +U + U (B.2.5a)

AV U +U (B.2.5b)

where Uo .wx (r- 1
The quantity U is the total onset flow vector. Its composition is

illustrated in figure B.21. The uniform onset flow L6 is defined in the
reference coordinate system by a magn'tude and by the angles of attack and
sideslip a and o, equation (8.2.1). rot is the "rotational onset flow" at

the field point r"t, due to a rotation of the flow field (with respect to the
vehicle), which is defined by a rotation reference point r and an angular

velocity "of the flow (record G6). (Similarly' is the negative of the
vehicle rotation rate in a steady, non-rotating flow.) r is used for
simulation of steady rotational motions of the flow. Th'rit Uloc S

the "local onset flow" (record set N18), which can be defined for each network
or each control point of the configuration. An example of its use is the
specification of the local onset flow due to propellers. The quantity 0 is
the "incremental onset flow," which is the increment to the uniform onset
flow. The incremental onset flow Is used in two rlaces in the analysis: in
the boundary coo'dition equations and optionally in the post-solution
calculations of the pressure coefficients and the force and moment
coefficients.

Extending the linearized onset flow approximation, the total mass fl'ix is
defined in terms nf the total onset flo4. Rewriting equation (A.2.2), the
total mass flux is

Similarly the mass flux boundary condition is defined in terms of the total
onset flow. For example, the boundary condition of zero total normal mass
flux for an iHpermeable surface is

Wn (U0 + w)-0 (8.2o)

8.2.3 Symmetries

The PAN AIR usar can take advwitage of two possible types of symetry:
configuration Lytietry ind 'Inw s 4inetry ('oth specified in record G4). The
distinction betý'sen tie two folk s from the basic aqua~ion (A.3.5).
Configuration s)¶in2try requires equal partitions ivi the AIC matrix (see
section 5.7 and ap' idix K.). of the Theory Document). Flow symmetry
additionally rguires equal partitions in the constraint vector b on the
right-hand side, it is possible to have configuration symmetry without flow
symmetry, but flow s~mnetry requires configuration symmetry. Configuration
symmetry rasults in computational economies due to repetition of elements in
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the AIC matrix. It also reduces the amount of required input data. Both
configuration and flow symmetry allow computational economies in solving for
the singularity parameters.

PAN AIR allows zero, one or two planes of configuration symmetry. In the
last case the two planes must be orthogonal. The compressibility vectore
must be in the plane(s) of configuration symmetry. The configuration symmietry
must be complete, for example, It must include the geometries of both physical
and wake surfaces. An example of the distinction between configuration and
flow symmetries is shown in figure 8.22. In figure B.22a the flow is
asymmetric due to the waker position. Sinceliaan therisn configuration i
asymmetric due to the non-erpstoangl ofSidcesp an therisn configuration i
syvrietry, the direction of the compressibility vector is unrestricted. Thus
in an exact flow modeling in terms of the Prandtl-Glauert equation. In figure
B.22b the wake deflections are ignored in order to allow one plane of
configuration symmetry. However the flow is still asymmetric (if 0 is not
zero). Since the configuration is symmetric to the x0-zo plane, the
compressibility vector 80must be in that plane. Thus asymmetric flow with a
symmetric configuration necessarily involves approximate flow modeling. Also
for the symmetric configuration in supersonic flow, figure B.22b, the Mach
lines will be syimmetric since the compressibility vector is the axis of any
Mach cone. The examples of figure 6.22 show the choice that the user has:
the exact model is inherently more accurate; the approximate model with
configuration symmietry is more economical.

Where there are plane(s) of configuration symmnetry, the user can request
the f~low properties on the input network and on all its images. This includes
the surface flow properties (POP module, using record SF2) and the forces and
moments (COP module, using record FM8). However, the specification of the
calculations and the interpretation of the results require identification of
the upper and lower surfaces of the input and the image networks. The sign of
the normal vector, Ai is always changed in reflection through a plane of
symmetry; that of fl or R may also be changed. An example of a network and two
planes of symmetry is shown in figure B.23. Figure B.23a shows a top view of
the input network with its edge numbers: the normal vector points upward from
the page. The image in the first plane of symmetry, including the edge
numbers, is also shown. Here, the direction of N has been reversed, which
with the (additional) sign change in fi, means that the normal vector of that

image network points upward from the page. Reflections in the second plane of
symmetry does not change the direction of either R or N. The resulting normal
(the input arid its three images) has its upper surface exposed to the external

J flow field.

If a network occurs in a plane of symmietry, special treatment is required I

for analysis of the network and its image. This treatment by the program
avoids singularities which otherwise would occur since the input and imager networks have the same location. (ror a discussion of the network properties
which activate this treatment, see the second item under the restrictions onI, networks in section 8.1.3.,) The user must take special care in specifying
boundary conditions and in interpreting the results for such a network.
Figure 6.24 shows in schematic form a network and its image in a plane of
symmnetry. The "interior" domain may have zero volume, but is considered since
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boundary conditions must be specifiea on both surfaces of the input network
(see section A.3). The best choice for Lhe boundary condition is the
condition of zero total norreal mass flux, that is,

W~n 0

on the network surface exposed to the interior domain. (In theory this
condition causes an ill-posed problem in the interior domain, but this
difficulty is eliminated by the program in the special treatment of the
network in a plane of symnetry. Also, this condition requires the .use of
class 4 boundary conditions, see section B.3.1.)

IB 1
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8.3 Boundary Conditions

The properties of the flow field are determined by the Prandtl-Glauert
equation and the corresponding integral equation. The solution of these
equations requires a set of boundary conditions, which enable the user to
specify the flow properties on network surfaces. A general boundary condition
equation is used in the PAN AIR input, allowing the user to specify a variety
of boundary conditions. Special classes and subclasses are defined to allow
the user to specify standdrd boundary condition equations in an easy manner.
The boundary condition equations are discussed in detail in appendix H of the
Theory Document.

8.3.1 Boundary Condition Equations

The physical vehicle boundary as well as flow field boundaries such as
wakes, jet efflux tubes, and inlet and exhaust barriers are defined by

* networks. Boundary conditions are imposed on each network for the solution of
the boundary value problem. In PAN AIR the number of boundary conditions
specified on a network coincides with the number of unknown singularity
parameters on that network. This condition, in conjunction with the network
y neworkspline construction, makes each network logically independent of

other networks.

The boundary conditions are of two general types, analysis and design,
corresponding to the types of flow problemls to which PAN AIR is applied.
Analysis boundary conditions are for the following problem: gien the flow
conditions at the boundary, find the resulting flow field including the
pressure distribution. PAN AIR has a non-iterative design capability which
solves the following problem: given the conditions in the undisturbed flow
field and the desired pressure distribution on network surface(s), find the
resulting flow field including data needed for a linearized redesign of the
original network surface(s).

The user can speciy a maximum of two independent boundary conditionI
equations at e'ach control point (see section A.3). The two independent
boundary conditions must apply to the twf) surfaces (the "upper" and "lower")I
of the network. However in many cases it is more convenient and economical to
specify a linear combination of the two boundary conditions, particularly if
one of the singularity strengths can be determined by so doing. The linear
combination is equivalent to the original two boundary condition equations.

A general equation is used in PAN AIR to allow the user a wide choice of

boundary conditions. The general boundary condition equation is composed of
four separate relations, each involving perturbatioan flow quantities on the
left-hand side. The first relation is the boundary condition for mass flux A

aUw~n + alw.n L + A D n Uo*n + Onm (B.3.1)

where U, L, A, D -upper, lower, average, difference (surfaces)

N - ('D n

Onm ~user-specified normal mass flux
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The second relation is the boundary condition for velocity potential
analysis: a velocity potential function is specified at the surface.

CU + CLL + CA + CCD u= bp L T+ p (8.3.2)

where Y = (xs , y, z)

a4p a user-specified (perturbation velocity) potential

and where (x,y,z) are the contrcl point coordinates in the compressibility
axis system. (This relation ca,. )e used to specify perturbation or total
potential on a surface, see section 8.3.6 for examoles.) The third relation
is the boundary condition for velocity design: a flow velocity is specified
in a direction tangent to the surface.

"t * "" b t -+ (B.3.3)tuvu +tL vL + tA vA+ D t* t

where t tangent vector coefficient (for subscripted velocity term)

ot user-specified tangential perturbation velocity

The fourth relation is the boundary condition for velocity analysis: a flow
velocity is specified in the direction normal to the surface.

e e(vu + e (v, + e A(_v" n)+ e(_v" n) bn Uo n + 'nv (B.3.4)
U+ U LA no Dnv

where onv = user-specified (perturbation) ,iormal velocity

Although the velocity analysis boundary condition is provided for the user,
the standard PAN AIR formulation uses mass flux boundary conditions for

H "analysis with impermeable surfaces (see sections 5.4 and 8.0 of the Theory
Document).

To solve the integral equation associated with the Prandtl-Glauert
equation (A.1.1), the Prandtl-Glauert transformation is used.

n ~- x

O -y

The original Prandtl-Glauert equation has two standard forms in the new

coordinates: Laplace's equation ;:i subsonic flow, and the wave equation in
supersonic flow. The bavtc integrals, that is, the panel influence
coefficients, required to solve the Prandtl-Glauert equation are evaluated in
the transformed coordinates. These are then t*ansformed to the original
reference coordinates before applying the bourudary conditions.

In PAN AIR the user can choose either mass flux or velocity boundary
conditions, equation (B.3.1) or (B.3.4). For subsonic flow the mass flux
boundary condition applied to the real geometry gives the same solution for
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Sthe velocity potential as the velocity boundary conditions applied to the
equivalent incompressible geometry obtained by using the Prandtl-Glauert
transformation, equation (8.3.5). The velocity boundary conditions applied to
the real geometry give what is called the "Gothert Rule II" in reference B.2.
These boundary conditions can be imposed in PAN AIR by using class 4 or class
5 boundary conditions (see discussion below). However the standard PAN AIR
formulation is based upon the mass flux boundary conditions; the
user-convenience features (that is, the boundary condition classes listed
below) are accordingly designed with that case in mind.

The general PAN AIR input boundary condition equation is the sum of
equations (8.3.1) to (B.3.4) and is given in figure 8.25. The duplicate terms
for the normal component of the total onset flow which appear on the
right-hand sides of equations (B.3.1) and (8.3.4) are retd))aced by a single
term. The four s quantities ("specified flows"' are combined into a singleterm to simplify the data input (record set N17).

The preceding form of the boundary cotdition equotions is redundant since
it includes both the upper-lower and average-differenc. pai.s of terms. This
redundant form is used 7or the program input since it allnws the loer to
specify boundary condition equations in the general form. Within PAN AIR the
input terms are combined to give the total overage-difference terms (see
appendix H.1 of the Theory Document). The procedure is based upon the

V•. relations between the average-difference quantities and the upper-lower
quantities. For example, the relations for the mass flux are

1/2 '+ w536a)

WA U L

- ~ -We)(B.3.6b),•,,

A standard set of bounda.'y condition classes is defined to simplify the
input data required for frequently used protlems. The standard boundary
condItlor, classes (record N9) are

Class Boundary Condition
Impermeable Surfe Mass Flux Analysis

2 Specified Normal Mass Flux Analysis
3 SpGcified Tarngential Velocity Design
4 Selected Terms
5 General Boundary Condition Equation

The selection of a boundary condition class and associatnd subclass
results in the specifIcation of two boundary condition equations for each
control point. Depending on the class and subclass, the user may be reqitired
to supply additional data for the boundary condition equationis.

Classes' I and 2 define mass flux analysis boundary conditions. Class I.
oefities boundary conditions of zero mass flux normal to the surface and is
appropriate for flow over impermeable surfaces. With selection of class 1
boindary conditions (with appropriate subclass), the boundary condition
ejuatlens are completely specified; the user is not required tu supply any
aditional lInformation. However the user can optionally specify different
onset flows (global, rotational and Igcal) which contribute to the total onset
flow term on the right-:iand 3ide, n PCo figure B.25. Class I boundary
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conditions are discussed in section 3.3. Class 2 defines boundary conditions
with a specified mass flux normal to the surface. With class 2 the boundary
Londition equations are completely specified, except for the specified flow
terms on the right-hand side which the user must specify (record set N17).
Class 2 boundary conditions are discussed in section 8.3.2.

Class 3 defines design boundary condition equations with a specified
velocity tangent to the surface. The user must specify the surface tan ent
vector coefficients (record set N16), with two standard options available to
simplify this requirement. The user must, in most cases, specify a closure
condition (record set N14) for each network with class 3 boundary conditions.

he user must also supply the specified flows (record set N17) which specify
the tangential velocities or pressure coefficients at the control points.Class 3 boundary conditions are discussed in section 8.3.3.

Class 4 boundary conditions allow the user to select one term each from
the left and right-hand side terms of-the general boundary condition equation,
figure 8.25. Standard numerical values are assigned to the coefficients of
the selected terms (values are +1 for left-hand side terms and ±1 or 0 for
right-hand side terms). Exceptions are terms involving the tangent vectorcoefficients (record set N1$) and the specified flow terms (record set N17)

both of which must be supplied by the user.

Class 5 boundary conditions allow the user to select any combination of
terms from the general boundary condiLion equation, figure 5.25. The user
must supply numerical values of the coefficients of the selected terms (record
set Ni5. The class 5 option allows almost complete generality in specifying
the boundary condition equations, but requires the most input data and the
most urer knowledge to formulate the boundary conoition equations.

T0 other types of boundary condition equations can also be spe1ified.
One is the closure condition. This is used in design dpplications and is
discussed in section 8.3.5. The other is the singularity strength matching or
edge matchinrg boundary condition and is discussed in section 8.3.5.

oThe manner in which the PAN AIR boundary condition capability can be used

to construct models representino physical flow problems is illustrated by
several examples in section'B.3.6. Additional examples appear in section
8.3.2 for clas5 2, subclass S b(ouridary conditions which are used to model
lifting surfaces in the sp 4rit of classical thin wing theory.

8.3.2 Specified Normal Mass Flux Analysis (Class 2) Boundary Conditions

This cldss of bouvidary value problems is an extension of class I
(imtpermeable surfaceV boundary conditions to allow a "specified flow" through
Lhe surface. The specified flow is a user-tpecified normal mass flux on toe
eight-hand side of the boundary eonditlon equation(s), A common application
of class 2 boundary conditions is lineartized surface modeling with specified
flows used to simulatt surface thickness, camber and defl ctio7*. This is an
application of classical thin wing-theory (references B.3 and 8.4). Other
applications are the simulation of flow eotrairment and the representation of
inlet flow and jet effluxes.
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Class 2 boundary conditions are grouped into five subclasses listed intable B 1 (also figure 7.5). The boundary conditions apply either to thick
bodies (subclasses 1 and 2) or to thin bodies (subclasses 3, 4 and 5). For
thick bodies, subclasses 1 and 2 correspond to the case of the upper and lower
surfaces wetted by the physical flow field, respectively. For thin bodies,
subclasses 3, 4 and 5 correspond to different forms of the specified flow.Subclass 5 is the general case which includes the other two subclasses asspecial cases. The boundary condition equations are described below for eachsubclass.

Subclass* Subclass Description

I - UPPER Specified Normal Mass Flux on Upper Surface

2 - LOWER Specified Normal Mass Flux on Lower Surface

3 - DEFLECTION Linearized Deflection on Average (Cambered) Surface

4 - THICKNESS Thickness on Average (C&ubered) Surface

5 - BOTH Both Deflection and Thickness on Average Surface

* Program Index-Keyword

Table B.1 Subclasses for class 2 boundary conditions

The general class 2 boundary condition equation is the statement that the
normal component of the total mass flux is equal to a specified normal mass
flux on the surface.

" "'n - 8nm (B.3.7)

The total linearized mass flux is the sum of the total onset flow and the
perturbation mass flux, see the development of equation (B.2.6).

W - U + w (B.3.8)

Combining equations (B.3.7) and (B.3.8), the relation for the normal component
uf the perturbation mass flux is

w , n Uo n + Onm (B.3.g)

The specified flow a is the normal mass flux issuing from the surface.
nm

For a linea;-ized surface representation the vpecified flow is equal to that
amount required to turn the flow through specified angles. For a linearizedr~presentatio~i of a change of surface position the specifieo flow is equal to
the difference between thf products of the onset flow velocity and the surfaceslope for the represented surface and the original user-specified surface,
figure B.26.

B-20

!•>.r'

', 'e,,



an' [Uo azl(.3.10)
V In boundary condition class 2, equation (8.3.9) is applied either at the

upper surface (subclass 1) or at the lower surface (subclass 2) of a network.
It is also applied at both surfaces (subclasses 3 to 5) in the form of the
(aebaverage and difference of the upper and lower surface values. EquationP ~ (8.3.10) is similarly applied to the upper, lower. or both surfaces for a

41 linearized representaticn of a position change of the surface(s).

Z; As mentioned above, class 2 boundary conditions are extensions of class 1
boundary conditions: for non-wake networks a class 1 problem can be run as a
class 2 problem with the specified flow term(s) set to zero. The two problems
will give the same solution for the singularity parameters. However there are
differences in the post-solution modules which will cause two basic
differences between the results for the two problems. First, the
post-solution calculations are more efficient for the class 1 problem.
Second, there may be small differences in the computed flow velocities.

8.3.2.1 Class 2 - Subclass 1 (UPPER)

This boundary condition subclass is the condition of specified normal mass
flux on the upper surface of a thick configuration as shown in figure 8.27.
The upper surface of the thick configuration is wetted by the physical flow,
figure B.27a. (The upper surface has the outward-pointing normal vector.)
The equations used by the program are

S 0 - o•. n1 (B.3.11a)

0L o 0 (8.3.11b)

The lower surface is assigned the boundary condition of perturbation
stagnation, equation (B.3.11b). It is assumed that all other network surfaces
circumscribing the domain have the same boundary condition. Since the entire
surface of the domain has the zero potential boundary condition, the
perturbation potential is zero in the entire domain. Thus both the potential
and its gradient are zero on the lower surface of the network. Similarly the
perturbation mass flux is zero, or in terms of its normal component

The other boundary condition, equation (B.3.11a), is the condition of
specified total normal mass flux on the upper surface of the network. Writing
equations (8.3.7) and (B.3.9) for the upper surface, this condition is (in two

Sequivalent forms)

W m n mU (8.3.13a)* " +mnm
+ u (0.3.13b)

Using equation (A.2.5a) to:introduce the source strength,
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and subtracting equation (8.3.12) from equation (B.3.13b) gives
A

a a - UO n * 'nmU (8.3.14)

This becomes equation (8.3.lla) when the specified flow is identified in the
program notation as sn1; the subscript I is used to identify the first
boundary condition equation. Accordingly, the user must supply the specified
flow terms (record set N17 for the first equation. Otherwise the boundary :1
condition equations (B.3.11a) and (B.3.11b) are completely defined by
specifying the class and subclass 'record N9)..

For zero total mass flux normal to the upper surface, the s ecified flow
0n1 is zero by equation (B.3.13a). In this case a - • - o. •*
that is, the known source strength generates an amount of upper surface
perturbation normal mass flux which exactly cancels the normal component of
the total onset flow, figure B.27b. This is the mass flux boundary condition
for an impermeable surface. Any positive (negative) increment on1 to this

source strength will cause a net mass flux to flow from the upper surface in
the positive (negative) A-direction, This is illustrated in figure B.27c for
the case of positive onl' For a linearized surface representat on the
specified flow is equal to the difference in the product of the total onset
flow and the surface slope between the actual and represented upper surface,
equation (8.3.10) and figure B.26.

The two boundary condition equations are special cases of the general
relation, equation (B.3.1) to (1.3.4). Equation (B,3.11a) is a special case
of equation (B.3.1) with au 1, b* , -1 and the other coefficients equal to
zero; the specified flow is supplied by the user (record set N17). Equation
(B.3.11b) is a special case of equation (B.3.2) with cL 1 and all other
coefficients equal to zero.

B.3.2.2 Class 2 - Subclass 2 (LOWER)

This boundary condition subclass is the condition of specified normal mass
flux on the lower surface of a thick configuration as shown in figure 8.28.
The lower surface of the thick configuration is wetted by the physical flow,
figure B.28a. This problem Is the same as subclass 1 (UPPER), except that the
definition of the upper and lower surfaces (or equivalently the direction of
the network normal vector) is reversed. The equations used by the program are

U . n+ (8.3.15a)

U• 0 (B.3.15b)

The upper surface is assigned the boundary condition of perturbation
stagnation, equation (B.3.15b). It is assumed as in subclass 1 that the zero
potential boundary condition is applied on all surfaces circumscribing thedomain. Consequently the perturbation mass flux is zero on the upper surface,...
or in terms of the normal component
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u 0 (8.3.16)

The other boundary condition equation is the condition of specified total
normal mass flux on the lower surface of the network. Writing equations
(8.3.7) and (8.3.9) for the lower surface, this condition is (in two
equivalent forms)

LC " -nmL (B.3.17a)

w . n . -Uo* n + (8.3.17b)
L a nmL

Equation (B.3.15a) is obtained by subtracting equation (B.3.16) from equation
(B.3.17b) and using the defining property of the source strength at a control
point, equation (A.2.5a). The resulting boundary condition equation is

-(W," -•) n.-o Uo 06 n + (6.3.18)
U L nmL

In program notation the specified flow is identified as onl; the subscript

1 is used to identify the first boundary condition equation. This equation is
the same as equation (B.3.tla) for subclass 1, except for the minus sign on
the source strength. This sign change is due to the interchange of the upper
and lower surfaces, and to the orderin of the normal mass fluxes on the upper
and lower surfaces in the definition o? the source strength, equation
(A.2.5a). ]

For zero total mass flux normal to the lower surface, the specified flow
OnI is zero by equation (8.3.17a), that is, the known source strength

generates an amount of perturbation normal mass flux on the lower surface
which exactly cancels the normal component of the total onset flow. Any
positive (onegative) increment s ni to this source strength will cause a net

mass flux to flow from the lower surface in the negative (positive) A

direction, figure B.28b.

8.3.2.3 Class 2 - Subclass 3 (DEFLECTION)

This boundary condition subclass is the condition of specified average
normal mass flux on a thin ("average") configuration as shown in figure 8.29.
This subclass is used for a linearized representation of surface camber or
deflection on the input network. The surface thickness is ignored. The
equatlonsused by the program are

o.0 (8.3.19a)

wA.n• -U 0  n + n2 (B.3.1gb)

These equations are discussed below in the section on class 2, subclass 5
boundary conditions, since subclass 3 is a special case of subclass 5.
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8.3.2.4 Class 2 -Subclass 4 (THICKNESS)

masThis boundary condition Subclass is the condition of specified normal *
mas flx dffeenc ona tinconfiguration as shown in figure 8.29. This

subclass is used for a linearized representation of a surface with (symmetric)
thickness on the input network. There is no linearized representation of a
change in the surface camber, that is, the surface camber is that of the input
network. The equations used by the program are

- nl (8.3. 20a)

wA * flu U0 * n (8.3.20b)
These equations are discussed below in the section on class 2, subclass 5
boundary conditions, since subclass 4 is a special case of subclass S.

B.3.2.5 Class 2 - Subclass 5 (BOTH)

This boundary condition subclass is the general condition of specified
normal mass flux on a thin configuration. It is used for a linearized
representation of thickness and camber (or deflection) on the input network.
The equations used by the program are

a n1 _(8-3.21a)

wA ~ U. n + n2  (8.3.21b)

Subclass 5 includes as special cases both subclass 3 (on, equal to zero) and
subclass 4 (on equal to zero).

Subclass 5 deals with thin configurations representing approximations to
actual wing or tail configurations in the spirit of classical thin wing
(a PAN AIR composite network) as shown in figure B.29. At the upper and lower

tsurfaces of this network, the following expressions are written for the total
normal mass flux, using equations (8.3.) ana (B.3.8).

n U (U + w) 0 (B.3.22a)

..........

WB nu2U s ) un (B.3.22b)L 0 L m
Subtracting and averaging these two equations gives

( W n U 0 (B.3.23a)

12WA ' + -WA - +o 1/ ( (8.3.23b)

Using equations (8.3.6a) and (B.3.6b), these equations can be written as

w n nbas n (OTH
D n1.3.21a)
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wA m Uo n + (B.3.24b)
in terms of the difference and average normal mass fl,.,xes; where equation
(A.2.5a) has been used to introduce the source strength o, and where

nl h - n (B. *3.2a)

1 nmU + OnmL) (8.3.25b)

Both equation (8.3.24a) and (B.3.24b) are special cases of the general normal
mass flux boundary condition, equation (B.3.1). The numerical indices on the

ýF. r two specified flows have no physical meaning; they are merely identifiers used
to place user-specified input data into the proper boundary condition equation.

The specified flow terms have special forms for linearized representation
of thickness and camber on a thin configuration. Two simulated surface slopes
are defined, one (a) for the top and one (b) for the bottom boundaries of a
thick configuration. The total specified flow is separated into two parts.
The first part is the representation of the (symmetric) thickness relative to
the original boundary surface of the thin configuration. Applying equation(8.3.10) to the upper and the lower surfaces of the network gives the relation

On1 U0  -z z b (8.3.26a)

This specified flow is the product of the total onset flow and twice the slope
of the symmetric thickness, referred to as the "slope of thickness form."

0 Uo Ozot of thickness form (B.3,26b)

The second part is the representation of the (anti-symmetric) camber relative
to the original surface of the thin configuration. Again applying equation
(B.3.10) to the upper and the lower surfaces of the network gives the relation

On2 " [o A WEoa + (B.3.27a)

On2 0Uo OZoc of surface camber (B.3.27b)

This specified flow is the product of the total onset flow and the slope of
the cambered surface.

An example of the use of specified flow to simulate a thick cambered
configuration is shown in figure B.30. The flat input network is in the xI-Y.
plane. Two functions are given for the top, zoa(Xo), and the bottom, Zob(Xo),
of the airfoil boundaries. The difference between the top and bottom

2 boundaries is the simulated thickness, whose slope multiplied by the total
onset flow gives on1, equations (B.3.26a) and (B.3.26b). The average

B-25

iL



.1

of the top and bottom boundaries is the simulated camber, whose slope
multiplied by the total onset flow gives on2' equations (B.3.27a) and
(B.3.27b).

The general case of simulation of a thick cambered configuration includes
the special cases of simulation of surface camber or deflection without
thickness and of surface thickness without camber or deflection. Equivalentlyi:( the boundary condition equations for subclass 5 include as special cases the

equations for subclass 3 and subclass 4, respectively.

The use of subclass 3 boundary conditions is ilMustrated by the two
examples in figures 8.31 and B.32. Figure B.31 shows the case of a simulated

12' camber line zoc(xo) modeled with a flat doublet network (that is, the source
strength is zero). If zoc were zero everywhere, the perturbation normal mass _
flux would have to be equal to -Uo n to canLel the normal component of the

0
onset flow and hence make the resultant average total mass flux parallel to
the xo axis. For nonzero zoc the doublet sheet must produce an extra amount

of normal mass flux on2 such that the flow is turned through the angle o(xo)
and hence the resultant flow is tangent to zoc. Thus, Bn2 is given by

On2 U '0 + Al tan e Uo OZoc
ax0

Figure B.32 shows the simulation of a deflected flap while using the input
network geometry of the undeflected flap. The solid curve denoted zoi(xo) is

the location of two doublet networks representing a thin cambered wing wil.h an
undeflected trailing edge flap. Fnr this case the resultant average mass flux
is made tangent to the input geometry zoi(xo) by setting On2 to zero in
equation (B.3.21b). To simulate a deflected flap location, denoted by the
dashed curve zof(xo), network 2 is made to produce an additional average mass

flux 0n2 (xo), normal to zoi(xo), such that the flow is turned through the
flap angle a. For small values of changes in both the slopes and the
perturbation mass flux, a is given by

a A aZoc = azof.- .Zoi
F;Xo - )Xo ; X- oI

and the required normal mass flux for network 2 is

an2 Uo A az (B.3.29)
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The use of subclass 4 boundary conditions is illustrated in figure B.33,
which shows a linearized representation of a thin configuration with
(symmetric) thickness but without camber. This allows the symmetric thickness
to be simulated by letting

"BnmUhnU 2 3O0

0nmL 2 ! z--

For the input network to be impermeable the boundary condition is n 0,
WA

hence on2 is zero in equation (B.3.21b). By equation (B.3.25b),5 n2 120 8 )-0hec
1/2 ( + nmL 0, hence the upper and lower surface normal mass

fluxes are of equal magnitude but in opposite directions. By equation
(B.3.25a)

"U••zot (B.3.30) J
ol 0

in equation (B.3.21a). This user-specified set of 0n1 values will cause the

source strength a - o to be of such magnitude that the flow is tangent to
the thickness form zot(Xo). Thus the subclass 4 or subclass 5 boundary

conditions are given by equations (B.3.21a) and (B.3.21b), with o

given by equation (8.3.30) and on2 0 0, that is,

a Uo Zot (B.3.31a)

0
4 axo

B.3.3 Design (Class 3) Boundary Conditions

Class 3 boundary conditions involve the specification of the surface
pressure coefficient or equivalently the tangential velocity component on a
given surface. Class 3 boundary condition equations are grouped into six
subclasses which ar- listed in table B.2 (also figure 7.6). The boundary
conditions apply either to thick bodies (subclasses 1 and 2) or to thin bodies(subclasses 3 through 6). The boundary conditions are used in the design of

network(s) to satisfy a given pressure coefficient distribution (see section C
of the Theory Document). Examples of design problems are given (cases 7 and
8) in the Case Manual.
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Subclass* Subclass Dt ,ription

H 1 - UPPER Upper Surface Design

2 - LOWER Lower Surface Design

, 3 - THICKNESS Thickness Design with Given Camber

S4 - CAMBER Camber Design with Given Thickness

5 - THICKNESS CAMBER Thickness and Camber Design

6 - BOTH Upper and Lower Surface Design

* Program Index-Keyword

Table B.2 Subclasses for class 3 boundary conditions

The general class 3 boundary condition specifies the tangential velocity
distribution on one or both network surfaces. The boundary condition equation
has the general form

t •V st (B.3.32)

where t is a unit vector tangent to the surface, V is the total velocity on
the surface and st is a specified fl:M term related to the pressure
coefficient on the surface. In wGrd3, the tangential component of the total
fluid velocity at the surface is equal to a user-specified value related to
the pressure coefficient.

For an example of the development of the specified flow term Bt, a

particular pressure coefficient-tangential velocity relation is used.

Cp ( -(•.t/V, )2 (B.3.33)

This relation is one of the pressure coefficient rules available in PAN AIR
(record G12, option REDUCED-SECOND-ORDER) and is discussed in sec~t4n B.4.2.
It is exact for incompressible flow and is approximate for compressible flow.

Two possible approaches for determining the specified flow term PrR
described here. In th? first approach the pressure coefficient deired bj the
user is given (see appendix C of the Theory Document). Rewriting e4uation
(B.3.33) and using equation (B.3.32), the specified flow is

t V,., (1 -1Cp) (B.3.34)
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where it has been assumed that ICp] << 1 i in the second approach the

prcssure coefficient is expressed in terms of a known value, Cpo, and the
pressure coefficient desired by the user, C (reference 6.5). Using

equations (8.3.32) and (B.3.33), the specified flow is

(C1 CPO)Ot~ V. p L' .1Z 2-Y (8.3.36) *
where it has been assumed that IC - C << 11 - C

The choice between the specified flows of equations (8.3.34) and (B.3.35)
depends upon the specific application: design to a given pressure coefficient
in the former case, and redesign to a given change in pressure coefficient in
the latter case. For more complicatea pressure coefficient-velocity
relations, for example, isentropic, the relation between the pressurecoefficient and the specified flow st would be determined numerically.

The unknown total velocity is the sum of the total onset flow velocity and
the perturbation velocity

0

Combining equations (B.3.32) and (B.3.36), the boundary condition becomes

[j - + Ot (B.3.37)

This is the general form of the design boundary condition equation. It can be
L !applied to the upper and/or lower surface of a network.

In PAN AIR a more general equation is allowed for class 3 boundary
conditions, namely

t.v = -tt. + Ot (8.3.38)

Here the tangent vectors ("tangent vector coefficients") are not restricted to
be unit vectors, and different vectors can be used on the left and rigtit-hand
sides of equation (B.3.38). These options give the user flexibility in
formulating design boundary conditions. However, the input data for the
tangent vectors is simpler in the standard case of equation (B.3.37): unit
vectors are specified as the default option, and both left and right-hand side
vectors (and vectors for a second boundery condition equation) can be
specified by the same numerical data. Also, all examples of development of
specified flows are based on equation (B.3.37) in the subsequent discussion.

.4 B.3.3.1 Class 3 - Subclass 1 (UPPER)

This boundary condition subclass is the design problem on the upper
surface of a thick configuration, figure 8.34, with the upper surface wetted
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by the physical flow. (The upper surface has the outward pointing normal
vector.) This subclass defines equations for the design of the network upper
surface with a user-specified pressure roefficient. The equations used by the
program are

F tu 'Vu -ttl Uol + 0 ti (B.3.39a)

"0 (8.3.39b)

where the bubscrlpts U and t1 on the tangent vectors are used by the program
to idantify the user-supplied tangent vectors (record set N16), and where the
subsa,1ipt 1 on the specified flow is used to place the user-supplied specified
flow (reco,'I snt N17 into the first equation.

The upper surface boundary condition equation (B.3.39a) is obtained by
applying the general boundary condition, equation (B.3.38), to the upper
surface. By defining the two tangent vectors to be equal and of unit
magnitude, the specified flow term stl can be determined, for example, byI

applying either equation (B.3.34) or equation (B.3.35) to the upper surface.
The lower surface is assigned the boundary condition of perturbation I
stagnation, equation (B.3.39b). Using the definition of the doublet strength
as the difference between the potential on the upper and lower surfaces,
equation (A.2.1b), and using the boundary cUndition on the lower surface,
equation (B.3.35b), gives the relation OU " "From this the
perturbatioi velocity on the upper surface satisfies the relation

tu Vu Vp

This relation is not used in the boundary condition equations since no
singularity parameter would be eliminated by so doing.

8.3.3.2 Class 3 - Subclass 2 (LOWER)

This boundary condition subclass is the design problem on the lower
surface of a thick configuration, with the lower surface wetted by thephysical flow. This problem is the same as subclass 1 (UPPER), except that
the definition of the upper and lower surfaces, or equivalently the direction
of the surface normal vector relative to the physical flow, is reversed. The
equations used by the program are

tL'vL " -ttl" Uo (.3.40a)

oU M 0 (B.3.40b)

where the subscripts L and t1 on the tangent vectors are used by the programto identify the user-supplied tangent vectors (record set N16), and where the
subscript 1 on the specified flow is used to place the user-supplied specified
flow (record set 17) into the first equation. By defining the two tangent
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vectors to be equal and of unitmagnitude, the specified flow can be
determined, for example, by applying either equation (B.3.34) or equation
(8.3.35) to the lower surface.

8.3.3.3 Class 3 - Subclass 3 (THICKNESS)

This boundary condition subclass is the thickness design problem on an
impermeable, thin configuration, figure 8.35. This subclass defines equations
for thickness design with user-specified pressure coefficient and camber
functions. The equations used by the program are

tA vA -t U° + St1 (B.3.41a)

,A n - 0 " n + 'n2 (8.3.41b)

The first relation is thac for -verage velocity design on a thin
configuration. In the case where the too tangent vectors are equal and of
unit magnitude, the first relation is obtained by writing equation (8.3.37)
for both the upper and lower surfaces, with the same unit tangent vector on
both surfaces. These two equations are then added and divided by two to
obtain equation (B.3.41a) with the new quantities

A 2Y U (8.3 .42a)

Bti , ½ (BtU + BtL) (8.3.42b)

The specified flow can be determined, for example, by applying either equation
(8.3.34) or (.quation (8.3.35), with appropriate notational changes to indicate
the upper and lo,.sr surfaces. In the case of equation (8.3.34) the relation is

t V, [1 -I (C + CpL)) (8.3.43)

Only the average of the upper and lower surface pressure coefficients is
specified.

The second relation, equation (B.3.41b), is that for a linearized
deflection or camber representation on a thin configuration. This relation is
used in class 2 boundary conditions subclasses 3 and 5, equations (B.3.1gb)
and (B.3.21b), and is discussed in section B.3.2.5.

In this subclass the user specifies the average (of the upper and lower
surface) properties of a thin configuration. The user specifies (1) theaverage total tangential velocity (related to the average pressurecoefficient) through otl and (2) the average perturbation normal mass

flux (related to the average surface camber or deflection) through on2.

The problem solution gives the normal mass flux difference between the upper
and lower surfaces (which equals the source strength). By equations (B.3.24a)
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and (8.3.26) this determines the configuration thickness which corresponds to
the two sets of data specified by the user.

B.3.3.4 Class 3 - Subclass 4 (CAMBER)

This boundary condition subclass is the camber design problem on an
impermeable, thin configuration, figure B.35. This subclass defines equations
for camber design with user-specified pressure coefficient and thickness
functions. The equations used by the program are

- n1 (8.3.44a)

S-(B.3.44b)

The first relation is that for linearized thickness representation on a
thin configuration. This relation is used in class 2 boundary conditions
subclasses 4 and 5, equations (B.3.20a) and (B.3.21a), and is discussed in
section 8.3.2.5.

The second relation is that for difference velocity design on a thin I
configuration. In the case where the tangent vector has unit magnitude, the A
second relation is obtained by writing equation (B.3.37) for both the upper
and lower surfaces, with the same unit tangent vector on both surfaces. These
two equations are then subtracted and the difference in the tangential
components of the perturbation velocities replaced by the gradient of the
doublet stvength to give equa6;on (B.3.44b) with the new quantity

St2 " 0tU - L (8.3.45)

The specified flow can be determined, for example, by applying either equation(8.3.34) or equation (B.3.35), with appropriate notational changes to indicate
the upper and lower surfaces. In the case of equation (B.3.34) the relation is

0 U (Cpu - Cr1) (B.3.46)¢t2 p

Only the difference between the upper and lower surface prassure crefficients
is specified.

In this sub.]lss tht user specifies the difference (of the upper and lower
surface) properties of a thin configuraticn. The uLer specifies (1) the
difference normal mass flux (equal to the source strength and related t: the
thickness of the configuration) through snj and (2) the difference

tangential velocity (related to the difference pressure coefficient)
through 0t2. The prcblem solution gives the notimal mass flu.- average of

thn upper and lower surfaces. By equations •B.3.'4b) and (B.3.27) this
determines the configuration camber or deflection which corresponds to the two
sets of data specified by the user.
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8.3.3.5 Class 3 - Subclass 5 (THICKNESS CAMBER)

This boundary condition subclass is the thickness and camber design
problem on an impermeable, thin configuration, figure 8.35. This subclass
defines equations for thickness and camber design with user-specified pressure
coefficient functions. The equations used by the program are

tA VA' tt Uo + 0t (8.3.47a)

T. t (B.3.47b)

The first relation is equation (B.3.41a) of subclass 3 for thickness

design. The second relation is equation (B.3.44b) of subclass 4 for camber
design. In the case where the three tangent vectors are equal and of unit
magnitude, the specified flas are given by equations (B.3.42b) and (B.3.45).
The specified flows on the two surfaces can be obtained, for example, by
applying either equation (8.3.34) or equation (8.3.35), with
approoriatenotatibnal changes to indicate the upper and lower surfaces. In
the case of equation (8.3.34) the relations are

Bt- V. Cl -- (Cpu + CpL) ] (B.3.48a)

V00 (Cpu - CpL) (B.3.48b)

it2"P

Both the average and difference of the pressure coefficients on the upper and
lower surfaces are specified.

In this subclass the user specifies the complete pressure coefficient ortangential velocity data for the thin configuration. The problem solution
gives both the difference and the average normal mass flux for the upper and
lower surfaces. By equations (B.3.24), (8.3.26) and (8.3.27) these determine
the configuration thickness and the configuration camber or deflection,
respectively, which correspond to the pressure data specified by the user.

B.3.3.6 Class 3 - Subclass 6 (BOTH)

This boundary condition subclass is equivalent to subclass 5. The
equations used by the program are

t *V int U B34a

-v U0 +t (8.3.49b)

The two boundary conditions are obtained directly by applying equation
(B.3.38) to the upper and lower surfaces, introducing appropriate notation for
the tangent vectors and letting
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%~ (B. 3.50a)

8 t2 -
0 tL(8.3. 50b)

The subscripts I and 2 are used~ by the program to place the user-supplied
specified flows into the proper equation. In the case where the four tangent
vectors are equal and of unit magnitude, the specified flows on tie two
surfaces can be obtained, for example, by applying either equation (B.3.34) or
equation (B.3.35). In the case of equation (B.3.34) the relations are

Btii V.. 2 CPU) (B.3.51a)

0t2 m V. (1 C~L (8.3.51b)
Subclass 5 and subclass 6 boundary conditions are equivalent if the

notational differences of the tangent vector coefficients and the specified
flows are accounted for. SpecifIcally the average and difference of equations
(8.3.49a) and (8.3.49b) for subclass 6, together with the required notational
changes, give equations (B.3.47a) and (8.3.47b) for subclass 5. Comparing
equations (8.3,50a) and (B.3.50b) with equations (B.3.48a) and (B.3.48b) shows

that subclass 6 is appropriate when the pressure coefficients are expressed in

terms of upper and lower surface values and subclass 5 is appropriate when theI
pressure coefficients are expressed in terms of average and difference values.

8.3.4 Control Points and Boundary Condition Location Points

The boundary condition equations are imposed at the control points of each* ~network. In PAN AIR the control poin~ts are located at each panel center, at
each network corner point, and at each panel edge mid-point which is on the
network edge. (Control points are actually located near, but not exactly at
these positions.) Beside the standard control point locations just discussed,
"additional" control points can occur at panel corner points on the network
edge. These points are introduced at network abutments of the type shown in
figure 8.36. Control point locations are discussed in detail in Appendix G of
the Theory Document.

A maximum of two non-null boundary condition equations can be imposed by
the user at each control point. PAN AIR combines these user-specified -

equations with other equations to give two equations at each control point.
This set of equations is identified in the (optional) printout of the DQG

Arrays of "boundary condition location points" are defined for each

network, with each point corresponding to one boundary condition equation. i
The number and the locations of the boundary condition location points depend
upon the type of flow problem under consideration. Since a network is
composed of the superposition of source and doublet distributions, separate ~
arrays are defined for these two distributions. The arrays have standard
forms shown in figure 8.37. In addition to the arrays shown in figure 8.37, a

null source (NOS) and a null doublet (NOD) array are used. For example, the
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null source array is used in combination with the wake singularity arrays
since the wakes are doublet-only networks.

In most applications the PAN AIR user need not be concerned with the
boundary condition location point arrays. The arrays are automatically
specified by the boundary condition class and subclass for classes 1, 2 and

3. For class 1 and 2 analysis problems on non-wake networks, PAN AIR
automatically selects the arrays (SA or NOS, and DA) which correspond to theI
boundary condition class and subclass. In this case the user need not be
concerned with the positions of the boundary condition location points since
the arrays involved are syimmetric with respect to t'ie network edge numbers.
For wake networks the user must locate the points on the proper network edge;
for example, f or network type DW1 the points should be on the leading edge.

p'! For class 3 design problems, PAN AIR automatically selects the arrays, '"-t thme
user must locate the points on the proper network edges; for design ne' ir',s H
the points should usually be on the leading and outboard edges. For bourliary
condition~ classes 4 and 5 the user must specify 0~e arrays (using record ill).

PAN AIR h~s a user-convenience feature (record N12) for relocating the
bounddry concaition location points which occur on the network edges. The
default positions of these points shown in figure 8.37 are determined by the
inexing of the network edges which in turn are determined by the ordering of
the network grid points in the input data. The resulting locations of theI
points can be changed by using record N12, which allows the user to specify
the edges to be used for the point locations. Thus the user is not restricted
by a requirement on the positions of the boundary condition location points
when ordering the network grid points. For example, in the source and doublet

V! design arrays (SD1 and D01) the network edge boundary condition location
points can be placed on any two adjacent network edges by using record N12.

For analysis boundary conditions, the source (SA) and the doublet (DA) H
distributions have different boundary condition location point arrays as shown
in figure 8.37. More points are required for the doublet singularities due to
their having a higher-order distribution: the doublet singularities have a
quadratic variation; the source singularities have a linear variation. Each
panel center control point has two non-null boundary conditions. Each edge
and corner control point has one non-null boundary condition equation, which
is either one of the network boundary conditions or an edge matching condition
between network edges or along a free edge. The edge matching condition is

discussed in section 8.3.5.
For design boundary conditions, the boundary condition location point

arrays for the source (SD1) and doublet (001) singularities are identical,
except that the doublet array has two more network corner points. For the
closure, or source and doublet edge matching with abuting networks. There is4
a basic restriction on the network control point locations in deig typeVboundary conditions: abutting network edges must not have moetan one set
of boundary condition location poiots at the abutment. In this case the
doublet (or source) edge matching boundary conditions are not sufficient toI
determine the doublet (or source) strengths at multiple sets of points at the

For wake networks, two arrays of boundary condition location points are
possible. In the first type (OWl), the points are located along edge 1 at all
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panel edge mid-points and at the network edge co, nar points. This array
allows the doublet strength to vary in the (nomitdlP])' spanwiso direction.
Since the doublet strength does not vary in the (nLo;t ally) streamwisedirection, type DWI networks are usuaily paneled as s!.-iw in figure B.37. In
the second type (DW2) a single point is located at the network corner point
defined by edges 1 and 4. B rogram definition the ooint is located on edge
1.) Since the doublet strength is constant on the type OW2 network, the
networks are usually not divided into panels. The use of wake networks is
discussed in sections 8.1.2 and 8.3.6.

8.3.5 Closure and Edge Matching Boundary Conditions

Closure and edge matching boundary conditions can be specified by the
user. Both conditions are separate from the general bounaary condition
equation, figure 8.25, discussed in section 8.3.1. Both are used to define
boundary conditions at control points located on network edges, although tho
application is indirect in the case of the closure condition.

8.3.5.1 Closure Condition

The closure condition (record set N14) is the specification of the total
normal mass flux passing through a network surface. The general form of the
closure boundary condition is

: edge I
e a'd L n a'A(n ( a' o ds (8.3.52)

!• edge

One closure condition applies to one network only; each design network can
have its own (independent) closure condition. The closure condition gives one
equation for each column of panels (or row of panels, depending upon the
user-specified integration direction). It replaces a singularity strength
matching boundary condition, usually source strength matching, at the control
point located on the matching edge of the design network. The user specifies
this matching edge, which is also the lower limit of the integral of equation
(8.3.52). The closure condition involves the designated normal mass flux
values at all panel center control points in the column. The user specifies
the left-hand side coefficients at all panel center control points in the
network, and the right-hand side coefficient for each column (and for each
solution). The left-hand side coefficients may be zero on some panels, thus
restricting the integration range. However, the left-hand side coefficients
cannot all be zero for in entire column (or row, depending on the integration
direction) of panels, since this would give a singular AIC. The general
relation, equation (B.3.52), allows thL user to specify non-zero values for
both the upper-lower and the average-•ifference terms. The program converts
these to total average-difference terms. The closure condition is discussed
in appendix K.4 of the Theory Document. 3

The closure condition controls the mass flux flowing irto or out of asurface. For example, one application would be the requirement that the totalmass flux from the upper surface of a network be zero, that is,
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ifW *n ds 0D (8.3.53)
U

This is applied to each column of panels on the network upper surface. As a
consequence the leading and trailing edges of each column of panels on the
upper surface will (individually) be on the sawe mass flux streamline (see
section H.2.4 of the Theory Document). Thus if the upper surface is
redesigned to obtain a given pressure coefficient, the locations of the
leading and trailing edges of the original surface will not be moved.
Equation (B.3.5.3) can be written in the form of the general closure condition,
equation (8.3.52). By equation (8.3.8) the total mass flux is the sum of the
total onset flow and the perturbation mass flux. Equation (B.3.53) becomes

* ds a(B.3.54a)

c a- 5 Uo ds (8.3.54b)j

Equation (8.3.54a) is in the form of equation (8.3.52) with a6 1, with the
other left-hand side coefficients set to zero, and with the user-specified
right-hand side coefficients determined by equation (B.3.54b). (The "~volume
flow" which is an integral related to that of equation (8.3.54b) is calculated
in the CDP module, see section B.4.1.)

In an alternate application, the total mass flux condition, equation
(8.3.53), is applied to both the upper and lower surfaces of a thin
configuration. Applying the preceding development to the lower surface gives

Kff~ w ds a o (8.3.55)
L c

where the right-hand side coefficient is determined by equation (8.3.54b).
Subtracting equation (8.3.55) from equation (8.3.54a) gives the relation

afds - 0 (B. 3.*56)

ofer a nb equation (A.25a). Equation (B.3.56) has the form

Exaple oftheuseofa closure coidition in a design problem are given
as cases l and 8 in the Case Manual.

8.3.5.2 Edge Matching Boundary Conditions

Edge matching boundary conditions are applied at network abutments to
* maintain continuity of doublet strength and, in rare cases, source strength.

(Within the networks doublet continuity is obtained by the splining method
used by PAN AIR.) The continuity of doublet strength eliminates spurious line
vortex terms which can cause numerical problems. Edge matching boundary
conditions are described in detail in appendix F of the Theory Document.
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In the PAN AIR program edge mdtching boundav'y conditions are developed in

two parts. First, network edge abutments are identified. Second. a doublet
strength matching condition is specified at the nietwork abutments.

Network edge abutments are #dentified either by user specification or byFan autcmatic abutment search procedure. The user specification (using records
usually unnecessary, but allows the user to control directly the abutmentK specification. The user is ilso allowed to specify "smooth abutments" between
two networks. In this case doublet continuity is obtained by a splining

metod athr tan heedge mitching boundary conditioni. The advantage of
this feature is economy, since the singularity parameters along the abutting
network edges are not required, resulting in fewer unknown singularity
parameters. The smooth abutment procedure should only be used if the two
networks abut to form a continuously smooth surface, since the splining method
assures the continuity of both the doublet strength and its gradient.

The automatic network abutment search procedure is based upon the
locations of the network edges and a user-specified geometric tolerance
distance (record G7). The automatic -abutment search occurs in two steps. In
the first step the program searches earh network edge for pairwise abutments,
which occur if all or part of the edge of one network lies within the
user-specified tolerance distance of two adjacent panel corner points of an
edge of a second network. An example of three pairwise abutments involving
the same two network edges is shown in figure 8.38. In the second step the
program reduces the list of pairwise abutments into a non-redundant list of
program-generated abutments.

The ab'itme'nts have the following program restrictions. Let NN be the
number of network edges (all edges, account 4 -0 for planes of symmietry) in an
abutment. Then NN must be less than or equal to 5 for each abutment. Also,

kJ let NA be the number of abutments containing the same network edges. For
H example, NA .3 for the two network edges shown in figure B.38. Then the

product (NN.NA) must be less than or equal to 10 for each set of abutments
containing the same network edges.,

The program selects a single "matching edge", from the several edges in an
abutment in order to apply the edge matching boundary condition. The

selctonprocedure is automatic; the user is sprdthe decision of selecting
amatching edge. The program uses several criteria for the selection, in the
following order of priority. First, in doublet design and wake networks,
figure B.37, the network edge with boundary condition location points is
selected as the matching edge with the doublet matching condition applied at
those points. Second, if the abutment is a supersonic edge, the leading edge
of the most "downstream" network is selected as the matching edge. Third, the
most densely panelled edge is selected as the matching edge.

A related pr-ogram feature is the addition of "gap-filling" panels. These
panels, which have constant doublet strength, insure doublet strength
continuity across significant gaps (or overlaps) between abutting network
edges. The method of introducing gap-filling panels is shown in figure 8.39,
which is an example of two abutting network edges with significant gaps. The
program first defines a preliminary set of panels in the gap(s) between the
network edges with their panel corner points located to coincide with the
panel corn~er points on both network edges. Gap-filling panels are selected
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from this set by the criterion that at least three edges of a panel must beI
longer than the user-specified tolerance distance (record G7). This criterion
eliminates the possibility of very small gap-filling panels. The
corresponding gaps are left as voids in the configuration. (Note that the
gap-fillling panel procedure is automatic; the only control the user has is in
the specification of the tolerance distance, record G7, and the geometry of
the network edges.) Boundary conditions are then applied which insure doublet
strength continuity between the abutting network edges. Gap-filling panels
are discussed in detail in appendix F.4 of the Theory Document.

Once the network abutments have been determined, a doublet strength
matching condition is specified at the abutments. (Source strength matching
can also be specified, but the present discussion covers only the more
important doublet matching condition.) The edge matching boundary condition,
which insures continuity of doublet strength at an abutment, has the general

where n is the number of edges in the abutment and si -*1 is determined by

the direction of the panel normal. If there are only two network edges in an
abutmant, then equation (B.3.57) requires that the doublet strengths at the
two edges be equal. An example of doublet strength matching at the abutment
of three networks is shown in figure B.40. To apply equation (B.3.57) in the
general case, the program selects one edge to be the "matching edge" of the
abutment. Then the doublet strength matching condition is applied at the
endpoints of the abutment and at all panel edge midpoints of the matching
edge. The doublet strength matching then occurs along the entire abutment due
to the PAN AIR splining technique.

The PAN AIR user can specify a "no doublet edge matching" condition
(record N13) at a network edge. This suppresses the automatic doublet edgeI matching condition. This capability allows the introduction of doublet
strength discontinuities of specified network edges.

B.3.6 Considerations of Modeling and Boundary Condition Usage

Several examples of the modeling of physical configurations and shear
layers, together with the development of the associated boundary condition
equations, are discussed in this section. The modeling examples show some of
the requirements for the proper specification of networks, particularly wake
networks. In some cases the associated boundary conditions have non-standard *

~7I forms which required the use of class 4 (or class 5) boundary conditions.

8.3.6.1 Wake Network Modeling

A primary source of error in wake modeling is failure to maintain
continuity of wake networks in regions where the physical situation demands
continuity. This type of error usually results in solutions which are grossly
incorrect! Perhaps the best way to avoid such errors is (1) to define clearly
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the true physical structure of the flow, and (2) to examine each and every
free edge of every wake network from the point of view of positively
determining that the resultant solution will indeed correspond to the true
physical flow.

The most coimmon error of this type has been failure of a user to s ecify
-chat the inboard part of a wake trailing downstream from a wing must agtthe
body. Consider the physical problem of a lifting flow past the a wing/body
combination as shown in-figure B.41a. A proper simulation of the physics of
the flow consists of the boundary condition of no flow through the solid
surfaces, a Kutta condition imposed along the wing trailing edge, and a wake

rd simulation comprised of a type DW1 network with panel edges alligned with the
assumed positions of the wake streamlines. The physics of the situation
demands that the inboard edge of the wake shed from the wing/body intersection
wets the body surface in the downstream direction until encountering the

sy'¶mmetry plane. 'The numerical model must do likewise.

If the user errs and leAves a gap between the wake edge and the body, the '
resultant boundary value problem will still be well-posed and the program will
execute, but the results will boar little resemblance to the physical
situation. The resultant solution will be one in which the circulation about
a contour surrounding the wing root, figure B.41b, will be zero. (This can be I -
easily seen from the fact that the contour line passes through the erroneous
gap between the body and wake, and therefore crosses no doublet sheet. The
circulation about any closed contour not crossing a doublet sheet must be
zero.)

A convenient "lfix"i for closing an erroneous gap between a wing wake and
body is to span the gap withr another network. A type DW2 (constant doublet
strength) wake network can be used for this purpose. An example is shown in
figure 3.6. The presence of such a wake network in the network/panel model is
IIcritical for good modeling, but the exact location of the inboard wake network
is usually of secondary importance.

Another example of how the requirement for wake continuity affects wake
modeling is shown by the wake of the flapped configuration of 'figure 2.3b.
Here a deflection of the trailing edge flap causes a vertical separation
between the edges of the wake networks trailing from the wing and the
deflected flap. Continuity of the wake is maintained by adding vertical wake
networks (type DW1) which connect the horizontal wake networks and abut the
side edges of the wing and flap which are exposed by the flap deflection.
(One possible model of this configuration is given in case 6 of the Case
Marwual.)

8.3.6.2 Abutment only at Network Edges

Networks must always satisfy the requirment that their abutments occur
only at network edges. This requirement must be considered when dividing a
configuration into networks. An example of this is shown in figure 3.6. Here
a wake network (type DW2) abuts the body. This requires that the associated
body networks have edges at this abutment. (The body networks must also have
requires the user to define one set of networks for the upper body and another
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set for the lower body. These two sets then have common abutments with
themselves and thE DW2 wake network. Further, if the position of the wake
network edge were changed, then the body networks also must be changed toaccount for the new abutment locations. (The PAN AIR update capability can beused to reduce the cost of this operation.)

Another example of the network edge abutment requirement is shown in
figure B.42. Here a wake which is shed from a wing intersects a twin vertical
tail The requirement here is that the wake and vertical tail networks must
abut at their edges. One way of satisfying this requirement is shown in
figure B.42a. Behind the wing two wake networks are defined, with their
leading edges each abutting part of the wing trailing edge. The inboard wake
network has the outboard side edge CDEF where it abuts the outboard wake
network along CD, abuts inboard networks of the vertical tail along DE, and
abuts the outboard wake network and the wake networks of the vertical tail
along EF. The vertical tail networks must be defined such that they have
edges along DE where the wake networks abut the vertical tail networks.
Figure 8.42b shows the paneling requirements for the two wing wake networks.
The inboard and outboard wing wake networks must be paneled such that points D
and E are panel corner points. Further paneling of the wing wake networks may
be requircd for them to match the geometry of the vertical tail along DE.
Note that the vertical tail location must be considered when paneling the wing
networks(s) since point C must be a panel corner point. Point C is not
required to be a network corner point of the wing network s).)

8.3.6.3 Wake Entrainment and Efflux

The modeling of shear layers which entrain or expell mass flux introduces
special considerations. With entrainment/efflux simulation a standard "wake"
network can not be used. An example is shown in figure B.43. The shear layer
of figure 8.43 can be modeled as follows. The entrainment is accounted for by
a condition of specified total normal mass flux on the outer surface of the
network (here assumed to be the upper surface). The boundary condition
equation is

W u n n on (B.3.58a)

where on is the user-supplied normal mass flux of the entrainment or efflux.

With the mass flux enti-ainment shown in figure B.43b, the on term of equation

(B.3.58a) is negative. The boundary condition equation is put into the
standard form of figure B.25 by using equation (B.2.6) to write the total mass
flux as the sum of the total onset flow velocity and the perturbation mass
flux.

wu n n -0 . + on (B.3.58b)

For the interior region Dirichlet boundary conditions are used to insure a
properly posed problem there. Since the lower surface is exposed to the
interior region, the second boundary condition is
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0 (B. 3. 58c)

This boundary condition also applies to the entire surface exposed to the
interior region, including the surface of network AS at the nacelle exit. The
wake entrainment/efflux problem can thus be modeled with standard boundary
conditions: class 2, subclass 1.

Several points are noted in the model of figure B.43. First, the model is
not a shear layer since a composite network with non-zero source strength,
rather than a wake network, is used. Second, the mass flux which flows into
the network upper surface, figure 8.43b, is absorbed by the network source
strength so that no mass flux is passed into the unperturbed interior domain.
Third, the model can be used to simulate the exhaust mass flow. The user must
supply the location of the exit tube and its entrainment/off lux rate. With
this information the effects of the exhaust flow upon the exterior domain are
contained in the simulation. The effects are not described in the interior
domain, but this is not important since the interior domain is isolated from
the exterior domain by the use of the composite network. Fourth, the network
AS could be removed, in which case the interior domain would also include the
interior region of the nacelle.

B.3.6.4 Boundary-Layer Displacement and Wake Simulation

The user has several choices in defining a model to simulate boundary
* airfoil are shown in figure 8.44.

Figure B.44a shows the use of linearized modeling for the boundary layer
displacement effect. The airfoil is modeled as a thick configuration with theI
boundary layer modeled by a specified normal mass flux emitted by the airfoil
network. This is the same problem as linearized modeling of surfacedeflection, equations (B.3.7) to (B.3.10). The appropriate boundary condition
equations are those for class 2, subclass 1 or 2 (depending upon whether the
upper or lower network surfe~ce is wetted by the physical flow field). The
wake is modeled by a single network (type DW1) with standard boundary
conditions of zero source strength throughout and constant doublet strength in
the streamwise direction.

Figure at the shows a eat displacementano surface normal.ms Networks fu are I
required to simulate the difference between the positions of the network and
the boundry layer. The networks have impermeable surface boundary
conditions: class 1, subclass 1 or 2 for the "airfoil" networks, and class 1,
subclass 4 (zero source strength and constant doublet strength in the
steamwlse direction) for the pair of wake networks. The configuration has an
additional network AS which separates the domains enclosed by the airfoil and
wake networks. Network AB requires two boundary conditions. One is the
extension of the perturbation stagnation condition on the interior of the
airfoil. This gives the equation (noting the direction of Rn in figure B.44b)

L0 0 (8-3.59a)
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The second boundary condition requires consideration of the flow at points A
and B. As the external flow moves from the airfoil to the wake boundary, the
flow should not cross the wake surface. This is accomplished by requiring
zero total tangential mass flux on the upper surface of network AB. The
appropriate boundary condition is (see appendix H.3 of the Theory Cocument)

iu-o

-j - (035bNote that this does not preclude flow normal to the upper surface of network
AB. This relation can be written in the form of equation (8.3.2),

Su L .I (8.3.59b)

2where T. (x/s s2, y, z).

The preceding boundary condition equations can be written in a more
efficient form. Any independent linear combination of the two equations is
equivalent to the original two equations. The most efficient combination is
that which determines one or both singularity strengths. Noting that the
doublet strength is the difference of the perturbation potential on the two
surfaces, equation (A.2.1b), equation (B.3.59a) is subtracted from equation
'8.3.59b) to give

U- L - U T. y (B.3.59c)

The resulting boundary conditions on AB are equations (B.3.59a) and
B.3,59c). These can be specified by using class 4 houndary conditions
record N9).

The method for simulation of boundary layer dis;lacement can also be
4 i applied to the simulation of separated flows, figure 2.3c and referente F.6.

8.3.6.5 Nacelle Modeling in Subsonic Flow

The modeling of the inflow and outflow from a nacelle Introduces some
special modeling considerations. An example is shown in figure 3.45. The
boundary condition of zero perturbation potential has been imposed everywhere
on the interior surface. As explained in section A.3, this gives a Dirichlet
problem in the interior region, which is well-posed. (For convenience the
network upper surfaces are defined to be those wetted by the physical flow.)

The network AD representing the nacelle inlet has standard class 2,
subclass 1, boundary conditions

oU n + on

0 0 i
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4 ~where sn is the user-specified normal mass flux issuing from the network. For
inflow will be negative since the normal vector points outward.

The network(s) AB and CD representing the external boundary of the nacelle
have class 1, subclass 1 boundary conditions appropriate for an impermeable
boundary surface. The wake network(s) (type OWl) allow the doublet strength
to vary circumferentially. The doublet strength is determined by the strength
matching condition at the wake leading edge. The wake network closes upon
itself? (or its image(s) in plane(s) of symmetry) circumferentially. In theory

vi it forms, together with network BC, a closed interior region aft of the
nacelle outlet. In practice the wake network has a finite streamwise length,
extending far tnough so that its truncation does not significantly affect the
flow at the nacelle. (The downstream end of the wLke is left open.) The wake
position must be specified by the user. If required by the physical flow
field, an entrainment flow can be specified, in which case the modeling
associated with figure 8.43 should be used.

For network BC, at the aft end of the nacelle, the proper upper surface
boundary condition is zero total tangential mass flux. This insures that
there is no flow through the wake network at points B and C. The boundary
condition equations are

0L 0

U-0

These boundary conditions are the same as equations (B.3.59) used in the
neprevious example.

In the above model, the user cannot specify an exhaust mass flow. This
would result in an ill-poised problem in the interior region af of thenacelle. Instead, the total potential boundary condition is used. Theexhaust mass flux is obtained as part o? the problem solution. The user can

influence its value only indirectly through specification of the wake networklocation.

A study of subsonic flow nacelle modeling using panel methods is given in
reference B.7. J
8.3.6.6 Nacelle Modeling in Supersonic Flow

SpacTal considerations are required for nacelle modeling in supersonic
flow. The primary requirement is to eliminate internal waves which can cause
serious numerical problems. Superinclined panels are used to seal off the
inlet ano, if required, to specify the exhaust flow.

An example of the combined use of composite panels and superinclined
panels is shown in figure 8.46. A superinclined network is used to scal off
the engine inlet. Two independent boundary conditions must be specified on
the downstream surface of this network. Since that surface is exposed to the
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interior domain, the proper boundary conditions are the specification of zero
perturbation potential and the specification of zero normal velocity. Another
superinclined panel is used at the engine exhaust. Again, two boundary
conditions must be specified on the downstream surface. Similar boundary
conditions are used, except that the true physical (non-zero) value of the
normal velocity is specified. (For both superinclined networks, the boundary
condition equations would be spec4fied by using class a boundary conditions.)
Ur.derexpanded and overexpanded nozzle flows can be simulated. Elsewhere on
the vehicle, standard impermeable thick configuration bouvidary conditions
(class 1, subclass 1 or 2) are specified. Wake networks are added aft of the
engine exhaust. (Note that the boundary value problem in the region bounded
by the engine exhaust network and the wake networks is well-posed, see item 3
in section A.3.4.1.)

In modeling an engine inlet in supersonic flow basically two models are
avallable. Both are shown in figure B.47. In the first model, figure B.47a,
a superinclined network AB is used to seal off the inlet. Again the
superinclined network has two boundary conditions on the downstream surface.
The superinclined network "swallows" whatever mass flux runs into it,
providing undisturbed freestream conditions on its downstream side. Also,
since the superinclin•d network cannot affect the upstream flow, it has no
influence upon the incoming mass flux. Consequently the user cannot specify
that mass flux.

In the second model, figure B.47b, a subinclined network AB is used at the
engine inlet. In this case one boundary condition is specified on the
upstream surface of the network. The user can thus specify the mass flux at
the engine inlet.

-
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8.4 Fluw Field Calculations

The solution of the matrix equation (A.3.5) or (B.2.4) gives tha array of
singularity strength parameters. Fron these the program computes thc, source
and doublet singularity distributions on the networks and then the propertiesof the flow fiild. In this section the "post-soluition" calculations of theflow field available in PAN AIR are described. First, the calculations of the

velocity field are descrioed. Second, the calculation of the pressure
coefficients and related results is described. Finally, the calculation of
the force and moment coefficients is described.

B.4.1 Velocities

The velocity of the flow field at a network surface can be calculated by
two methods: (1) using the boundary condition equations and (2) using the
velocity influence coefficients. The velocity calculations are discussed in

detail in appendix N.1 of the Theory Document.
The first method (record 69, option BOUNDARY-CONDITION) calculates the

perturbation velocities at a network surface directly from the boundary
condition equations if possible. The tangential velocity vector and the
normal mass flux component are calculated, which in turn determivi the
velocity vector. The tangential velocity is calculated from the velocity
potential function at the network surface. The potential is determined
directly from the boundary condit 4ons if possible. For example, if a zero
value of perturbation potential ("perturbation stagnation") is specified on
one surface (record N1O, options LOWER and UPPER-SURFACE-STAGNATION) then the
potential on the opposite surface is known from the doublet strength, which
equals the potential difference between the upper and lower surfaces.
Otherwise (record N1O, option NONSTAGNATION) the potential is calculated from
the potential influence coefficient matrix. The method of calculating the
normal mass flux also depends on the boundary condition equations. If the
perturbation stagnation condition is specified on one surfiice, then the normal
mass flux is determined directly since the normal mass flux difference between
the upper and lower surfaces equals the source strength. If the boundary
conditions do not specify stagnation oi one of the surfaces, other methods
must be used. If the boundary condition specifies the normal mass flux, then
that is used directly. Otherwise the normal mass flux is computed from the
product of the conormal vector and the velocity influence coefficient matrix.

The normal velocity component is then calculated from the known tangential
velo'ity vector v't and normal mass flux component wn.

wnvt*n (8.4.1)nn

v n

where n and n are the norm&* dnd conormal vectors (see section A.2). The
perturbation velocity Is determined by using this relation and the known
tangential velocity.

The second method (record G9, opton VIC-LAMBDA) calculates the
perturbation velocity directly from the velocity influence coefficient matrix,

VIC].
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This method is relatively expensive since it requires the calculation and
storage of the velocity influence coefficient matrix.

HThe preceding methods give the perturbation velocity at the network
control points and at the panel enriched grid points. PAN AIR also calculates
the velocity at arbitrary user-specified points (record SF4b) by
interpolating the values calculated at the grid points.

The total velocity is calculated as the sum of the total onset flow!!i velocity and the perturbation velocity, that is,

!V - U° + v (B.4.3)

This velocity, possibly modified bj the corrections described below, appears
in the (optional) output of the POP module.

Two empirically-based velocity corrections are available in PAN AIR.
These corrections can be important where the flow properties predicted by

* linear theory are not accurate, for example, in the neighborhood of a
* stagnation point where the perturbation velocities are not small. Both are

referred to as stagnation-to-ambient (SA) velocity corrections. Both
corrections are dependent upon the freestream Mach number and become zero with
zero Mach number, so are unnecessary in incompressible flow. The velocity
corrections are discussed in detail in appendix N.3 of the 1heory Oocument.

The first correction (record Gil, option SA1) is used to correct the
velocity at a blunt leading edge of thick unswept wings or of flow-through
nacelles. The correction is applied to vc , the perturbation velocity
component in the compressibility direction C that is,

c 0

The linear formulation assumes that the magnitudes of the perturbationvelocity components are much less than the magnitude of the uniform onset

flow. This assumption is violated near a stagnation point where the
perturbation velocity is of the same order as the onset flow velocity.
The vc predicted by linear theory is thus corrected if its value is

negative. The correction is based on the corresponding perturbation mass
flux wc calculated by linear theory, since the mass flux satisfies the

boundary conditions. The corrected perturbation velocity component is
computed from the perturbation mass flux, that is, for the crnponents in thecompressibility direction,

(v)(.44
c corrected"- wc (B.4.4)

The density ratio is determined from the isentropic relation.
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L where y is the ratio of specific heats and M. is the Mach number of the
uniform onset flow. Note that the total velocity in equation (B.4.5) includes
the corrected vc, so an iterative solution procedure is required.

The second correction (record Gil, option SA2) is used to correct the
velocity for predicting the outer flow in a boundary layer analysis. It isused for thick wings or wing-like configurations. Again, the correction is
based on the mass flux calculated by linear theory since the mass flux
satisfies the boundary conditions. In this case the correction is based on
making the total velocity vector aligned with the total mass flux vector. If
the perturbation velocity component in the compressibility direction vc is
non-negative, then the direction of the corrected velocity is calculated from
the relation

corrected -r (B.4.6
where VlV , that is, the correction changes the direction

but not the magnitude of the total velocity. If the perturbation velocity
component in the compressibility direction vc is negative, then the
correction changes both the direction and the magnitude of the total
velocity. Using the calculated mass flux, the corrected total velocity is
computed from the relation

;6 (B.4.7)

where the density ratio is calculated from the linear relation

1 _ M..l- vc (B.4.8)

The final values of the flow velocity are obtained from equation (B.4.3)
with the optional velocity corrections described above. The resulting flow
velocity is optionally printed in the PDP module and is used in the
calculation of pressure coefficients described in the next section. The
optional printed output of the PDP module includes the total mass flux which
is calculated from the relation (see section 9.2.2)

W - U + W (B.4.9)0

The surface vorticity vector" is calculated from the relation
.6~ A 

0y . n x Vp (B.4.10)

The angle between the average total velocity and the surface vorticity is
optionally calculated and printed for wake networks. This angle is a measure
of whether the user-specified wake position is physically reasonable. If so,
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the angle will be small everywhere an the wake network. This implies that the
average (of the upper and lower surface values) total velocity (1) is in theplane of the network, that is, the normal velocity component is small, and (2)
is normal to the user-specified direction of doublet str-ength variation.
(Note that the surface vorticity vector is perpendicular to the normal vectorand to the doublet gradient vector.)

PAN AIR also calculates geometric properties of the networks and panels,
and some other quantities related to the flow field. One is the normal
component of the uniform onset flow velocity (the "volume flow")

where the integration can cover individual panels, columns of panels, a
network or a collection of networks. This integral (calculated and printed in
the CDP module) is related to that used in specifying the closure condition,

* equation (8.3.54b).

B.4.2 Pressure Coefficients and Associated Quantities

The pressure coefficients on the network surfaces are calculated from the
known velocity field. In PAN AIR the pressure coefficients can be calculated
from the relation for the 1Isentropic flow of a perfect gas And from several
approximations based upon assumptions of small perturbation quantities.
Several associated quantities can be calculated which are related to the local
flow properties and consequently provide an indication of the validity of the
calculated pressure coefficients.

The definition of the local pressure coefficient is

p - a-

Cp2

where the a* subscript refers to conditions in the undistributed flow. The
pressure coefficient has several values since each network has both upper and
lower surfaces. Using record GB or record SF5, the pressure coefficient on
one or both surfaces, the pressure difference and the average pressure of the
two surfaces can be calculated.

To calculate the pressure coefficients, the total velocity is calculated i
from the velocity of the undisturbed flow field and the perturbation
velocity. Since several approximations can be used in defining the
undisturbed velocity field (see section 8.2.2), corresponding options can be
used to define the total velocity. The relation for the total velocity is

.V -~ V+v(841a

where V* is the velocity of the undisturbed flow field as specified by one of

three options (record GIO):

5-49



Un UNIFORM-OIKSET-FLOWt, T o TOTAL-ONSET:FLOW (8.4.12b)

L6 IJ co COMPRESSIBILITY-VECTOR

To calculate the pressure coefficients, the incremental onset flow velocity
&V (which includes both the rotational and local onset flows) is separated

from the total velocity. The effect of the incremental onset flow is
introduced into the pressure coefficients in terms of the quantity aE, the
energy per unit mass added to the flow by the incremental onset flow. In PAN
AIR (see appendix N of the Theory Document).

& Em (L6 + a V). A V (8.4.13)T!
A program option (record G1O or record SF7) allows the incremental onset flow

to be deleted in calculating the pressure coefficients.

Using the relations for the isentropic flow of a perfect gas (see appendix
N of the Theory Document), the pressure coefficient is

1p. 2; -2V -J (8.42 4)

where y is the ratio of specific heats and M. is the Mach number of the
uniform onset flow. Several related quantities, which indicate possible
limitations of the potential flow solution, are also calculated. The pressure
coefficient at the vacuum condition is

Cp 2 • (B.4.15)

This is the minimum allowable value of the pressure coefficient on a surface.

If lower values are calculated, the pressure coefficient is set equal to its
vacuum value. The maximum speed, which corresponds to the vacuum condition, is

Vm I1+ 2 + 2 AE (B.4.16)

UL6 (y - )mi

The critical speed, which corresponds to a locally sonic flow, is

Vcmx+ Vm (B.4.17)

This quantity is important in the interpretation of the calculated velocities,
since the linearized potential flow solution is not valid if the local flow
speed is close to the critical speed.
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Figure 8.48 lists the relations for the pressure coefficient, the local
"Mach number, annj the critical pressure coefficient (that is, at the sonic
condition). Relations are listed for isentropic flow and for several
approximations to the isentropic relations. To develop the approximations,
the perturbation velocity and the local onset flow velocity are exprecsed in
components parallel and perpendicular to the preferred direction, which is the
d4rection of the undisturbed flow velocity of equation (B.4.12b).

v (u,vw) (B.4.18a)

a V. (AU, AV, AW) (8.4.18b)

The u and AU components are in the preferred direction, which can be that of
either the uniform otiset flow (defined by a and o) or the compressibilityvector (defined by ac and s. ). Since PAN AIR allows a linearized analysis

with different directions for these two vectors, the user can select the
preferred direction (using record G10 or record SF7) to be used in the
computation of the flow velocities and pressure coefficients. If the
direction of the uniform onset flow is selected, the user has the option of
either including or excluding the incremental onset flow terms (ýVt) in the
pressure coefficient and local Mach number relations.

Under the assumption of small changes from the uniform onset flow, the
ratio of the velocity components of equations (B.4.18a) and (B.4.18b) to the
uniform onset flow are assumed to be of first order. The linear
approximation, figure B.48, is obtained by expanding the isentropic relation
and retaining only first-order terms. The second-order approximation is
obtained by retaining the first and second-order terms. The reduced
second-order approximation is obtained by deleting the Mach number dependent
term in the second-order approximation, where the deleted term was assumed to
be negligible in the derivation of the Prandtl-Glauert equation. For
incompressible flow the reduced second-order approximation is equivalent to
the isentropic relations, but avoids singularities at zero Mach number. The
slender body approximation is obtained from the second-order relation by
omitting the second order terms in u and AU; the relations are first- order
for the flow in the preferred direction, but retain second-order terms In the
transverse directions. This approximation is used in the analysis of flow
over axially synmetric or elongated bodies.

The preceding development of the pressure coefficient defined by equation
(8.4.11) breaks down when the uniform onset flow velocity is zero. In this
special case the user can specify another reference velocity Urf (record
G14 or record SF9) for the pressure coefficient calculations. The resulting
pressure coefficient relation is

. 2
C- V (8.4.19)

ref
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8.4.3 Force and Moment Coefficieats

The force and moment coefficients are calculated from the pressure

coefficients and the flow properties on the network surfaces. The first step
is the calculation of the force and moment integrals, which for a network
surface are

IF - p [ -s) ds (B.4.20a)

IM - Q X [C n + 2V(W ,ns) ds (B.4.20b)

where is a normal vector pointing outward from the surface and Q is a
w

point on the surface. (For example, s - -B for the lower surface of a
5

network.) The first term of the force integral gives the force resulting from
the pressures acting on the surface. The second term is a "momentum transfer"
tet-i which gives the contribution from the velocity and normal mass flux at
I surface. Since the normal component of the mass flux is zero at the
cL crol points of an impermeable surface, the second terin will be relatively
small for an impermeable surface. (Evaluation of the force and moment
integrals is discussed in appendix U of the Theory Document.)

The computation options available for the pressure coefficient are also
available for the force and moment coefficients: different pressure
coefficient rules, different surfaces of a network (upper, lower, difference),
and so forth. Also, the user has the option of either including (record FMa,
option MOMENTUM-TRANSFER) or omitting (program default) the momentum transfer
terms.

The surface forces and moments can have additiona. contributions from
discrete edge forces (record FMg). These arise In the use of linear theory

for thin configurations because of unrealistic singularities of the flow field
which are predicted by the linear analysis (see section 0.31 of the Theory
Document). The edge force occurs at sharp edges of thin surfaces, either in
subsonic flow or on subsonic edges in supersonic flow. A numerical procedure
is available in PAN AIR for calculating the edge forces. The procedure uses
the general form of the velocity function at the leading edge which is
predicted by classical thin wing theory. The specific velocity function is
obtained by an extrapolation of the velocity values calculated at interior
network points. The edge forces are then calculated from the knein velocity
function. The procedure is described in appendix 0 of the Theory Document.

Another type of singularity occurs at blunt edges of thick surfaces, the
predicted singularity being caused by the unbounded value of the surface
slope. For thick surfaces the singularity problem should be handled by one of
the velocity corrections described In section B.4.1 and not by an edge force
calculation. Conversely, for thin surfaces the singularity problem should be
handled by an edge force calculation (record FM9).

B-52

dJ



j,ZPUXVX T., -. M- IM-

The force and moment integrals are calculated in the reference coordinate

system. The force and moment coefficients are obtained from the integrals by
introducing user-specified reference parameters (records FN2 and FM11) and a
user-specified moment reference point (record FN3).

(CF L {I (S.4.21a)

SBR 0 0 _
{CM} " F 0 {IM- x "0 }) (B.4.21b)

0 0

0 0 B-R

where SR is the area reference parameter BR is the span reference parameter,

CR is the chord reference parameter and is the moment reference point. I

The moment coefficient can also be expressed with respect to an alternate
reference axis (record FM10). This capability can be used, for example, to
calculate a hinge moment on a control surface. The resulting moment
coefficient is the component of the vector coefficient, equation (B.4.21b), in
a user-specified direction.

The force and moment coefficients calculated in the reference coordinate
system (RCS) can be transformed (as user-specified options, record FM3) to
components in three other coordinate systems:

1. The (wind-tunnel) stability axis system (SAS)
2. The wind axis system (WAS)
3. A body axis system (BAS).

The components in each of these axis systems can be obtained by
application of a coordinate transformation matrix r which accounts for the
rotations of the coordinate axes. For any vector ?, the components (rxo, r yo,

r rzo) in the reference coordinate system can be transformed to the components

(rx9, ry,, rz,) in another axis system by the relation

rx'1 rxo0

ryj -[r] ryo (B.4.22a)

The stability axis system is obtained from the reference coordinate system by
a rotation equal to (-*) about the yo-axis, in which case

coa 0 sina
rSAS c 0 1 0 (B.4.22b)

-sin a 0 cos
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The wind axis system is obtained from the reference coordinate system by two
rotations: a rotation equal to (-a) about the yo-axis followed by a rotation

equal to (-e) about the new position of the zo-axis. In this case

rWAS L a sin B co sn a sin (422c)

-oslna COS B

With this transformation the xo-axis of the wind axis system is in the same

direction as the uniform onset flow, see section B.2.2. Also, the two
rotations can be interpreted as two transformations in sequence: the first
rotation transforms from the RCS to the SAS; the second rotation transforms
from the SAS to the WAS.

The body axis system is obtained from the reference coordinate system by

three Euler angle rotations, which are defined with standard aeronautical
orientations and notations (references B.8 and B.9).

cosa cos cose sin* -sine

rBAS =](sine sine cos* (sin$ sine sin* sinocosel
-coso sin,) + coso cosV,)

(cos4 sine cos* (cos4 sine sinO coso cosa
L +sin$ sin*) -sine cosO)

(B.4.22d)

The three Euler angle rotations are (in order)

1. A rotation of angle * about the zo-axis, into the axes (xl,yl,zl)
2. A rotation of angle a about the yl-axis, into the axes (x2 ,Y2 ,z 2 )

3. A rotation of angle 0 about the x2 -axis, into the BAS (x',y',z').
The default option for the BAS is i .180, e - 0 and 0 w 1800 which causes
the x'-axis and z'-axis in the BAS to be in the opposite directions of the
Xo-axis and zo-axis in the RCS, respectively.

The Euler angle rotations are used only for the BAS. However, the
rotations defining the SAS and the WAS can be expressed in terms of Euler
angles. To help visualize the three Euler angle rotations, and the WAS and
SAS orientations, consider figure B.49. This figure illustrates how one set
of Euler angles can be used to rotate an axis system from the WAS to the SAS
to the RCS, and then a second set can be used to return to the WAS. (The
second set corresponds to the PAN AIR transformation of force and moment
coefficients, equation (B.4.22a).) In the figure, the delta wing/vertical
tail configuration moves with the rotating axes; this wing/tail is shown
purely for the purpose of visualizing the axis rotations, and should not be
confused with the user input vehicle which is always fixed in the RCS.

In the first Euler angle sequence the rotating axis system is initially
coincident with the WAS (which now corresponds to the unprimed coordinate
system in equation (B.4.22a)). Then by setting 4 = p, e 0 =, 0 = 0, the
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rotating axis yaws about the z-axis of the WAS to the SAS, and then pitches
about the y-axis of the SAS to the RCS. In the second sequence, starting at
the RCS, we return to the WAS by setting * - .r, - --o, and Or'

which yaws the rotating axes about the z0-aXis (nose right) to the (xl,Yt,z 1 )

position, pitches it down about the yl-axis to the (x2 ,y 2,Z 2 ) position, and

then rolls it about the x-axis of the WAS. (The angles a and a are negative
values.)

The second sequence satisfies the transformations of equations (B.4.22a)
and (B.4.22d). The transformations for the SAS and WAS can be expressed In
terms of the Euler angles of equation (B.4.22d). The appropriate relations are

-0 -r where tan or - tan o/cos a

in.r where tan ar cos r tanU

0 r where cos Or M cos a/cos r
rr

For each coordinate system, PAN AIR allows the moment reference point R
to be at an arbitrary position, its location being given by coordinates in the
RCS. (See record FM3, and equation (0.4.11) of the Theory Document.) The
components of the force coefficient are transformed by equation (B.4.22a),
with the appropriate r matrix.

-F F SR IF } (B.4.23a): {(CF}-E f --
SThe components of the moment coefficient are transformed by the relation

.• M XY R 0 0M) M 1 rIM - (R x IF} (B.4.23b)

!MZ00

So0

The "forces" and "moments" in equations (8.4.22) are based on integrals of
the pressure coefficient, that is, they involve (p-p. ) rather than p alone,
see equation (B.4.11). Thus the coefficients calculated by PAN AIR are true
force and moment coefficients only for cases in which the net effect of Ra
integrates to zero. This will occur when the individual network force and
moment coefficients are summed over all networks making up the vehicle
boundary (since the net force due to the constant pressure p. acting on a
closed surface is zero). The correlation of the force and moment coefficients
in equations (B.4.22) with (1) the coefficients often used in wind tunnel test
reports, see figure 6.50 (taken from reference B.10), and (2) the coefficients
in reference B.g is given in table 8.3.

di
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PAN AIR Wind Tunnel Coefficients Coefficients of reference B.9,
Coefficients of figure B.50 Table 5
CDP Output

Wind Tunnel
Body Stability Wind Body Stability Wind

Axes 2  Axes Axes Axes 2  Axes Axes

FX - CA CD C0,w CX or -CA CD C0

FY a Cy Cy cc CY Cy Cc

FZ - C CL CL Cz or -CN CL CL

MX (roll) - -C1  -C, -C C1  -Ct -C

MY (pitch) Cm Cm Cm,w Cm Cmwt Cmw

MZ (yaw) -Cn -Cn,s -On,w Cn -Cn'wt -Cn,w

PAN AIR m
AXIS SYSTEM4 RCS SAS WAS BAS' SAS WAS

1 Moments in PAN AIR and reference B.9 (NASA SP-3070) are all right hand
rule. In figure B.50, moments about the x and z axes are left hand rule.

2 The body axes of figure B.50 are analogous to the PAN AIR RCS, that is,
positive x, y, and z axes out the tail, out the right wing, and up
(through the canopy), respectively. The positive x and z axes of
reference 8.9 are in the reverse directions from those shown in figure
B.50.

3 This is for the default values 41.1800, e a 0,4= 180, which give
the PAN AIR BAS axes the same orientation as the reference B.9 body axes.

4 See figure B.49 and record FM3.

Table B.3 Correlation V PAN AIR force and moment coefficients
with those of figure B.50 and reference 8.9 (see footnote 1)
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4)4

2st row 141

-nrw 25 -8 11 of grid
lastrow~0 3 2inpts ordner

corner points)

(a) grid point input scheme; points are input by column

Figure B.1 - Example of network grid point input
order and related nom~enclature
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column 1 column 2 column 3 column 4

row 1 N
1 4 7 10

row2 2 8 11

row 12

(b) the grid point input order defines the M and N directions

1 2 3 N=4

point rows point columns

1 2 N-1=3

M-1 2

panel rows panel columns

(c) rows and columns of points and panels

Figure B.1 - Concluded
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C.Va

collapsed edge.

Figure 8.2 - Example of arbitrary choices for and 1!directions
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edge I

(1,) •(1.2) (1.3)

edge 4 edge 2

(2.1) (2,2) (2.3)

panel indices:
... (row, column)

edge 3

Figure B.3 - Conventions for network edge numberint and panel indexing
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network first row
origin

N 1,1_1 1,2 1,3 1,4 1.5

first column 0 0

3,1 3,2 3,3 3,4 1,5

4, , 4,3 4,4 4,5

5, .52 15,3 c54 151

Figure 0.4 - Example of Indexing convention for enriched panel corner point array

network
origin ortgtn F lower surface

vector
pontn ede2

Soutwardn
from
upper
surface edge 3

upper surface

Figure 5.5 - Definition of network upper and lower surfaces
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I 
) ~high resolIutt!bf

K lower re solution

I (a) nacelle-wing interference study

(b) empeflnnqe study I

Figure B.6 -Examples of variable Paneling density
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wiing

- nacelle

(a) original model

inflow., " " Jnflow

outflow outfl w
1 ~/\

(b) revised model

Figure B.7 - Example of nacelle installation with possible numerical problems

* .... in supersonic flow
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(o 0

yoI

w,, bo)

r syninetr
inii

Figure B.8 -Example of use of wake networks
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a single edge

collapsed edge collapsed edge

Figure B.9 -Example of network with two collapsed edges

U IC

B I

A D

Figure B.10 Example of prohibited network
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program-defined triangular panel

S -"trianaullar

panel tolerance

- user-specified quadrilateral panel

Figure B.11 - Example of triangular panel definition capability

Figure B.12 - Example of non-convex panel
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POS POS POS

A A A

B B B

CC C

D D D

E EV E

(a) special treatment of relcin b eua elcin (c) error condition I
6-tolerance distance (record G7)

POS *plane of syimmetry
A, B. C, D, E w panel grid points

0 panel c enter points

Figue B14 dgeviews showing examples of networks and plane of symmietry
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network 2 3

2 321

Figure 8.1X5 -Example of a general network abutmient
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*'T. c.rwmm

network 1

network 2 abutment

(a) poor practice panel corner points not matching

network 1

Sabutment , r
network 2a m

(b) good practice panel corner points matching as much as possible

Figure B.16 - Examples of poor and good modeling practice in matching corner
points at an abutment,
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Figure 8.17 - Examples of what PAN AIR al*o/ at network abuments
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S/ 0

Figure 8.18 - Definition of the coupressiblity vector in te•m of a andS
and the reference coordinate 'system (x0 , yO * Z)

Zo Yo

0 0'

Figure B.19 - Definition of the uniform onset flow in terms of a and B and
the reference coordinte syitem (xo Yo zo)

. ,*; . ... ........ ... . ......... ,,



-- ~~~~ 0 ~m¶ ~ ~

200

boundary condition: NOV.+ wh) 0

(a) exact model requiring a separate AIC matrix
for each angle of attack, a ac

zoo

LX

boundary condition: ('U6.+ 'W) * 0

(b) approximate model requiring only a single AIC m~tixfor multiple angles of attack, a#c

Figure 5.20 - Exact and approximate models for multiple angles of attack
at fixed Mach number B-7I
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Figure B.21 - Composition of total onset flow vector

B-74 Ci

:,__ _



Mach cons

(a) exact model without configuration symmetry

(8c .0)

Y Y Mach cone

wake direction

~x

(b) approximate model wi th configuration symmnetry

Figure B.22 -Examples of asymmnetric flow, without and
with configuration symmnetry
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N ~edgel 1

image newr input network

4 ~~2 edge 2 eg

0y

upper surface - upper surface '

lower surface - - - - - - lower surface

'13 edge 3

first plane of synuetry
Xo

(a) top view

A input network (.Yo t 0)

1U 3 - X

second plane

u ~~~imge netwo::s smer

(b) side view

Figure B.23 - Example of network reflection in two planes of symmetry
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rlheight may be zero

domain

L plane of syuuitry

p U impe network

Figqre B.24 -Schematic form for analysis of network in a plane of symmetry -
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boundary condition left-hand side right-hand side
type

mass flux au(WU. -) + aL(L• o
analysis aA(OA . R) + aDo ,

potential CUOU + CLL" b-l..:•
CAO A + "'DIP -p

velocity tu + ÷• L"
"design U U Lt o

tA ' A+ D

velocity eu(ýu R) + eL(ýLo R)
analysis eA(vA ) + eD((DO •) (

where - perturbation mass flux a - source strength
fl-panel normal LJ - doublet strength (
t panel tangent -" total specified flow

v- perturbation velocity 4- (X/s ,y,z)
- perturbation velocity to" total onset flow

potential01 - uniform onset flow

subscripts:
U - upper n - normal to panel
L - lower p - potential
A - average t tangent to panel
D - difference

Figure B.25 - General boundary condition equation
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Figure B.26 - Specified flow on a linearized surface representation
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I

An
tU

0U I
(a) upper side of network(s) wetted by the physical flow

"normal compoent of U0

Uo

OL 0

(b) G w' * f "U ° for impermeable surface

normal component of Uo

Inl

n-- direction shown
Onln \"// corresponds to

(c) R * • L " + Onl gives net normal

mass flux of amount •U R Onl

Figure B.27 -Specified normal mass flux on upper surface of thick
contiguration: class 2, subclass 1 boundary condition
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10

(a) lower side of netwrk(s) wetted by the physical flow

normal component of L

II

-1\0- direction shown

corresponds to
n1 > 0

(b) - lo " + 8ni gives net normal mass flux

of amount.k n =8 nl

Figure B.28 - Specified normal masi flux on lower surface of thick I

configuration: class 2, subclass 2 boundary condition
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I (* j1 , I

zo

-source and/or doublet network I

L x0 4
rDO

Figure B.29 -A thin ("average") configuration model

- simulated thickness

z Zoa - ob

simulated camber surface

z 7
oc - Zoa ' zob)

.- I--/'--•. • z . X

-Z0

wake network
o thin surface

(input network geometry)

Figure B.30 - Use of specified normal mass flux on a thin configuration
surface to simulate camber and thickness: class 2,
subclass 5 boundary condition
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0 simulated symmetric thicI~nss

surface, lo~t

in u nt w r 
ot[ 

U

2~ ~ ~ ~ ~ ~~~~~~~!, Fiur B-F-Ueo pcfedns lxt iuae yuti hcns

An x.~~ciid0 0

Figure B.33 - Useospecified tangentilu elctyon siulate sumerfaceo thickns

con~gratin:css3sucas1budyco itn
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LL

Figure 8.35 -Impermeable thin configuration for desigri problems:
class 3, subclass 3 to 6 boundary conditions

Abutum~t inteiiiectioni

N2 3

431

I~N 1

*ordinary edge and corner control points
X extra control point

Figure B.36 - Example of an additif'r~al control point introduced at
a network abutment
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;V'
source singularity types

SA, analysis SDI', design

40 0 0 400 0 0

0 0

BA, analysis DDIi, des ign

'3 0 0 0o

"(24 0 00 io edge index

wake sinoularity tyPes (doublet. •'ng"raritiS' only)

4 DW1 .DW2

3. 3

S- direction 4fIM4 2ii
N. - direction

0 boundary condition location point

Figure 8.37 - Standrd boundary condition, location point arrays
on sample networks
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F-geometric tolerance distance

1 c) 7 abumentnetwork 1

4)', .7 -... . ... L

abutment1 abutment 2 abutment 3

network 2

Figure B.38 - Example of multiple abutments between two network edges

::!1network I

gap-filling
panels

network 2

Figure B.39 - Example of creation of gap-filling panels in a network abutment
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network 1

wake network

ddoublett sstrength matching at abutment:

network 2 '1 1 W2 O( )

Figure B.40- Example of doublet strength matching at abutment of three networks

(a) physical location of wake

(b) r- 0 due to discontinuity of wake

Figure B.41 -Example of wake surface discontinuity beh-knd inboard part of wing
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I

Sotonboard wwng wake network

i .- vertical tail upper wing

wake networks G network

E A

FI

Aoutboard wing wake network

CDEFHG inboard wing wake
DEJ1 inboard and outboard halves of vertical tall

above the wing wake
DEML inboard and outboard halves of vertical tail

below the wing wake
EFKJ vertical tdil wake above the wing 4ake
EFNM vertical tail wake below the wing wake

(a) network boundaries

Figure B.42 - Example of network boundaries for vertical tail
'' In the wake of a wing
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top view

plane of symmnetry

* p - - lifting surface-
composite network

C/

inboard wing
wake network

D outboard wing
wake network

vertical tail( )

- - wake network
*1' from

vertical taill

(b) paneling constraints, wdko nietwork

Flgur4 B.42 -Coneilutded



KAt

entrainment

(a) physical model 1

ARA

(b) ntworkmode LI
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simulated boundary layer ):

airfoil network(s)
Zwake network

(a) linearized surface modeling

ub o u n d a 
ry- I a y e r 

(

wi ke

(b) exact surface modeling

Figure B.44 -Simulation of boundary layer on an airfoil and wake
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interior domain Kutta condition,: \ imposedbyprogram

0 , U 0

L L

mass flux specified at engine inlet 7 -W1 wake networks

Figure B.45 - Modeling of nacelle in subsonic flow

source/doublet panels on all surfacesS....inclined behind Mach angle

:t •i. // r-uni form flow

11 n 0 Tn- specified

superi ncl ined panels
at inlet and exhaust wk ewr

Figure B.46 -Example of combined use of composite panelsand superinclined panels
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P .
T,

AA
n .,- I= 0

L 0
an-

Mach line

(a) superinclined network

A!

A 

4
I

n

O= n Mach line

(b) subinclined network

Figure B.47 - Models of engine inlet in supersonic flow j
8-94

.. ..

• 

,---------.-- 
-.. J , .-.

t.- 

-. .~ ----- ---- - - -



iYYI
((]
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ifnear -2
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V2  2_E_2second -_
order

''2

re duce d --V U 20 E
second U

slender -2 + 1
body LU, U.

(a) Cp local pressure coefficient

Figure B.48 - Relations for the local pressure coefficient, local

Mach number and critical (sonic) pressure coefficient
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isentropic F
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CP
linear Ir1b
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Ua=

second1
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reduced I - C + U1.
second ,p Maorder 1 +. Cp [ t
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slender ______1 M
body i( 2)M M

(b) local Mach number

Figure B.48 -Continued
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(c) critical pressure coefficient

rigure B.48 - Concluded
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C.O Execution of PAN AIR for Large Problems

As the size of a PAN AIR problem increases, certain simplified approaches

to execution built into the NEC module may no longer be desirable. This,
appendix discusses some of the specialized approaches and control cardmodifications which expedite the sclution of larger problems using PAN AIR.
The user is urged to gain familiarity with the PAN AIR system by first running
fairly small problems (e.g., less than 100 panels) before attempting to run a
large problLm through the system.

C.1 When to Use the Special Approaches

Several '.ariables enter into the determination of wheoter the special
approaches discussed below should be used to execute PAN AIR. They are:the amount of printed output, tin- amount of CPU'time, and the amount of
disk file space. These variables are roughly parameterizedby the number
of panels in the problem. However, additional compensating factors not
given above make it almost impossible to say precisely that a particular
problem is sufficiently large to require this special treatment. However,
as a general gpide, it is recommended that the user start with small
problems and slowly increase the problem size, until one of the following
errors or situations occurs:

. 1) FTN Fatal Error 83 (O'itpu4 ine. limit exceeded),

2)' Extremely slow turnaround results due to long CPU time
estimates on the job card, and

3) SDMS error indicating that insufficient file space was(i available.

If one of the above situations holds or if for a given problem, the
product of the number of panels atid the number of solutions exceeds 250,
then the following special approaches to the execution of PAN AIR are
recommended.

C.2 Output Line Limits

If the printed output of any one module exceeds a certain number of

lines (e.g., on the NASA Ames system the number is 5000), a fdtal FORTRANError 83 occurs. Typically, this will occur in either the CDP, PDP and/or

DOG modules depending on the problem size and output options which have
been selected. To avoid this error it is necessary to modify the control
card that causes the module to execute. For example, if execution of--DQG
fail3 due to a FORTRAN Error 83, then the job should be re-submitted with
the card calling DQG module into execution, namely,

DQGý.

C-I
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replaced by a card of the form:

DQG(PL-nnnnnn).

where nnnnnn is the expected number of lines of printed output.

If the control cards were generated by MEC, it will be necessary to
create a deck of control cards from the file MECCC, modify the control
cards as necessary, and submit the modified control cards as a new job
(see Section 8.5). This is because MEC does not add the PL- specification

f, to the output on MECCC.

Often it is desirable to delay printing all or some of the output
data from a PAN AIR run. This is accomplished by specifying a file on
which the printed output is to be written. If the file is saved by the
user, then later a job can be submitted which will copy the file to the
line printer. To store the output from a PAN AIR module on a file, it
will be necessary to add to the PAN AIR execution deck the appropriate
control cards to define this file. It will also be necessary to assure
that the file is saved before the end of the job by &dding appropriate
control cards (see your installation's OS User's Guide). Finally, the
execution control card for each module affected should be modified as
follows:

DQG. becomes DQG(INPUT,YOURFIL).
DQG(PL-100000) becomes DQG(PL-100000,INPUT,YOURFIL).

C.3 Memory Requirements

Table 1.5 of PAN AIR Maintenance Document lists the minimum central
memory (CM) requirements for each module in PAN AIR. For large problems,
execution efficiency can be increased and cost decreased (within limits)
by increasing the amount of central memory available to the MAG module.
However, any increase in the amount of central memory beyond 21OK, 300K or
400K (depending on the type of flow synbnetry in the problem) will not
increase the efficiency of MAG. Since there is an additional cost
inr',red for requesting large amounts of memoi-y, one solution is to break
up the PAN AIR run into several jobs. The first job will run the MEC, DIP
and DQG modules, the second job will run the MEC and MAG modules and the
third job will run the RMS, RHS, MDG, PDP, CDP and the PPP modules. Thus,
the requested memory could be much smaller for the modules which do not
benefit from the extra storage. The other solution would be to use the
REDUCE or RFL control cards (see your installation's OS User's Guide) to
adjust CM on a module by module basis.

C.4 Special Procedures

Some modules of PAN AIR require considerably more resources than

others. Thus, a particularly large PAN AIR run should be submitted ofi a
deferred priority basis to run over a weekend, for example. However, a

C-2
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7.trivial user error in the input data, discovered by DIP, mig~ht riot be
commnunicated for 24 to 48 hours. Therefore, when dea~li~ng with large
problems, it is useful to reduce turnaround time by nking up ithe ron-
into several Jobs.

Three approaches are suggested to do this. In the, case of, moder~otely
large jobs , it is recommrended that DIP amd DQG be run in 61ne job; then
MAG should be run as a job by Itself; and, finally,.RMS, RHS MtDG, POP,
and CDP should be run. For larger Jobs and, especill~y, jobs with many
solutions it may be advisable to separate execution of IUMS, 'RHS and MDG
from the execution of the post-processing modules POP, COP and PPP. For

td the very large jobs with many solutions, it may be advisable to run each
module as a separate job. The MEC module must. be run as a first step In
all of the jobs. Care must be taken to assure that the appropriate
database files have been saved for use in other jobs (set Section 6).

drnWhen a PAN AIR execution is broken up into several jobs, it *is useful
to add a propriate purge statements at the begi~nning or the job to purge
all data ase files created by the job. -In this manner, if the job fails

(uigexecution because of a system hardware error and a re-rurii attempt
is made, there will be rio possibi~lity that an older copy of a database
file will be used during the re-run. On some systems (notably Boeing), ifI

F the files are not purged, the job cannot be re-run. Specification of
re-run conditions are sometimes required on the job card . Check with the
representatives of your computer installation to learn how the re-run

conditions are specified.

C.5 Database Storage Requirements

Large pr oblems require large amounts of disk space for database
storage. (A 500 panel problem will require six-million words for
permanent data bases and several million words for temporary da'ta bases.)
Depending upon the policies of the operating system, it may be necessary
to pre-arrange such a run. If several people are -sharing permanent file
space on the same disk device and are usiig large amounts of space
simultaneously, the disk may appear filled even thoughi principle,
there might have been enough room on the disk a~t the be~ginning of the
Job. For this reason, it is strongly advised that those who run large
problems obtain a private disk. Installations which offer removable disk
packs may be subject to the same problem.

C.7 Cost Estimates

Cost estimates are not easy to give. Different installations have
different billing algorithms. Figure C-i is offered as a guide only. It
specifies cost of PAN AIR (Version 1.0) execi. 'i (DQG through MDG
modules) oni the NASA/Amies 7600 computer systeiii. The -total cost of the MEC
and DIP modules is very nominal. The cost of POP, COP and PPP modules
depend on the number of user options, and therefore are not given in Table
C-i The data in this table is for a PAN AIR run in NASA-Ames CDC 7600
computer Installation at normal priority. It should be noted that the
cost will be approximately half of that listed in Table C-i if PAN AIR is
run at deferred priority.
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Number Of PAN AIR Dik1/0 ors Cost

Case Name Panels1- Mdl _CPU (sec) (lot______ 42- (dllars

NASA Wing-Body 250 QG45.6 18.8 35.52

(3 networks) MAG 184.9 17.7 98.74

RMS 8.6 2.4 4.93

RHS 2.9 10.5 16.96

MDG 19.3 23.6 38.28

Small Weapons 213 DQG 32.9 23.3 40.75

Carage Airplane (15 networks) 8559.7 30.30

RMS 5.5 17.7 3.77

RHS 6.9 8.0 13.05

MOG 14.9 15.7 26.25

Tal CiExampleOof PAN AIR (Version 1.0 of 
May, 1980) cost for large problems.

(NASA Ames 7600 at norma proiy
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D.0 Summary of DIP Input Records

The DIP input records are listed below by data groups.. For each record
only the primary keyword, secondary keywords, basic options and formats are
listed. Detailed descriptions of each record are given in section 7.

-D.1 Global Data Group

Record G1. Global Data Group Identifier

<BEGIN GLOBAL DATA . <Solution-update-option>>
NEW
REPLACE
UMTE

Record G2. Problem Identification

<PID problem identification>

Record G3. User Identification

cUID - user identification>

Record G4. Configuration and Flow Symmnetry

<CONIGURATION - List(n)>

List(1) - ASYMMETR IC-GEOMETRY

List(2) w FIRST-PLANE <direction-numbers <point><Flow-type>S~ASYMMETRIC-FLOW
VWTRIC-FLOW

MD-EFFECT

List(3) - <List(2)> SECOND-PLANE<direction-numbers> <Flow-type>
ASYMMETRIC-FLOW
VWVETR IC-FLOW
M "ND-EFFECT

Record G5. Compressibility Data

<MACH rmach> <CALPHA . calpha> <CBETA m cbeta>

S~D-1,F :.



Record Set 66. Global Onset Flow Record Set

Format Option 1: Header Record and Parameter Values Records

Header Record <ALPHA> <BETA> <UINF> <WM> <WDC> <WCP> <SID>
Parameter Values,: alpa bia U97n W 7wm W~ cp s7~

Format Option 2: Separate Record for Each Parameter

<ALPHA - alpha(l), alpha (2),..., alpha(N)>
<B beta(1), beta(2),..., beta(N)>

<UrRF . uinf(1), uinf(2),.. uinf(N)>
<WM . wM() wm2),...,w(N>1
<WTC . wdcx(1), wdcy(1), wdcz(1) wdcx (2),..., wdcz(N >

Z - wcpx(1), wcpy(1) w), wcp, cp(2),..., wcpzN >
<37 . solution-ld(1),..., solto1d()

A1
Record 67. Tolerance for Geometric Edge Matching

<TOLERANCE FOR GEOMETRIC EDGE MATCHING ( tolerance}>

Record G8. Surface Selection Options

<SURFACE SELECTION [ {Surf ace(s)11>
UPPERr~*
tUPO (upper minus lower

(lower minus upper

Record 69. Selection of Velocity Computation Method

<SELECTION OF VELOCITY COMPUTATION - {Method(s)}}>
BOUNDARY-CONDITION
VM-LAMBDA

Record 610. Computation Option for Pressures

<COMPUTATION OPTION FOR PRESSURES - (Optionl>
UNI FORM-ONSET-FLOW
TM~''L-ONS ET-FLOW
MMWESSIBILITY-VECTOR

Record Gil. Velocity Correction Options

<VELOCITY CORRECTIONS -{[Correctlon(s)}1>
NONE

Record G12. Pressure Coefficient Rules

<PRESSURE COEFFICIENT RULES .{{Rule(s)}}>
I SENTROP IC
MTRAR

IUMCED-SECOND-ORDER
MM!NER-BODY

0-2(



Record G13. Ratio of Specific Heats

<RATIO OF SPECIFIC HEATS - ({gamna(s)))>

Record G14. Reference Velocity for Pressure

<REFERENCE VELOCITY FOR PRESSURE - {frvp(s)}>

Record G15. Store Velocity Influence Coefficient Matrix

<STORE VIC MATRIX>

Record G16. Stort Local Onset Flow

<STORE LOCAL ONSET FLOW>

k Record G17. Checkout Print Options

<CHECKOUT PRINTS {Module(l), List(l), Module(2), List(2)1>

D.2 Network Data Group u e

Record N1. Network Data Group Identifier

4 <BEGIN NETWORK DATA>

Record Set N2. 'Network Identifier Record Set

Record N2a. Network Identifier

NETWORK - List(n)

List(1) - <network-id> (number-rows, number-columns} <NEW>
List(2) - {network-id, number-rows, number-columns} REPLACE

List(3) - {network-id} SOLUTION-UPDATE

List(4) - (network-id) DELETE

Record N2b. Grid Point Coordinates

{x(i), y(1), z(1), x(2), y(2), z(2),...}

Record N3 (and record G15). Store Velocity Influence Coefficient Matrix

<STORE VIC MATRIX>
Record N4 (and record G16). Store Local Onset Flow "<STORE LOCAL ONSET FLOW>
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Record N5. Reflection in Plane of Sj,%metry Tag

<SYMMETRY PLANE NETWORK ( {Plane)>
FIRST-PLANE

=E'ND-PLANE

Record N6. Wake Flow Properties Tag

<WAKE FLOW PROPERTIES TAG>

Record N7. Triangular Panel Tolerance

<TRIANGULAR PANEL TOLERANCE - (tolerancel>

Record N8. Network and Edge Update Tag

<UPDATE TAG = <edge-number-list>>

Record N9. Boundary Condition Specification

<BOUNDARY CONDITION < (Level> (Class) ({Subclass(es)})>
LOCAL

Wm•ALL

Record N10. Method of Velocity Computation
S~<METH._OD OF VELOCITY COMPUTATION =(Method)>

LOWER-SURFACE-STAGNATION
MMr-SURFACE-STAGNATION
IONMrAGNATION

Record N11. Singularity Types

<SINGULARITY TYPES - (Source) (Doublet)>
NOS NOD

Record N12. Edge Control Point Locations

<EDGECONTROL POINT LOCATIONS . <Type(s) . edge-number(s)>>
SNE, source-network-edge(s)
U•, doublet-network-edge(s)

Record N13. Remove Doublet Edge Matching

<NO DOUBLET EDGE MATCHING . ((edge-number(s))>

Record Set N14. Closure Edge Boundary Condition Record Set

Record N14a. Closure Edge Condition Identifier and Locator

<CLOSURE EDGE CONDITION { (Type a edge-number}>
SNE, source-network-edge
1D', doublet-network-edge

D-4
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Record N14b. Closure Term

TERM - (Term)

Record N14c. Closure Solutions List

<SOLUTIONS - {{solution-id(I)})>

Record N14d. Closure Numerical Values

{(value(s)I}

Record Set N15. Coefficients of General Boundary Condition Equation Record Set

Record N15a. Coefficients of General Boundary Condition Equation Ideftifier
<COEFFIC*&NTS UF GENERAL BOUNDARY CONDITION EQUATION>

Record N15b. Equation Term

F! TERM - (Term)

Record N1Sc. Equation Solutions Li3t

<SOLUTIONS - f{solution--id(I)}}>

Record N15d. Equation Control Point Locations

POINTS = ..3cation}
F •ALL-CONTROL-POINTS

ZMf'ER-CONTROL-POI NTS
=-CONTROL-POINTS

WTTIONAL-CONTROL-POI NTS

Record N15e. Equation Numerical Values

{{value(s)))

Record Set N16. Tangent Vectors for Design R.;cord Set

Record N16a. Tangent Vectors for Design Identifier

<TANGENT VECTORS FOR DESIGN>

Record N16.. Tingent Vectors Term

TERM. t-Term(s)1}

Record N16c. Tangent Vectors Scaling

< UNALTERED >

Record N16d. Tangent Vectors Solutions List

<SOLUTIONS = {{solution-id(1)>

D-5
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Record Nl6e. Tangent Vectors Control Point Locations

POINTS { Location)
ALL -CONTROL-POI NTS

7MN'ER-CONTROL-POINTS
=-CONTROL-POI NTS
XlI ONAL-CONTROL-POI NTS

Record Nl6f. Tangent Vectors Numerical Values

<(values)l>r Record Nl6g. Tangent Vectors Standard Numerical- Values
<Method>
COMPRESSIBILITY-DIRECTION
MID-POINT ( originatlng-edge-.number}

12 (from edge 2tedero ege1 to edge 3)
7 (from edge 3 to edge 1)
W(from edge 4 to edge 2)

FRecord Set N17. Specified Flow Record Set

Record Nil7a. Specified Flow Identifier

<SPECIFIED FLOW>i

F ~Record N17b. Specified Flow arm F

TERM . {equatlon-aumber}
equation-number . 1 or 2

F Record Nllc. Specified Flow Symmetries

INPUT

Record Nild. Specified Flow Solutions List

<SOLUTIONS ff{solution-id(I)11>

Record Nile. Sp-'clfied Flow Control Point Locations

POINi..- (Location)
ALL-CONTROL POINTS
M!i-TER-C.ONTROL POINTS
EI!-CONTROL POINTS
AUlTTIONAL-CONTROL POINTSF

Record N17f. Specified Flow Numerical Values

{{value(s))}
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Record Set N18. Local Onset Flow Record Set

Record N'.8a. Local Onset Flow Identifier

<LOCAL ONSET FLUW>

Record N18b. Local Onset Flow Term

TERM -{Term)
ALPHA-BETA-MAGNITUDE

Record Nl8c. Local Onset Flow Symmietries

<INPUT-IMAGES - ffImage(s)11>

INPUT

Records Ni8d. Local Onset Flow Solutions List

<SOLUTIONS - {solution-id(I))}>

Record Ni8e. Local Onset Flow Control Point Locations

POINTS ALL-CONTROL-POINTS .

MT'ER-CONTROL-POI NTS
TWr-CONTROL-POINTS
ADMTIONAL-CONTROL-POI NTS

Record Nl8f. Local Onset Flow Numerical Values

{{values))

D.3 Geometric Edge Matching Data Group

Record GEl. Geometric Edge Matching Data Group Identifier

<BEGIN GEOMETRIC EDGE MATCHING DATA>

Re:ord GK2. Abutment Definition

T ~ ~ ABUfTMENT {. network-id(I), edge number(fl),.en-oit>ar
LNTIRE-EDIUE

Record GE3. Abutment In Planes of S.y¶unetry

<PLANE OF SYMMErRY {Planpl>
FIRST-? LANE-UF-SYhMMETRY

* ~MND-P LANE-OF-SYMMETRY
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Record GE4. Smooth Edge Treatment Option

<SMOOTH EDGE TREATMENT>

D.4 Flow Properties Data Group

Record FP1. Flow Properties Data Group Identifier

<-BEGIN 'FLOW PROPERTIES DATA <Update-option*>
V - -NEW

AMACE

Record SF1. Surface Flow Properties Data Subgroup Identifier

<SURFACE FLOW PROPERTIES w -kcase-id*

Record SF2. Networks and Images Selection .

(NETWORKS-IMAGES {- network-ld(I'l <Images(I)> (Orientation(I)>}}'
INPUT RETAIN
T3r. R!VESE

Record SF3. Solutions '1ist

<SOLUTIONS a {(solution-id(I)}1>

Record Set SF4. Calculation Point Locations Record Set

Record SF4a. Point Types

<POINTS R (ocation (s)))>
GRID-POINTS
XEFCONTROL-POI NTS
VM~ER-CONTROL-POI NTS
Mff!-CONTROL-POI NTS
AD M I ONAL -CONTROL-POINTS
VM~rRARY-POI NTS

Record SF4b. Arbitrary Points

<({(panel-row, panel-column, network-id, {(x(I), y(I), z(l))) 0.>

Record SF5 (and record G8). Surface Selection Options

(SURFACE SELECTION * ({Surface(s))}'
UPPER

UUt (upper minus lwe
t~P(lower minus upper)

MWAdE
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Record SF6 (and record G9). Selection of Velocity Computation Method

<SELECTION OF VELOCITY COMPUTATION - {{Method(s)1)):,
BOUNDARY-CONDITION

TL•AMBDA

Record SF7 (and record G10). Computation Option for Pressures

<COMPUTATION OPTION FOR PRESSURES ( {Option)>
UNIFORM-ONSET-FLOW
T•1T'AL-ONSET-FLOW
tMW•ESSIBILITY-VECTOR

Record SF8 (and record G13). Ratio of Specific Heats

(RATIO OF SPECIFIC HEATS - {(gamma(s)}}>

Record SF9 (and record G14). Reference Velocity for Pressure

<REFERENCE VELOCITY FOR PRESSURE - {(rp(s)))>

Record Set SF10. Printout Options Record Set

Record SF1Oa. Printout Options

<PRINTOUT - <Option(s)>>
Integers or Keywords, listed ir, table 7.9
ALL (all allowable options)

Record SF1Ob (and record Gil). Velocity Correction Options

<VELOCITY CORRECTIONS - {Correction(s)E>," NONE

Record SFlOc (and record G12). Prssure Coefficient Rules

<PRESSURE COEFFICIENT RULES. {(Rule(s)}}>

ISENTROPIC
=TR•AR
=ND-ORDER

AEDCED-SECOND-ORDER
ME•DER-BODY

Record Set SF11. Data Base Options Record Set

Record SF11a. Data Base Options

<DATA BASE . <Option(s)>
Integers or Keywords, listed in table 7,9.
ALL (all allowable options)
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Record S~lib (and record Gil). Velocity Correction Options

<VELOCITY CORRECTIONS - (iCorrection(s))}>
NONE

jRecord SF1lc,(and recovt4 G12). Pressure Coefficient Rules

<PRESSURE COEFFICIENT RbjLE$ 1 {Rule(s)))> *
MTiN D- OR DE R
IMUCEO-SECOND--ORDER

V 3L!NDER.-BODY

Record fMl. Forces and Moments 'subgroup Identifier ',

.1, <FORCES AND MOMENTS>

Record FM2. Reference Paramieters

<REFERENCE PARAM4ETERS [(ftParameter, value))>
SR

Record FM3. Axis Systewi

<AXIS SYSTEMS w,(fL ist, < val ues >- ) >

* ~Parameter DefauMT: 0.,0.10. .~

Parameter DefauTEs: RCS values
WAS <mrp>

Parameter DefauTfts; RCS values
BAS <Euler angles <mrp»>

Parameter DefauTt-% 180.,O..180., 0.,O.,O,.
Record FM4. Solutions List

<SOLUTIONS = fsolution-id(I )))>
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Record Printout Options

<PRINTOUT ([Parameter(s)))>

General Parameter Options:
NO: no data printed
S'E: same options as specified for DATA BASE (record FM6)
ALL-: all available specific options listed below

Specific Parameter Options:
PANELS Selected-axis-system(s)

RCS: Default Parameter
__ see record FM3WAS J

COLSUM 3'e~ected-axis-system(s)
RCS.-Pt--l- t-.Parameter

.. see record FM3~JI
BAS

NETWORK
TWNFIGURATION

Record FM6. Data Base Options

<D')ATA BASE - {(Parameter(s)}}>

Record FM7. Case Identifier

CASE - <case-id>

Record FM8, Networks and Images Selection

<NETWORKS-IMAGES {{. network-id(1) <Images(1)><Orientation(I)><FM-Option (1)>))> 4.

INPUT RETAIN PRESSURE-ONLY
TS" tfl3/R SE MJIMWWTUM-TRANSFER

Recbrd FM9. Edge Force Calculation

< EDGE FORCE CALCULATION {{• network-id(1), edge-number(s)))>

Record FM1O. Moment Axis

<MOMENT AXIS - (x(1),y(1),7(l),x(2),y(2),z(2))>

Record FM11. Local Reference Parameters

(LOCAL REFERENCE PARAMETERS ({Parameter, value))>
- SR
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ri
Record FM12 (and record 68). Surface Selection Option

<SURFACE SELECTION. (Surface)>
UOPER

UTU (upper plus lower) A

1WUI (lower plus upper)
ýV•AGE (program replaces by LOUP)

Record FM13 (and record G9). Selection of Velocity Computation Method

<SELfTI7ON OF VELOCITY COMPUTATION . ((Method(s)))),
BOUNDARY-CONDITION
VTnZ1.AMBDA

Record FMl4 (and record G10). Computation Option for Pressures

<COMPUTATION OPTION FOR PRESSURES = (Option}>)
UNIFORM-ONSET-FLOW
IM'L-ONSET-FLOW
r•'RESSIBILITY-VECTOR

Record FM15 (and record G11). Velocity Correction Options

< VELOCITY CORRECTIONS = ({Correction(s)})>
NONE 4

Record FM16 (and record G12). Pressure Coefficient Rules

<PRESSURE COEFFICIENT RULES - ((Rule(s))))>
ISENTROPIC
TrMAR

"""'ND-ORDER
ZEDUCED-SECOND-ORDER
3UNI•NER-BODY

Record FM17 (and record G13). Ratio of Specific Heats

<RATIO OF SPECIFIC HEATS - ((gamma(s)))>

Record FM1S (and record G14). Reference Velocity f4 Pressure J,

t REFERENCE VELOCITY FOR PRESSURE - {(rvp(s))}>1

Record FM19. Local Printout Options

<LOCAL PRINTOUT . {{Parameter(s)}}>

Record FM20. Local Data Base Options

<LOCAL DATA BASE - ((Parameteris))>

E • Record FM21. Accumulation Options

(ACCUMULATE - <Option(I))>
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D.5 Print-Plot Data Group

Record PP1. Print-Plot Data Group Identifier

' BEGIN PRINT PLOT DATA),

Record Set PP2. Geometry Data Record Set

Record PP2a. Geometry Data Identifier

<GEOMETRY DATA>

Record PP2b. Network Selection

< NETWORKS t ((network-id( I)}> \I

Record Set PP3. Point Data Record Set

Record PP3a. Point Data Identifier

<POINT DATA>

Record PP3b. Case Selection

<CASES- ((case-id(I))>

Record PP3c. Solutions List

( SOLUTIONS- -i--soi-ution-id(I)} >

Record PP3d. Networks and Images Selection

<NETWORKS-IMAGES {{- network-id(1) <IImages(s>1)>> ,-- ~ ~~INPUT ' }

Record PP3e. Array Type

<ARRAY COLUMNS CONTROL-POINTS

A -> < M7-POINTS

Record Set PP4. Configuration Data Record Set

Record -PP4a. C6- •Tirtion Data Identifier

<CONFIGURATION DATA>

Record PP4b. Case Selection

<CASES - {{case-id(I)}>.

Record PP4c. Solutions List

<SOLUTIONS {solution-id(I)}I)>
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Record PP4d. Networks and Images Selection

(NETWORKS-IMAGES {(= network-id(I) (Images(I)> <PANELS> <COLSUM>11>
INPUT
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Ti 16.Abstract

A comprehensive description of user problem definition for the PAN AIR (Paneli
Aerodynamics) system is given. PAN AIR solves the three dimensional linear integral
equations of subsonic and supersonic flow. Influence coefficient methods are used

which employ source and doublet panels as boundary surfaces. Both analysis and
design boundary condition~s can be~used.

This User's Manual describes the information needed to use the PAN AIR system. The
structure and organization of PAN AIR are described, including the job concrol and
module exlecution control languages for execution of the program system. The engine-
oring input data are described, including the mathematical and physical modeling

-tequirements.
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