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FOREWORD

This report describes a computer program developed at the Douglas
Aircraft Division of the McDonaell Douglas Corporation, l.ong Beach,
California, The dévelopment of the Douglas Arbitrary-Body Aero-
dynamic Computer Frogram was started in 1964 and greatly expanded
in subscquent ycars under sponsorship of the Douglas Independent
Rescarch and Development Program (IRAD). From August 1966 to
May 1967 the program development was continued under Air Force
Gontract No. F3361567-C-1008. The product of this work was the
Mark II version of the program as released for use by government
agencies in May 1967. Between 1967 and 1968 further Douglas IRAD
work and another Air Force Contract (F33615-67-C1602) produced the
Mark III Hypersonic Arbitrary-Body Program. The latest version of
the program as presonted in this report is identified as the Mark IV
Supersonic-Hypersonic Arbitrary-Body Computer Program and was
prepared in the period of 1972-73 undcr Air Force Contract F33615-
72-C-1675. This contiact was administered by the Air Force Flight
Dynamics l.aboratory, Flight Mechanics Division, High Speed Aero
Performance Branch. The Air Force Project Engineers for this study
were Verle V. Bland Jr., and Captain Hugh Wilbanks, AFFDL/FXC,

At the Douglas Aircraft Company, this work was conducted under the
direction of Mr. Arvel E, Gentry as Principal Investigator. A number
of major parts of the new program were prepared by Mr. Douglas N.
Smyth. Mr. Wayne R, Oliver's work in applying the various versions
of this program to practical design problems contributed both in pro-
gram design and in program validation. A number of other people
contributed to the various phases of this work for which the authors
are grateful.

This report was submitted by the a thors in November 1973.

This technical report has been reviewed and is approved.

Chief,” Flight Mechanics Division
Air Force Flight Dynamjcs Laboratory
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ABSTRACT

This report describes a digital computer program system that is
capable of calculating the supersonic and hypersonic aerodynamic
characieristics of complex arbitrary three-dimensional shapes.
This program .s identified as the Mark IV Supersonic-Hypersonic
Arbiirary~Body Compuler Program, This program is a ¢com-
plete reorganization and expansion of the old Mark 111 Hypersonic
Arbitrary-Body Programi. The Mark IV program has a number
of new capabilities that extend its applicability down into the

supersonic speed range.

The outstanding features of this program are its flexibility in
covering a very wide variety of probleme and the multitude of
program options available, The program is a combination of
techniques and capabilities nece.sarv in performing a com-
plete aerodynamic analysis of supersonic and hypersonic shapes.
These include: vehicle geometry preparation; computer graphics
to checlkk out the geometry; analysis techniques for defining
vehicle component flow field effects; surface streamline computa-
tions; the shielding of one part of a vehicle by another; calculation
of surface pressures using a great variety of pressure calculation
methods including embedd=d flow field effects; and computation
of skin friction forces and wall temperaturs.

Although the program primarily uses loczl-slope pressure calcu-
lation methods that are most accurate at hypersonic speeds, its
capabilities have been sxtended down into the supersonic speed
range by the use of embedded flow field concepts, This permits
the first order effects of component interference to be accounted

for.

The program is written in FORTRAN for use on CDC or IBM
type computers.

The program is documented in three volumes. Volume I is pri-
marilya User's Manual, Volume II gives the Program Formulation,
and Volume {I contains the Program Listings.
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SECTION I

INCRODUCT10N

The vrogram described in thic manual is identified as the Mark IV

Mod ) Version of the Supersonic-Hypersonic Arbitrary~Bodv aAcrodynamic
Computer “rogram, This compiuter program consists of several major
program components controlled by an executive main program. The
program components are desipned to provide the user with a complete
geometric description of a vebicle shape In a form useful to the
computer, computer graphic: to check out the geomctvy data, analysis
‘echniques for defining vehicle component flow field etlects, surface
str- amline computations, the stdelding of one part of a vehicls by

anot uer, calculation of surfuce pressures using a preat variety of

pre sure calculation methods including embedded fiow field effects,

an. computation of skin frictlon forces and wall temperature using

b> 1 an elemental simple method (old Mack III) ard an integral

a1alysis along calculated streamlines. Together, these components
provide the necessary capabilities for performing ali of the tasks
requlred in the preliminary-design acrocdyuamic analysis of hypersonic
ghapes. With the use of embedded flow concepts the programs capabilities
are also extended down inte the supersonic sveed region where component
intecrference effects become iawportant,

This computer program is written in FORTRAN for use on CDT computers.
A swall conversion routine is also furnished that will automatically
convert the program for use on the IBM scries of computers. On the
CD computers the program will operate in less than 120K octal words
of storage. On the IBN machinas (IBM 370/165) the program requires
approximacely 200K bytes of astorage.

The dark 1V program will eventually completely replace the old Mark I1II
Hypersonic Arbitrary-Body Program distributed in April 1968 (Reference 1).
However, the present Mod ¢ version c¢f the rnew Mark IV program does not

as vet have all of the capabilities of the old Mark III program. Those
capabilities missing from the Mark IV program include the computer
graphics routines, stability derivatives, and control surface deflection.
All of these capabilitics will be added to the program in the near future.

This program places at the disposal of the user a collection of different

~aercdynamic analysis tools that he can use in attackiug his particular
problem, Therefore, the accuracy of the resulte achieved depeuds to a
certain extent upon the user's knowledge of high speed aerodynamics and
on how he decides to apply the program to his problem. The documentation
reports for thie program are designed to tell the user what the program
has in it and how it can be used. No attempt is made to tell the user
what methods or options he should use in attacking a given problem. For
examrle, it 18 up to the user to decide if he should use the tapgent cone
pressure method on the bottom side of a delta wing instead of the tangent
wedge method, The program will not make the selection for him.

.l i T T T . S L. R S M 33 2 a v i
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All of this means that the user should have a more fundamentsl under-
standing of the theoretical methods used than is the case with most
other computer programs. Before using any option the ucer should

review the applicable material in the Program Formulation report,

Volume II, to be sure that the option selected will give the best answer
for the particular problem, A shotgun approach of just trying all of
the pressure methods and selecting the ones that give the hest correlation
with total force coefficlent test data should be avoided., The user
should instead be more concerned with the prediction and correlation of
detailed pressures on the various vehicle components. If the pressure
methods are selected on this basis and the resulting total force
coefficlents are still mot too good, then the user should search for
other reasons for the differences (i.e., the failure to account for

some interference effect, the inadequacy of methods available, etc.).



SECTION II

PROGRAM FRAMEWORK

The new Mark IV program has a completely different program framework
from that used on the +1d Mar. 1II program. In the new program the
various functional jobs are separated in complietely independent parts
of the program. While some separation was used in the old Mark II1I

program, the functional jobs of geometry, pressure and viscous calculatioms

of the program were all together in one major grouping of rcutines. 1In
the new Mark IV program the geometry generatiou and storage routines are
a completely separate part of the program. The aerodynamic part of the
program has six major and completely separate components - Flow Field,
Shielding, Inviscid Pressures, Streamline Analysis, Viscous Methods, and
Special Routines,.

The baslc framework of the Mark IV program is shown in Figure 1. The
geometry data for the Mark IV program is the same as for the Mark IIT
prog:<=m, so the old graphics programs generated for the Mark II1 program
cau 3till be used to check out the data. A new aircraft geometry option
has been added to the geometry program.

It 1s important that the user unde-stand the basic function of each of
the wajor program componentg and the way in which data are savel for
use in the different components. The loading of the basic geometry
data is the most time consuming part of the input data prepavation.

All geometry input, generation,and storage is accomplished in the
Geometry Option part of the program. Subroutine GEOM is the mxecutive
controller of this option. This 1s normally the first option called in
the analysis of a new vehicle. The GEOM subroutine converts the input
geometry data into quadrilateral elements and stores them along with
the original input surface element corner point coordinates on unit 4
using mass storage (direct access) techniques. The organization of the
data on unit 4 is described in Volume II.

All other parts of the program make use of the geometry data stored

on unit 4. The vehicle is normally divided into a number of panels

with each panel composed of a number of surface elements. Each panel

is 1dentified by a storage sequence number. The manner in which these
panels are to be grouped together is determined in other parts of the
program by direct reference to these panel sequence numbers. This adds
considerable flexibility in the use of geometry data for many purposes.
Some users may wish to modify their old graphics picture drawing programs
to make use of this new data storage scheue,

The AERO part of the program contains six major program components;

Flow Field Analysis, Shielding, Inviscid Pressures, Streamlines,

Viscous Methods, and Speclal Routines. The Flow Field Analysis Option
provides a number of features that are used in accounting for flow fileld
interference between the various vehicle components. These flenr field
data may be elther uniform (not a function of the space coordinates) or
non-uniform. The non~uniform data are stored as a function of some
combination of the epace coordinates (X,Y,Z, angul.:.r orientation, radius).
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When these data are required within the other parts of the program the
necessary inte rpolations are accomplished to provide the local flow

field data precisely at the poilnt required. All of the interpolations

are accomplished using a spline surface fit techunique. All of the

flow field data ate stored on unit 10 using mass storage techniques. The
format of the stored data is described in Figure 16 and in Volume I1I,

Flow fleld data must be generated in the FLOW option and stored on unit 10
before interference calculation: can be attempted in the Inviscid Pressure
part of the program.

Tne flow field data to be stored on unit 10 may be either input directly
using the Hand Input Option, or they may be generated by the Flow Field
Generation options provided. The shock-expansion option provided for
this purpose requires the use of geometry data previously stored on

unit 4. This geometry may be actual parts of the vehicle or it may be
special geometry input only for the purpose of generating the flow field
data. Further input data are used to specify the orientation and position
of the cutting planes used in the shock-expansion calculations. These
cutting planes are tben passed through the specified geometry panel
combinetion to define surface lines along which the shock-expansion
calculations are performed, The shock-expansion calculations produce
local surface properties, properties along the shock, and when required

A Flrer F4 1A  Menna oecceem oo E RPN Y _—
the properties within this bounded flow ficld. These properties in terus

of the local Mach number, the direction cosine components of the local
surface velocity vector, the ratio of local pressure to freestream
pressute (P/P,), and temperature ratio (T/T.), are then siored on the
flow fi.1d storage unit 10. The flow field data are stored under a set
of region pointer numbers. These region sequence numbers are then used
by the Inviscid Pressure part of the program to retrieve the desired
flow field data for use in the interference calculations. The present
version of the program does not include interference effects in the
visrous computations except as they might come through from the use

of local property data that included interference effects.

For some types of hypersonic force calculations it is necessary to know
what parts of the vehicle are shielded from the freestream flow by other
vehicle components, To do this, it is first necessary to make an element-
by-element check for possible shielding situations. This is accomplished
in the Shie.ding Option. Before using this option the user should first
obtain pictures of the vehicle geometry at the desired angle of attack
and ysw angle, Thege pictures will indicate what vehicle panel sequence
numbers will possibly be shielded, and what nanels will be doing the
shielding. These shielded and shielding paneli sequence numbers are

input to the Shielding Option to minimize the number of element searches
necessary. Otherwige, it would be necessary to have the shielding
routine search every single element for possible shielding by every

other element.

When an element is completely shielded by another element a new element
identical to the shielded elemant is created, but it is given a negative
element area. If only a portion of an element is shielded then one or



more negative area elements will be created to represent the shielded
portion. The number of new elements created will depend upon the
orientation of the two elements as viewed from the freestream direction.
The negative area elements are stored sequentially on unit 3. These
data are used within the Inviscid Pressure part of the program in the
standard manner. All of the vehicle elements including these additional
negative area elements are analyzed and their force contributions
calculated, The negative area elements are thus able to cancel out the
force contribution of the vehicle elements or portion of elements that
are shilielded from the freestream flow. Obviously, if shielding is to

be accounted for in the pressure calculations, then the Shielding option
must be used before the Inviscld Pressure option is entered.

The Inviscid Pressure part of the program contains all the facilities
necessary to calculate the preasures and resultant forces on each
quadrilateral element. These forces are summed to determine the total
force coefficlents for the vehicle. The geometry data used by the
inviscid pressure calculatione are obtained from unit 4 where they
must have been stored by ithe Geometry Option. The geometry panels are
grouped into several vehicle components for the purposes of the
pressure calculatons at the direction of the user. The components
are formed merely by specifying the panel sequence numbers to be grouped
together to form a component., Each part of the vehicle that requires
different set of pressure caleulation methods must be grouped inio a
separate vehicle component. If interference calculations are to be made,
then the flow field region numbers to be considered for each component
must also be specified. The flow field data must have been previously
stored on unit 10 before the inviscid pressure calculatlons are attempted.

Under the control of an input flag, the local flow properties on the
surface may also be stored beck on to unit 4 slong with the geometry
data for use in streamline calculations or in the Viscous Option. The
total force coefficients for each vehicle component are stored on unit 9
using mass storage techniques. No component summation is performed in
the Inviscid Option. Instead, this is accomplighed in the Special
Routines portion of the AERO program by the SUM routine. This option
may also be used to punch out the final coefficients for use in off-line
plotters.

The surface Streamline Option may be used to generate streamlines along
which subsequent viscous conputations will be made. This option wakes
use of surface velocity vector data previously calculated and stored

on the flow field unit by the Surface Data Transfer Option of the Flow
Field routines. The Surface Data Transfer Opticn, in turn, obtained
its information from the data saved on unit 4 during the inviscid
pressure calculations.

The Viscous Option of the program contains the skin friction methods used
in the old Mark III program plus a new Integral Skin Friction program
that may be used where more detailed skin friction data are desired.

The Integral Skin Friction Option calculates viscous properties slong the
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streanlines determined in the Streamlipne Option and stores the results
on the Surface Data Storage Unit 10 rignt along with the streamline
surface data., These data are chen fit with the surface spline techniques
and the skin friction coefficlent determined by interpolation for each
surface geometry element. By using this method the skin friction
distribution over the complete surface of a vehicle component may be
calculated using the same geometry data set as was used for the inviscid
pressure calculations (and using the Inviscid Option calculated local
properties). In most applications, however, it will be best to make

use of some combination of both the old Mark III Skin Friction option

and the new Integral Method in the analysis of a typlcal vehicle. The
Mark III Skin Friction option should be used wnen possible because

of the shorter computing times and its usually sufficient accuracy.

The Integral Method should be used only in situations where more detailed
skin friction information is needed over the complete surface of a given
component,

The Force Data Summation Option under the Special Routines section of

the AERO program may be used to selectively sum, print, and punch data
that has been previously stored on the Force Data Save unit 9 by the

the Inviscid and Viscous routines. The results of these sunmmations

may also be stored back on the Force Data Save unit. This 1s the only
option provided in the program for adding together the force comtributions
of different vehicle componenis. This capability is no longer provided
in the inviscid portion of the program as it was in the old Mark III
version. Later versions of the program will include derivative and

trim options in this portion of the system.

The present version of the program does not contain any graphics capa-
bility. To check out geometry data, thy user must make use of graphis
capability developed and used on the Mark III program. A future addition
to the Mark IV program will include a new graphirs package that will
include perspective picture drawing options, and the ability to draw
pictures of surface velocity vectors, surface streamlines, and flow fleld
shock systems. All of these data are already stored on Geometry Data
Storage Unit 4 and on the Flow Field Data Storage Unit 10.

The Auxiliary Routines section of the present program contains the
General Cutting Plane Option, This option has the capability to determine
the section shape of any arbitrary body in any desirved plane, This
option is ugseful in a number of geometry relsted problems. For example,
it can be used to help define the wing-body juncture in the detailed
geometry preparation stage.

The Mark IV program is contrclled by the Executive Program. The input
to the Executive routine provides a series of input selection options
that direct the program to the Geometry, Aero, Graphics, or Auxiliary
major components of the program. Whea it is necessary each of these
components, in turn, uses a small axecutive routime to further control
the selection of sub-options. This method of aselecting which parts of




the preogram ate to be used in solving a particular problem is one
distinguishing difference betwcen the Mark IV and Mark III programs. A
multitude of internal flags and switches provided the selection capability
in the Mark III program, If the user uses only the capabilities in the new
program that were available in the Mark III program, he will find that the
Mark IV program is much easfer to learn to use. However, the new options
that are provided to glve flow field interference effects, streamlines,
shielding, etc., add to the complexity of the program e¢peration.
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SECTION III

INPUT DATA INSTRUCTIONS

This computer program system uses a free-form approach to the prepara-
tion uvf the input data. That is, the order of the input cards depends
upon the requirements of the problem being solved. This is true of both
the system control data and the input data to each of the wajor program
components. For this reason, few standard data load sheets are provided.
In most cases the user will find that a simple 80-column load sheet can
be used. This mears that the cards can be written on the load sheet in
the order in which they will be read into the program. This will save
the card shuffling that was necessary when using the input sheets in

the Mark III program, In the Mark IV prograr. all of the input data 1is
read right at the beginning of the job and printed out on the output
unit. In this way the user always has a record of the input data : long
with the output results of the program,

This program is entitled the "Supersonic-Hypersonic Arbitrary-Body
Program." This title brings with it certain inherent problems.

If we are going to permit a completely arbitrary shape, we will have to
use a large amount of data in describing it for the computer - we must
be willing to pay something for the freedom of arbitrariness. Also,
gince no single pressure-calculation method will give good answers fur
all possible vehicle shapes under all flight conditiors, we must have
availsghle a large number of force-calculation meihods and know how and
when to use them. The flow field computation capabilities permit

the first order investigation of flow field interfzrence effects between
vehicle components. Here again, the user must have a good idea of what
types of flow fields to expect over the surface of the shape before he
can adequately prepare the flow field generation imput data. Don't
expect the program to do as good a job asa complete three-dimensi “nal
method of characteristics would be able to do. Also, at the low supersonic
Mach numbers and on simple shapes, don't expect the program to give as
accurate answers as might be obtained in an influence coefficient
lifring surface program where all interference effects are accounted for.

The basic aprroach in the design of this computer program system has
been an attewpt to minimize the difficult.es caused by these two problem
areas, The program has been designed so that simple problems are very
easy to set up and run. However, the program is written with a great
deal of flexibility, enough to handle almost all situations that may
arise. With the more complex problems, the input also becomes more
complicated. The urer should study the different sample problems
provided in this manual before he tries to approach his own rroblem.

The user of this program is cautioned to follow closely the instructions
given in thig manual. He should not rely on his experience with the

old Msrk IlI program or with preliminary versions of the Mark IV program
as most of the input data formats have changed. At times the user msy
find 1% helpful to study the code listings provided in Volume II to more
clearly understand the input data requirements. However, as with any




similar set of documents, no written manuals are a substitute for a
complete understanding of the problem to be solved, a methodical approach
to the preparation and checking of the input data, and a careful au. lysis
of the output data. Also, the accuracy of thisg program in any given
application depends upon the wisdom of the engineer in selecting the
proper flow field and force-calculation methods.

A brief summary of the input dafta requirements for the Mark 1V Program is
given below. This 1s followed by a more detailed card-by-card description
of all of the input items.

The Mark IV Program requires an Executive Flag Card and a System Control
Card. These cards are followed by the sets of data cards for each program
option to be executed. The sets of data furnished must be in the same
order as the options are specified on the System Control Card.

In the detailed card-by-card descriptions given on the following pages
some of the cards may have an assigned card TYPE number which must be
punched in card columns 71-72. In the old Mark III program every card
required a TYPE number. However, in most cases the Mark IV program
does not have these numbers assigned,

The general scheme used in describing the input data is shown helow.

Column C ~: Routine Explanation
Format

T : meaning of each of these colums is as follows:

Column - Indicates the position on the card for each data field.

Code - Gives the FORTRAN name used in the read statement by the
program.

Koutine — Indicates the subroutine where the data is read.

Format - Indicates the FORTRAN format of the data read statement.
The parameter 14 would indicate that the parameter is an
integer, right justified in a field that is 4 columns wide.
The parameter F10.0 would indicate a fixed point number
punched with a decimal point and sign, and placed anywhere
in tae card columns indicated.

Explanation The description of the input data parameters, flags, etc.
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INPUT TO MAIN EXECUTIVE ROUTINE

Only two inpnt cards are required for the Executive Program.

Executive Flag Card (211)

This card must be the first card in the data deck.

(SRR

Column Code Routine Explanation
Format
1 TEROR Main Automatic ABEND dump flag. Used in IBM version
11 of the program only.
= 0 Any IHC type of error will cause an auto-
matic 0C4 type of System ABEND., This is ;
useful in tracking down both program and
input errors.
= 1 Automatic ABEND capability is not turned
on.
2 INMONT Main Input monitor control flag. This flag ciuses
11 all of the input data to be copied from the

input unit (5) to Unit 1. As this 1is belng
done all the input cards (except for the Execu-
tive Flag Card) are written out on the output
unit (6).
= (0 The monitor routine is caliled as is
degcribed above.
= 1 Th. monitor routine is not called and
the input data is not printed on unit 6
or transferred to unit 1.

System Control Card (2011, 39X, 4A4)

1l IPG(l) Main
2011
2 IPG(2)
3 IPG(3)
etc.
20 1IPG(20)
60-63 CASE Main
Ab
e - —

System options in the order that they are to
be executed,

Option
Call GEOM.
Call AEROQ.
Call GRAPH.
Call AUXILI.

—
~
[p]

oo

Sw e

Case ldentification,
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GEOMETRY DATA PREPARATION

GEOMETRY NOMENCLATURE

Before proceeding with the detalled descriptions of the geometry input
data scveral (and often coufused) geometry terms should be defined.

Users of the Mark 111 program should take note of these since some changes
and additions have been made in the.e definftions for the Mark IV program,

Surface Element:

Plane Quadrilateral
Element:

Cross—-Section Cut:

Vehicle Section:

Vehicle Panel:

Vehicle Component:

This, the smallest geometry unit, consists
of four related peints on the surface of the
vehicle and the grea enclosed by lines
connecting successive points., All geometry
data must eventually be made available to
the program in surface-element form.

Each surface element is converted by the
program into a plane quadrilateral element.
The plane quadrilateral element is the
basic geometric unit used 1o the force
calculations, This unit, in effect, is

the integration step size and is ixed once
the surface element representation of the
shape is established.

A cross-sectlon cut is that view obtained
by cutting the vehicle in the longitudinal
plane (Z, Y plane), at a conatant X-station,

A vehicle section consists of an aggregation
of surface elements that have similar gize
and proportions. On the Type 3 element data
cards a Section starts when a point with
STATUS = 2 15 found., 4 Section ends when the
next STATUS = 2 (or 3) is found.

This is a newly defined parameter. It is

used to indicate a part of the vehicle that

is made up cof several Sections. Ou the Type 3
element data cards a Panel is ended when a
STATUS = 3 1is found.

A Component is defined as a major part of
the vehicle that is to be analyzed by the
program as a unlt (i.e., a wing, tail, etc,).
A Component 1s usually made up of several
Panels.

These various definitions are illustrated in the table and Figure 2.
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Basic To
; E le

Quantity Combine Form xamples

Points — Elements

Elements ———t Sections Inboard Section A, Flap Section B,
outboard Section C.

Sections —— Panels Sections A,B,C form upper wing panel.

Panels —— Components | Upper and lower panels form wing
Component.

Components —— Vehicle Wing, fuselage, tail, etc. components
form the complete vehicle.

Figure 2.

Geometry Definitions Diagram.

o - ®

In this new program the geometry data are stored on the Quadrilateral
Elemept Storage unit 4 by PANELS. That is, each PANEL is identified

ty a sequence number. In the AERO part of the program these PANELS

ray be grouped together to form vehicle COMPONENTS for the serodynamic
analysis. The PANELS are sssigned consecutive sequence nuwmbers (ISTAT3)
by the GEOMetry routine as they are stored on the Quadrilateral Storage
unit 4. The user must keep track of the panel sequence numbers for
esch panel (each STATUS = 3) stored on Unit 4. These panel saquence
nurbers are requitved as input to the other parts of the program to
retrieve the proper geometry data for the flow field, inviscid pressurs,
and skin friction calculations.




GLOMETRY DATA PREPARATION METHODS

Scveral options are available for describing the geometric shape of a vehicle
or cowponent for use in this program. These wmethods are selected at the dis-
cretion of the user. A given vehicle may be defined bv a conbination of the
ricthods. These methods permit the user to describe a completely arbitrary
shape, or to synthesize a vehicle frem simple component parts, depending upon
the requirements of the problem. The general techniques used in achieving
this are outlined below.

In the Mark 1V Program, the geometry data arc input using one of the following
methods:

1. Surface-element method (distributed elements). This method uses a
large number of surface coordinate points that are related to groups
of 4 to form a surface element, The program then converts the area
defined by cach set of 4 points into a plane quadrilateral element.
All types of input geometry data eventually end up in this form
before actual force computations are made.

4. Elliptical-cross-section data. In this method input data congist of
the necessary radii, cirele or ellipse center, and the sector of the
circle or ellipse to be used. The program then converts these data
into exactly the sawme surface-element foruw as described in the above
paragraph. These data created by the program are in the correct for-
mat for conversion to plane quadrilaterals for subsequent calculations.
The element geometry data generated in this method are stored on the
geometry data storage tape (Tape 8).

3. Hathematical surface fit (L arvametric Cubics ).. The surface 1nput data
for this method consist of coordinates of points aloug the four
boundaries of a patch. The coefficilents for a mathewatical surface
fit equation are then calculated to provide a description of the
interior surface of the patch. This surface is then converted to
exactly the gsame form as in Method 1 by a systematic variation of the
two parametric parameters. Again, as in Method 2 above, the resulting
element data are saved on the geometry storage tape for subsequent
couversion to plane quadrilaterals.

4. Alrcraft Geometry Generation Program. This program is designed to
simplify the loading of aircraft types of configurations (i.e.,
wings, tails, nacelles, etc.).

The selection of the method to be used in describing a shape depends upon the
detalled requirements of the problem and the vehicle shape. For completely
arbitrary shapes either the surface element or the parametric cubic method
would be used. For simple shapes, such as a vehiclz nose, leading edge, or
circular or elliptical cross section, the elliptical-surface generation
method (method .) wouyld be used. For a vehicle synthesized from a number of
simple components the geomctry data can be generated by a separate program.

Note: The total number of elements that can be analyzed by the program at
one time depends upon whether or not surface property data are to
be saved and upon the number of a-f combinations. See the discussicn
on Data Storage Techniques for Unit 4 in Volume IIT,
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Geometry deta required by the program may actually serve two different
purposes,

1. Vehicle geometry data over which actual pressures will be
calculated.

2. Special geometric surfaces to be used for other parposes such as
te calculate flow fields, simplified skin friction, etec.

The Geometry Option will normally be the first option called f{unless
geometry data has been previously assembled and stored in quadrilateral
form in th: computer oa a previous rum ).

The GEOM Program has two basic tasks: It provides for the input or
generation of geometry data in ELEMENT form (TYPE3 cards), and for the
conversion cf these data to QUADRILATERAL form (surface area, outward
normals, centroids, etc.). The ELEMENT cards when generated are usually
stored on Unit IOUT (=8 for most cases). The QUADRILATERAL data are stored

on Unit 4 using Mass Storage techniques for the CDC version and Direct
Access for the IBM version,

A simplified flow chart of how the geowetry data are read in and used
is presented in Figure 3.

Input to veometry Executive Control and Quadrilateval Calculation Routine

Geometry Control Card (112,511,112,15A4)

This is the first card for the GEOM option.

Column Code Routine Explanation
Format
1-2 1007 GEOM Output storage unit for Type 3 element data cards
12 when they are generated by one of the geometry

generation routines or loaded by the Element Load
routine. Usually input = 8, but it may also be
cinvenient to use it = 1L (or = 5 if INMONT = 1

on the Executive Flag Card). If quadrilaterals
are not to be calculated IOUT may be input = 7

to obtain a punched deck of the Type 3 element

cards. ?
3 1REW GEOM Rewind flag for unit IOUT. !
11 = 0 Rewind unit IOUT before storing any Type 3 ]

cards on 1it.
= 1 Do not rewind unit IOUT.,

4 PRINTS GEOM ?rint flag for detailed quadrilateral charac-
11 teristics.
= 0 Dc not print.
= ] Print.
15
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(it T

5

'AT3 = 0]
[T =

Read Geom Control Card
I0UT, IREW, PRINTS, IQUAD,
I3MaX, CONFIG

(TF (IQUAD .EQ. 1) GO T0 116} quadrilaterals only

kN
20 [ISTAT3 = ISTAT3 + 1|
]

Read (TAPEIN,30) PANEL(TSTAT3),LAST, IORN(ISTAT3),
(IGEOM(I),I=1,10) ,SYMFCT (ISTAT3) ,IFA(ISTAT3)

_ !
- DO 90 1=1,10 1

{IF (IGEOM(I) .EQ. 0) GO TO 100 }———um

[1G = IGEOM(T)]

[co 1O (40,5&,60,70),_1?[

[ %0 ES Ts0 170 ‘
{CALL IELE} [CALL ELLIP] {CALL CUBIC} [CALL ATRCFT] |
T T A | 1 !
90 '
— — — - — —{CONTINUE

W00 I TAST “EQ. 0) 60 T0 20 }——» |
[ e
{I3MAX = ISTAT3] N

110 | .

[IF (IQUAD .EQ. 2) GO TO 420) o -
K1

|IF (IOUT.NE.5 .AND, IOUT.NE.1) REWIND IOUT)

ISTAT3 =
120
——{CONTINUE]
ONTINUE
{ISTAT3 = ISTAT3 + 1|
—_—
[IF (IFA(ISTAT3) .EQ. 1) Read scale factor card] }

| Generate Quadrilaterals for Panel. Type 3 ~]
t

Surface Element cards will be read from uni
TOUT until a STATUS = 3 is found.

—(F_(ISTAT3 .LT. I3MAX) GO To_120|

420 [RETURN

Figure 3. Gecmetrv Inout and ileaca Wlms Chas-s



Geometry Control Card (continued)

Column Code Routine Fxplanation
Format
5 IQUAD GEOM Quadrilateral Calculation Flag.

11 = 0 Program will expect to use the
geometry generation or storage
routines to put elements on to
unit IOUT. A Panel Identification
card will be next in the deck.

= 1 Program will by-pass the element

generation and storage optionms.
A Panel Identification Card
will not be read. Program will
read Type 3 geoemtry cards from
unit IOUT and convert them to
quadrilaterals.

= 2 Same as = 0 above except that the
program will not calculate the
quadrilaterals. A Return from
the GEOM routine will be called
after the geometry generation
or storage on unit IQUT is completed.

6 I3MAX GEOM Number of Status 3's in the element unit
I1 IOUT. Used in determining when the end

of the quadrilateral computetions is

veached (used ouly when IQUAD = 1}.

When IQUAD ¥ 1 I3MAX is determined by

the program.

7  NEW GEOM New data set flag.

Il = 0 This is a new data set unit for
geometry data. Set up all flags
and pointers,

= 1 This is not a new data set. Use
old flags and pointers to store
additional panels.
8-9  NPMAX GEOM Maximum number of panels to be providad
12 for on the new geometyy data unit.
Used only when NEW = 0. If input as = Q
then the program will set NPMAX = 50.
10-69 CONFIG GEOM Configuration identification to be
1544 written on the first record of the

geometry storage unit (4),
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Panel Identification Card

(A4,211,1011,211,412)

This card is required if IQUAD # 1. This card is used to conti3! the
flow to the varfous geometry generation routines. One of these cards
is required before each entry into the geometry generaiion DO loop.
The geometry generation DO loop is terminated by the LAST paraw.ter on
this card. Each Panel Identificatfon Card can cause the geometry
generation routines to be entered up to 10 times. The number of times
that the geometry generation routines ave to be entered 1s controlled
by the IGEOM(I) parameter. When IGEOM(I) = O the DO loop is stopred.
If IGEOM(1) = O the DO loop will not even be started but the Panel
Identification Cards will be read in until LAST = 1.

Column Code Routine Explanation
Format
1-4 PANEL(I) GEOM Panel number or code identificatfon.
Ad This identification will be stored on
the quadrilateral data storage unit 4.
5 LAST GEOM Last Panel flag. .
I1 = 0 This is not the last Pane

6

Identification Card.
= 1 This is tle last Panel
Identification Card.

IORN(T) GEOM Geometry orientation flag (same is in
I1 the Mark III program).

0 Normal mode using cross-sections.

1 Geometry data input in streamwise
strips,

2 Geometry data input in streamwise
strips but for each streamwise strip
of elements the first coordinate
point in the right-hand strip of
points is not used in the formation
of the leading edge element but is
ignored by the program. This is
illustrated in the diagrams below
for the lower wing of a vehicle.

The streamwise direction is indicated

by the arrow. ”l‘"z

34/ ¢

j;f,,”f{/’
6 8 9

In the diagrams above the numbers
indicate the order of the input points.
Note that points 1 and 2 are duplicate
points (same values for X,Y, and Z).
The first element 15 formed by points
1-2-4-5 and point 3 is ignored. In

a similar manner, an element is formed
by points 3-4-7-8 and point 6 is not
used.

a4 ¢
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Panel Identification Card

Column Code

Routine
_ Format

(continued)

Explanation

7 IGEOM(IL)
8
9

17 SYMFCI(I)

GEOM
1011

GEOM

=3

e

—c—— 5

2
=

Same as =2 above except that the
left point is ignored in the
formation of the leading edge
elements. This would be useful
for upper surfaces of a delta wing.
The input schematic for this case

is shown below. 4

S~

~le 7

g 9

Geometry generation method flag.

=0

The geometry generation routines
(1ELF, ELLIP, CUBIC, ATRCFT) will
not be called., If LAST = O another
Panel Identification Card will
be expected next.

Routine IFLE will be called to
read Type 3 cards from the input
unit and to copy these cards onto
the geometry storage unit, IOUT.

Routine ELLIP will be called to
generate elements using the ellipse
generation techniques.

Routine CUBIC will be called to

generate elements using the parametric

cubic method.
Routine AIRCFT will be called to

generate elements using the alrcraft

geometry option,

Symmetry flag. This flag indicates the

type

this component of the vehicle (see diagrams

of vehicle symmetry to be used for

below).

19
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Panel Identification Card  (continued)

! Column Code Routine Explanation
Format

Symmetry flag (continued)

) Note: Although it is possible to use
different Symmetry flags for different
components of a vehicle, the safe thing
to do is to input or generate the
geometry using the same Symmetry =~ ag
for all parts of a vehicle. This ..
particularly important 1f pvictures are
to be drawn with a computer graphics
picture drawing program.

18 1IFA(1) GEOM Scala facter flag. This flag permits
I1 the alteration of geometry data either
by a shift of the reference coordinate
system or by a multiplying factor,

= (0 Use ilnput geometry coordinates (no
scale factors will be used), The
Scale Factor Card will not be input.

hw.oa

= 1 Use scale factors to scale and shift
the geometry data in the basic
"coordinate system. Scale factors and
coordinate increments are applied as
the geometry data are being converted
into quadrilateral data. The original
elemenc data on Unit IOUT are not

altered.
l.e. Xu = xinput - (XSC) + DELX
etc. for Y and Z

L X SYPPORN

e AT PR RLER VL -

: Note: The Scale Factor Card is input

r after all of the ©Panel Identification
Cards and geometry generation cards

(for IELL, ELLIP, CUBIC, AIRCFT) are
input, and are the last cards read before
the quadrilaterals are calculated.

19-20 NADJ1 GEOM The number of some other panel that is
12 adjacent to side number 1 of this panel.
The side numbering convention is the
same as was used to identify the sides

of a single element.

21-22 NADJ2 GEOM The number of some other panel that is
12 adjacent to side number 2 of this panel.

23~-24 NADJ3 GEOM The number of some other panel thac is
12 adjacent to side number 3 of this panel.

25-26 NADJ4 GEOM The number of some other panel that is
12 adjacent to side number 4 of this panel.
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Scale Factor Card (6F10.0)

This card is input only if IFA = 1. One Scale Factor Card is
required for each Panel Identification Card that has IFA = 1,
All of the required Sc~le Factor Cards are grouped together and
input behind all of th. geometry input or generation cards on
each entry into the Geometry option. The Scale Factor Cards
are read in one at a time as they are required (as specified by
the IFA parameters on each Panel Identification Card). This
read occurs in the cycle of the quadrilateral calculations and
the scale factors are applied to the input geometry data as
they are belug converted into quadrilaterals. The original
element data (Type 3 cards) stored on unit 8 is not affected
by these scale tactors as the scale factors are only used as
the quadrilaterals are being generated, See Figure 3.

Column Code Routine Explanation
Format
1~-10 XSC GEOM X Scale Factor to be multiplied times
11-20 YsC GEOM Y Scale Factor to be multiplied times
F10.0 Yinput-
21-30 ZsC GEOM Z Scale Factor to be multiplied times
F10.0 Zinput .
31-40 DELX GEOM AX Scale - Increment to be added to X.
F10,0
41-50 DELY GEOM AY Scale — Increment to be added to Y.
¥10.0
{
; 51-60 DELZ GEOM AZ Scale ~ Increment to be added to Z,
F10.0
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INPUT TO THE ELEMENT READING ROUTINE (IELE)

This geometry option 1s used to transfer element data cards (Type 3 cards)
from the input unit (usually 5 or the input monitor storage unit 1) tc the
geometry element data storage unit (8).

Element Control Card (212,211)

Column Code Routine Explanation
Format
1-2  I3MAX 1ELE The number of STATUS 3's that will be
12 read before the IELE routine will stop
and return to the main geometry program.
3-4 1IN 1ELE Input unit for the Type 3 cards.
; I2 If input = 0 the prograw will set IN
i equal to TAPEIN as defined in the main
i executive program (= 1 or = 5).
5 IREW IELE Rewind flag for unit IN. The rewind control
I1 statement in IELE before the geometry read

starts 1s as follows.
IF (IN.NE.5 .AND. IREW.EQ.1l) REWIND IN.

= 0 Do not rewind unit 1IN,
=1 If IN 4 5 rewind IN.

= X
=
=

L]

Status 3 control 1lag.

= 0 As the element cards are copied over
to unit IOUT all of the STATUS 3's
will be removed except the last ona.

= 1 All of the STATUS 3's will be removed
as the cards are copied *to unit IOQUT,

oy PRI TEIPEE P T A i e I ke

Element data cards (Type 3 cards) are input following the above Element
Control Card.
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The important resuli of this general approach to the geometry problem is
that the force-calculation part of the program is not affected by the method
used to input the geometric shape. The form of the geometry data can be
varied to meet the situation.

The coordinate system used for all the geometry data is shown in the figure
below. For symmetrical vehicles it is standard practice to input the left
side of the vehicle only.

Figure 4. TInput Geometry Coordinate System.

Since all of the geometry optiens finally produce geometry data in surface-
element form, it is important that the methods and nomenclature uwsed with
this method be clearly understood. It is, therefore, recommended that the
input instructions for the surface—element method be studied before an
attempt is made to use either the ellipse or the parametric cubic optioms.

Under certain circumstances, the input geometry data must be input in a pre-
scribed manner. This occurs when using the shock-expansion pressure-calcu-
lation method. A discussion of these problems is presented on pages 191

and 195.

Surface-Element Input Deta (Distributed-Element Method)

The geometric input data in this method include the coordinates of a large
number of points on the vehicle surface. The input data are organized in a
manner that permits the description of a vehicle on a component-buildup basis.
This gives increased flexibility in shape description and makes it poasible
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to uge different force-calculation methods for different components. Because
of possible changes in the surface contours of a component, it may also be
necessary to divide the component into several sections. Each section of a
vehicle component is further divided into a number of small units called ele-
ments, each defined by four points in space. In practice, the surface coor-
dinates are usually recorded from cross section drawings of the vehicle in
such a wagy that each point necd be read only once (even though it may be a
nember of as many as four adjacent elementr). Each point is defined by its
three coordinates and a STATUS flag that indicates whether it is the first
point of a new section, a cuntinuation of a column of points, the beginning
of a new colum, or the last point of the vehicle., The program uses the
STATUS flags to deiermine how the input points are to be related to fomm
elements, and how the elements are combined to form a section.

The first question that the user asks when starting to load the element geo-
metry is, "In what order do I enter the surface points?" The basic rules to
be followed are given below. These will be follcwed by a discussion of a
visual technique that many users will find helpful in determining the proper
loading order.

For the purposc of organizing the input data for computation, each point ic
assigned a pair of incegers, m and n. These integers are not actually input
to the program (cthey are calculated interrally) but their use in the following
discussion will providc a berter understanding of the input-data organization.
For each point, n jdentifies the "column" of points to which it belongs, and
m identifies its position in the "columu", i.e., the "row". The first point
of a "column" alwuys uas w = 1. To ensure that the prograw will cumpute out—
ward normal vectors, the following condition for the order of input points
must be satisfied. If an observer is located in the flow and 1s oriented so
that locally he sees puints on the surface with m values increasing upward, he
must also see n values iucreasing toward the right. Strict adhierence to this
simple rule will always lead to a correct set of input geometry data. Examples
of correct and incorrect input are shown in the sketches below. In these
plctures the flow field lies above the paper, and the interior of the body
lies below the paper. The arrows indicate the order of reading the points.

Correct Input Incorrect Input
m=3 m=3
m=2 m=2
w=1 - m=1
n=1 n=2 n=3 n=3 n=2 n=]
n=3 n=3
n=2 n=2
-4 n=] nelém.
m=3 n=2 u=1 m=]l =2 u=3
«1 m=]1
w=2 m=2
m=3 m=3
n=3 n=2 n=1 n=2 n=2 =3
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Asrociated with each input point is an fnput quantity called its status. The
first point of each new section has Status = 2. Except for the first n-line
of a section, the first point of each n-line has Status 1. The last point of
the component of the vehicle has Status 3. All other points have Status = O,
i.e., thev may be left blank on the input sheet. The program will not exit
properly from the surface-deta subprogram and into the force-calculation
phase until it reads a Status = 3.

The simple visual technique described below is helpful in determining the
proper order of the input points.

1. First, assume that you are holding in your hand a small model of the
vehicle shape. Many program users find it helpful to construct a
small paper model to help in visualizing the geometry loading proce-
dure. On this model we will draw iines tu represent the elements to
be loaded for a given vehicle section. This process is illustrated
in the photographs in Figure 5.

2. Next, delide which strips of elements are to constitute "columns' and
which "rows''. In most problems one of two procedures is selected -
either a "column" of elements starts at the bottom of the shape and
continues around to the top, roughly following vehicle cross-section
lines, or a 'column" is oriented so that it starts at the front part
of the vehicle and runs aft toward the rear.

3. Hold the model out in front of you and rotate it until che columns
are vertical with the first row of elements at the bottom., This pro-
cedure should be used regardless of what part of the vehicle is being
loaded - the body, fin, inside of fin, etc. Always oxrientate the
medel gso that you are looking at the section to be loaded {from the
outside, looking at the surface) with the columns running vertical
and the rows running horizontal.

4. Now that you have the section being loaded oriented in front of you,
with the columns vertical, apply the following cardinal geometry
rule:

If a column of data points are loaded from the
bottom to the top, then the next colum of points
(starting with a Status = 1) must be te the right.

All of the geowetric input data for this geometry option are input on Type 3
Element Data cards, Each card contains the X, Y, Z coordinates and Status
flag for two points on the body surface. Every card in the element-geometry
deck must contain two surface points except the last card, which may have
only the first-~surface-point coordinates and status filled in. If a partic-
ular line of wvehicle points is odd in nuwber then it is usually advisable to
repeat the last point (a dummy point) so that the last card will have two
sets of point data. This permits the shifting of vehicle gections of the
deck without disrupting other aections.
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Figure 5. Use of Small Paper Model in Visualizing Geometry Loading
Procedure. (In cach exarmple the pen is pointing at the first
point to be loaded and in the direction of the first columa of
input points,) p
3
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ELYMENT DATA INPUT CARDS

(3F10.0,11,3F10.0,11,2X,12,1A4,12,4X,14)

The detalled description ol the Input data for the surface-element method
is presented below.

o e e et e ety st . et

Column Code Routine Explanation
Format
1-10 X 1ELE X-coordinate of surface point (the value of
F10.90 X 18 written anvwhere in this space with a
decimal point and sign; usually input only
if it 1is negative).
11-20 Y IELE Y-conrdinate of surface point.
¥10.0
21-30 2 IELE Z-coordinate of surface point.
F10.0
31 STAT 1ELE Status flag for the above set of coordinates
11 (= 2,1, 0, or 3).
32-41 XX IELE X-coordinate of surface point.
¥10.0
42-51 YY 1ELE Y~coordinate of surface point.
F10.0
52-61 27 IELE Z-coordinate of surface point.
¥10,0
62 STATT IELE Status flag for the above set of coordinates
I (= 2, 1, 0, or 3).
65-66 CASE IELE Case number (right-justified integer).
12
67-70 SECT IELE Numbers or letters to identify the vehicle
1A4 gsection. These muyst be legal machine
characters.
71~72 TYPE IELE Card type number =03,
12
77-80 SEQ 1ELE Card sequence number. This number is |
L4 used to identify each card of a particular
section and to aid in keeping the cards in
order (right-justified integer).
A data load sheet for the above data ie shown on the next page.
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This gecmetry option provides the capability of genersting geometric data
for rehicle components having whole or partial circular or elliptical cross
sect:ons with a minimum amount of input information required. This option
is usually used to generate hemispherical noses and wing and tail leading
edge:..

The data generated by this option is saved on the geometry storage tape
(Tape 8) in normal surface-element input data form. In this manner it is
possible ty describe a vehicle with a combination of both hand-iuput data
{(in surface-element or parametric-cubic input feorm) and analytically derived
circular or elliptical cross—-section data.

The input-data for thls geometry option is described below. Input sheet 5 is
uged for these data. The input procedure is to define the basic properties
of a circular or elliptical cross section (a cut in the Z-Y plane with X

. b#dng a constant for the cross section). Each cross section where a set of
element data is desired must be input in this manner. The first cross sec-
tion must be toward the front of the vehicle, and each succeeding section
must be toward the rear.

Ellipse Gener-tion Control Card (1244,11X,211,3X12,14A4,12)

Column Code Routine Explanation
Format
1-48 TITLE ELLTP Velilcle section or component title, Any
1244 acceptavle machine characters.
60 DISCON ELLIP Angular-data option flag. This flag controls
I1 the angular division of the c¢ross section and

the dummy points generated to give complete
card coutput for the geometry storage tape.
See sketch below. I

+Z
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Ellipse Generation Control Cara (continued)

Column Code Routine Explanation
Format
60 DISCON ELLIP The angular-data options are given below.
(continued)

= 1 All initial angles, 6 , and all final
angles, 0 , are the same for each
Cross sec%ion for this section of the
vehicle,

=2 All SQ in the vehicle section are the
same but the 90 varies.

= 3 All 6_ in the vehicle section are the
same but the 61 varies.

61 1PRINT ELLIP Print flag. This flag controls the printing
I1 of the element data generated in this option.
This data printout will contain the exact
information written on the geometry storage
tape.

= 0 Do not print data.

=1 Print.
65-66 CASE ELLLP Case number., A right-justified integer used
12 to identify the vehiclz data.
67-70 SECT ELLIP Section i1dentification., A number or letter
I A used to ldentify this section or component of
the vchicle, Any acceptable machine
characters.
71-72 TYPE ELLIP Card Type number =04 (integer).

12
Cross-Section Data Cards (F10.,0,276.0,13,2Fr10.0,2F7.0,11,10X12)

One card for each cross-section cut desired,

1-10 X ELLIP X-station (usually negative if the vehicle
F10.0 nose is at the cocordinate system origin).
11-16 THETO ELLIP Initial angle, 60, Degrees.
17-22 THETL gg'g Final angle, 0,, Degrees.
23-25 NN ELLIP Number of divisions of cruss section desired.
13 This number controls the number and spacing

of the elements generated between 60 and 8°
Right~justified integer,

-

. 26-35 A ELLIP klVipse radius along the Y - axis, s.

§ 36~45 B gig'g Ellipse radius along the Z - axis, b.

§ 46-52 DELZ F7.0 Offset of center of ellipse in the Z-direction,
1

AZ,




Cross-Section Data Cards (continued)

Column Code Routine Explanation
Format
53-59 DELY ELLIP Offset of center of ellipse in the Y ~direction.
F7.0 AY.
+AY

D

f

tm—

60 LAST Last Flag. This flag controls the Status flag
(STATT) of the last element point generated
and the position of the geometry data storage
tape (Tape 8) after the element data has been
written on 1it.

= 0 This is not the last cross section; set
STATT = 0 and read in new cross-section
card.

= 1 Not active. Do not use.

= 2 This is the last cross section for this
vehicle section or component. Set the
status flag STATT = O, and read in a
new ellipse data title card.

= 3 Not active, Do not use.
= 4 This is the last cross section; no more

sections are given, set last STATT = 3,
write end of file on geometry tape.

65-66 CASE ELLIP Case number (right-justified integer).
12
67-70 SECT ELLIP Numbers or letters to identify the vehicle
1A4 panel. These must be legal machine
characters.
71-72 ITYPE ELLIP Card type number = 05 (integer),
12
77-80 Card sequence number. Not read by
program.

A data load sheet for the above data is shown on the next page.
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PARAMETRIC-CUBIC INPUT DATA

The geometry-input option is provided as an alternate input method in the

description of arbitrary shapes. In this respect, it serves the same purpose
as the surface-element input method.

In the surface-element input method & vehicle section is described by a large
number of surface points organized in an element fashion. 1In the Parametric
Cubic method only points along the boundaries of a patch are input to the
program and the distributed surface points (surface elements) required for
the subsequent quadrilateral calculations are determined by the program.

The basic features of this method are that (1) fewer input points are required
to describe a shape, (2) the input of this data 1s a little more complicated,
and (3) the generated element size is controlled by two input parameters and
may be changed to meet the requirements of the problem.

The input data for this option uses input data sheet 5. The input data con-~
sist of points along the four boundaries of a patch. The program calculates
the coefficients for a mathematical surface-fit equation to provide a descrip-
tion of the interior surface of the patch. This surface is then converted

into exactly the same form as the norwal surface-element input data for fur-
ther calculations. The element data generated is saved on the geometry storage
tape (lape 8) for use in other phases of the program.

1

Figure 6 illustrates how a section 1s described by this method.

Figure 6. Parametric Cubic Patch Input.

Each of the four boundaries is identified in Figure 6 by a number inside a
circle. The input data for each of these boundaries must be input in the
order indicated by these numbers, i.e., boundaries 1, 2, 3, and 4. The
order of the input points on a boundary and the order of the boundaries is
important., The approach tc ensure a correct input of the data 1s similar
to that used for the quadrilateral-element input data. First, the user
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should imagine that he 1s holding a small model of the vehicle in hand.
The vehicle is divided into a number uf sections or patches. Figure 6
represents one such patch. The objective here is to describe how the
data for one patch is loaded into the program.

The user orientates the model of the vehicle so that the number 1 boundary

is to the left and the number 2 boundary to the right. Coordinates of points
along the number 1 boundary are loaded first. The order of these points
(from the user's view of the model) is from the bottom to the top of the
patch. Note that a point must be included outside the patch at either end of
the boundary to give proper slopes at the corner points, The next input
points are for boundary number 2 and again from bottom to top. Boundary
number 3 1s loaded from left to right as 1s boundary number 4. A different
number of points may be used to describe each boundary up to a maximum

of 20 for each one.

Each of the input points has a status flag associated with it similar to that
used in the surface-element input method. The first point (the bottom point
outside the patch on boundarv number 1) has a status of 2. The first point
on each of the other bound:iries has a status of 1. All the other points have
a status of 0 except the last point (the point on the right side outside the
patch on boundary 4) which has a status of 3,

The input sheet contains two points per card. Every card must contaln two
points except the last which may have one point (losded on the left side of
the card).

The detailed input information required for this geometry-method option is
presented below.

Parametric Cubic Title Card (12A4,1X,13,1X,I3,3X,311,2X12,1A4,12)
This card contains patch control data and divisions to be used in converting
the patch to element data. See sheet 5.

Column Code Routine Explanation
Format
1-48 TITLE CUBIC Section or patch title, Any acceptable machine
12A4 characters.
50-52 NOU CUBIC Number of division of the parametric variable
13 u, This controcls the number of elements in the
element mesh in the u-direction (right-justified
integer).
54-56 NOW CUBIC Number of divisions of the parametric variable
I3 w. This coatrols the number of elements in the

element mesh in the w-direction (right~justified
integer), If this number 18 an even number then
the program will change it to the next higher
odd number so that there will always be an odd
number of elements in a column. This will give
an even number of points in a column to fill out
both the left and right sides of the element
dsta card.

34



Parametric Cubic Title Card {Continued)

Column Code Routine Explanation
Format
60  LAST CUBIC Last Flag. This flag controls the Status flag
Il (STATT) of the last element point generated

and the position of the geometry data sStorage
tape (Tape 8) after all data has been written
on it.

= 1 Nont active. Do not use.

= 2 This i3 not the last patch. Set the .
last—point gtatus flag STATT = 0, and J
read in a new set of patch data (includ- :
ing a new title card).

= 3 Not active. Do not use.

= 4 This is the last patch. Set the last-
point status to STATT = 3, write an end
of file on unit IOUT.

61 ISOVR CUBIC First-point status override flag.
11

e first coordinate

= () The sta €
will be = 2 (normal

t a
point of the p
mode) .

o £ -
us X

fo
tch

= 1 The status flag for the first coordinate
. point of the patch will be set = 1, This
: will permit "joining together" several
parametric cubic patches to form a single
section of surface-element data.

62  IPRINT CUBIC Print flag. This flag controls the printing of
I1 the element data generated in this option. This
data printout will contain the exact information
written on the geometry storage tape (in BCD
card image form),

e e e e o b -

= 0 Do not print data.

= 1 Print.
65-66  CASE LUBIC Case number (right-justified integer).
12
67-70  SECT CUBIC Numbers or letters to identify the vehicle i
1A4 panel. ;
71-72  ITYPE CUBIC  Card type number = 06. ‘
12
35 :
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Parame.ric Cubic Boundary Data  (3F10.4,11,3F10,.4,I1,8X,I2)

This card contains the coordinates of the boundary curves for a parametric
cubic patch. See sheet 5.

Column Code Routine Explanation

Format

1-10 X CUBIC X~coordinate of boundary curve point.
F10.4

11-20 Y CUBIC Y~coordinate of boundary curve point.
F10.4

21-30 2z CUBIC Z~coordinate of boundary curve point.
F10.4

31 STAT CUBIC Status flag for the above set of coordinates :
11 (=2, 1, 0, or 3). This flag controls the :

reading in of the boundary curve data and is !
not the same as the STATUS flag that will be
generated and written on the geometry storage
cape along with the generated surface element

data.
32-41 XX CUBIC X~coordinate of boundary curve point.
F10.4
42-51 YY CUBIC Y~coordinate of boundary curve point.
F10.4
52-61 ZZ CuBLC Z-coordinate of boundary curve point.
F10.4
62 STATT I1 Status flag for the above set of coordinates :
(= 2, 1, 0, or 3). This flag controls the ;
reading in of the boundary curve data and is :
not the same as the STATUS flag that will be {
generated and written on the geometry storage {
tape along with the generated surface element :
data. .
65-66 CASE Cuse number. Not read by program.
67-70 SECT Numbers or letters to identify the vehicle
panel. Not read by program, i
71-72 1TYPE CUBIC Card type number = 07. i
12 3
77-80 SEQ Card sequence number. Not read by program.

A data load sheet for the above data is shown on the next page.
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ATRCRAFT GEOMETRY OPTION

The Aircraft Geometry Option has the capability of generating element data for
six classes of aircraft surfaces. These are identified as follows.

1. Wings

Airfoil ordinates are input at percent-chord locations along with the
X, Y, Z coordinates of each airfoll leading edge. Wing camber data
and chord lengths are also input.

2. Fuselage

A fuselage may be defined in segments and may be circular or arbitrary
in cross section. If the fuselage 1s circular it nay be input by a

; cross-sectional area distribution. 1f the fuselage is arbitrary it

: may be input as X-Y-Z cross-sectional coordinate data, Up to four

fuselage segments may be specified on each entry into the Ailrcraft
Geometry Option,

P,

3. Pods or Nacelles

The X-Y-Z coordinates of the pod origin are input along with a pod
radii distribution. Up to nine pods may be specified on each entry

n Al Moo Aot o
CU Wic niidladiu LEOHieLIy VPLLUil.

4. Fins

e e " e A T U T A,

The X-Y-Z coordinates of the lower and upper airfoil leading edge
of vertical fins are input along with airfoil ordinates at up to
ten percent-chord locations. The chord lengths are also input.

As many as six fins may be used on each entry to the Alrcraft Geo-
metry Option., Only symmetrical airfolls are generated.

—— T

5. Canards or Horizoutal Tails

[ Lk

The X-Y-Z coordinates of the inboard and outboard airfoil leading
edge are input along with the airfoil ordinates and chord lengths.

Up to two canards may be input on each entry to the Aircraft Geometry
Option. Unsymmetrical airfoils are permitted. ‘

6. General Airfoil Surface

The orientation of each airfoil is specified by X~Y-Z coordinates

of the leading and traillng edges and a rotation angle. The airfoil
ordinates and camber data are also input. This permits the descrip-
tion of wing or taill type of surfaces where the airfoils are not
orientated in a fixed streamwise plane,
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The first five classes of surfaces indicated above are the same as those
available in the NASA Wave Drag program, The sixth surface is a new
feature provided within the Arbitrary-Body Program that allows the geometric
description of a surface composed of airfoil sections that may be arbitrarily
orientated in space. This removes some of the restrictions imposed within
the wing, fin, and canard options used in the NASA Wave Drag program. Also,
additional parameters may be spocified on the pod input data to allow
arbitrary orientation of the pods or nacelles.

Various combinations of the above shapes may be used in descriding most air-
craft configurations. However, in some situations a part of a vehicle may not
be accurately described by one of the above components. In this case, the
particular part of the vehicle may be input or generated usirg the completely
arbitrary shape capabilitieas in the other parts of the program (i,e., input
elements, parametric cubic patches, etc.). For other problems it may be easi-
est to generate the vehicle using the Alrcraft Geometry Option and then alter
those cards that need changes by hand in order to give an accurate representa-
tion of the shape. This may be necessary to accurately describe such regions
as wing roots, fillets, etc.

Note that in the description of each of the surfaces above certain restric-
tions exist as to the maximum nuwmber of fuselage segments, pods, fins, etc.,
that may be generated on a single entry intc the Aircraft Geometry Option.
It should be noted, however, that all such limitations may be overcome by
entering the Aircraft Geometry Option as many times as may be required.

The output data for the Alrcraft Geometry Option consist of element data
cards with two coordinate points and accompanying Status flags recorded on
each card (Type 3 Arbitrary-Body Program cards). These cards are written on
the Geometry Storage Unit (Unit 8) for use by the rest of the Arbitrary-Body
program, The card dacke generated in thie manner may be used directly aa
input data for subsequent runs on the Hypersonic Arbitrary-Body Program, or
as input to the Douglas Arbitrary-Body Supersonic Wave Drag Program and the
Douglas Potential Flow Program (the Neumann Program). These same element
cards may be used to generate pictures using on-line interactive graphics
programns, and in programs that use large electro-mechanical drafting

devicea such as the Orthomat snd Gerber Plotters.

Some users may make use of the Aircraft Geometry Option and the Arbitrary-
Body Program picture drawing capabilities as a tool in validating geouwetry
data for the NASA Wave Drag Program (the Harris Program). For such applica-
tions, however, care should be taken to verify that the input data for the
users' version of the NASA program is the same as required by the Alrcraft
Georetry Option of the Hypersonic Arbitrary-Rody Program. Note that the sixth
surface type provided in the Alrcraft Geometry Option (arbitrary-airfoil
orientation) is not available for use on the NASA Wave Drag Program. Since
all programs tend to change with time it may be necessary for the user to make
modifications to the Aircraft Geometry Option to maintain consistency in input
data with the NASA Wave Drag Program,

Users of the Aircraft Geometry Option should exercise care in selecting input
parameters to assure thuat the resulting surface element data will meet the
needs of thelr problem. This rather obvious statement is necessary because
of the multifunction uses that this option serves.




The various methods within the Alrcraft Geometry Program are selected by input
flags on a control card. The various parameters, tables, etc,, for each air-
craft componeat are given on a separate set of cards for each type of surface.
The order and identification of each of the input cards 1is given in the list
below. Fach cerd, if it is to be used, must be in the order indlcated.

Card or
Card Set
Number Card Identification
Title and Identification Card
2 Control Flag Card
3 Wing Area Card (if required)
. 4 Wing Percent~Chord Location Card(s)
; ] Airfoil Leading Edge Coordinate Card(s)
f 6 Wing Camber Line Card(s) (for earh airfoil, if required)
! 7 Wing Airfoll Ordinate Card(s) (for each airfoil)
2 8 Fuselage X-Station Card(s) (for first segment)
i 9 Fuselage Camber Card(s) (if required)
§ 10 Fugelage Cross-Section Area Card(s) (if required)
H 11 Fuselage Y~Ordinates (for arbiltrary shape) (1f required)
% 12 Fuselage Z-Ordinates (for arbltrary shape) (if required)
' 13 Repeat 11 and 12 for all cross sections of segment.
% 14 Repeat 8 through 13 for all fuselage segments.
15 Pod Origin Card
f 16 Pod X-Station Card(s)
\ 17 Pod Radii Card(s)
18 Repeat 15 through 17 for all pods.
19 Fin Leading Edge Cocordinate Card
i 20 Fin Percent-Chord Location Card
21 Fin Airfoil Ordinate Card
22 Repeat 19 through 21 for all fins.
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Card or

Card Set
Number Card Identification
23 Canard Leading Edge Coordinate Card
24 Canard Percent-~Chord Location Card
25 Canard Upper Ordinate Card
26 Canard Lower Ordinate Card (if required)
27 Repeat 23 through 26 for all canards
28 General Airfoil Surface Control Flag Card
29 Airfoil Percent-Chord Location Card(s)
30 Airfoil Orinetation Card(s)
31 Airfoil Cambexr Line Card(s)
32 Airfoil Ordinate-Thickness Card(s)
33 Repeat 28 through 32 for multiple airfoil surfaces as required.
34 Repeat 1 thorugh 33 for multiple configurations as required.
35 Type 99 card (Normal Reiurn to Executive Program),

The detailed descriptione given on the following pages in

and parameters, Where it might be useful the mnemonics used in the program
are also given. On some of the cards identification information is punched in
card columns 73-80. Although this information is not used by the program its
use may help to eliminate errors in card order. The card field to be used for
input numbers is indicated for each card, All integers should be punched in
the right most column of the field., Real numbers may be punched anywhere in
the field specified. Except for the integers on the Control Flag Card, all
other input is in the form of real numbers with the decimal point and sign
punched on the card (i,e., -59.56).

The type 99 card contains a 99 in card columns 71 and 72. The remainder of
the card has the sauwe format as the Title and Identification Card (card 1),
however these remaining fields are usually left blank.

A chart showing the data flow logic for the Aircraft Geometry Option is
presented in Figure 7,
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ALRCRAFT GEOMETRY IDENTIFICATION AND CONTROL

Title and identification Card

(9A3,8A4,11,2X,11,2%,A342X,A2,2A4)

IXT2 ¢ X
Column Code Routine Explanation
Format
1-59 CARD AIRCFT The title that is to appear at the top of the

943, output pages. Any acceptable machine charac-

8A4 ters.

60 ISTAT3 AIRCFT Flag to control the generation of a4 dummy

11 element with a very small surface arca in order

introduce a Status = 3 at the appropriate in

a gecmetry deck.

= 0 Dummy element will be included at the
very end of the Type 3 cards produced
in the Alrcraft Geometry Option. This
means that the last Type 3 card will
have a S-atus 3 flag.

= 1 No dummy Status 3 element will be
generated. The last data point in the
Aircraft Geometry cards produced will
have a Status = 0.

63 IHARIS AIRCFT NASA-Harris Input Coordinate Flag.

11 = 0 Arbitrary-Body Program coordinates will
be used., The usuel practice is to have
the nose of the vehicle at the origin
of the coordinate system with the tail
having a negative X-stationm,

= 1 The NASA Harris coordinate system will

be used., The vehicle nose is at the origin
and all che X-~coordinates are positive.
for the input data on the Aircraft
Geometry Data cards. The program will
change them to negative values b~fore
the final Type 3 cards are written on
on the storage unit to be consistant
with the Arbitrary-Body system,

¢ S0k

6668 CASE AIRCFT Case nunber to be printed at the top of data

A3-F2  output pages and in card columns 6668 65t

the Type 3 cards produced by the Ailrcraft
Geometry Option.
71-72 TYPE AIRCFT Case termination flag. If iaput = 99 the
A2 Aircraft Geometry Option will stop with

d ~va

this card and return to the Geometry routine,
If left blank the program will continue reading
in Aircraft Geometry data cards.
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Control Flag Card

(713,11,12,161.3,8X)

Column Code Routine Explanation
Format
1-3 Jo AIRCFT Wing area flag.
13 = 0 Wing area card is not included.
= 1 Wing area card is to be read.
4-6 J1 AIRCFT Wing data and camber flag.
13 = 0 No wing data are used.
= 1 Cambered wing data are to be read.
= =1 Uncambered wing data are to be read,
-9 J2 AIRCFT  Fuselage control flag.
I3 = 0 No fuselage data are used.
= 1 Data for arbitrarily shaped fuselage
will be read,
= -1 Data for circular fuselage will be read.
10-12 J3 AIRCFT  Pod control flag.
13 = 0 DNo pod data are used.
= 1 Pod data are to be read.
13-15 J4 AIRCFT Fin ccntrol flag.
13 = 0 No fin data are used.
= 1 Fin data are to be read.
16-18 J5 AIRCFT Canard control flag.
13 = 0 No canard data are used.
=1 Cznard data are to be read,
19-21 J6 AIRCFT Fuselage camber and symmetry flag.
I3 = 0 Fuselage camber data will be read.
= 1 Configuration is symmetrical with
respect to the X-Y plane (uncambered
circular fuselage 1s used).
= =1 Fuselage is uncambered.
= 2 Uncambered, arbitrary fuselage.
22 J7 AIRCFT General airfoll surface flag.
11 = 0 No airfoil data are used.
= 1 General airfoil surface contrel card
to be read.
23-24 NWAF AIRCFT Number of airfoils used to describe the wing
12 = 2 to 20.
25-27 NWAFOR AIRCFT Number of percent-chord points used to define
' I3 each wing airfoil section.
= 3 to 30.
28-30 NFUS AIRCFT The number of fuselage segments to be read.
I3 =1 to 4.
31-33 NRADX(1) AIRGFT Number of Y-Z coordinate points used to
I3 describe each cross section for the first

fuselage segment. This parameter is used
for both arbitrary and circular fuselage
segments.

= 3 to 30.
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IDENTIFICATION AND CONTROL  (continued)

Control Flag Card (continued)

Column Code Routine Explanation
Format
34-36 NFORX(1l) AIRCFT Number of X cross sections to be used for
I3 each fuselage segment.
= 2 to 30.
37-39 NRADX(2) AIRCFT Same as Field 31-33 for second fuselage
13 segment,
40-42 NFORX{(2) AIRCFT Same s Field 34-36 for second fuselage
13 segment,
43-45 NRADX(3) AIRCFT Same as Field 31-33 for third fuselage
13 segment.
46~48 NFORX(3) AIRCFT Same as Field 34-36 for third fuselage
13 segment.
49-51 NRADX(4) AIRCFT Same as Field 31-33 for fourth fuselage
13 segment.,
52-54 NFORX(4) AIRCFT Same as Field 34-36 for fourth fuselage
13 segment,
55-57 NP AIRCFT Number of pods to be imput (up to 9).
13
S8-60 NPQODOR AIRCFT Number of stations to be used in the pocd radii
13 distribution input. This is the same for all
pods.,
= 2 to 30.
61-63 NF %gRCFT Number of vertical fins to be input (up tec 6).
64~66 NFINOR AIRCFT Number of ordinates used to define each fin
13 airfoil. This is the same for all fins.
= 3 to 10.
67-69 NCAN AIRCFT Number of canards ur horizontal tails to be
13 input (up to 2). .
70-72 NCANOR " AIRCFT Number of ordinates used to define the
13 airfoils. This is the same for all canards.

= 3 to 10 Airfoil is symmetrical, upper
ordinates only will be read.

= -3 to -10 Atirfoil is unsymmetrical, lower
ordinates will be read right
after the upper values are read

in.
Wing Area Card (F7.2)
\ 1-7 REFA AIRCFT This card is required if JO = 1 on the Control
¥7.2 Flag Card. This parameter is not used by

'
!
i
4
\
N

the program but may be present in some decks
set up for the NASA Wave Drag Program. If

JO = 0 on the Control Flag Card then the Wing
Area Card is not included in the ceck.
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WINGS

The input infurmation required by the Aircraft Geometry Option to define a
wing with streamwise airfoils is as follows:

1.

2,

Number of airfoils,
Number of alrfoil percent-chord points used to define the airfoils.

A table of percent-chord locations that are to be used for the
airfoil thickness and camber distributions,

The X~Y-Z coordinates of the leading edge of each airfoil.
The chord length of each airfoil.

The airfoil ordinate data in percent of chord length at each percent-
chord position for each airfoil,

A flag to indicate when camber data are to be read in or set equal
to zero,.

Camber values of the mean camber line (AZ) at each percent-chord
location for each airfoil.

The input information required to describe a wing is illustrated in Figure 8.

Figure 8. Wing with Streamwise Airfoils.
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Note that each airfoil 1lies in an X-Z plane at a fixed spanwise station, Y.
This will pose problems in some applications at the wing-fuselage juncture,
particularly for area-ruled fuselages.

The Z-coordinates of each surface point are calculated from the following
relationship.

Z = 20 + DZ * C * WAFORD(I,J) + TZORD(I,J).
where

Z = final Z-coordinate of a point on the airfoil,

DZ = upper surface - lower surface factor.
= +1.0 for upper surface,
= -1,0 for lower surface.

C = chord length/100.0

WAFORD = upper airfoil thickness in percent of chord length

subscript I = the airfoil number (=1 for the inboard airfoil)

subscript J = the number of chordwise location.

TZORD

camber, AZ.

20

Z-coordinate of the airfoil leading edge point.

The order of the generated X-Y-Z surface points is shown in Figure %a for the
upper surface of the wing. The wing lower surface is shown in Figure 9b,

In the wing shown in Figure 9 there were seven percent~chord locations from
the leading edge to the trailing edge. Since each element data card generated
(Type 3 card) contai s two data points, three and one-half cards will be
required for the root upper surface. Rather than beginning the next wing
chord on the last half of the third card, this field is filled by a dumny
point (point 8) which is a repeat of the trailing edge point (poimt 7). This
dummny point is furnished automatically by the program when it is required and
permits each airfoil to be started on a new card. This facilitates the
manual manipulation of resulting data decks to meet various needs.

The wing lower surface is considered as a new vehicle section. To obtain the
correct "outward" side of the surface the generation of points starts at the
tip rather than the root as was done for the upper surface. Dummy trailing
edge points are generated just as was done for the upper surface. Im the
example shown, point 1 will have a Status flag of 2, points 9 and 17 will have
Status = 1, and all the rest will have Status = 0.
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Figure 9. Points and Elements Generated for Wing Surface,

Note that a surface point 1s calculated at each inpuat percent-chord location
for each airfoil. The number of percent-chord locations and the number of
airfoils will determine the number of surface poilnts generated and the number
of resulting surface elements. In the example shown in Figure 9 a total of

28 elements were generated (including 4 that result from the dummy trailing
edge points).
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WING DATA CARDS

Wing Percent-Chord Location Card{s) {10F7.0,10X%)

Column Code Routine Explanation
Format
1-7 XAF(1) AIRCFT Table of percent-chord locations that are to
8-14 XAF(2) 10F7.0 be used for the airfoill thickness and camber
15-21 XAF(3) coordinates. Use as many cards as requirec
22-28 XAF(4) with 10 pnumbers on each card. Use as many
29-35 XAF(5) fields and cards as is specified by NWAFJR
36-42 XAF(6) (Field 25-27) on the Control Flag Card.
43-49 XAF(7)
etc. etc,
Alrfoil Leading Edge Coordinate Cards {(4¥7.0,52X)
1-7 WAFORG(I,1) AIRCFT X-~coordinate of the airfoil leading edge.
8~14 WAFORG(I,2) 4F7.0 Y-coordinate of the airfoil leading edge.

15-21 WAFORG(I, 3)
22~28 WAFORG(I,4)
73-80

Z~-coordinate of the airfoil leading edge.
The airfoll streamwise chord length.

May be punched WAFORGi, where 1 denotes
the airfoil number,

Note: Repeat this card for all sairfoils, starting with the inboard
airfoil and working to the outboard tip alrfoil. The number
of these cards is given by the parameter NWAF (Field 23-24)
on the Control Flag Card and must not be greater than 20.

Wing Camber Line Cards

(10F7.0,10X)

Not required if J1 = -1 on the Contrecl Flag Card.

1-7 TZORD(J,1)
8-14 TZORD(J,2)
15-21 TZORD(J,3)
22-28 TZORD(J,4)
29-35 TZORD(J,5)
36-42 TZORD(J,6)
43-49 TZORD(J,7)
50-56 TZORD(J,8)
57-63 TZORD(J,9)
64=70 TZORD(J,10)
1-7 TZORD(J,11)

etc, etc.

AIRCFT
10F7.0

Camber values of the mean camber line (AZ)
at each percent-chord location for each air-
foil. Use as many cards as required with

10 numbers on each card., Each airfoil must
have as many numbers as was specified by

the parameter NWAFOR in field 25-27 on the
Control Flag Card., There will be as many
sets of these cards as was indicated by the
parameter NWAF in field 23-24 on the Control
Flag Card. The first number for each airfoil
should start on a new card. The identifica-
tion TZORD] may be punched in card columns
73-80, where 3 denotes the airfoil number.
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WING DATA CARDS (continued) :

Wing Airfoil Ordinate Cards (10F7.0,10%)

Column Code Routine Explanation
Format

1-7 WAFORD(J,1) AIRCFT Wing airfoil thickness ordinates as a percent
8-14 WAFORD(J,2) 10F7.0  of chord length at each percent~chord ordinate

15-21 WAFORD(J, 3) position for each airfoll. Use as many cards
22-28 WAYORD(J,4) as required with 10 numbers on each card,
29-35 WAFORD(J,5) Each airfoil must have as many numbers as :
36-42 WAFORD(J,6) was specified by the parameter NWAFOR iu field
43-49 WAFORD(J,7) 25-27 on the Control Flag Card., There will be
50-56 WAFORD(J,8) as many sets of these cards as was indicated
57-63 WAFORD(J,9) by the parameter NWAF in field 23-24 of the :
64-70 WATFORD(J,10) Control Flag Card. The first number for each H
1-7 WAFORD(J,11) airfoil should start on a new card. The iden- :

etc, etc, tification WAFORDj may be punched in card col-

umns 73-80, where j denotes the alrfoil

number.
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FUSELAGE

The input information required by the Aircraft Geometry Option to define a
fuselage is as follows:

1. Fuselage shape flags (circular, arbitrary, cambered).
2, Number of fuselage segments (1 to 4).

3. Number of Y-Z coordinate points used to describe an X-cross section
for each fuselage segment (3 to 30).

4. Number of X cross sections to be used for each fuselage segment
(2 to 30).

5. A table of X-values of the fuselage cross sections for each fuselage
segment,

6. Tables of Y-Z values to describe each cross section for arbitrary
shaped fuselage,

7. Fuselage centerline camber distribution.
8. Cross-sectional area distribution of the fuselage if it is circular.

From the above input items we see that the fuszlage may be circular or arbitrary
in cross section, may have camber, and may be made up of as many as four seg-
ments. However, a single fuselage cannot be made up to a combinatior of
circular and arbitrary cross sections. (This comment only applied for a single
pass into the Alrcraft Geometry Option. Multiple entries into the Alrcraft
Geometry Option from the Hypersonic Arbitrary-Body executive main prograa
permits an unlimited combinaticon of program capabilities.)

The order of the generated fuselage coordinate points is from the bottonw
around to the top. The first point for each fuselage segment has a Starus
flag of 2, each new cross section starts with a Status of 1, and all the other
points have Status = Q. If the lagt point for a cross-section fills only the
left half of the Type 3 element dats card, a dummy point is generated to fill
the right field of the card, TFigure 10 shows the order of the generated
surface points for an arbitrarily shaped fuselage. Only two fuselage seg~
ments are shown.
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FUSELAGE DATA CARDS

Fuselage X-Station Card(s) (10F7.0,10X)
Column Code Routine Explanation
Format
1-7 XFUS(l,1) AIRCFT Table of X-station values to be used for
8-14 XFUS(1,2) 10F7.0 first fuselage segment. Use as many cards
15-21 XFUS(I,3) as required with 10 numbers on each card,
22~-28 XFUS(I,4) The number of cross sections used must be
29-35 XFUS(1,5) the same as indicated by the parameter
36-42 XFUS(I,6) NFORX on the Control Flag Card. The X-stations
43-49 XFUS(L,7) must be in an order proceeding from the front
50-56 XFUS(I,8) of the vehicle to the rear.
57-63 XFUS(I,9)
64-70 XFUS(I,10) The identification XFUSj} may be punched in
1-7 XFUS(I,1l1) card columns 73-80, where j denotes the
etc. etc. number of the last fuselage station given

Fuselage Chamber Card(s)

on that card.

(10F7.0,10X)

Required only if J6 = O on the Control Flag Card

1-7

8-14
15-21
22-28
29-35
36~42
43~49
50-56
57-63
64-70

1-7
etc.

ZFUS(1,1)
ZFUS(1,2)
ZFUs(1,3)
ZFUS(I,4)
ZFUS(1,5%)
ZFUS(1,0)
ZFUs(1,7)
ZFUs(1,8)
ZFUS(1,9)
ZFUS(I1,10)
ZFUS(1,11)
etc.

AIRCFT
10F7.0

Fugelage camber distribution for first fuse-
lage segment. Use as many cards as required
with 10 numvers on each card. The number of
camber points used must be the same as indi-
cated by the parameter NFORX on the Control
¥lag Card. For an arbitrarily shaped fuse-
lage this parameter will not actually be used
in generating the surface coordinate points.
However, if the parameter J6 = 0 on the Control
Flag Card, then the appropriate number of fuse-
lage camber cards must be present in the deck
(all the values may be = 0.0).

The identification ZFUS} may be punched in
card columns 73-80, where j denotes the

number of the lesst fuselage station given

on that card.

Fuselage Cross-Section Area card(s) (10F7.0,10X)

Not required if the fuselage 1s arbitrary in shape (if J2 = 1)

1-7

8-14
15-21
22-28
29-35
etc.

FUSARD(L,1)
FUSARD(I,2)
FUSARD(I, 3)
FUSARD(I,4)
FUSARD(I,5)
etc.

AIRCFT
10¥7.0

e -

A table of fuselage cross-sectional area
distribution at each station for the first
fuselage segment. Use as many cards as
required with {0 numbers on each card. The
number of points used must be asg indicated
by the parameter NFORX on the Control Flag
Card. The identification FUSARDj way be
punched in cavd colummns 73-80, where J
denotes the station number.

53




FUSELAGE DATA CARDS

(continued)

Fuselage Y-Ordinate Card(s) (10F7.0,10X)

Used for arbitrarily shaped fuselage only. Do not use these cards unless
J2 = 1 on the Control Flag Card.

Column Code

Routine Explanation
Format.

1-7 YFUSY(I,J,l)

8-14 YFUSY(I,J,2)
15~21 YFUSY(I,J,3)
22-28 YFUSY(IX,J,4)
29-~35 YFUSY(1,J,5)
36-42 YFUSY(1,J,6)
43~49 YFUSY(1,J,7)
etc. etc.

AIRCFT Y-ordinates for one fuselage cross section,

10F7.0  gtarting at the bottom and going around to
the top of the gsection. Use as many cards
as required with 10 numbers on each card,
The parameter NRADX on the Control Flag Card
specifies the number of Y-ordinates required
for each cross section. Each get of Y-
ordinate cards are followed immediately by
a Z-ordinate set of cards for that same
cross section. The number of ordinates may
range from 3 to 30,

Fuselage Z-Ordinate Card(s) (10F7.0,10X)

3 Used for arbitrarily shaped fuselage only. Do not use these cards unless
£ J2 = 1 on the Control Flag Card.

1-7 2FUSZ(1,J,1)

B-14 ZFUSZ{1,J,2)
15-21 ZFUSZ(1,J,3)
22-28 7ZFUSZ(1,J,4)
29-35 ZFUSZ(1,J,5)
36-42 ZFUSZ(I1,J,6)
43-49 ZFUSZ(1,J,7)
50-56 ZFUSz(1,J,8)
57-63 ZFUSZ(I,j)
etc, ete,

i aa e G e Y wend

[

-

segment,

AIRCFT Z-ordinates for one fuselage cross section,

10F7,0 gtarting at rha hottom and going around to
the top of the section, These Z-ordinates
correspond to the Y-ordinates input on the
Y-ordinate card described above, Use as
many cards as required with 10 numbers on
each card. The parameter NRADX on the
Control Flag Card specities the number of
Z~ordinates required for each cross section.
Each set of Z-ordinate cards must be right
behind the corresponding set of Y-ordiaate
cards.

Note: Palred sets of Y-ordinate and Z-ordinate cards are repeated {or
each fuselage cross section until all cross sections for a single
fuselage segment are read in. The number of paired sets 1s given
by the parameter NFORX input on the Control Flag Card.

The order of cards for the second fuselage segment is the same as
} prepared for the first gsegment. This includes fuselage station,
camber, cross—section area, and Y-Z ordinates for each fuselage




PONDS OR NACELLES

A pod or nacelle is a body of revolution with its axis arbitrarily located
with reference to the vehicle axis syatem, Thisg increased capability has been
added without effecting the NASA Wave Drag Program input format (the NASA
program 1s limited to having the pod axis parallel tu the vehicle X-axis).

The pod is defined with respect to its own coordinate system (X'-Y'-Z'),

the orientation of which is considered to have been achieved through a yaw-
pitch sequence of rotations. The parameters used in defining the pod and the
formation of surface elements are illustrated in Figure 11,

+Y
Flgure 11. Pod or Nacelle Geometry.

The input information required to define a pod or nacelle is as follows:
1. Number of pods (up to 9).

2. Number of stations to be used in the pod radii distribution input
(2 to 30). This is the same for all pods.

3, The X~Y~Z coordinates of the origin and end of each pod in the
vehicle coordinate system.

4, A table of X-ordinates (relative to pod origin) for the pod radii
distribution.

— .

5. Pod radii distribution for each pod.
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The order of the generated surface points is {rom the bottom around teo the top.
The first point of each pod has a Status of 2, each new sration starts wicth a
Status of 1, and all other points have Status = 0. If the last point for a
station f111s only the left half of the Type 3 Element Data Card, a dummy point
is generated to fill the right half of the card, When the pod axis lies in

the X~Z origin plane, only half the pod is generated (~90° : w = +909),
Otherwise elements for the complete pod are determined.

In addition to specifying the axis orientation, the number of elements in 180"
may also be specified. If this expanded capability is rot used and the input
fields are left bleunk, the program aussumes the pod axis 1s parallel to the
vehicle axis, and elements are generated every 15° in w
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POD AND NACELLE DATA CARDS

Pod Origin Card

Column

Code

(3F7.0,3X,11,3X,3F7.0,6X,11,5X,12)

Routine
Format

Explanation

1-7

8-14

15-21

25

29-35

36-42

43-49

56

62-63
73-80

Pod X-Station Card(s)

PODORG(I,1)

PODORG(I,2)

PONORG(I,3)

IoR

PODORG (I,4)

PODORG(1,5)

PODORG(1,6)

IEL

NEL

1-7

8-14
15-21
22-28
29-35
36-42
43-49
50~56
57-63
64-70

1-7
etc.

XPOD(I,1)
XPOD(L,2)
XPOD(I,3)
XPOD(1,4)
XPOD(I,5)
XPOD(I1,6)
XPOD(I,7)
XPOD(I,8)
XPOD(I,9)
XPOD(1,10)
XPOD(I,11)
etc.

F7.0

F7.0

F7.0

11

F7.0

F7.0

¥7.0

I1

I2

X-coordinate
with respect
origin,

Y-coordinate
with respect
origin.

Z-coordinate
with respect
origin,

Arbitrary orientation flag.

of
to

of
to

of
to

the
the

the
the

the

origin of the first ped
vehicle coordinate system

origin of the first pod
vehicle coordinate system

origin of the first pod

the vehicle coordinate system

If this value

does not e¢qual 1, fields 29-49 are ignored

and the pod «%is is assumed parallel to the

vehicle X-axis.

X-coordinate of the
pod with respect to

system.

Y-coordinate of the
pod with respect to

system.

2-coordinate of the
pod with respect to

system,

Element number flag.

end
the

end
the

end
the

poeint of the first
vehicle coordinate

point of the first
vehicle coordinate

point of the first
vehicle coordinate

ments are assumed in 180°.

Number of elements in 180°

(x, 36).

If this value does not
equal 1, field 62-63 is ignored and 12 ele~

The card identification, PODORGL may be punched
in these columns where 1 denotes the pod

Table of X-ordinates (relative to pod originm)

number,
(10F7.0,10X)
AIRCFT
10F7.0

to be used for the pod radiil distribution.
Use as many cards as required with 10 numbers

on each card.

The number of cross sections

used must be the same as indicated by the
parvameter NPODOR given in field 58-60 on the

Control Flag Card.

The

first X-ordinate

must be zero, and the last X-ovdinate is the

length of the pod.

1 denotes the pod number.
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The identification XPODi
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POL AND NACELLE DATA CARDS (continued)

Pod Radii Card(s) (10F7.0,10X)

Column Code Routine Explanation
Format
1-7 PODR(I,1) AIRCFT A table of pod radii distvibution at each X-
8-14 PODR(I,2) 10F7.0 station for the first pod. Use as many cards
15-21 POTR(I,3) as required with 10 numbers on each card. The
22-28 PODR(I,4) number of points used must be the same As indi-
29-35 PODR(I,5) cated t_ the parameter NPODOR given in field
36-42 PODR(I,6) 58-60 on the Control Flag Card. The identitica-
43~49 PODR(I,7) tion PODRi may be punched in card columns 73-80,
etc. ete, where 1 denotes the pod number,

Note: A new set of all three pod input card sets is required for each pocd
(a maximum of 9 are provided for). Note that every pod uses the
same value for the parameter NPODOR. If the Y-ordinate of the pod
origin is 0,0 then only half of the symmetrical centeriine pod is
generated. If the Y-ordinate is not equal to 0.0 then the entire
pod will be generated,

CAT g
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FINS
Fins are defined by upper and lower uncambered airfoils. Each airfoil lies
in an X-Y plane at a fixed vertical distance, Z. This restriction may pose
problems in some applications at the fin fuselage juncture. The leading edge
of each airfoil is located relative to the coordinate system origin by input
X-Y-Z displacements. F¥For fiuns located on the plane of symmetry only half of
the surface is generated. If the fin is located off the plane of symmetry
both sides will be generated. The generation of surface polnts and elements
follows the same general procedure as outlined previously for the wing.
The input irformation required to define a fin 1s as follows:

1. Number of vertical fins (up to 6).

2. Number >f ordinates used to defire each fin airfoil section (3 to 10)

3. The X~-Y~Z coordinates of the fin lower and upper leading edges.

4, Chord lengths for the lower and upper airfoils.

5. A table of percent-chord locations that are used to define airfoils.

6. A table of airfoil ordinates as a percent of the chord length.

The input and formation of fin surface elements are illustrated in Figure 12.

Figure 12. Fin Geometry Generationm.



FIN DATA CARDS

Fin Leading Edge Coordinate Card

(8¥7.0,24X%)

Colume Code Routine Explanation
Format

1-7 FINORG(N,1,1) AIRCFT X-coordinate of root airfoil leading edge.
8-14 FINORG(N,1,2) 8F7.0 Y-coordinate of root airfoil leading edge.
15-21 FINORG(N,1,3) Z-coordinate of root airfoil leading edge.
22-28 FINORG(N,1,4) Chord length of root airfoil.
29-35 FINORG(N,2,1) X~coordinate of tip airfoil leading edge.
36-42 FINORG(N,2,2) Y-coordinate of tip airfoil leading edge.
43-49 FINORG(N,2,3) Z~coordinate of tip airfoil leading edge.
50-56 FINORG(N,2,4) Chord length of tip airfoil.

73-80 The card identification FINORGn, where n

denotes the fin number.

Fia Percent-Chord Location Card (10F7.0,10X)

1-7 XFIN(N,1)

8-14 XFIN(N,2)
15-21 XFIN(N,3)

22-28 XFIN(N,4)

29-35 XFIN(N,S)

36-42 XFIN(N,6)
43-49 XFIN(N,7)

50-56 XFIN(N,8)

57-63 XFIN(N,9)
64-70 XFIN(N,10)

AIRCFT
10F7.0

Table of percent-chord locations that are to
be used for the airfoil thickness ordinates,
Only one card is used and may contain up to
10 numbhers. The number of percent-chord
locations used must be the same as indicated
by the parameter NFINOR in field 64-66 on
the Control Flag Card. 7The card identifica-
tion XFINn may be punched in card columms
73-80, where n denotes the fin number.

Fin Airfoil Ordinate Card (10F7.0,10X%)

1-7 FINORD(N, 1)

8-14 FINORD(N,2)

15~21 FINORD({N, 3)

22-28 FINORD(N,4)

29-35 FINORD(N,5)

36-42 FINORD(N,6)
4349 FINORD(N,7)

50- 56 FINORD(N,8)

57-63 FINORD(N,9)
64-70 FINORD(N,10)

AIRCFT
10F¥7.0

Table of fin airfoil thickness ordinates as
a percent of chord length at each percent-
chord ordinate position for the fin. Only
one card is used and may contain up to 10
numbers. The number of percent—chord loca-
tions used must be the same as indicated by
the parameter NFINOR in field 64-66 on the
Control Flag Card. The card identification
FINORDn may be punched in card columns 73-80,
where n denotes the fin number.

Note: A new set of all three fin input cards is vrequired for each fin
(a maximum of 6 are provided for). Note that every fin uses the
same value for the parameter NFINOR. If the Y-ordinates of the
fin leading edge are input as 0.0 only half of the symmetrical

centerline fin is generated. If the Y-ordinates of the leading

edge are not equal to 0.0 then the entire fin will be generated.
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CANARDS OR HORIZONTAL TAILS

Canards or horizoutal talls are defined in a manner similar to that used for
fins using an inboard airfoil and an outboard airfoil. Each airfoil lies in
an X-Z plane at a fixed Y distance. The airfoils may be symmetrical or
unsymmetrical. Both the top and bottom of the surface will be generated using
the same proc:dures as outlined for the wing.

The input information required to define a canard or horizontal tail is as
follows: ’

1. Wumber of canards (up to 2).
2. Number of ordinates used to define the canard airfoils (3 to 10).

3., The X-Y-Z coordinates of the inboard and outboard alrfoil leading
edges.

4. Chord lengths of the inboard and outboard airfoils.

5. A table of percent-chord locations that are to be used to define the
airfoils. )

6. A table of airfoll upper surface ordinates as a percent of chord
length. If the airfoil is not symmetrical another table contains
the lower surface ordinates.

The generation of canard and horizontal tail surfaces is 1llustrated in Figure 13,

|
¢
E Figure 13, Generation of Canard and Horizontal Tall Geometry
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CANARD DATA CARDS

Canard Leading Edge Coordinate Cavd (8F7.0,24X)
Column Code Routine Explanation
Format

1-7 CANORG(N,1l,1) AIRCFT X~coordipate of inboard airfoill leading edge.
8-14 CANORG(N,1,2) 8F7.0 Y-coordinate of inboard airfoil leading edge.

15-21 CANORG(N,1,3) Z-coordinate of inboard airfoil leading edge.
22-28 CANORG(N,1,4) Chord length of the inboard airfoil.

29-35 CANORG(N,2,1) X-coordinate of outboard airfoil leading edge.
36-42 CANORG(N,2,2) Y-coordinate of outboard airfoil leading edge.
43~49 CANORG(N,2,3) Z-coordinate of outboard airfoil leading edge.
50-56 CANORG{(N,2,4) Chord length of the outboard airfoil.

73-80 The card identification CANORGn may be punched

in card columns 73-80, where n denotes the
fin number.

Canard Percent-Chord Location Card {10F7.0,10X)

1-7 XCAN(N,1) AIRCFT Table of percent-chord locations that are to
8-14 XCAN(N,2) 10F7.0 be used for the airfoil thickness ordinates.
15-21 XCAN(N,3) Only one card is used and may contain up to
22-28 XCAN(N,4) 10 numbers, The number of percent-chord
29-35 XCAN(N,5) locations used must be the same as indicated
36-42 XCAN(N,6) by the parameter NCANOR in field 70-72 on the
43~49 XCAN(N,7) Control Flag Card. The card identification
50-56 XCAN(N,8) XCANn may be punched in card columms 73-80,
57-63 XCAN(N,9) where n denotes the canard number.

64~70 XCAN(N,10)

Canard Upper Ordinate Card (10F¥7.0,10%)

Also used for lower surface if canard is symmetrical.

1-7 CANORD(N,1) AIRCFT Table of canard airfoil thickness ordinates
8-14 CANORD(N,2) 10F7.0) as a percent of chord length at each percent-

15-21 CANORD(N,3) chord ordinate position. Only one card is
22-28 CANORD(N,4) used and may contain up to 10 numbers., The
29-35 CANORD(N,5) number of percent-chord locations used must
36~42 CANORD(N,6) be the same as indicated by the parameter
43-49 CANORD(N,7) NCANOR in field 70--72 on the Contrcl Flag
50-56 CANORD(N, 8) Card. 1If the parameter NCANOR is positive
57-63 CANORD(N,9) (+) these airfoil ordinates will be used for
64-70 CANORD(N,10) both the top and bettom of the canard. The

card identification CANORDn may be punched
in card columns 73-80, where n denotes the
canard number.

If the canard airfoil is not symmetrical the
bottom alrfoil thickness ordinates are input
of the following caxrd.
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CANARD DATA CARDS (continued)

Canard Lower Ordinate Card (10r7.0,10X)

This card is only used i1f the alrfoil is not symmetrical (NCANOR = =)

Column Code Routine Explanation
Format

1-7 CANORL1(N,1) AIRCFT Table of canard airfoil thickness ordinates for
8-14 CANOR1(N,2) 10F7.0 the lower surface as a percent of choxrd length

15~21 CANORI1(N,3) at each percent-chord ordinate position. Only
22~28 CANORI(N,4) one card is used and may contain up to 10 num-
29-35 CANOR1(N,5) bers. The number of percent-chord locations
36~42 CANOR1{N,6) used must be the same as indicated by the para-
43-49 CANORL(N,7) meter NCANOR in field 70-72 on the Control Flag
50-56 CANORL(N,8) Card. The parameter NCANOR must be negative.
57~63 CANORL1(N,9) Both the upper and lower thickness ordinates are
64-70 CANOR1(N,10) input as positive percent-of-chord values. The

card identification CANORLln may be punched in
card columns 73-80, where n denotes the canard
number.

Note: A new set of all canard cards is required for each canard (a

maximum of 2 canards are provided for). Note that every canard
uses the game value for the parameter NCANOR.
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GENERAL AIRFOIL SURFACES

This gecometry surface type may be used to generate surfaces that are defined

by airfoil sections having arbitrary orientatilons in space. The airfoils are
not confined to fixed planes ax was the case for the wings, fins and canards
previously describced. This more general approach permits the use of non-
streanwise airfoill sections and is useful in describing intersecting components
such as the wing and tail fuselage junctures. Input cards for this surface
type cannot be used as input to the NASA Wave Drag Program.

The general alrfoil surface is defined by connecting two or more airfoll sec-
tions with straight lines. The orientation of each airfoil is given hy
coordinates of the leading and trailing edges and an airfoil rotation angle,
The techniques used 1n defining these airfoils and in performing the neces-
sary transformation to obtain the required Z-Y-Z coordinates in the vehicle
coordinate system are discussed below.

Each airfoil section is defined relative to a coordinate system fixed within
the airfoil. The airfoil thickness displacements may be measured elther from
the mean-camber line along a line perpendicular to the airfoil axis or on a
line that is normal to the mean camber line. This latter method is used in
some of the early NASA airfoil documents. All airfoll section parameters are
expressed as a percent of the airfoil chord, The parameters used In defining
an airfoil are illustrated in Figure 14. 1In this illustration the airfoil
lies in the n-£ plane.

+2Z
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Figure 14, General Airfoil Coordinate System.




The input information required by the Aircraft Geometry Option to define a
general airfoil surface is as follows:

1. Numbexr of airfoils,
2. Number of airfoil percent~chord points used to define the airfolls.

3. Flags to control the thickness distribution type, generation of tip
and root closure elements, and repetitive use of mean camber line
and thickness distributions.

4. A table of percent chord locations that are to be used for the
airfoil thickness and camber distributions.

5. The X-Y~Z coordinates of the leading and trailing edge of eauh
airfoil section.

€. The roll angle ¢ of each alrfoll section.

7. The mean camber line ordinates in percent-chord at each percent
chord location for cach airfoil.

8. Thickness distribution in percent chord at each percent-chord
position for cach airfoil.

The roll angle ¢ 1is input explicitly aud together with ¥ and 6 are posi-
tive in the right-handed sense of the refarence system.

Zero values for the rotatlion angles indicate the airfoil 1is or:.entated parallel

to the X-Z plane. Zero yaw and pitch angles aid a +30 dzgree roll angie gives
an alrfoil in the X~Y plane (such as a vertical tail root airfoil).

This surface type differs from those previously described in that repetitive
use may be made of the arbitrary airfoil eption on a single pass into the
Alrcraft Geometry Option. This stacking option allows wings, fins, etc. to
he generated on a single pass into the Aircraft Geometry Option. A control
flag also permits repetitive use of alrfoll data for subsequent airfoils to
save input time when all the surface airfoils are identical. Tip and root
closure elements may also be genevrated ¢ give a completely enclosed surface.

The arrangement of the generated X-r-Z surface polnts and elements 1s similar
to the procedure outlined for the wing surface with the exception of elements
that may be generated to close the tip and root sections.
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GENERAL AIRFOIL DATA CARDS

General Airfoil Control Flag Card (22%,13, 2(3Xx,12), 7(4X,11),2X,A4,4X)

Column Code Routine Explanation
__ Format
1-22 Surface Description statement. Any acceptable
machine characters. Not used by the program.
23-25 ISURF %%RCFT Control surface deflection flag (= 0).
29-30 NAF AIRCFT Number of airfoils used to describe the surface,
12 = 2 to 20,
34-35 NAFORD AIRCFT Number of percent-chord points used to define
12 each airfoil section.
= 3 to 30.
40 NCAM AIRCFT Flag for mean camber line distribution.
11 0 No camper data will be input.

1 Camber data will be input.

45 NACA AIRCFT  Airfoil thickness type flag.
1l = 0 Thickness will be calculated normal to
the chord line.
= 1 Thickness will be calculated normal to
- the mean camber line.
= 2 Same as = 0, but camber input as AZ.

50 1T1P AIRCFT  Flag for closure surface at the tip.
11 = 0 Do not generate tip closure surface.
= 1 Tip closure surface will be generated,
55 IROOT AIRCFT Flag for closure surface at the root.
Il = 0 Do not generate root closure surtace.
= 1 Root closure surface will be generated.
60 ISIMC AIRCFT Flag for simllar camber line distribution.
11 = 0 Each airfoil camber 1line will be input.

= 1 Camber line distribution will be the
same for ail airfoils and need be input
only for the first.

65 ISIMT AIRCFT Flag for sirilar thickness distribucion.
: I1 = (0 Each airfoil thickness distribution will
: be input,
; = 1 Thickness distribution will be the same

for all airfoils and need be input only
for the first.

70 MORE AIRCFT Flag to indicate stacking of general airfoil
I1 surfaces.
L : = 0 This is the last surface.

= 1 Another surface follows and a complete
set of arbitrary airfoil input cards is
expected immediately following this set.

73-76 SURFID AIRCFT  Surface identification to be punched in fields
A4 73-76 of the output element data Type 3 cards.
Any acceptable machine characters.
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uuuuu wny, arxrull UATA CARDS

Airfoil FPercent-Chord Location Card(s)

(continued)

(10¥7.0,10%)

Column Code Routine Explanation
Format
1-7 XocC(1) AIRCFT  Table of percent-chord locations that are to
8-14 X0C(2) 10F7.0 be used for the afrfoi' thickness and camber
15-231 X0C(3) distributions. Each card may contain up to
22-28 X0C(4) 10 fields, 1f more are required continue with
29~35 X0C(5) additional cards of the same format. Use as
36~42 X0C(6) many fields as 1is specified by NAFORD (field
43-49 X0C(7) 34-35) on the General Airfoil Control Flag
50-56 XOC(8) Card. Maximum number of fields is 30 (3 cards).
57-63 X0C(9)
64~70 X0C(10) Fields 73-80 of each card may be used for
identification.
1-7 X0C(11)
etc.  etc.
Airfoll Orientation Cards (10F7.0,10X)
1-7 AFORG(1,1) AIRCFT  X-cooxdinate of the airfoil leading edge.
8-14 AFORG(I,2) 10F7.0  Y-coordinate of the airfoil leading edge.
15-21 AFORG(L,3) Z~coordinate of the airfoil leading edge.
22~28 AFORG(I,4) X-coordinate of the ailrfoil trailing edge.
29~-35 AFORG(I,S) Y-coordinate of the airfoil trailing edge,
36-42 AFORG(I,6) Z-coordinate of the airfoil trailing edge.
43~-49 AFORG(I,7) Airfoil roll angle ¢ 1in degrees.
73-80 May be used for identification.

Note:

Airfoil Camber Distribution Cards

Repeat this card for all airfolls, starting with the inboard root

airfoil and working to the outboard tip airfoil.

The number of

these cards is given by the value of NAF (field 29-30) of the
General Airfoil Control Flag Card and rust not be greater than 20.

(10F7.0,10X)

Required only if NCAM = 1 on the General Airfoil Control Flag Card.

If NACA

= 2, use wing camber cards (see p. 49)

1-7

8~-14
15-21
22-28
29-135
36-42
43-49
50-56
57-63
64~70

1~7
etc.

S ey At ——— o twR — .- - IR R

AFCAM(I,1)
AFCAM(I,2)
AFCAM(I, 3)
AFCAM(L, 4)
AFCAM(I,5)
AFCAM(L,6)
AFCAM(I,7)
AFCAM(I, 8)
AFCAM(I,9)

AFCAM(I,10)

AFCAM(I,11)

etc'

AIRCFT
10F7.0

Mean camber line distribution, in percent-
chord, at each percent-chord location XOC.
Use as many cards as required with 10 numbers
on each card. Each airfoil must have as many
numbers as was specified by the parameter
NAFORD (fleld 34-35) on the Gemeral Alrfoil
Control Fiag Cerd (30 maximum). There will be
as many sets of cards as given by the parameter
NAF (field 29-30) on the General Afirfoil
Control Flag Card. The first value for each
airfoil should start on a new card. If
parameter ISIMC = 1 (field 60 of General Air-
foil Control Flag Card), only oue set of cards
is required. Filelds 73-80 may be used for
identification.
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GENERAL. ALRFOIL DATA CARDS

(continued)

Airfoil Thickness Distribution Cards (10r7.0,10X)
Column Cude Routine Explanation
Format e
1-7 AFORD(1,1) AIRCFT  Afrfoill tuickness coordinates, in percent-chord,
8-14 AFORD(I,2) 10¥7.0  at each percent-chord location XOC. Use as
15-21 AFORD(I,3) many cards as required with 10 numbers on each
22-28 AFORD(I,4) card. Each airfoill must have as many numbers as
29-35 AFORD(I,5) was speclfied hy the parameter NAFORD (field
36-42 AFORD(I,6) 34-35, on the General Airfoll Control Flag Card
43-49 AFORD(I,?7) (30 maximum). There will be as many sets of
50-56 AFORD(1,8) cards as given by the parameter NAF (field 29-30)
57-63 AFORD(I,9) on the General Airfoil Control Flag Card. The
64-70 AFORD(I,10) first value for each airfoil shiculd start on s
new card. If parameter ISIMT = 1 (field 65 of
1-7 AFORD(I,11) General Airfoil Control Flag Card), only one set
etc, etc. of cards is required. Fields 73-80 may be used
for identification.
Note: Data are input as 1/2 of total thickness
values (i.e.,, If t/c ot = (0,04, then
input AFORD = t/c = 5.6%}.
¥
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AERODYNAMIC PROGRAM-INPUT DATA

The Aerodynamic portion of the program contains six major components.
1. Flow Field Analysis
2. Shielding Analysis
3. Inviscid Pressures
4. Viscous Methods
5. Special Routines
6. Streamlines

Access to these major options 1s obtained by use of the Aero option on the
System Control Card input to the Main Executive Routine. All six of the
above major options are controlled by an executive routine called AERO.

The input data to the AERO executive routine includes a set of flags
(IPG) to determine the sequence of calls to the above six options, Up
to 20 calls may be made to the various options on a single entry into
the AERO executive routine., After the last non-zero option is executed
the program will return to the Main Executive program. The basic flight
conditions, vehicle reference dimensions, and the angle of attack and
yaw angle cards are input to the AERO executive routine and apply for
all of the AERO options called by the IPG commands,

Input to Aero Executive Routine

Aerc System Title Card  {15A%)
Column Code Routine Explanation
Format
1-60 TITLE AERO Title to be printed at the top of each page of
15A4 the output.

Aero Tlag Card (2011)

1 IPG(1) AERO Aerodynamic sub-options to be used in the order
11 in which they will be solved, Maximum of 20.
2 IPG(2Z)
= 1 Flow Field Analysis.
3 IPG(3)
= 2 Shielding Analysis.
etc, etc.

= 3 Inviscid Pressures.
20 IPG{20)

= 4 Viscous Forces,

= 5 Special Routines

= 6 Sireamlines
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Flight Condition Cerd

(4¥10.0,11,12)

Column Code Routine Explanation
Format
1-10 MACH AERO Free-stream Mach number
¥10.0
11-20 ALT AXRO Flight altitude (feet), 1If input as less than
F10.0 -1000 (e.g., -2000.0) free-stream pressure is
input in place of PSTAG (cc 21-30) and free-
stream temperature is iupul in place of T3TAG
(ce 31-40).
21-30 PSTAG AERQ Wind-tunnel stagnation pressure (atmospheres),
¥10.0 = 0.0 If the U.S, 1962 Standard Atmospheric
properties are to be used at the input
altitude,

# 0.0 Input altitude will be ignored and the
input stagnation pressure and tempera-
ture will be used to calculate tunnel
{ree-stream properties (using isentropic
ideal-gas relationships).

31-40 TSTAG AERO Wind-tunnel stagnation temperature, °F. This
F10.0 number will be used with the above pressure to
calculate the tunnel free-stream properties.
41 ICAS AERO Gas seleztion flag.
Il =0 Alr properties will be used.
= 1 Helium properties will be used.
42~43 NAB AERO Number of a=-B cards to be read.
12 A wmaximum of 20 cards ate permiiied.

Reference Dimension Card

1-10 SREF

11-20 MAC

21-30 SPAN

21-40 XCG

41-50 YCG

51-60 ZCG

AERO
F10.0

AERO_
F10.0

AERO
F10,0

AERO
F10,0

AERO
F10.Q

AERO

(6F10.0)

Reference area for the force coefficients
(wing area). Must be in units consistent
with input scaled geometry data.

Reference length to be used in pltching moment
calcylations.

Refercnce length to be used in rolling-and
yawing-noment calculations.

Longitudinal position of center of gravity for
moment calculations. Note that XCG will fre-
quently be input as a negatlve number since

the negative X-~axzis is usually taken as directed
from the nose to the tail.

Lateral position of the center of gravity.
Usually = 0.0,

Vertical position of the center of gravity.

e




The number of these cards to be input is controlled by the parameter NAB,
The complete set of a~8 cards 13 assumed to be used by ail the AERO
options (Flow Field, Inviscid Pressures, Viscous, and Special) unless the
various options specify otherwise,

Column Code Routine Explanation
Format
1-10 ALPHA(I) AERO Vehicle angle of attack (g), deg.
F10.0
11-20 BETA(I) AERO Vehicle sideslip angle (8). TPositive with

F10.0 the wind striking the right side of the
vehicle, deg.

21-30 ROL(I,; AERD Vehicle roll angle, deg. Posgitive with
F10.0 right wing down.
31-40 CDELTA(I) AERO Control surface deflection angle,
F10.0 (Not operational in Mark IV Mod 0 version)
41-50 QI(I) AERO Vehicle pitch rate, radians/sec.
F10.0
51-60 RI(I) AERO Vehicle yaw rate, radians/sec.
F10.0
61--70 PI(1) AERO Vehicle roll rate, radians/sec.
F10.0

Note: The above parameters are stored in data arrays. A maximum of
20 couditions are permitted.




FLLOW FTELD PRO::RAM INPUT DATA

The Flow tield "rogram is reached Ly way of sub-option calls from the aero
Executive routine. The Flow Field Program is used to load or genmerate local
flew fields for use in the pressuve calculations of the Inviscid Force option.
The Flow Field Program stores local flow field data on the Flow-Fie)d Data
Storage unit using mass storage (direct access) techniques. The unit contain:
several directory tables te provide the necessary pointers to each level of
the data. These include a Master Directory, an u-B8 directory table for each
data s=t (Mach number) that provides the pointers to each a-f set, u region
directory table for each a-B thac poinrs to the flov field table, and a flow
field data table that points to each type of flow fielu daca (i.e., flow
field, streamlines, etec.). It is very important to be thoroughly familiar
with the way that these tables are generated aad used. Subroutine FLOW
should be studied to obtain this knowledge. The general manner in which the
flow field information is generated aud stored is summarized by the diagram
in ¥igure 15 The organization of the Flow Field Data Directories and Tables
is shown in the diagram of Flgure 16. he detailed card inpuat requirements
for cach of the options are theu presemted on the following pages.
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FLOW FIELD DATA

The input cards described below control the generation and use of the
Flow field storage unit divectories and tables and the pointers that
they contain. In general, options are proyided for either reading

data already stored on the unit and printing them on the output unit
for inspection, or the actuzl loading or generation of the flow field
data. The cards described below are concerned with the generation

and use of the directory tables. Subsequent input card descriptions
will give the input requirements fcr each of the methods actually used
in loading or generating the flow field data itself using the directory
tables that have been prepared.

Master Directory Title Card (111,19X,10A4)
Column Code Routine Explanation
Format
1 MFLAG FLOW Master directory status flag.
I1 = 0 Set up complete new mester

directory table.
= 1 Directory table already exists,
so just use old pouinters.

21-60 TITLEM FLOW Master directory title. This title
10A4 is only used when MFLAG = 0.

Master Directory Data Set Card (211, 1X, I1, F6.0, 10X, 10A4)

This card is used to establish the different sets of data (i.e.,
different Mach numbers).

1 LASTS FLOW Last set flag.

I1 = 0 This is not the last set of data.
= 1 This is the last set of data.
2 NEWS FLOW New Set Directory flag.
I1 = 0 Set up a new Set Directory table.
= 1 The desired Set Directory already
exists so just read the pointers
to get to the desired set,
= 2 A new Sat Directory will be added
and the Master Directory pointer
updated,
4 NSET FLOW Data gset number. Maximum of 5 permited.
I1 (must be = 1 1if NEWS = 0)
5-10 MACH FLOW Mach number. This does not have to be
¥6.0 the same as was input to AERO.
21-60 TITLES FLOW Set directory title. This title is
10A4 used only when NEWS = 0.
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Column Code Routine Explanation
Foirmal

a-p Set Directory Table Card (211,12,2F6.0,4X,1044)

1 LASTAB FLOW Last a-f set flag.
11 = 0 This is not the last a-B se:..
= 1 This is the last a-B set.
2 NEWAB FLOW New a-f set flag.
I} = 0 Set up a new a—B s~t directory
table.

= 1 The o-B set directory table
already exists so just read
the pointers to get to the
desired o-B set.

2 A new a-B set will be added
to the set table that already

exists,

3-4 IAB FLOW a-B set number, Maximum of 20 permited.
I 1

5-10 ALPHA FLOW Angle of attack, a. This does not have
¥b.U to be the same as was input to AERO.

11-16 BETA FLOW Yaw angle, B. This does not have to
F6.0 be the same as was input to AERO,

21-6¥ TITLEA FLOW Title for the o-B8 set directory table,
10A4 This title is only used when NEWAB = (.,

Region Directory Table Card (211,12,411,12X,10A4)

1 LASTR FLOW Last flow region flag.
11 = 0 This is not the last flow region.
= 1 This is the last flow region.
2 NEWR TLOW New region set fiag.
B2r/ = 0 Set up a new region set directory.

il

1 The region set directory table
already exists so just read
the pointers to get to tne
desired flow region.

= 2 A new flow region will be

added to the region set

directory table that already
exists.

b
i
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Region Directory Table Card (continued)

Column Code

Routine Explanation
Format

3-4 IREG

5 IDTYP(1)

6 ISORCE

7 IRW

21-60 TITLER

FLOW
12

FLOW
11

FLOW
11

FLOW
11

FLOW
1044

Flow region number.

Data type flag.

= 1 Flow Field data will be read,
loaded, or generated.

= 2 Surface property data will be
read or loaded.

= 3 Streamline data will be read or
hand loaded.

= 4 Shock shape data will be read or
hand loaded. (uot active)

Flow Field data source flag. Used only
if IDTYP(1) = 1,
= 1 Data are to be input using the
hand loaded flow field option,
or will be read and printed out
from an already existing data
set for examination.
= 2 Data will be generated using the
Shock-Expansion option.

3 Not used at present time.
Reserved for use in downstream
flow field generation.

= 4 Data will be generated using omne

of the Simple Flow Field routines,

Data read or write flag,

= 0 Data will be input or generated
by cne of the sub-options and the
flow field data saved on the
storage unit (10).

= 1 Data will be read from the flow
field data save unit (10) and
written out on the output file.

Title for the region directory table.
Tlis title is omly used when NEWR = 0.

Note: The type of cards expected next ls detexmined by the IDTYP(1)

and ISORCE parameters.
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Hand-~Load Flow Field Option

This option is provided as a means of inputing flow-fieid datu directly
on to the flow-field data storage unit (unit 10). This opticn is reached
when IDTYP(1) = 1 and 180RCE = 1, or when IDTYP(1l) = 3 on the Region
Directory Teble Ca‘d,

Hand~Lodd Data Type Flag Card (1w

Column Data Routine Explanation
Format
1 IDTYP(2) FFINPT Data type flag.
11 = 1 Uniform flow field dats are to be

input (IRW=0) or read (IRW=1),
= 2 Non~uniform flow field data are to be
input (IRW=0) or read (IRW=1).
Flow Field Data Load of Unifcrm Flow Field (6F10.0)

Tnis card is input only if IDTYP(2) = 1, and IRW = U,

1-10 LINF(1) FFINPT M
F10.0 local

11-20 DINF(2) FFINPT ¥ direction cosine component of loral
F10.0 veloeity vector.

21~30 DINF(3) FFINPT Y direction cosine component of local
F10.0 velocity vector.

31-40 DINF(4) FFINPT Z direction cosiune component of local

18.6 velucity vector.

41-50 DINF(5) FFINPT | S local.
F10.0

51-60 DINF(6) FFINPT T/Tm local.
¥i0.0

Non-Uniform Flow Ficld Data Control and Plane Orlentatior Card

(11,64X,11,4%,6F10.0)
This card is Input if IDTYP(2) = 2, and IRW = 0

1 NSREG FPINPT Number of sub-regicns (assumed at least 1).
11
6 ITFLAG FFINFT Data norwalization flag.
I1 = (0 Data = fn (A,R)
= 1 Data = fu (X,Y)
= 2 Data = fn (X,2)
11-20 X¢ FFINPT ¥® (see Shock~Expansion Flow Field
F10.0 option, pagc 82)
21-30 Y¢ FFINPT ¢
F10.0
31-40 Z¢ FFINPT P
Fl0.C
78
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Non-Unifoirm Flow Fieid Data Control aud Plane Orientation Card

(continued)
Column Code Routine Explanation
e Format _
43~50 PSig FFINPT PSIg
F10.0
51-60 THET@® FLINPT THETY
F10.0
61-70 PHI® FFINPT PHIP
F10.0

Sub-Region Control

Card (1112)

This card is input

1-2 1¥c(l)

3-4 IFC(Z)

5-6 IFC(3)

7-8 IFC(4)

9-10  IFC(5)

oniy 1f IDTYP(L) = 2, and IRW =~ Q,

FFINPT
12
FFINPY
12
FFINPUT
12
FFINPT
12

FFINPT
12

Number of points input en first bonndary.
IFC(1) =50.

Number of poilncs ou the second boundary.
IFC(2) £ 50.

Number of points on th2 third boundary.
{(not active at presgent time)

Number of poilnts on the fourth boundary.
{not active at present time)

Number of remaining intermal flow field
polnts.

Note that (IFC.+IFC_+1FC_+IFC,+IFC.) = 100
4 £ ) & -

11-12 1IrD(1)

13~-14 TFD(2)

15-16 1IFD(3)

17-18 1IFD(4)

19-20 IFD(5)

21-22 TISECF

FFINPT
12

FFINPT
12
FPINPT
12
FFINPT
12
FFINPT
I2
FFINPT
12

Not used at preseat time.
Not used at pregent tlme.
Not uswed at present time.
Not used at present tiwe,
Not used ¢t present time.

Secondary flow flag.
» () No secondary flow 1s present.
= 1 Yes, secondary flow will be input.

Nete that the above card is followed immediately
by the flow field data cards.

T T e e -
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Flow Field Coordinate and Flow Field Data Cards

All of the actual flow-field data (both boundary data and flow field
values) are loaded in the same format. The number of data poiuts in
eacli set is given by the parameters IFC(1l), IFC(2), and IFC(5). In the
present program IFC(3) and IFC{4) are not active, Each data poin*
consists of one Flow Field Coourdinate Card and one Flow Data Carda,

Each pair of cards is repeated until the required number of data points
has been read in as required by the IFC counters. Used if IDIYP(Z) = 2,

Flow Field Coordinate Card (6F10.0)
Column Code Routine Explanation
—_ Format
1-10 DATA(1) FFINPT  X-coordinate cof flow field data point.
F16.0
11-20 DATA(2; FFINPT Y-coordinate of flow field data point.
F10.0
21-30 DATA(3) FFINPT Z-coordinate of flow field data point.
F10.0
31~40 DATA(4) FFINPT A, axial distance of flow field data point.
F1C.0
41-50 DATA(5) FFINPT R, radial distance of flow field data point.
F10.0
51-60 DATA(6) FFINPT PHI, orientation angle of flow field data
F10.0 peoint, in degrees.
Flow Field lata Card (6r10.0)
1-10 DATA(7) FFINPY  Mjoca7e
F10.0
11-20 DATA(8) FFINPT X direction cosine component of local
¥10.0 veloclty vector,
21-30 DATA(9) FFINPT Y direction cosine component of local
F10.0 velocity vector,
31-40 DATA(L0) FFINPT Z direction cosine component of local
F10.0 velocity vector.
41-50 DATA(11) FFINPT P/P,, local.
F10.0
51-60 DATA(12) FFINPT  T/T, local.
: F10.0
? Note: The Sub-Region Control €ard and the required number of pairs of
E Flow Field Coordinate and Data cards are repeated until the «SECF
§ parameter on the Sub~Regior Contrnl Card is set to 0. If NSREG is
areater than i, then this entire set of cards is repeated again.
L This process is repeated until the number of sets is equal to NSREG.
z " _
e T i —— T e —




Simple Flow Field Option

This option is provided as a means of generating uniform flow field data
using the compression, Prandtl-Meyer expansioun, cone, and Newtonian
Prandtl-Meyer routines provided n the program, The basic input require-
ments include the freestream Mach number, the direction cosine components
of the flow field, and the flow turning angle. The program then uscs cnc
of the above routines to calculate the local Mach number, P/Pm, and 'l‘/Tm
values. These data are then stored on the flow field storage unit in the
same format as would be used if they had been input using the Hand Loaded
Flow Field option. Each entry to the Simple Flow Field Option generates

one flow field Region.

The cards below are inpuc only if IDTYP(1l) = 1,

and ISCRCE = 4 on the Region Directory Title Card.
Simple Flow Field Data Source Card {11)

Column Code Routine Explanation
Format
1 ISORCE FFSPEC  Simple flow field selection flag.
I1 = 1 Wedge compression.

i

2 Prandtl-Meyer expansion from
freestream Mach number.

3 Cone surface flow field.

4 Newtonian Prandtl-Meyer flow

field.
Simple Flow Field Data Card  (6F10.0)
1-10 DINF{1} FFSPEC  Freestream Mach number

F10.0
11-20 DINF(2) FFSPEC X direction cosine component of local

F10.0 velocity vector.
21-30 DIN¥(3) FFSPEC Y direction cosine component of local

F10,0 velocity vector.
31-40 DINF(4) FFSPEC 7 direction cosine component of local

F10,0 velccity vector.
41-50 DINF(5) FFSPEC Flow generating turning angle from

F10.0 freestream direction required to give

desired local flow field conditions.

51-60 DINF(6) FYSPEC Field -angle parameter (not used at

F10.0 present time).

81

- - "";-:t a2

- e e g - T A




)
zp Yoo
16
b
xaﬂg/
w
]
Z ) |
xe “ ;
Yo Y 4 FO
H Xo YP :
; x= e
i IJ// T,
4 . -
Figure 17. Cxiting Yermiaclogv.
I —e—
—  Tmary ST W ma e e upe = e = ~ i - - m— e

Shock-Expane ion Flow Field fption

This option is provided as a means of generating flow field data for
subsequent use in the inviscld pressure calculation part of the program.
The generated {low field data are stored on unit 10 using mass storage
(direct access) techniques. The shock-expansion option makes usce of
geometry data previously stored on unit 4. The geometry data are cut
along cutting planes to determine the shock-expansion solution path.
The results of the shock-expansion calculations in terms of local
surface flow properties (Mach, direction cosine components of the local
velocity vector, P/P,, and T/T,) are then stored on unit 10. Unit 10
also contains all the necessary polnters so that the desired flov fieid
regions may be requested and retrieved in the inviscid pressure jart

of the program.

To use the shock-expansion flow method it is first necessary to define the
flow line or path along which the calculations are made. I1deally,
such a path should be a streamline but this is not known a priori.
Therefore, the true path is appioximated by a flow line defined as the
intersection of a plane (referred to as the cutting plane) and the
surface geometry. As an example, the flow lines for a body of
revolution are defined by meridian cutting planes about the body axis.
For zero angle of attack flow, these flow lines are identically
streamlines. For flow at angle of attack, these flow lines simply
provide a convenient way to calculate the surface propertles. The
shock-expansion method also calculates A cross ilow component (to the
flow lines) and an accurate estimate to the true streamline shape may
be made using the Surface Streamline Option., Further discussions of
the shock-expansion and cutting plane terminology are presented below.

Cutting Plane Orientation. Two classes of cutting planes may be selected:

meridian and parallel cuts. The cutiiang planes are defined with
respecl to an axis whose orientation may be arbitrarily specified in
the reference geometry (body) coordinates., The cutting plane axis is
initially assumed to be coincident with the reference X-axis and is
defined by a translation (X,, Y4, Z,) from the reference coordirate
origin, a rotation, Y, about the Z-axis, and a rotation 6, about the
YP-axis (see Figure 19).




Ll

An inltial value of the meridian angle ¢, may also be input., 1hils is
simply a conviencence as the shock-expansion calculations are made with
reference to the most windward plane. All cutting planes will b.
perpendicular to the YP, ZP plane (P simply denotes prime). Parallel
cutting planes will be parallel to the XP-axis and meridian planes
will contain the XP-axis.

Meridian Cutting Planes. Meridian planes are specified vy a rotation,
¢, about the XP axis, ¢ = 0 being the negative LP~plane. Meridian
planes may be specified individually (¢ input in ascending order) ot
selecred as equally spaced, 1In the latter case,

$(1) = ¢o + (I-1)* Ap ; 1 =1, NPL zp

where NPL is the number of cutting 1
planes and

A¢ = 360 / NPL
Meridian planes are “‘one-sided" in that

intersections with the surface are found
only at ¢ and not at ¢ + 180°.

Some care musi be iaken in defining the cutting plane axis in relation
to the surface geometry. Consider the example shown below of a cambered
or inclined fuselage,

< F

6o
(negative)

1f the axis for the meridian planes is specified coincident with the
X~axis (¥, = 0, 85 = 0), meaningless results will be obtained for the
flow lines aft of the location at which the body is below the X-axis.
Correct orlentation of the XP-axis in this case would be at a negative
0,, passing through the nose and the trailing edge points.

=0l R
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In general, the meridian axis should everywhere be interior to the
surface in question. While radial symmetry between ¢ and ¢$+180°
planes is not conserved, the angular relationship between successive
segment.s of the flow linec is maintained, which is the important quantity
in the shock-expansion method.

Porallel Cutting Planes. FParallel cutting
planes are Inclined to the ZP-axis at a
constant angle ¢. , and may also be input
individually or selected as equally spaced,
The positions (XN,YN,ZN) of the parallzl
planes are input in reference coordinates
(X,¥,Z2) and are automatlcally transformed
te the cuttin; plane coordinetes (XP,YP,
2P). If equal specing 1s selected, the two
end points are input and ithe planes are
located at

YPA(L) = YPA(l) + (I-1)* AYPA ; I = 1, NPL
where ZP‘r
aYPA = {YPA(NPL) -~ YPA(1)} / (NPL-1)

The notation YPA refers to the YP position

~
of the YP-axis. YP({}\<L

Parallel cutting planes are "two-sided" iu YPA(l)‘\\\\ YPA(NPL) o ¥P

JF (NPL)

that intersections with the surface are
found at both ¢, and ¢, + 180°. Wing-like
components shoulg, theretore, be defined in \Ex\
separate yroups of upper gsurface nanels and

lower surface panels. r

[

Flow Line Shapes and Data Crdering. The flow lines are cdefined by the
intersections of the cutting planes with the surface geometry. Eefore

the shock-—-expansion calculations can proceed, the Intersections are
arranged in ascending order of the axial coordinate A, defined positive

in the flow direction (i.e., A = -XP), and duplicate points are eliminated.

Two input parameters, X1 and X2, are provided as a means to limit the

extent of the flow field to be saved oa unit 10. This may be useful,

for example, In considering a local region of a flow lipe which could

only be obtained from a geometry pamel input over a larger extent.

More importantly, it is necessary to avold multiple points on the cutting

plane axis. That is, to eliminate the uose point and trailing edge point
¢ of pointed bodies (e.g., the previous sketch of an inclined body). Each
meridian flow line would contain these points and since they are on the
XP-axis it is impossible to establish tue ¢ coordinate. This ic of no
consequence to the actual shock-expansion calculations (as in fact they
are included) but is important if the flow field data are saved for
subsequent strearline or force calculations,

RN
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Symuetry Considerations. Most configurations are loaded with Y-symmetry
(geometry input flag SYMFCT = 0) and only one side is acutally loaded,

In addition, many runs are made with zero yaw (Beta = 0) and calculations
need only be made on the input half of the configuration (total forces

are obtained by simply doubling). Because of the frequency of this type

of calculation , it is considered a normal run and the input parameter

ISYM = 0 on the Cutting Plane Control Card. If on the other hand, a
symmetric configuration Is ruv in a yawed flow, ISYM = 1 will automatically
reflect the geometry. Tbe ISYM flag has no effect on a non-symmetric
configuration (SYMFCT = 1, both sides input).

Shock Expousion Flow Field Control Card  (5I1,5X,2F10.0)

Colunn Code Routine Explanation
Fornat L
1 IFLG(l) FFBODY  Body slope flag.
11 = 0 Use linear slope calculation.

= 1 Use circular-arc calculation
(routine CADA).

2 IFLG(2) FFBODY  Surface data flag.
11 = 0 A new surface line will be generated
using routine MERID.
= 1 Previous surface data will be used.
All other shock-expansion cards
are not input,

3 IFLG(3) FFBODY Solution type flag.
11 = 0 First order shock-expansion method

will be used with tangent-wedge or
Prandtl-Meyer starting conditions,

= 1 Second order shock-expansion method
with cone flow starting solutions
from A.R,C., report C.P, No. 792,

= 2 Second order shock-expansion method
with Jones' cone flow starting
solutions. Best method for lee
side flow.

= 3 First order shock~expansion method
with cone flow starting solutions
from A.R.C. report C.P. No. 792.

= 4 First order shock-expansion method
with Jones' cone flow starting

solutions.
4 IFLG(4) FFBODY  Shock calculation flag.
11 = 0 No shock.
= 1 Shock calculation using shock-
expansion,

= 2 Shock calculation using empirical
formulas (not active at present time).
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Shock Expansion Flow Field Control Card (continued)

Column Code Routine Explanation
Format
5 IFLG(5) FFBODY Detail print flag.
I1 = 0 Do not print detailled data,
= 1 Print detalled shock-expansion
results,
11-20 X1 FFBODY Desired forward X-limit of the flow

F10.0 field data.

21-30 X2 FFBODY Desired aft X-limit of the flow field
F10.0 data.

Cutting Plane Control Card (1012,12,211)
This card is input only 1if IFLG(2) = 0.

1-2 TIPANL(1) MERID Panel number to be used by cutting plane
3-4 TIPANL(2) 1012 routine to establish surface paths for
5-6 TIPANL(3) - the shock-expansion calculations. A

7-8 IPANL(4) total of 10 panels may be used for one
9-10 IPANL(5) flow field calculation.

11-12 TPANL(6)
13-14 LPANL(7)
15-16 IPANL(8)
17-18 IPANL(9)
19-20 IPANL(10)

21-22 NPL MERID Number of cutting planes to be used
11 (2 36).
23 INPHI MERID Cutting plane type flag.
11 = (0 Meridian cuts, equally spaced.
1 = 1 Meridian cuts, position input.
¢ = 2 Parallel cuts, equally spaced.
: = 3 Parallel cuts, position iuaput.
t
! 24 ISYM MERID Beta-symmetry flag. This flag is
i I1 applicable only when panel geometry is

; synmmetrical (SYMFCT = 0).
i = 0 Yaw angle, Beta = 0.0.
£ = 1 Yaw angle, Beta ¥ 0.0,
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Cutting Plane Origin and Orientation Card (6r10.0)
Input only 1if IFLG(2) = O,

Column Code Routine Fxplanation

Format
1-10 Xxrd MERID X@ (scaled cocrdinstes)

F10.0

11-20 Yprd MERID Yo
F10.0

21-30 ze¢ MERID 20
F10.0

31-40 PSIp MERID PS1@, y, » degrees
F10.0

41-50 THETY MERID THETG’,Go , degrees
F10.0

51-60 PHIg@ MERID PHI@, by » degrees
F10.0

Meridian Planes Input Position Card (6F10.0)

Input only if IFLG(2) = 0,

This card is input only if INPHI = 1. Input 6 points ner card.
The number of points is equal to NPL.

1-10 PHI(L) MERID Meridian angles in degrees.
6F10.0 Must be in ascending order.

11-20 PHI(2)

21-30 PHI(3)

31-40 PHI(4)

41-50 PHI(5)

51-60 PHI(6)
Use more cards until PHI(NPL) 1is reached.

Parallel Planes PHI Card (1F10.0)

This card is input only if INPHI = 2 or 3, and IFLG(2) = 0,

1-10 PHICD MERID Plane angle in degrees.
F10.0 { = 0.0 for parallel streamwise cuts
on a wing).
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Paralle]l Planes Input Position Cards (3F10.0)

These cards are input only if IFLG(2) = 0 and INPHI = 2 or 3. 1If INPHI = 2
then two of these cards will be read, If INPHI « 3 then the number of these
cards must be equal to the parameter NPL input on the Cutting Plane Control
Card.

Column Code Routine Explanation
__ Format
1-10 XN MERID The coordinates in the reference cocrdinate
11-20 YN 3F10.0 system (body coordinates) through which the
21-30 ZN cutting plane will pass.
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Surface Data Transfer Option

This option is used to transfer surface data (that has been generated
and stored on unit 4 by FORCE) to the flow field unit 10. This puts the
data on unit 10 in the proper format ready for use in streasmline
calculations, This option may also be used to hand load surface data

on to unit 10. The Surface Data Transfer Option is exercised only if
IDTYP(1) = 2 on the Regiom Directory Table Card. If IRW = 1 then this
option may be used to read and prigt out surface data previously stored
cn unit 10.

Flow Field Control and Plane Orientation Card (I1,14,11,4X,6F10.0)
This card is input only 4if IDTYP(l) = 2 aud IRW = (.

Column Code Routine Explanation
Feimat
1 NSREG FFSURF Total number of sub-regions to be loaded
11 from unit 4 to unit 10 or hand loaded
(assuned at least » 1),
2-5 1FCl FFSURF  Number of data points to be read. 1If
14 input = 0 then the data will be read

from unit 4 and loaded on to unit 10.

If input # 0 then this number of data
points (=IFCl) will be read from the
input unii (hand loading of surface data).

6 ITFLAG FFSURF (not used at present time)
11
11-20 DAT(1) FFSURF X@ (see Shock Expansion Flow Field
F10.0 option, page 82)
21-30 DAT(2) FFSURF Y¢
F10.0
31-40 DAT(3) FFSURF e
F10.0
41-50 DAT(4) FFSURF PSI@
F10.0
51-60 DAT(S) FFSURF  THETQ
¥10.0
61-70 DAT(6) FFSURF  PHIZ
¥10.0
ga




Hand loaded Surface Property Data Cards

These cards are used to hand load surface property data directly on
the flow field unit 10. These cards are input orly if IFC1 ¥ 0. The
general format of the cavrds is the same as is used for loading Flow
Field Data (Flow Field Coordinate and Data Cards). Two cards are
required for each data point. The first card contains the X,Y,Z coor~
dinates and the second card has the surface velocity vector data. Each
palr of cards is repeated until the required number of data points has
been read in as required by the IFCL counter.

Surface Datus Cocrdivate Card (6F10.0)

Col mn Code Routine Explanation
_ Format
1-1Q DATA(1) FFSURF X-coordinate of the surface data point.
F10.0
11-20 DATA(2) FFSURF  Y-coordinate of the surface data point.
F10.0 ’
i : 21~30 DATA(3) FFSURF  Z-coordinate of the surface data point.
. F10.0
31~40 DATA(4) FFSURF (not used)
F10.0
41-5C DATA(S) FFSURF  (not used)
F10.0
51~60 DATA(6) FFSURF {not used)
¥10.,0

Surface Data Property Card (6F10.0)

1~10 DATA(7) FFSURF  Surface Mach number.
F10.0
_ 11-20 DATA(8) FFSURF X-direction cosine component of the
] F10.0 surface velocity vector.
' 21~30 DATA(9) FFSURF  Y-direction cosine componeat of the
t F10.0 surface velocity vector.
31-40 DATA(10) FFSURF Z-direction cosine component of the
F10.0 surface vclocity vector.
41-50 DATA(1l) FFSURF P/P, at the surface point.
F10.0 _
r 51-60 DATA(12) FFSURF  T/T, at the surface peint.
F10.0

If this option 1s used, then the number of sets of these data
furnishod after the "Flow Field Control and Orientation Card'
must be = NSREG.
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Surface Data Panel Selection card (1012)
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This card is used when surface data are to be transfered from unit &
to unit 10 by the FFSURF routine. <Yhis card is input 1f IFC1l = 0 on
the Flow Fileld Control and Plane Orientation Card. The parameters
input on the Surface Data Panel Selection Card jdeatify the geometry
panel rumbers on unit 4 (that aleo have had surface data stored by

the FORCE routine) that are to be grouped together to form the surface
data region. In subsequent streamline calculations each surface sub-
region set of data are fit at one time with the surface spline routine
for interpolation purposes. It 1is therefore importeat that the
geometry panels grouped together form a regular vurface (one that does
not have rapid local changes in character that might fool the surface
spline routine end giva bad interpolation values).

Column Code Routine Explanation
Format
1-2 IPANL(1) FFSURF Panel number of geometry data on unit 4
12 ({ncluding surface velocity vector data)
_ . to be grouped to form a sub-region on the
3-4  IPANL(2) ggbURF flow field storage unit 10, A total of
10 panels may be used for one gub-vegion.
5-6 IPANL(3) FFSURF
12
7-8 IFANL(4) FFSURF
I2
9-10 IPANL(S) FFSURF
12
11-12 IPANL(6) FFSURF
12
13-14 IPANL(7) FFSURF
12
15-16 IPANL(8) FFSURF
12
17-18 IVANL(9) FFSURF
12
19-20 IPANL(10) FFSURF
12

If this cption is used, then the number of these cards iz equal to
NSREG. .

!
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i
e
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Surface Streamline Option

The Surface Streamline Program is reached by way of sub-option cails

from the Aero Executive routine. This option may be used to calculate

streamlines on the vehicle surface for subsequent use in viscous
computations. The streamline proxram makes use of surface velocity
vector data that has been previously stored on the Flow Field Data

Unit 10. It 1s, therefore, necessary that the proper options be called
and executcd to prepare these data before the Streamline Option is
called. It is also necessary that the Streamline Option be called

and executed before a Viscous Option reauiring streamline data is
called.

For streamline calculations to be performed it is first necessary

to generate surface veloclty vector data over the vehicle component
being studied. One way to accomplish this 1s to have the velocity
vector data calculated within the Inviscid Pressure Option of AERO.
The Surface Data Transfer Option of the Flow Field part of the program
may then be used to transfer these data from unit 4 to the proper
format required on unit 10, The sequence of options required to

use this approach is as follows:

1. Geometry data are generated or stored om unit 4 by the Geometry
Option.

2. The Inviscid Pressure Option of AERO is then used to calculate
the surface velocity vector distribution over each vehilcle panel
(using Newtonian theory for the velocity vector and whatever
impact and shadow pressure methods deaired to obtain the local
Mach number, pressure, and temperature), These data are saved
back on unit 4 right along with the original geometry data.

3, The Surface Data Transfer Option of the Flow Fleld section of
the program is then used to transfer the local surface data
on to the regular Flow Fileld Data Stovage unit 17 in 2 format
consistent with all of the other flow field data (and, therefore,
suitable for use by the surface spline interpolation routines).

4, The Surface Streamline Option is then called to perform the
actual streamline computations.

It 1s also possible to obtain the local surface property data for the
streamline calculations in another manner. Or, to be more precise,

it 1s possible to use general flow field data to obtaim the local
surface property information required by the streamline calculations.
These general flow field data may have either been hand loaded into the
program, or they may have been generated by one of the flow field
calculations (i.e., the shock-expansion option). Of course, when
general flow field data are used only the Boundary #1 data (surface
data) are actually used in the streamline calculations, and the flow
field data away from the vehicle surface are ignored. We should also
keep in mind that the general flow field data may be subdivided into
subregions and secondary flows because of the presence of shocks, etc,.
The capabilities are, therefore, provided to use subreqgions collectively
or selectively in the streamline calculations. A sec. idary flow number
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may also be input and the streamlines will only be calculated within
this region. At the present time, it 1s not possible to hnve the
streamline computations continue downstream through a secondary flow
after they have been started within the primary flow of a subregion.
The streamline computations, however, may be .nitiated within a
secondary flow region.

It is also possible to completely hand load surface property data
using the capibilities within the Flow Field Option, and to then
make use of these data within the Surface Streamline Option.

The genersl procedure involved in generating streamlines by using the
features of the Flow Fleld Program options to prepare the local
surface property data is as follows:

1. Geometry data are generaied or stored on unit 4 by the Geometry
Option, *

2. The Flow Field Analysis Optiom of AERO is used to either hand
load or generate flow field data which 1s stored on unit 10.

3. The Streamline Option of AERO is then used to calculate the
gelected streamlines using only the Boundary #1 data (surface
datg) that has been stored on unit 10. The user must identify
the subregion or secondary flow region to be used in the
streamline calculations.

The end result in the use of the Streamline Option is the computation

cof a streamliine trajectory over the vehicle surface. The data generated
includes the X-Y-Z coordinates of the streamline, and the interpolated
local property data (Mach number, pressure ratio, and temperature ratio).
When requested by the use of an input flag these streamline data are
stored back on unit 10 for subsequent use in the viscous calculations,
Each separate streamline is stored under a different subregion number

on the Flow Fleld Data Storage unit 10. The user must therefore keep
track of the storage order of the streamlines so that he can retrieve

the desired lines when he 1s over in the viscous option.
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Surface Property Access Flag Card  (I1,312,311,1012,11)

Column Code

Routine
Format

Explanation

el

2-3

4-5

6-7

LASTR

NDSET
TABSET
IR

INORM

ISURF

STREAM
11

STREAM
12

STREAM
12

STREAM
12

STREAM
11

STREAM
11

Last flow region flag.

= () This iIs not the last streamline set
of data. After all the streamline
data cards are read and streamlines
calculated, routine STREAM will ex-
pect to read another Surface
Property Access Flag Card.

= ] This is the last stregmline set of
data. A return to the AERO routine
wlll be nade after all the streamlines
are calculated.

Data set nuuber where surface data
properties will be found on unit 10,

a-B set number where surface datra
properties will be found on unit 10.

Flow region number where surface data
properties will be found cu unit 1i0.

Normalization flag for surface property
spline interpolation. The surface property
data are stored at varying X,Y,Z locations.
However, it is usually best to convert the
X~Y~Z coordinates to some combination of
other coordinates for the spline interpola-
tion (axial distance, A; radiasl distance,
R; radial angle, ¢). For example, on a body
of revolution A and ¢ would be best, For

a wing, X and Y. For a vertical tail, X-Z.
The available flags are:

=0 ¢ = fa(A,R)

=1 Z = fn(X,Y) ({.e., wings)

- 2 fn(X,z) (i.e., vertical tails)

- 3 fn(Y,2)

a4 fu(A,9) (i.e., body of revolution)

)
]

=
L}

Surface boundary normalization flag. This
flag determines hcw the norumslization data
input on the next card will be used by the
program in the normalization for the spline
interpolation and for establishing the
boundary limits for the interpolation.

-~
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Surface Property Access Flapg Card (continued)

-

Column Code

Routine
Format

Explanation

9

10

11-12
13-14
15-16
17-18
19-20
21-22
23-24
25-26
27-28

29-30 1ISR(10)

31

1SURF

IPF

ISR(1)

ISF(1)

STRLAM
Il

STREAM
I1

STREAM
1012

STREAM
11

= 0 The input values for XB(1l),YB{1),7B(1)
and XB(2),YB(2),”B(2) will be used to
establish the normalization limits for

the first varlable (l.e., if INORM = 4,

they will determine the limits of the
axial distance, A). The input values
for XB(3),YB(3),ZB(3) and XB(4),YB(4),
ZB(4) will be used to establish the
normalization limits for the second

variable ({.e., 1f INORM = 4, thev will

datermine the limits of the angular
coordinate, ¢).

= 1 The surface 18 assumed to be of a wing
or tail type and the XB,YB,ZB normali-
zation limits input on the next cards
will be used to establish a chordwise-
spanwise normalization. The point
XB(1),YB(1),2ZB(1) is the leading edge
point of the root chord, and the point
XB(2),YB(2),2B(2) 18 the trailing edge
at the root. The point XB(3),YB(3),
2B(3) is the tip lesding edge, and
XB{4),¥B(4),28(4) is the tip trailing
edge.

Primary flow flag.

= Q) Streamlines will be calculated using
flow data on unit 10 ag stored by the
Surface Data Transfer Option, or the
primary flow of the data stored by
the Flow Field Analysis Option.

= ] Streamlines will be calculated using
flow data on upnit 10 as stored by the
Flow Field Analysis Option for the
secondary flow number inpat as ISF(1)
below.

Subregion flow number where surface datas
properties will be found on unit 10.

If ISR(1) ~ 0, ull subregions associated
with flow cegion IR (CC 6-7) will be used.

Secondary flow number where surface data
will be found on unit 10. Used only if
IPF = 1 (CC 10). Only ISF(1l) 1is active
for streamline calculations.
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Normalization Data Cards (3K1lu.0)

Four cards arc required that contain the coordinetes for the data

normalization limit
meaning of the four
the preceeding card.

Column Code

process in the gpliune intecrpolation, The
points is determined by the parameter 1SURF on

Routine Explanation
Format

1-10 XB(4)

11-20 YB(1)

21-30  ZB(1)

—

STREAM X3 coordinate.
F10.0

STREAM YB coordinatc.
F10.0

STREAM ZB coordinate.
F10.0Q

i=1t¢to4

Streamline Identification And Title Card (212,16X,10A4)

1-2 IRSAVE

3-4 NSTR

21-60 TITLER

Note:

STREAM  Streamline save tlap.
12 = 0 do not save,

# 0 Flow region nunber where streaunline
data will be saved on unit 1Q. The
streamline data will be saved under
the game NDSET and IABSET numbers as
were used for the surface property
data. Normally, IRS..VE should not
be the same as IR.

STREAM Number of streamlines to be calculated.

12 This number of streamline data cards
must be present right after the normal-
ization Data Cards. (This number of
streamline space will be reserved on the
storage unlt even though all of them may
not be saved.

STREAM Title for the strcanline flow regicn
1044 number IRSAVE.

Each calculated streamline that 1is to
be saved will be placed in a different
sub-region under the tlow region IRSAVE.
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Streamline Data Cairds (212,311,12,14,7X,4F10,0)

One Streamllipe Data card is required for each streamline to be
calculated. The number of streanlines and Streqmline Data Cardas
to be input is determined by the parameter NSTR on the Regdon
ldentification and Normalization Flag Card.

Column Code Routine Explanation ‘
Format -

1-2 IPRINT STREAM  Streamline print flag.
12 = ( Do not print out struamline data.

w 1 Print streamline daca for every
DELTAS point.

= © Print streamline data for every
second DELTAS point.

= 3 Trint streamline data for every
third DELTAS point.

et. .
3-4  4SAVE STREAM  Streamline cave flag.
12 = 0 Do not save streamliune dats on

the flow field unit 1C.

= 1 Save every streamline DELTAS data
point on unit 10 under region IRSAVE,

= 2 Save every second streamline DELTAS
data point on unit 10.

= 3 Save every third streamline DELTAS
dats point on unit 10.

etec,
] ISTART STREAM  Streamline starting condition flag.
11 = () Start streamline calcrlations at

the centroid of the given element
number on the specified panel number.

u ] ‘Start the streamliune calculations at
the given X,Y,Z location.

= 2 Continue from a previcusly calculated
streamline. (not active at present time)

6 1STAG STREAM Stagnation point calculation flag.
I1 w 0 Start streamline at given point. Do
not calculate stagnation point.

= 1 Calculate gstagnation poinc anrd start
streamline calculations from that point,
(not active st present time)
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Sireamline Data Cards (continued)

Column Code Routine Explanation
Format
7 ISMODE STREAM  Streamline mode calculation flag.
11 = ) To calculate streamline integrate

in the transformed plane with two
variables and interpolate for the
third curface varlable to keep the
streamline on the surface,

= 1 Tn calculate streamline integrate
using all three coordinates (X,Y,Z
integration). The streamline may
leave the surface.

8--0 -IPANL STREAM Panel number on unit 4 for the start of
11 the streamline. Used if ISTART = Q.
10-13 L, STREAM Element number in panel IPANL for the
14 start of the strecamline. Used if ISTART = O.
21-30 DELTAS STREAM  Streamline integration distance step

F10.0 interval for the Runge-Kutta integration
process. (may be negative to integrate forwar«

31--40 XSI STREAM  X-coordinate of the streamline starting
F10.0 point, Used if ISTART = 1.

41--50 YSI 3TREAM  Y-coordinate of the streamline starting
F10.0 point. Used if ISTART = 1.

51-60 Zs1 STREAM  Z-coordinate of the streamline starting

F10.0 point. Used 1f ISTART = 1.

5;
g_
|
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SHIELDING PROGRAM INPUT DATA

The Shielding Program way be used to account for the situation where one
part of a vehicle shape is shielded from the freestresam flow by another
part of the vehicie, The geometry data for use by the Shielding program
must be stored and avail.ble on the Quadrilateral Element Storage unit (4).
The Geometry Optiuns must be used to accomplish this.

Before the Shielding Program is used on a given vehicle the user should

have the Picture Drawing Program generate pictures at each of the a-8
conditions to be analyzed for shielding. This will provide the user with

the information as to what part of the vehicle is being shielded by what

other parts. From these pictures the user should nake a list of numbers of eact
Panel of the vehicle that will experience some shielding. For each shielded
Panel a list should also be made of what other vehlicle Panels cause the
shielding. These lists of numbers will be input on the shielding inmput

data cards to reduce the amount of time that will be required to perform
the shielding searches.

The Shielding Program will perform it's shielding search and will generate
and store a special set of quadrilateral elements. These special
quadrilateral elements will have negative surface areas and taken all
together will repiesent those parts of the vehicle that are shielded L -
some other upstream part. The negative area shielded elements are ctored
on Unit 3. One set of negative area elements will be stored for each a-B
epecified on the Input thie AERO executive routine. When the FORCE program
calculates the pressures on the vehicle it will proceed in a normal nanner
until all of the normal vehicle elementa are accounted for. It will then
turn t~ the negative area shielded elements and calculate the pressures
also in a perfectly usual manner, except that the element areas used will
be negative, In this manner the shielded parts of the vehicle will be
effectively removed from the analysis and will have no contributioms to
the final vehicle focces.

Shielding Title Control Card (12,11,12,15A4)

Colurn Code Routine Explanation
Format
1-2 NPANL SHIELD The total number of PANELS to be considered
: I2 and analyzed for shielding.
3 IPRINT SHIELD Print flag.
11 = 0 Do not print negative area shielded
elements.

‘. = 1 Print characteristics of the negative
area quadrilateral elements.

4-5 1INAB SHIELD Angle of attack analysis control flag.
12 (not used in present program)

6-65 TITLE SHIELD Title for print out on shielding print
15A4 pages.
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Shielding Panel Control Card (12,2012)

The number of these cards to be read must be = NPANL as gpecified on
the Shielding Title Control Card.

Column Code Routine Explanation
Format
1-2 1IPAN SHIELD The sequence number of the Panel to be
I2 considered for shielding.
3~-4 ISHE(1) SHIE!~ The sequence number of the Panel that
5-6 ISHE(2) 2012 is to be considered ag a possible
shielding panel. Up to a total of 20
7-8 1SHE(3) such Panel numbers may be specified on
- each of these Shielding Panel Control
etc,
Caxds.
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PRESSURE CALCULATION PROGRAM INPUT DATA

The Pressure Calculation Program is reached by way of sub-option calls from
the Aero Executive routine. The sequence of calls to the FORCE routine and
the paving an’ summation of rorce data is accomplished in routine PRES. The
geometry data for use by the PRES and FORCE routines must be storad and
available on the Quadrilateral Element Storage unit (4). The Geometry
Options must be used to accomplish this storage. An input to routine PRES
specifies how the venicle Panels are to be grouped to form vehicle Compon-
ents for the force anglysis. These selections are made by using the Panel
sequence numbers assigned by the Geometry program (the Panels are numbered

in the order in which they are placed on the Quadrilateral Element Storage
unit (4)).

Title Card and Basic Flags (12,I1,3X,15A4)

Column Code Routine Explanation
Format
1-2 NCOMP PRES Total number of vehicle Cuinponents to be
12 analyzed. Each Component may consist of one

or more vehicle Panels. The grouping of
Panels to form Components is coutrolled by
the Component Organization Card below.

(20 maximum)

3 IFSAVE PRES Force data save flag.
Il = (0 Set up a new Unit 9 Force Data save
file. Save component force data.
= 1 Save force data, Use existing Unit 9
Force Data file and just add a new
set to it.
= 2 Do net save force data.

7-66 TITLE PRES Title to be printed out at the top of the
15A4 force data output.

Component Organization Card (10I2,311)

1-2 IPANL(1) PRES The identification numbers for all of the
1012 Parzls on the Quadrilateral Element Storage
wit (4) that are to be grouped together to
3-4 IPANL(2) form this vehicle Component. Up to a maxi-
mum of 10 Panels may be grouped together to
5~6 IPANL(3) form a Component. All the elements in a
giver. Componeut will be snalyzed using the
etc. same pressure calculation method.

19-20 IPANL(10)

i Note: The number of sets of Component Organization, Pressure Method Cards,
! and Interference Method Cards must be = NCUOMP.
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Component Organization Card (continued)

Column Code koutine Explanation
Format
21 IPM PRES Pregsure Method card flag.
11 = (} Pressure Method cards will be read

for each a-B.

= ] Read only one Pressure Method card
and assume that 1t wiil apply for
all the a-B's for this component.

= 2 Use the same pressure method data
set as was used fur the previous
vehicle Component. No Pressure
Method cards will be input.

22 INT PRES Interference method card flag.
I1 = () No interference cards will be read.
Interference effects will not be
accounted for in the force calculatious.

= 1 Interference method cards will be
read for each a-g for this component.

= 2 Read only one interference method
card and assume that it will apply
for all the a-B's for this component.

= 3 Use the same interference method
data set as was used for the previous
vehicle Component. No interference
method cards will be input.

23 ISHEF PRES -  Shielding elements flag.

f - = (0 Shilelding elements have not been

generated for this component and
shlelding effects will therefore
not be accounted for.

T RPN

= 1 Shielding elements have been generated
3 and are stored on unit 3. Shielding

3 effects should be accounted Ior on

4 this vehicle Component,
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Pressure Method Cards (212, 311,3X,6F10.0)

The Pressure Method Cards are used to specify what pressure calculation
methods are to be used for each vehicle Component. The necessary con-
stants for esch presasure method are also input on these cards. The
number of Pressure Method Cards te be input is controlled by the para-
meter IPM on the Compcment Organization Card. 1f IPM = U then thé number
of Pressure Method Cards must be equal to the parameter NAB as input on
the Flight Conditicn Card to the AERO executive routine.

)

The general format for the Pressure Method Cards is given below.

Column Code Routine Explanation
Format

1-2  IMPACT PRES Impact force-calculation method flag. The
12 following methods .are available for calcu-

lation of pressures on surface elements in
impact flow (right-justified integer).

= ] °‘Modified Newtonian (K is input in
CC 11-20).

= 2 Modified Newtonian + Prandtl-Meyer
(CC 31-40 must contain the proper value

for n.).

"

= 3 Tangent-wedge (using oblique-shock).
= 4 Tangent-wedge empirical.
= 5 Tangent-cone,

= 6 Inclined-cone method. See
discussion 1in Volume 1I.

= 7 Van Dyke Unified Method (small
disturbance theory).

= 8 Blunt-body skin-friction shear~force
contributjons to the aero forces.
The deck set-up 18 j 3t like a regular
pressure calculation run. The aero
forcee obtained must be added to the
forces calculated using one of the
other force calculation methods
(usually modified Newtonian).

= 9 Shock-expansion Method using strip
theory. The parameter IORN on the
Pznel Identification Card in the
Geometry Option identifies which
edge of the panel is the leading edge.
IORN wmay be = 0 or 1 only.
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Pressure Method Cards (continued)

Column Code Routine Explanation
Format

1-2 IMPACT {continued) =10 Free-mclecular flow. Input f, in
CC 11-20, f, in CC 41-50, and Ty/Te
in CC 31-40. See Volume II free-
uolecular discussion. '

=11 Input constant pressure coefficient
(use CC 11-20 for the pressure
coefficient). A constant pressure
coefficient will be applied over all
elements.

=12 Hankey flat-surface empirical.
=13 Delta-wing empirical,
=14 Dahlem-Buck empirical.

=15 Blast-wave pressure increments.
. For axisymmetric flow input 0.0 in
T CC 11-20. For planar flow input 1.0
B in CC 11-20. An input number is also
required in CC 31-40 (see discussion
for PDATA(3)). The parameter X, for
" the blast wave calculations must be
.input in CC 41-50.

P kg . s

o — Y

3-4 ISHAD PRES Shadow force-calculation method flag. The
; 12 following methods are available for calcu-
: « . lation of pressures on surface elements in
{ shadow flow (right-justified integer).

= 1 Newtonian (i.e., C; = 0.0).

= 2 Modified Newtonian + Prandtl-Meyer
(CC 31-40 must contain the proper
value foxr ng).

— B e g o ey

= 3 Prandtl-Meyer expansion irom free-
stream, !} .

= 4 Inclined'cone method, See
‘discussion in Volume il.

» 5 Van Dyke Unified Method (small
disturbance).

= 6 High Mach number base pressure
(Cp = - 1/M%).

= 7 Shock-expansion (strip theory). See
IMPACT = 9 discussion.

= B Input pressure coefficlent (use CC
11-20 for the input pressure coefficient).

= 9 Free-molecular flow. See IMPACT = 10
for other input requireuments.
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Pressure Method Cards (continued)

Column Code Routine
Format

Explanation

5 IPRINT PRES Print flag. This flag contols the printing
Il of the detalled force characteristica of

each
= 0

-1

=2

6 IPIN PRES

11 -0

=]

7 ISAVE PRES Save
1l -0

105

vehicle element.

Do not print detailed element force
data.

Print detailed force contributions for
each element (a large amount of outpu’
will be produced and machine time wil.
increase).

Print detailed local property calcula-
tion and iteration results.

Non-uniform input Cp table flag.

Input Cp table will not be used

Input C_ table will be used. Input
Pressurd Option Cards will be input,
IMPACT and ISHAD paramet.:rs will

bLe ignored. This optlion may be used
to input wind tunnel pressure data
in order to obtain resultant vehicle
forces,

The non-uniform C, table that has

been previously generated by the
Second-Order Shock-Expansion method

(of the Flow Field Cption) will be
used over the surface of the vehicle
componeat. IMPACT and ISHAD parameters
will be ignor2d. Input Pressure Option
Cards will be expected. This is the
way provided in the program in which
the Secoud-Order Shock-~Expansion
method can be used as a pressure
calculation method,

surface property data f{lag.

Do not save the surface property data
(local surface Mach number, P/P,, T/T,,
etc.).

Save surface property data on unit 4.
This option must be used to store data

that 13 required by the skin friction
options, These data may also be used
in the Surface Data Transfer Option and
later in the Streamline Option.

e mem s — e e
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Pressure Method Cards (continued)

Column Code Koutine Explanation
Format
11-20 PDATA(1) PRES Pressure method input parameters. The
F10.0 input paraneter in this field will vary
’ depending upon the pressure method option
selected,

For IMPACT = 1, 2, or 3 input the
modified Newtonian correction

.. factor, K (CPSTAG).

For IMPACT = 10 input the free-molecular
flow parameter, f .

For IMPACT = 11 i1inpuc a constant pressure
coefficient, C

For IMPACT = 15 1input 0,0 gor axisymmetric
flow or 1,0 for plan flow,

21-30 PDATA(2) PRES QQINF. Dynamic pressure (q) at the surface
F10.0 divided by the freestream q.

Must be input as 1.0 if no change from free-
strean ig to be made. This parameter is use-
ful in removing the =2ffect of a vehicle com-
ponent or in changlng the local q for a
whole component because of a constant q/quw
effect of an interference component.

31-40 " DATA(3) PRES This field is used for several different
F10,0 input parameters depending upon the values
of the impact and shadow pressure calculation
method flags.,
= Prandtl-Meyer expansion correction factor
N (ETAC) in the following equation.

t Pn. - F,

C. = ———

p 9
This is used when IMPACT = 2 or ISHAD = 2
but is usually input as 1.0.

i

i = Input pressure coefficient in shadow
i regions when ISHAD = 8.
\

= Tg/T_ for IMPACT =10. Tgp/T_ is the 1atio
of body temperature to ?reestream temp.

= For IMPACT = 15 (blast wave) and axiaym—
metric flow input ~Cp ° D (square root of
drag coefficient times the sphere diameter).
For plane flow input CD2/3 d2/3 (where Cp
ie the drag coefficient of a cylinder and
d is the cylinder diameter).
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Pressure Method Cards

Column Code

Routine
Fornat

(continuerl)

Explanation

41-50 PDATA(4)

51-60 PDATA(S)

61-70 PDATA(6)

PRES
F10.0

PRES
F10.0

PRES
Fl10.0

ENPM. Surface slope wodification factor, Iif
input as ¥ 0.0 the surface slope (6, angle
between outward surface normal and velecity
vector) will be divided by this number. The
impact angle (8) is calculated as follows:

§ = ®/2 - @y, /ENPM

If ENPM is input as ~0.0 or 1.0 then the body
slope 1s not changed.

This location has an alternate use when IMPACT
is input as = 10.

= f (tangential momentum accomodation
coefficient, -0.0 for Newtonian flow
and 1.0 for completely diffuse
reflection).

IMPACI. Impact method for Shock-expansion
calculatjons. This flag controls the wethod
to be used in the calculation of the pressure
and local properties on the first element of
each streamwise strip for subsequent shock~
expansion calculations. The available methods
are listed below. This field is used only
when IMPACT = 9,

= 3.0 Tangent-wedge (oblique shock).

= 5.0 Tangent—cone.
w 13,0 Delta-wing empirical,

ISHADI, Shadow method for Shock-Expansion
calculationa. This flag controls the method
to be uged in the calculation of the pressure
and local properties on the first clement of
each streamwise strip for subsequent shock-
expansion calculations (if the first element
is in a shadow region). This field is used
only when ISHAD = 7. The only acceptable
method at the present time is

= 3.0 Prandtl-Meyer expansion from freestream,
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Interference Method Cgrds

The Interference Method Cards are used to specify the type of interference
computations that are to be used for each vehiile component. The number

of Interference Method Cards to be input {8 controlled by the parameter INT
on the Component Organization Card. If INT = 0 then no Interference Method
Cards are input, 3If INT = 1 thea the number of Interference Method Cards
must be equal to the parameter NAB as Input on the Flight Condition Card

to the AERO executive routine, See the description of the INT parameter
for further information.

The Interference Method Cards actually serve two purposes. If the flow
field to be used in the interference calculations by the FORCE routine is
uniform (not a function of X,Y,Z) then the flow field data may be input
directly on the Interference Method Cards., If the flow field is not unif ‘rm
then the flow field.data must be vbtained directly from the fiow field duta
storage unit (10). The data may be placed on the storage unit either by the
use of the Flow Field Pata Hand-Load option, or they may be generated by

one of the flow field generation routines., The Interference Method Csards
are used to specify and control the source of the interference flow field
data to be used by the FORCE program.

1lnterference Method Control Card (1011,1212)
Column Code Routine Explanation
Format
1 INF(J,1) PRES Interference data source {lay.
I1 = 0 The flow field is uniform and the

flow field data will be input on
this card as the DINF(J,I) array.

(J is the a-B = 1 The flow field is uniform but the

counter) flow field data will be obtained
off of the flow field data storage
unit (10). No interpolation is
required.
= 2 The flow field data is non-uniform
and they must be obtained from the
flow field data storage unit., The
dat will be interpolated to find
the local flow fleld for each of
the element centroids.
yi INF(J,2) PRES Flow field data set number (NSET) on
11 the flow field data storage unit to be
used for this vehicle compon mt.
3 INF(J,3) PRES Alpha-Beta set number of the flow data
11 set (IABSET)to be used for interference.
4 INF(J,4) PRES Not used at present time.
I1
5 INF(J,S) PRES Not used at present time.

11




Interference Method Control Card (continued)

Column Code Routine Explanation
Format
[¢] INF(J,6) PRES Not used at present time.
Il
7 INF(J,?) PRES Not used at present time.
11
8 INF(J,8) PRES Not used at presant time.
11
9 INF(J,9) PRES Not used at , eseut time.
Il
10 INF(J,10) PRES Not used at present time.
11

Up to 4 different flow region sets of data may be specified for
possible use with a glven vehicle component. Each region set of
data may contain flow field data at one or more meridian cuts
(identified by a sub-region number). The data for each sub-region
may also have secondary flow regions. The pointer information for
retrieving the proper flow field data is supplied in the following
card cclumns.

11-12 1NF(J,11) PRES First flow field rgglon nuuber,
12
13-14 INF(J,12) PRES Sub~Regfon number.
. 12
15-16 1INF(J,13) PRES Secondary flow number,
I2
17-18 1INF(J,14) PRES Second flow field region number,
12
19-20 1INF(J,15) PRES Sub-Region number.
I2
21-22 INF(J,16) PRES Secondary flow number.
I2
23-24 INF(J,17) PRES Third flow field region number.
12
25-26 INF(J,18) PRES Sub-Region number.
12 \
27-28 INF(J,19) PRES Secondary flow number.
12 .
29~30 INF(J,20) PRES Fourth flow field region number.
12
31-32 1INF(J,21) PRES Sub-Region number.
12
33-34 INF(J,22) PRES Secondary flow number.
12
109
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Uniform Flow Field Card

(6F10.Q)

This card must be input 1f INF(J,1) = 0.

Column Code Routine Explanation
Format -
1-10 DINF(J,l) PRES M
F10.0 local
11-20 DINF(J,2) PRES X direction cosine component of local
F10.0 veloclty vector.
21-30 DINF(J,3) PRES Y direction cosine component of local
F10.0 velocity vector,
31-40 DINF(J,4) PRES Z direction cosine component of local
F10.0 velocity vector.
41-50 DINF(J,5) PRES P/P_
F10.0
51-60 DINF(J,6) PRES /T,
¥10.0

Note: The subscript J in the above parameters is the angle of attack

caunter.



Inpur. Pressure Option

The Lnput Pregsure Option Cards arec usced when the vehicle component forces
are to be calculated using pressure data previously stored cn the flow
field data unit 10. This option may be used in several ways. ¥or example,
the forces on a particular component may be calculated using experimental
results which have been previously stored on unit 1{ by use of the Flow
Field Data Hand-Load Option. More directly, forces may be determined
using the data generated by the Shock-Expansion Flow Field Option and
sto'¢d on uynit 10.

Y

.In either case, pressure data is available at a limited number of discrete

locations on the component. The forces are calculpoted by summing the con-
tributions of all the elements that make up the component. The function
of the Input Pressure Option is to obtain the value of pressure at the
centroid of each element. This 1s accomplished by interpolation using the
Surface Spline method and, as in the other applicarions of this method,
proper normalization of the coordinates is required to obtain meaningful
results. The use of the Input Pressure Option is controlled by the para-
ety IPIN on the Pressure Method Cards. If IPIN =« 0, no Input Pressure
Cards are read: If IFIN = 1 or IPIN = 2, then a set of Input Pressure
Option Cards will be required. Since the parameter IPIN is used for each
a-B, a set of Input Pressure cards will be needed for each a-f for which
IPIN is on (=1 or =2),

A st of Inpul Pressure Option Cards consists of five cards; a Surface
Property Access Flag Card end four Normalization Data Cards. The format
of these cards 1s very similar to those used for the Surface Streamline
Option.

Surface Property Access Flag Card (I11,312,511,1012,5I1)

Column Code Routine Explanation
i} Format _
1 LASTR CPINPT (Not active)
11
2-3 NDSET CPINPT Data set number where surface data
12 properties will be found on unit 10.
4=5 TABSET CPINPT a-B set number where surface data
I2 properties will be found on unit 10.
6-7 IR CPINPT Flow region number where surface data
12 properties will be found on unit 10.
8 INORM CPINPT Normalization flag for surface property
I1 spline interpolation. The surface pre-

perty deta are stored at varying X,Y,2
leocations. However, it is usually best
to convert the X-Y-Z coordinates to some
combination of other coordinates for the
o spline interpolation (axial distance, A;
radial distance, R; radial angle, ¢). .
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curface Property Access Flag Card (continued)

Column Code Routine Explanation
Format

For example, on a body of revolution A and
¢ would be best. For a wing X and Y.
For a vertical tail, X-Z. The available

flags are:

=0 ¢ = fn(A,R)

=1 Z = frn(X,Y) (i.e., wings)

=2 Y= fn(X,2) (i.e., vertical tails)

=3 X = fa(Y,2)

=4 R = fn(A,9) (i.e., body of revolution)
9 ISURF CPINTP Surface boundary normalization flag. This

Il flag determines how the normalization data

input on the next card will be used by the
program in the normalization for the spline
interpolation and for establishing the
boundary limits for the interpolation.

= 0 The input valves for XB(1),YB(1),ZB(1l)
and XB{2),YB{2),2B{2) will be used to
establish the normalization limits for
the first variable (i.e., if INORM = 4,
they will determine the limits of the
axial distance, A). The input values
for XB(3),YB(3),ZR(3) and XB(4),YB(4),
ZB(4) will be used to establish the
normalization limits for the second
variable (i.e., if INORM = 4, they will
determine the limits of the angular
coordinate, ¢).

= 1 The surface is assumed to be of a wing
or tall type and the XB,YB,ZB normali-
zation limits input on the next cards
will be used to estabiish a chordwise-
spanwise normalization. The point
XB(1),YB(1),ZB({l) is the leading edge
point of the root chord, and the point
XB(2),YB(2),2B(2) 1s the trailing edge
at the root. The point XB(3),YB(3),ZB(3)
is the tip leading edge, and XB(4),YB(4),
ZB(4) is the tip trailing edge.

10 IPF CPINPT Primary flow flag., Not us2d in present
11 program, IPF is set = 1 by the program.
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Surface Property Access Flag Card (continued)

Column Code Routine Explanation
Format .
11-12 1ISR(1) CPINPT Subregion flow number where surface data
13-14 . 1012 properties will be found on unit 10.
i;:ig * If ISR(1) = 0, all subregions assoclated
19-20 ’ with flow region IR (CC 6~7) will be used.
21-22 .
23-24 .
25-26 .
27-28 .
29-30 ISR(10)
31 ISF(1) CPINPT Secondary flow number where surface data
511 will be found o« wunit 10.
32 ISF(2) The secondary flow numbers must be input
33 ISF(3) to be considered and if indicated, will
34 ISF(4) be used with both IPF = 0 and IPF = 1.
35 ISF(5)

Normalization Data Cards (3F10.0)

Four cards are required that contain the coordinates for-the data normali--
zation limit process in the spline interpolation. The meaning of the iour
points is determined by the parameter ISURF on the preceeding card.

1-10 XxB(i) CPINPT XB coordinate
F10.0
11-20 YB(i) CPINPT YB coordinate
F10.0
21-30 ZB(1i) CPINPT ZB coordinate
F10.0
; i=1¢to 4
:
|
i
i
!
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VISCOUS PROGRAM OPTIOR

The Viscous Program Option is reached by way of sub-option calls from the
AERO executive routine. Routine VISCUS is the control routine for the
viscous calcularions and 18 similar to the PRES routine used in the Inviscid
Option of the program. The Viscous Option makes use of surface pranerty
data (local pressure, temperature, and Mach number) that has been previously
calculated by the Inviscid FORCE routine for the geometry being studied.

Skin Friction Basic Flag and Title Card (X2,I1,3X,15A4)

Column Code Routine Explanation
Format

1-2  NCoMP VISCUS Total number ¢f vehicle Components to be
12 analyzed. Each Component may congist of

one or more vehicle Panels. The grouping
of Panels to form Components is controlled
by the Geometry Data Source Card.

3 IFSAVE VISCUS Force data save flag.
11 = 0 Set up a new force data save flle
(unit 9). Scve skin friction force
data for future suomation.
= 1 Save skin friction force data for future
summation on unit 9. Use old unit $
file and just add the new force data
on to the file.
= 2 Do not place the force data on the
force data file unit,

7-66 TITLE Viscus Title to be printed out on the skin friction
15A4 output pages.

Geometry Data Source Card (1012,311,1I3)

1-2  IPANL(1) VISCUS The identification numbers for all of the
. atc 1012 Panels on the Quadrilateral Element Stor-
i ' age unit (4) that are to be grouped to-
! 39-40 IPANL(10) gether to form this vehicle Component.
41 ISK V1SCuUS Skin Friction Method Card flag.
11 = () Skin Friction Method cards will be

: read for each a-B, ;

i = 1 Read only one Skin Friction Method

: Card and assume that it will apply
for all of the a~p's for this
component.

= 2 Use the same Skin Friction Method

data set as was used for the previous
vehicle component (no Skin Friction
Method Cards will be read).

A ——
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Geometry Data Source Card (continued)

Column Code Routine

Explanation
Format
42-44 NS VISCUS Number of skii friction elements to be ana
I3 This number must be equal to the number of

elements on the Quadrilateral Element save
unit 4 for this vehicle component and must
be greater than 100. The number of Skin
Friction Element Data Cards must be = NS.

This input is used for the Mark III skin
friction option only.

Skin Friction Method Cards  (311)

These cards control the method to be used in calculating the skin friction
; coefficients used in the skin frictioan computations. The number of these
- cards 1is controlled by the ISK flag on the Compoment Organization Card.

Column Code Routine
Format

1 ISFMTH VISCUS Skin friction method flag.
I1 = () Use Integral Method Boundary Layer

Program. The wall tempersture, if it ia
not inpug, will be calculated by the old
Mark III skin friction methods. Cards
for the Inregral Method will be expected
next. The old Mark IXI Skin Friction
Element Data Cards will not be input.

= 1 Calculate skin friction coefficients
using the old Mark III program methods.
"Mark III Skin Friction Element Data Cards
will be expected next,

Explanation

e R UL e

2 IPRINT VISCUS Print flag when old Mark III skin frictiomn
Il has been used (ISFMIH = 1).
= 0 Do not print.

= 1 Print detailed skin friction computation
intermediate results.

™ 5 R R T Tk i e SRS
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3 ISAVE VISCUS  Skin friction coefficient data save flag.
11 = 0 Do not save,

= 1 Write skin friction coefficient and wall
temperature results on each eiement
back out on to unit 4 along with the
previously saved surface data. This
option only used if ISFMTH = 0.




INTEGRAL METHOM BOUNDARY LAYER INPUT DATA

The Integral Method Boundary Layer Program is reached when the Skin Friction
Method Card has the parameter ISFMIH = 0. The lntegral Method Boundary Layer
Program requires that gurface streamline data as previously calculated by

the Streamline Option of AERO be available. The Integral Method Program
calculates skin friction along these streamlines and stores the results on

the Surface Data Storage Unit 10 right with the streamline surface data.

These data are thenm fit with the surface spline techniques and the skin friction
coefficient determined by interpolation for each surface geometry element

for all the panels specified by the IPANL parameters. By using this method

the gkin friction distribution over the complete surface of a vehicle may be
calculated (skin friction calculated over the same geometry data set as was

used for the inviscid pressure calculations). In most applications, however,

it will be best to makc use of some combination of both the old Mark III

Skin Friction option and the new Integral Method in the analysis of a typical
vehicle. The Mark III Skin Friction option should be used when possible because
of the shorter computing times. The Integral Method should be used only in
situations where more detailed skin friction information is needed over the
complete surface of a given component.

Streamline Data Source Card (I1,312)

Column Code Routine Explanation
Format
1 LASTR INTEG Last flow region flag.
11 = 0 This is not the last Streamline Data

Source Card. After all the skin friction
data are calculated for this set of cards
another Streamline Data Source Card will
read in.

= 1 This is the.last Streamline Data Source
Card, After all the skin friction data
are calculated for this set of cards, the
program will return to the VISCUS

routine.

2-3 NDSET INTEG Data set number where streamline data will be
12 found on unit 10,

4-5 IABSET - INTEG a~B set number where streamline data will be
12 found on unit 10,

6~7 IR INTEG Flow region number where strasmline data will
12 be found on unit 10.
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Integral Skin Fricticn Method Control Card  (3I1,7X,3F10.0)

This card always follows the Streamline Data Source Card.

Column Code Routine Explanation
Format
1 ISPM INTEG Skin friction coefficient calculation method
11 flag.

= 0 Usec the Integral Boundary Layer method
for calculating the skin friction
coefficient along the streamline. An
Integral Method Flag Card will follow
this card.

= 1 Do not use the Integral Method for the

skin friction calculations. Instead

use the skin friction coefficients as

calculated by subroutine TEMP. This is

the same routine that is used to calculate

the wall temperature for the old Mark III
¢ Skin Friction option (and as also used
to get wall temperature for the Integral
Boundary Layer method). This will giva
basically the same skin friction results
as for the old Mark III option, but the
viscous-inviscid interaction effect
that is calculated in the Mark III option
will not be accounted for. Calculations
will be made for each poiat alomng the
streamline., The Integral Method Flag
Card will not be used and will not be

ang s Lo Y b eeeR e

input.
2 IwT INTEG Wall temperature method flag. This flag
Il controls the selection of the method to be

used in calculating the wall temperature
in routine TEMP., This flag is used for both
ISFM = 0 and = 1, When ISFM = 1 it also
controls the skin friction coefficient
calculation procedure selection. In the
discussions below the methods to be used for
laminar and turbulent flow are separated by a
; ' slash (i.e., Laminar/Turbulent).
= 0 Use Reference Temperature/Spalding-

Chi methods to calculate temperature.

WA AR WLy AT

( = 1 Use Adiabatic wall temperature and
Refersnce Teuperature/Spalding-Chi
methods.

= 2 Use input wall temperature and Reference
Temperature/Spalding-Chi methods.
Wall temperature is input in CC 11-20
and CC 21-30.
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Integral Skin Friction Method Control Card (continued)

Column Code Routine Explanation
Format
2 IWNT (continued) = 3 Use Reference Enthalpy/Spalding~Chi

{(with enthalpy ratios) methods.

= 4 Use adiagbatic wall temperature and
Reference Enthalpy/Spalding-Chi (with
enthelpy ratios) methods.

= 5 Use input wall temperature and
Reference Enthalpy/Spalding-Chi (with
enthalpy ratios) methods. Wall temperature
is input in CC 11-20 and CC 21-30.

= 6 Use Reference Temperature/Reference
Teumperature wethods.

= 7 Use input wall temperature and
Reference Temperature/Reference Temperature
methods. Wall temperature is input in
CC 11-20 and CC 21-~30.

= 8 Use Reference Enthalpy/Reference Enthalpy

~A
methods.,

= 9 Use input wall temperature and Reference
\ Eathalpy/Reference Enthalpy methods.
‘ Wall temperature is input in CC 11-20

and CC 21-30.
3 IPRINT INTEG Iteration and local skin friction print flag
11 for use in routine TEMP.

= 0 Do not print.

= 1 Print {teration results for wall
temperature and the final local skin-
friction data in routine TEMP.

= 2 Print the final local skin-friction data
in routine TEMP but do not print the
iteration results. This 18 the recommended
option for moat applications where you
want to see the gkin friction results
along a streamline.

11~20 SURFI6 INTEG Input wall temperature for laminar calculations,
F10.0 °R. This input is used when IWT = 2, 5, 7, or 7.

21-30 SURF17 INTEG Input wall temperature for turbulent calculations,
F10.0 °R, This input is used when IWT = 2, 5, 7, or 9.
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Integral Skin Friction Method Control Card {continued)

Column Code Routine Explanation
Format
31-40 RETRAN INTEG Transition Reyucld's Number used in select

F10.0 which skin friction result is to be used fi
each point when ISFM = 1, Input Transitic
Reynold's Number divided by 109,

Integral Method Flag Card (212,11,12,911,4X,5F10.0)
This card is only input when ISFM = 0,

1-2 NVP INTEG Number of points desired in the velocity
‘ I2 profile at each station, (Usually input = .
g 3~4 NTURB INTEG Integer number of the streamline data point,
: 12 if any, at which user wishes turbulent bounc

layer tc begin. If NTURB = 0, the program
will calculate the position of transition to
turbulent flow. NTURB may also be given any
value from 1 to the maximum number of data

X points on the streamline. If NTURB = 1,

i iniciul values must be given for DTURB and
TTURB. If NTURB > 1, initial values may or
may nat be given.

INTEG {not used in present program)

[ RPN

n
i
<
=

11
6-7 KSMTH INTEG Number of times distribution of surface
12 velocity is to be smoothed prior to computati
) of surface gradients (= 0, 1, 2, 3, etc.).
KSMTH = 3 1s good for most applications,
8 KSPLN INTEG Integer indicating manner in which surface
E 11 gradients are to be calculated,
: e 0 Weighted-difference technique.
= 1 Spline curve~fit technique (use with
care).
N 9 KLE INTEG Flag indicating type of initisl condition
11 existing at the first streamline point.
= 0 Stagnation point or iunitial values given.
= 1 Sharp leading edge.
10 KATCH INTEG Flag indicating whether laminar-boundary layer
I1 separation (if encountered) should reattach
as a turbulent boundary layer.
= 0 Separation and stop solution.
= 1 Reattach,
119
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Integral Method Flag Card

(continuved)

Column Code Routine Explanation
_ Format
11 KPRE INTEG Preliminary calculation print flag.
I1 = 0 Output suppressed.
: = 1 Output printed.
Vh
. 12 KGRAD INTEG Surface gradients of velocity and Mach number
': I1 - print flag.
= 0 Qutput suppressed.
= 1 Output printed.
13 KSDE INTEG Flag for printing of solutions of laminar and
I1 turbulent differential equations.
= () OQutput suppressed,
= 1 Output printed.
14 KLAM INTEG Flag for printing of laminar calculatiouns for
11 location of instability and transition.
= 0 Qutput suppressed.
= 1 Output printed.
15 KMAIN INTEG Flag for printing of principal calculated
11 boundary-layer parameters.
= 0 Output suppressed.
= 1 Output printed.
16 KPRﬁF INTEG Flag for printing of velocity profiles.
Il = (0 Qutput suppressed,
= 1 Qutput printed.
21-30 CTHET INTEG Ratio of momentum thickness after reattachment
F10.0 to momentum thickness at laminar separation.
This parameter is used when KATCH =~ 1.
31~-40 DLAM INTEG Initial displacement thickness, if any, of
F10.0 laminar boundary layer at the first streamline
, peint. DLAM may be zero or have sume finite
| value (feet).
i
; 41-50 TLAM INTEG  Ini {al momentum thickuess, if any, of
F10.0 lan. .nar boundary layer at the first streamline

Ny

peint. TLAM may be zero or have some finite
value (fest).
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Integral Method Flag Card

Column Code

{continued)

Routige Explanation
Format
51-60 DTURB INTEG Initial displacement thickness, 1f any, of
F10.0 turbulent boundary layer. DTURB may be given
for the point designated by NTURB, or for
the point at which transition is calculated
by the program (feet).
61-70 TTURB INTEG Initial momentum thickness, if any, of the
F10.0 turbulent boundary layer (sece DIURB). Feet.

Streamline Selection Card

(1012)

This card is used to select the streamline numbers (sub-region number)
of the streamlines on the data save unit (10) for which skin friction values

will be calculated.

This card follows the Integral Method Flag Card if

ISFM = 0, or the Integral Skin Friction Method Control Card if ISFM = 1.

1-2 ISTR(D)

33 ISTR(2)

5-6 ISTR(3)

7-8 ISTR(4)
etc. etc.
10-20 ISTR(10)

Note: 1If LASTR is = O then another Streamline Data Source Card will be

INTEG
1012

Sub-region number of the first streamline
to be analyzed,

Sub-region number of the second streamline
Third streamline.

Fourth streamline.

etc.

expected after the above card. If LASTR = I then the program will
return to VISCUS.
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Viscous Force Cards

The Viscous Force Cards described on this and the next two pages are
input only when the Integral Method Boundary Layer Program (ISFMTH = Q)
has been used. The skin friction has been calculated along the required
streamlines and has been stored on unit 10 before these cards are read
in. It is now necessary to use the stored skin friction data along the
gtreamlines to obtain values of the skin friction at the centroids of
all the elements of the input panels that make up the component. This
is accomplished by interpolation using the Surface Spline method, and

as in the other applicztions of this method, proper normelization of

the coordinates is required to obtain meaningful results.

The skin friction dats 18 stored on unit 10 in the game format as

flow field data. However, different defiuitions are applied to the terms
primary and secondary flows. These are explained in the following
paragraph.

Along a given stresuline, four possible regimes exist: Laminar, Transitional,
Turbulent, and Separated flows, The Laminar regime is stored as the first
sacondary flow, the transitional regime as the second secondary flow, the
turbulent regime as the third secondary flow, and the separated regime as

the fourth secondary flow. These definitions apply to the loglcal

storage arrangement. The physical storage of the data 1s unchanged from

the original streamline data used for the integral calculations., This

data could be re~used (for example, different tramsition location) by
aceessing the primary fiow,

A set of Viscous Force Cards consists of five cards: A Surfac. Property
Access Flag Card and four Normalization Data Cards. The format of these
cards is identical to the input pressure option cards. A set of these
cards must be input for each a-8 being run.

Surface Property Access Flag Card (I1,372,311,101°,5I1)

Column Code Routine Explanation
Format
1 LASTR CPINPT "{Not actilve)
11
2=-3 NDSET CFINPT Data set number where surface data
12 properties will be found on unit 10.
4-5 TABSET CFINPT o-f set number where surface data
I2 properties will be found on unit 10.
6-7 IR CFINPT Flow region number where surface dats
1z properties will be found on unit 10.
8 INORM CFINPT Normalization flag for surface property
11 spline interpolation. The surface pro-

perty data are stored at varying X,Y,2
locations. However, it is usually best
to convert the X~-Y~Z coordinates to some
combination of other coordinates for the
spline interpolation (axlal distance, Aj;
radial distance, R; radial angle, ¢).
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Surface Property Access Flag Card {continued)

Column Code Routine Explanation
Format

For example, on a body revolution A and
¢ would be best. For a wing X and Y.
For a vertical tail, X-Z. The avallable
flags are:

=0 ¢ = fn(A,R)

=1 Z = fn(X,Y) (i.c., wings)
N =2 Y= fn(X,2) (i.e., vertical tails)
=3 X = fn(Y,Z2)
w4 R=fn(A, ) (1.e., body of revolution)
9 ISURF CFINTP Surface boundary normalization flag. This
I1 flag determines how the normalization data

input on the next card will be used by the
program in the normalization for the spline
interpolation and for establishing the

- boundary limits for the interpolation.

=« 0 The input values for XB(1),YB(1),7B(1)
establish the normalization limits for
the first variable (i.e., if INORM = 4,
they will determine the limits of the
axial distance, A). The input values
for XB(3),YB(3),ZB(3) and XB(4),YB(4),
ZB(4) will be used to establish the
normalization limits for the second
variable (i.e., if INORM = 4, they will
determine the limits of the angular
coordinate, ¢).

= 1 The surface is assumed to be of z wing
or tail type and the XB,YB,ZB normali-
zation limits input on the next cards
will be used to estatlish a chordwise-
spanwise noimalization. The point
XB(1),YB(1),ZB(1) is the leading edge
point of the root chord, and the point
¥B(2),YB(2),2B(2) is the trailing edge
at the root. The point XB(3),YB(3),ZB(3)
is the tip leading edge, and XB(4),YB(4),
ZB(4) is the tip trailing edge.

10 IPF C FINPT Primary flow flag.
1 = 0 prinary flow considered

= 1 primary flow not considered.
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Surface Property Access Flag Card (continucd)

Column Code Routine Explanation

_ Format
11-12 ISR(1) CFINPT Subrey ion flow number where surface data
13-14 . 1012 properties will be found on unit 10.
15-16

If ISR(1) = 0, all subregions associated

A with flow reglon IR (CC 6-7) will be used.
21-22

23-24

25-26

27-28 .

29-30 ISR(10)

31 ISF(1) CKFINPT Secoudsry flow rnumber where streamline

32 ISF(2) 511 surface data will be found on unit 10, .
32 ISF(3) Normally, ISF(1) 1is input = 0 and the

34 ISF(4) program then automatically sets up the ISF
35 ISF(5) values as follows:

ISF(1) = 1 for laminar vegion
ISF(2) = 2 for transitional

e

ISF(3) = 3 for turbulent
ISF(4) = 4 for separated
ISF(5) = O

o

Normalization Data Cards <{3F10.0)

Four cards are required that contain the coordinates for the data normali-
gation limit process in the spline interpolation. The meaning of the four
points is determined by the parametcr ISURF on the preceeding card.

1-10  XB(i) CFINPT XB coordinate
F10.0

11-20 YB(1) CFINPT YB coordinate
F10.9

21-30 ZB(1) CFINPT ZB coordinate
F10.0

i=1t¢to 4

e By e e s e e ok M ergpr

i
1
i
i
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Mark III Skin Frictiom Element Data Cards

(12,811,2F9.0,3F6.0,2F6.0,F4.0,8X,12)

One Skin Friction Element Data Card must be loaded for each element stored
on the Quadrilatcral Element Storage unit (4) for each vehicle Component.
The format of these cards 1s exactly the same as the Type 11 cards used on
the Mark III program (Mode 1 skin friction method). However, some of the
parameters on the old Type 11 card are not actually used by this new
version of the program.

Column Code Routine Explanation
Format
1-2  1Is(1,1) SKINFR Skin friction element number.
12
3 15(1,2) M3SF Viscous-Inviscid interaction effect flag.
i = 0 Use tangent-wedge in interaction
correction.
= 1 Use tangent-cone in interaction
correction
4 15(1,3) SKINFR Calculate induced pressures due to beundary
11 layer displacement effects. Skin friction
is not calculsted.
= 0 No
= 1 Yes
5 I8(1,4) SKINFR Skin- iriction summation flag.

u = 0 Use turbulent skin friction data in
calculating forces. (Note: The program
will make a switch to laminar summa-
tion at very low Reynolds number, where
turbulent results are not weaningful).

= 1 Use laminar skin friction data in
calculating forces.
6 15(1,5) SKINFR (Not used in this program)
11
7 1s(1,6) SKINFR Wall~-temperature and skin-~friction method
11 Flag. The progrsm always calculates both

lamirar and turbulent skin-friction results.
The result to be added to the pressure cal-
culations is indicated by the flag in CC 5.
In the discussions Lelow the methods to be
used for laminar and turbulent flow are
separated by ¢ slash (i.e., Laminar/Turbu-
lent). (Integer)

m 0 Calculate wall temperature and skin
friction using Reference Temperature/
Spalding~Chi wethods.
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Mark I1T1 Skin Friction Element Data Cards . (continued)

Column Code Routine

Format

Explanation

7 IS(1,6) (continved)

8 1S(1,7) SKTINFR
11

9 15(1,8) SKINFR
11

Flag
data

=0
=1

Use adilabatic wall temperature and
Reference Temperature/Spalding-Chi
methods.

Use input wall temperature and Refer-
ence Temperature/Spalding-Chi methods.
T, input in CC 47-52 and 53-58.

Calculate wall temperature and skin
friction using Reference Enthalpy/

Spalding~Chi (with enthalpy ratios)
methods.

Use adiabatic wall temperature and
Reference Enthalpy/Spalding-Chi
{with enthalpy ratios) methods.

Use input wall temperature and Refer—
ence Enthalpy/Spalding-Chi (with
enthalpy ratios) methods. T, input
in CC 47~52 and 53-58.

Calculate wall temperature and skin
friction using Reference Temperature/
Reference Temperature methods.

Use input wall temperature and Refer-
ence Temperature/Reference Temperature
methods. Ty input in CC 47-52 and 53-58.

Calculate wall temperature and skin
friction using Reference Enthalpy/
Reference Enthalpy methods.

Use input wall temperature and Refer-
ence Enthalpy/Reference Enthalpy
methods. Ty, input in CC 47-52 and 53-58.

toe control printing of skin-friction
for each skin-friction surface element.
Do not print.

Print skin-friction data. This is
recopmended option for most applications.

Print flag for flow characteristics before
and after the shock or expansion.

= 0 Do not print.
= 1 Print flow characteristics.
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Mark III Skin Friction Element Data Cards (continued)

Column Code Routine Explanation
Format

10 18(I1,9) SKINFR Iteration and local skin friction print
Il flag.

= 0 Do not print.

= 1 Priant iteration results for wall
temperature and the final local
skin-friction data.

= 2 Print the final local skin-friction
data but not the iteration results.
This is the recommended option for
most applications.

11-19 SURF(I,1) SKINFR Skin friction element surface wetted area
F9.0 in same units as Spg¢. If input as 0.0

then the program will use the surface area
as calculated from the input geometry unit
for each element. The input wetted area
must cocrespond to the input skin-friction
geometry (i.e., if the Symmetry flag is O,
left side of the vehicle input, then the
input wetted area should be only for the
left side).

The four input quantities in CC 20 through 46 furnish to the program the
planform shape of the skin-friction surface being anzlyzed ("Surface-of-
Interes:t"), and the shape of the initial-surface {cvo account for the fact
that the flow has traversed some other part of the shape before reaching
the surface of interest). This information is not obtained from the input
gkin-friction geometry data input on the Type 3 cards. The input skin-
fricrtion geometry data are used only to establish the position and orien~
tation of the centroid and the area of each skin-friction surface. The
dlagram below illustrates the input parameters required on the Skin
Friction Element Data cards.

gy /iyt » 2 -
g // Initial-surface Surface-of-interest
, .
Lo - PSR
™~ -1y ‘7—2: !2 AJ.

20-28 SURF(1,2)  SKINFR The longest length of the surface-of-
F9.0 interest (Lp in the diagram above). Feet,

29-34 SURF(1,3) SKINFR The longest length of the Initial-surface
: F6.0 (L1 in the diagram above). Feet.
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Mark IIT Skin Friction Element Data Cards (continued)

Column Code Routine Explanation
Format

35-40 SURF(L,4) SKINFR The taper ratio of the initial-surface
F6.0 (21/11). This taper ratlo is defined as

the ratio of the shortest chord length

to the longest chord length. If both the
initial-surface longest-length and the
longest length of the surface—of-interest
are on the same edge of the shape, then
the taper ravio of the initial-surface is
input as a positive number. If these
lengths are on opposite sides of the shape
such as in the diagram on the previous
page then the initial surface taper ratio
is input as a negative number. With these
ground rules the absolute value of the
taper ratio will never be greater than 1.0,

41-46 SURF(I,5) SKINFR The taper ratio of the surface-of-interest
6.0 (%2/L3). This taper ratio is defined as
the ratio of the shortest chord length.
This taper racic is always positive and
never greater than 1.0.

47~52 SURF(1,6) SKINFR Input wall temperature for laminar calcu-
F6.0 lations, °R. This input is used when CC 7
= 2,5, 7, or 9.
53-58 SURF(I,7)  SKINFR Input wall temperature for turbulent
F6.0 calculations, °R. This input is used

when CC 7 =2, 5, 7, or 9.

59-62 SURF(I1,8) SKINFR (Not used in present program)

. F4.0
, 71-72 TYPE SKINFR Card Type number. Not used in present
12 program.

—oTEpe v ———

A data load sheet for the Mark III Skin Friction Element Data Cards
is given on the following page.
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SPECIAL ROUTINES OPTION INPUT DATA

The Special Routines section of the program is reached by way of sub-

option calls from tne AERO Executive routine. The Special Routines

routine currently has two options; the Summation routine, and the Derivative-
Trim routine. The basic purpose of the Summation routine is to :

add together the aerodynamic force coefficients of the separate vehicle
components as calculated in the Force and Skin Friction programs.

The components to be added are selected by component number (sequeace

number in which they were placed on to the Force Data unit 9). This

option may also be used to punch force data from the Force Data Save

unit (9) and/or to print out the force data.

The Derivative~Trim routine is used to determine the aerodynamic
coefficient derivatives and to prepare trimmed coefficient data,
It uses data stored on the Force Data Save unit.

Speclial Option Selection Card (2011)
Column Code Rout.ine Explanation
Format
i IPG{1) SPEC Special Routines sub-options to be used in
2011 the order given.
2 IPG(2)

= | Summation Program will be called.
This program may be used to add,

3 IPG(3) print and punch force data saved on
. . _ the Force Data Save unit (9).
i i = 2 Derivative-Trim option.
: : (not active in the current version)
etc.
20 IPG(20)
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SUMMATION ROUTINE QOPTION

This routine may be used to selectively sum, print, and punch data
that has been stored on the Force Data Save unit (9) by the Force
and Skin Friction rcutines. The results of the summations may also
be stored on the Force Data Save unit. This is the only option
provided in the program for adding together the force contributions
of different vehicle components.

Summation Control Card (511,14,2012)

Column Code Routine Explanation
Format
1 LAST SUM Last control card flag.
11 = 0 This is not the last control card.

Another Control card will be
expected next.

= 1 This is the last control card.
Return to the Aero routine after
this card set of sum/print/punch
instryctions ig completed.
2 ISUM SUM Summaticn flag.
Il = 0 Do not sum up compunent forces,

= 1 Sum up all the vehicle components
ed by the ICOMP parameter.

3 ISAVE SUM Data save .
11 = (0 Save summatlon data on the Force
Data Save unit {9).

= 1 Do not save summation data.

4 IPRINT SUM Print control flag.
I1 = 0 TPrint out summation data only.
Component data will not be printed.

= 1 Print component and summation data.
Print component data even if summation
was not performed,

5 IPUNCH SuM Punch control flag.
1 = 0 Do not punch any data.

= 1 Punch suomation data only.
= 2 Punch both compounent and summation data.

The data will be punched in the following
order on & single card.,

ALPHA, CN, CA, CM, C Y, CLN, CLL,

BETA, IRUN .
Tre card format is as follows:

FORMAT (7F9.4,F7.2,1X,14)

One identification card is punched for each set.
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Summation Control Card (continued)

Column Code Routine Explanation
Format
6-9 IRUN SuM Run number to be punched on the punched
I4 cards.
10-11 ICOMP(1) SuM Selected cowponent sequence numbers to
2012 be summed, printed, and/or punched.
12-13 ICOMP(2) . These numbers wust correspond to the
the order of the Jdata placed on the
14-15 ICOMP(3) Force Data Save unit (9) in the Force
and Skin Friction routines. For example,
. . if you wish to sum up components number

5, 7, and 11, then input ICOMP(1)=5,
ICOMP(2)=7, and ICOMP(3)=11.

etc.
48-49 ICOMP(20)

; ) If LAST = O then another Summation Control Card will be expected next.
' If LAST = 1 then the return to AERD will be called next.

A——y .
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AUXILIARY PROGRAMS

This program option 1s reached by way of System QOption calls from the

Main Executive Routine System Control Card (IPG = 4). The Auxiliary
Programs feature is provided as a means of attaching additional programs
or features tc the Mark IV program framework as might be required bty
the user. At the present time only the General Cutting Plane routine
is provided as an option.

Auxiliary Programs Control Card (1011)
Column Code Routine Explanation
. _ Format
1 IAUX(1) AUXILI Auxiliary program options in the order that
I1 they are to be executed,
IAUX Option
2 1AUX(2) ggXILI - ] Not uced. Avallable for user
additions.
3 IAUX(3) AUXILI = 2 Not used.
11 = 3 Not used.
" v * = 4 General Cutting Plane Option
etc.,
10 IAUX(10) AUXILI
I1
133
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GENERAL CUTTING PLANE OPTION

Introduction X
The general cutting plane option has the capability to determine the
gsection shape of an arbitrary body in any desired plane. That is, the
intersection of an arbitrary body cut by a plane. The orientation of
the cutting plane is general being specified by a point in space and
three rotation angles. The cutting planes may be requested singly or in
multiples and for convenlence, the latter have been classified into two
types: meridian and parallel cuts.

Meridian cuts all pass through the same point in space and are '"one-
sided" whereas the parallel cuts are "two-sided" and do not pass through
the same point. The meaning of one-sided is that intersections are only
found on one side of the YP-axis, and obviously two-sided refers to
both sides of the YP-axis (see sketch below).

A vehicle configuration is made up of physical compoments such as the
fuselage, wing, et., which are composed of geometry panels (status 3's).
These panels in tuia are made up of the quadrilateral elements. In using
the general cutting plane the derired panels are selected by name (as
many as 10 on a single pass). The intersections which form the section

)
g

Z2 &

Meridian Cut, One-Sided Parallel cut, Two~-Sided i

shape are collected for each cutting plane but randomly as they are
calculated. Several optiona are available for ordering them:

1. By individual panel
2. By all panels as a group
3. By panels as sets

The ordering may be done with respect to each of the three body coordi-

nates (X,Y,Z) and also with respect to the axial coordinate (A) of the
cutting plane.
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Cutting Plane Orientation

The orientation of a plane is completely described by its normal vector
and a point in space lying in the plane. For convenience, the positive
triple (Tl, T2, T3) 1s uged_to_define the cutting plane, which initially
is coincident with the 1 j, k coordinate vectorsy, respectively, of the
body system. T2 1is the cutting plane normal vector and the coordinate
origin is gelected as the point lying in the plane.

The orientation of an arbitrary cutting is then specified by three
rotations in a yaw-pitch-roll sequence (Y, 8,, ¢,) and by a translation
of the origin (%,, yo» 2Zo): Angle ¢, is a rotation about T3, angle

8, 1s a rotation about T3, and angle ¢, 1s_a rotation about Tj;. The
Intersections are determined in the plane of Tp, T3 in which the cutting
plane is viewed as a line. All the elements are projected into this plane
and the coordinated axis are labeled YP and ZP (T, and Tj, respec—
tively). Since the ¢, rotation does not effect the viewing plane, it is
accounted for as an offset or initial value.

Zp
Specification of Cutting Planes ¢
Meridian planes are specified by a J/ etc.
rotation ¢, plane. Meridian e 5
planes may be specified individ- / 905)

ually (¢ input in ascending order)

S

or selected as equally spaced. 1In /

the latter case, ] N__~_“ )Yp
) = + (I - 1)*A¢p; 1 =

(1) = ¢ + ( 1)*A¢; 1 = 1, NPL \\\\\\\ — 6 (3)

where NPL is the number of planes

and

360

he NPL

Parallel cutting planes are inclined
at a conctaunt angle ¢. and also
may be input individually or
selected as equally spaced.

The positions of the parallel planes
are input in body coordinates (X, Y,
Z) and the points are automatically
transformed to the viewing plane
YP-axis. If equal spacing is
selected. the two end points are
input and the planes are located at

YPA(I)= YPA(1) + (I —-1)* YPA; I=1,NPL
where

YPA = [YPA(NPL) - YPA(1)]/(NPL-1)
and NPL 1is the number of planes.
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Section Shapes and Data Ordering

Each point of a section shape is identified by the name (ID) and element
number (J) of the panel from which it was calculated. Five variables are
given for each point: the three coordinates of the point in the body
system (X, Y, Z), the axial coordinate (A) of the cutting plane, and the
radial distance (R) normal from the axis to the point. The section data
nmay be ordered (arranged numerically) with respect to four of these
variables: X, Y, Z, and A. The numerical arrangement for X, A 1is in
descending order and for Y, Z in ascending order, consistent with the
arbitrary body coordinate convention.

The ordering may be done foy each panel independently, for all panels
taken together, and also by considering each panel as a set and ordering
these sets. When ordering by sets coincident points between two sets are
removed from the final distribution. Also, when ordering Ly sets, a base
panel, to which the remaining panels are added, must be specified. Some
care must be taken in the choice of variable to be used in ordering. For
example, in cross section cuts the axial coordinate will be double valued
and the ordered distribution would be mezaningless. A better choice for
this case would be the Z coord aaste.

Symmetry Consideratiuns

Most corfigurations are loaded with *¥-symmetry (geometry input flag
SYMFCT = 0 or 2) and this 1s automatically accounted for in the general
cutting plane option, However, for many applications it 18 not necessary
to include this feature and thus an override input flag has been provided
to ignore symmetry.
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INPUT TO GENERAL CUTTING PLANE OPTION

Configuration Description Card (15A4)

Column Code Routine Explaration
Format

1-60 CTITLE GENCUT Coufiguration title
15A4

Component. Control Card

1-4

30

35

39-40

45

55

TITLE

IORG

INPHI

NPL

ISYM

IPRNT

GENCUT
Ab

GENCUT
11

GENCUT
11

GENCUT
I2

GENCUT
Il

GENCUT
11

(A4, 25X11,4XI1,3X12,4X11,9X11)

Component identification

Origin card flag.

= 0 Zero (0.0) will be assumed for all of
origin variables. Tae Cutiing Plane
Origin and Orientation Card will not
be input.

w 1 The cutting Plane Origin and €Orientation
Card will be input.

Cutting plane type flag.

= (0 Meridian cuts will be equally spacecd.

= ] Meridian cut positions will be input.

= 2 Parallel equally spaced cuts will be
generated by the program. Two FTarallel
Planes Input Position Cards will be
input to give the position of the first
and last cutting planes.

= 3 Parallel cute with arbitrary input
spacing will be used, The number of
cuts will be equal to NPL and the number
of Parallel Planes Input Positlon Cards
will also be equal to NFL.

Number of cutting planes (% 36).

Symmetry override flag.
= 0 Symmetry of the geometry data is ignored.
= 1 Symmetry of geometry data 1s used.

Special print flag.
= 0 Do not print detailed checkout data.
= ] Print detailed checkout data.

Cutting Plane Origin and Orientation Card This card read only 1f IORG= 1.

1-10
11-20
21-30
31-49
41-50
51-60

XPO

YPO Y,
ZPO 7
PSIO Yo
THEO 64
PHIO ¢,

- GENCUT

6F10.0

(6F10,0)

Definition of cutting planes origin and
orientation (see discussion on page 135).
1f IORG = 0, zero (0.0) will be assumed for
all of these variables,
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Meridian Planus Tnput Position Card (six values per card)

Cclumn Code Routite Explanation

Format
1~-10 PHI(1) ¢y GENGUT Meridian angles in degrees (must be in
11-20 PHIL2) 4, 6FL0.6 ascending order),

etc. PHI(NPL; '¢N

Parallel Planes PHI Card This card read only if INPHI~2 or 3

Colunn Code Routine Explanation
Format 7
110 PHICT ¢ GENCUT Plane angle in degrees
- Fl19.6

Parallel Planes Iaput Position Cards These cards read only if INPHI=2 or 3

1-16 XN GENCUT If INPHI=2, two cards read
F10.0

11-20 YN GENCUT If INPHI~3, NPL cards read
F10.0

21-30 2ZN GENCUT
F10.0

Panel Identification and Control Card (A&4,50XI1,5XIl)

1-4 IPANL GENCUT Panel number. Geometry data on unit 4
14 corresponding to this number is used.
IPRINT GENCUT Special print flag (checkout only)
I1
LAST GENCUT = 0 another card of thils type will be read
11 « 1 this 18 last panel ID card

A maximum of 10 panel ID cards may be used.

Output Data Control Card (10I1,3XI2,5XA4,5XIl,24XI1)

1 IOR(1) OUTD Ordering flag for each panel individually

§ igggg; 1011 =0 no ordering

4 1OR(4) ¥ 0 points will be ordered as per
variable flag IOV

10 IOR(10)

14-15 106G OUTD Group ordering flag

1 < 0 all panels ordered as if random set

= 0 no group ordering
= 1 panels ordered by groups




Qutput Data Control Card

(continued)

Colunn Code Routine Explanation
Format
21-24 COMPB OUTD Base panel ot group (see discussion on
Ad page 136 ).
30 Iov ouTD Flag to signify variable to be ordered.
Il = 0 agxial coordinate (also default)
= ] X-~coordinate
= 2 Y-coordinate
= 3 Z-coordinate
55 IPRINT ouUTD Output print control flag.
11 = 0 Do not print results.

= 1 Print output data.
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SECTION IV
OUTPUT DATA

The amount of output data generated by this program is controlled by
the various input print flags. The basic philosophy involved in the
output-data printing is outlined below and followed by a more detailed
description of the output trom each part of the program.

The first data card input to the program contains a flag (INMONT) that
causes all of the input data to be copied from the usual input unit (5)
to a storage unit (1). As this is being done all of the input data
cards (except for the very first card in the deck, the Executive Flag
Card) are written out on the output unit (6). A column identification
header is printed out at the top of each page as an aid in locating

the card columas.

Parts of the program may prepare up to four basic types of output data.
'. Basic output data always required by the user.

2. Detailed results needed to better understand the results of
the program (*.e., detailed pressure distributions). These
are usually controlled by an input flag.

3. Intermediate results of program calculatious, iterarions, etc.
These are always controlled by au input flag.

4. Checkout print data used cnly to track down program difficulties.

These are usually contvolled by internal flags cet within the
routine where the printout occurs.

The output volume from this program may be small or very large depending
vpon the needs of the user. The user will be aware of his output needs
for a specific problem and should adjust his print line estimate on his
job card accordingly in order to avoid having the job stopped because

of excceding an output limit.

§

140

o T AR PR 2/ SRIody " o

B L Py . ——————




‘Pe3eaduad Buraq spien £ 2d4y ag

53STSUCD STYI -pajysanbay 3T Indino pajurad aonpoad osre Lem SauTInox uoyjeisusl 4132m09% ayy
‘i3qunu jusmery o 1
‘SPIBd ¢ adf] woxy peax U0TIBOTJTIUEpT UOFIDAS = NOIIDES
“suoIIngrajuco SUNToA jusmate jo UOTIRWNG < mnoa
(VIYV - INIDX - AN =) suerd z-y 343 03 uo pazvafoad usyr Jusmera o UOTINQTIIU0d dWNTOA  =A VIT3(
‘Ba1e aovIans Tedsjerrapend = YV
INAD Z
INAD 1
*Teaaierrapenb JO PIoazua) = INAD X
‘itmiou adejing Pie4lno 30 sautsco UoTldalITg = ZN*ANF XN
*(Fuswars a1 PunoIe sstmyoors usat3) sjurod zsuins 8%%jans Indur jo S8jeuipiooy = AP LD ¢
: ri1’qunu mog JusmeTy = K
*I3qunu uwnoo jusmaty = N
‘ucTreueTduy
*¥evsensx [EL LT X Y ¥y AL T Y ¥ ¥
$9L°S ® SINIWITNT snanI 40 3wnTua Tvioy
91 = SININIINT 40 w3enny Ivdiy 921°'s % SININITI Lndw] 40 Y3ur vigy 492 NOQILD3S
00+398n9, g 10e3ing8s%5e 8ET96T1 " 1623000650 ya F0-3000g.°¢= €0-300402°¢ €V=4u000gégm
00+3.0n2g*y 0043P£169*F 255996 00*+300060°¢ 00+300890°¢ 10=30009n°g l0=30¢009°g
or 10-308T56°%s 604350uBg g LiLvol® 104300009 ja 104300009° 3= 00+300000°%5= GO0+300000°% [a [ ¥
3w 04 iN332Z N z z z 4
A ¥4730 IN334 AN A A A A
9 vYayy IN30X XN X H X X W N
Yivd uin3n33 2ov4dng Lnang
“*LAdND J(8N3 2I1ki3wTyvass MOIL238 40t Quveagy
11 39vd

Y U0w AT Nyvw "Wy H90Nd AQUH=AYMPE TunY uaszxma>r\uuzcwamo:m

Fo safeuy 3o

STUL *{ “ewwo> uo pszutad 39 demw jusmate [e1s3errapenb yoes jo S9%38T1930'aBYD pPaTresep ayy ‘e3lep
2IsE

9 343 TI®? 3o =%eic3ys pue uoijeisual 9y2 Sur(Toazuod 103 37qysuodsax sy ROTD aurinoaqng

VIVQ 11dIN0 ZYITHOED

141

T - — .



TJUSWATS 3I8IT3 UO ‘@nyeA weaijsdn £q papratp

SNTEA SD0YF weaiIsumop snujm SNTEA 3JBJIN3 *BDUSIBIITP vanssoxd DATIRTOY = Msda
*8T¥® TED0T 03 aAT3IETD1 juaweTa 3sI1t3 £q pajelaual 2T8ur jyooygs = VIIHL
'IUDWAT® 3S1TF UO JIqUnU yseK 9oBJINg = H
JUGWLTS 181%7 SY3 U0 SUOTITPUOD WeaAIsuMoq - MOTE HNIIMVIS
*ede3yans ZuoTe yjSueT 2ay = S
"'529189p ‘syxe Tevoy 03 SATIBT3I JUIWSTD @dBIINS Jo o78ue adorgs = VIT4d
"93IBUTPICOD TETPEI 10 IYIfey = X
*9JBUTPICOD TBIXY = X
*892133p ‘STXE [EDOT 07 SATIBTSI Wy IO }oe3IIe JO ITSuy = diTV
*aueTd ITH4 uT jusuodwod 13qunu UYdey = JHV
"s83a89p ‘auerd PABMPUIM 03 3AT3BRT91 a18ue URTPTIIIN = ITHd
*89918ap ‘sixe TES0T 03 3A73e(ax aueld paempuism 3yl uy yoeijle 3o arduy = QMITV
*a9qunu ydep weaxlsdn = R
4998€°* = yg4q SSE*LY oz vigml 220mI%d @ w o« MUTJ INILuViS
gHES 00l $En2°ge Inlg’z 0000°001e
mwmf.no £069° L= ;xmo”w LA )
MMWN-M . b PV ENee 1@
PG91%} teo2" %1 suae’ 62ut*la
L2ys’ loo2° 13 208" PriS"e
Gvoo’e l662° 18 000u’g vouo*o
[y Y446 ' A X
eooo00p* £ g4V 6S2Len'y 8 gWy vo0ouotoe £ lIHd 000000°2 B gm4ly 00000g°y ]

NOISNYdXIexnIUNE 43040°0NQI38

"PAB) 1013U0) PT3TJ moTd uoysuedxy yooyg ay3
Uo ()9TdI 3eT3 3urad oy3 4q PRTT013u0d 2ie s3[nsax Indino uoysuedxy J}20yg 13paQ puooag ayg

VIVQC 11dIN0 NOISNVJAXH XJOHS 43qi0 aINODdS ATIId MOTI

142




"ST¥® TBOOT 03 3ATIeTaa a73ue NOOYS = YIani
"¥204s By3 3 zequnu yoey Wea1lsumoq = R
*A0Ys $80I0B GTIBIA VaNESIIJ = Td/zd

"®JBUFPIOOD TBIPEI 10 IYIFOY = Sx W
*9JBUTPIOOD [RPIXY = SY

jooys pappaqua zo mpmvnoumm IBAT] SVIEDTIPUT 2 =
A204s 38213 20 Lxewiad S31BOTPUT [ = u 913Um U FAVM JDOHS ‘NOILNIOS QIDSIANI

re T . ww L [ XV ..
IFT AL} AT fruv’l Spd2*y GCer'fe
LTTIRNY s2b6*t gcnw'l fyve* L§1p"¢as
21141 §696°% (13 T3 6L65* 2ele'1e
poogtLl §696°K 0580} 0po2’ 99%06°=
UesELY 5696'S ogsaty ovonto 0000°%0
LTECT -0 fes2d 84 8x

' 4AUn NIOWE ‘NOIIN0S QIGIANI

‘9d = (INI)d/d sny3 pue eanssaid ay3 o3
PeITdde ST UOFID2130D 19prO-pucIVE ON ‘o0lIsz ueyy seay ST VI JO enTea ay3

19A3U3YM UOTINTOS 13p10-pucdas e Suyunp siesdde no Jurad STyl - NOISNV4XZ NDOHS ¥IQUO 1ST

*O0T3®x 9anesaad jyo snyea Zupawyl od
‘IUSTOTIIS00 dansgsaad jo anTea BuTITUl] = wITdD
‘STXB TBOOT 03 SATIeTa1 218ue Yory = ATONV ‘
"UOTINTOS 18pI0-puUOIIS UT U Juauodxy = vig 3 .
*I2U102 3je OF3BI BIns._aad TEUOTSUBWIP=0OM] = qd — 3
*3USTOTI3IO00 3Inssaid IveJANg = do !
‘9OPJINS 1B I2qUWNU YORY = K
TOnTBA Wedi3sdn 4q PIpPTATP SoEyIns e enTeA ‘OT3BI 3Insselg = (ANI)d/a
*23BUTPIOOD TRIXY = X
0n09e . we Ty Yeo w29 ¥Zo..o Mumm. “ea bR bbu., 09vv'0le
660v0°%¢ wnto’ 8ivotse Sieny® enEngeR on/0° CLIS AT 05600"2 6Cr1% e
P69t 22wy’ 0599 °¢pe s¢ocp | boibise AT TN f460°p 9444 l®e L4ve®na
t865¢°2 f£640° 2V6¢'ge nsous LhEveee 2680° 265up lubgete P1iG° 2=
fecqet2 fog0* Y *Ge LTI 6519¢0¢%¢ Toun® 965Uy 192vere 0000%gn~
fug9ete fovo’ L962°4¢ 75944 ° bruseee 64880° Suou'p siveece W2rsie i
fyleste 2L60° n629°52 oalsw? igidgee 2860° 20m0°y 191¢r*2 1i5y°- f
£9ies e 2160° re?e'q? 00000%0 toldg?e 2e60! 20b0°p s9te¢s°e 1%8¢% e i
J)d Wildd ERBLTS vi? Bd d3 » (inldd/d X !

3IVINNS 'NGILNTIOS GI3gTAN]

(PINUTIVOD)  VIVQ Zndiio NOISNVEXE MOOHS ¥IMIO QNODES CIAId MO




*3utod ay3 30 23IBUTPICOD TEIXY

*3ured 8y3 jo °3BUTPIOOD TEIpPRY

*qurod 2y3 jo ajeuylpioc-7

*3urod 23yl JO IIBPUTPIOOI=~Y

*3ujod 2yl jo 23BUTPICOI-Y

*toued syl ur 1aqunu 3ULWATY

‘PIe) UOTIBOTITIUSPI TAUBJ dSYJ WOIJ UI[IEOFITIULIPT 2P0V A0 I2qUnuU [ousg
* (uoyidp aurld 3vylIn) Teasuzn aas) ATTenpTATpuf [oued yses 1oy Ferj Furianip
* (uor3adp 2uerq Bur3lan) TeIBULH ®9s) Bery Buriapio dnoas

*( %8 a3%ec a35) sauerd Fujiano sy Jo Svioedsg

*a78ue uetpyasm aueyd Bui3ing

*2I%UIPICcod 9z ‘urdiro auerd Suriing

*ajeuypaoco *Cx ‘uyltioc sueid Buyizny

*332UTp100d ‘% ‘urdtio sueyd Sup3iin)

*Oy “a13ue uotieiuatac auweyd Fuyianl

%% ‘a278ue uotirluaTio auerd Buyiin)

.0% ‘278ue uwojiejuetrac ouerd Juyling

L

I I I I I
oo oag

CooEMA0GA

RERENSZ8 m e

OIHL
OTHd
0Isd

144

PiLSHe o~ by, . . ceievu e ovolgn® Y T Ao 2y
IyeriL'ls 20L0F4" 290900 ° = #vzegs’ EYEIIVAITY G0
L96en: %1« qusEde’ €00000°~ 9osyae’ is92ritie 12
bENliG e gLintie 000uly*e sLipyt’ bEnlis®a &
0Vovou®e 000uv0*0 (LT LTI 0V0G)0%0 2006060 6

LR & & 8

¥ o b4 A X r Gi

O 0 0 0 0 0 0 0 0 O = (1)¥0] GNY e = 9UL HId SY ¥ HUJ JINICH0 SINIDG

00 = ENOILIISHAINT 40 dIgWNN 000000y = vdA V00000%0s » 14d U 830#0N In¥g
000000°0 s 02 ¢s0u0uto 8 DA Vo0000°0 s (X 80000080 s 03Md 00vog0*0 e UIsd 000000%0 » DlHe
'L 8 SINIDd IVLOL I = SinJ 40 ¥398NN NOLAYYRAT ANDI

*moT2q umoys ST eiep 3ndinc auerd 3ur3ians ayg
*weadoxd a2yl jo saanieay aveld 3uylind ayj 30 a°n sayew uoyildo pISTd MoTJ UoFsuadxy HOOYS SYL

VIVd LNdIN0 ANVI4 SNILIND NOISNVAXA ADCHS




o ) *3urecd adeyans

- 3yl e L/ =(ZTIVIVQ
*auted @oezans ayl 3 “4/d =(TT)VIVA
*103994 L3T00T9A @D0BJANS 2yl JO Juduodmod UTS0Y UCEIVRIATP-Z =(0T)VIVQ
*10309A %uﬁUOHm> aoejans 3yl 3o juauodwod IJIUFSOD UCTIIRNIFP~% = {(6)VIVU
*1030@A A3[20T9A @0BJANS 943 3O 1udu0dwod JUWFSOD UCTIVBATP=Y = (§)VIVd
*13qunu YorK IdBIANS = (L)VIVA
(pesn 30u) O°'0 = (9)VIVQ
(pesn jou) (0 = (S)VIVQ
(pIsn Jo0u) (°0 = (HIVIVA
*qutod ®3Bp WVEFANS Y3 JO IIBUTPI0OD-7 = (£)IVIVA
*jutod B3RP adejang ¥yl jo 2IRUFPICOD-X = (Z)IVIVA
*qutod ejEp VOERJANS WYI JO IIBUIPICOI-X = (I)VIVA
*£P11® BIEP JIBIANSG = VIVG
*pPauTEIqo 2124 BIED Y] 2I9YM # ITUN UO IIQUNU PIOIBY = S%91
*123unod jujod el = 11
EP T
VIVQ ‘S%91 ‘11 (T6°10FdVi) HITEM m
1uewalels 931FaM FuTMOTTOI oYl BUFsSn JYnsdd 2urinox uy poiurad sy eiep saoqe ¥yl
. .. . es00051°  20435054¢ pnt o
104318921° Ivrasvues 00e3500n2"~ ‘¢ 00+39L0Llo’s 15+30294%"
*2 L} 0 30e3LONLE = 204300uST* 22¢3y0528° £2 £
10439§9G61" 104300645 ° 00s3:1861% *0 00+3959f0°~ TO+350062°
K ‘o %0 10#329552%« 204300uS1* 204300595° et 2
304305962" 20¢3npl2i® 00435€50L°%= *0 00+3g8804i%= 10e328271°
‘o *0 "0 00+300666"% 20+4300uST°® 20+3000bs" Irt 3
*INIOQ9 HIVZ 2u4 S»07T04 Avesy viva
TS Ivedl Y07 AIND UL ® LIND AQHd Giadasnysl Inlds 347 ¥ivd 2Jv4ang

»% NyILidD Q3T 4=n074 w»

*gM0TT0J Se ST uor3ide BIY3 uy peijurad Indino vyi °*(3uVTINOI
uworjeTodasiuy auyids soejane 9yl £q paainboz 3emacy ey3 uy) o7 IFun 3Be1o3s elep PTITF AOTF
3yl o3 (weaBoid 30303 PIOSIAUT 3Y3 Aq paioius WIBG sBY IT II3YM) % IFUR WOXF BIBP PO MOTJ

1ejsuei3 o3 pesn sT weiBoxad 3yl jJo uopixod PYaTJ MOTJ P4yl IO UVOT3IC0 IJSURI] BIE(Q 3DEBFIAINS YL

Yivd INd1N0 NOILdO d3ASNVYL VIVA A0VAdNS




{penutzuco)
*ole
(7)I3ASOT ‘338 puUZ @3 3 3IABPIS 03 I2UT0d = (9)IVIWI
(1)1ISOT ‘398 3IST @Yz 3O 3ae3s 03 I93urod = {S)AVIKI
*posn jou ‘A3dwg = (4)GVINI ¥ (€)EVIWI
*{IXANDT) 3ITun 3Yy3j uo prodax L3dwe 3IxXau Iyl o3 IdJUTod = (Z)AVIMI
*(LASAN) ITUN 3yl uo (§,H) SIas eiep I3jeaedes jo IsqUNN = (T)EVIHI

Aeaze zaiutod £10102aTp I93ISe = avINI
*279qe3 £103093Fp uoFdax °yjy 103 ITITL = AATIIL
*a1qel £301231Ip 39S §-D SY3 103 I[IFL = VIILIL
*3T373 £3030317p 9§ = SATLLL
‘*9T3ITI AI03ID2ITP A9I8EY = WATIIL
w2ty LR “zrh” Vuue 4wYHp e 1 1 TR Busyti Stre UUUptole veu, = cfty’l cee- VIS
edeltl wiggte $ELY° ¢000* enfb'e Segi'e LT3 gune’l s2rttie  0UGY’e wong'l 20l e
66511 6r61'2 et ogoo’ 2806°%e Y LT 4stt s22w® 1982%r®  (UQQ°a biee® L1532 n=
68if’t 64e2*2 i’ ooou* Sieste (1LY M) ¥Hi%) L90%° risn®2s  0000°%s toor® VS
YiYA T A¥vYQNNOB
° ] ] ¢ 0 a4l
) 0 [ 0 ° 030
¢ 2 2 91 119 341
° 69 ty 1s 9 4477
o
0 DTS AYYQNUIIE U HIGNAN b NUIzdyedns -t
I wOI23¥ #0%4
000°0 sUInd VeU'e syuidHL 000'0 w=ulsd  000%0 =027  000°¢ =GA  600°9 =DX
000 2 7 ®dAlGL  Q1314"4 AQUBLO°ORYNAIYS Dan ¥iOT 3SyIeHIUIL
¢ @ ¢ © © 0O ® O @ ¢ ¢ @ ¢ 9 © ¥ ° 0 @ o =M ,
t = 934N 000°0 =Y 3g 009"0 =YudY : D 0aYHA IV S h2W YI0T 3S¥Iav3111a |
¢ ¢ © © 0 © v g G ¥ I O b o 0 © 0 oG£} EL 4 =AY
£ 3dvyn 005°0 = MOV 3°h3h ¥I01 3SvIES3ILIL
o 0 0 0 ® 0 0 ebF t maviWl S*pad Y40l 3SvIEWILIL !

LIND 03X 4=k0714 WUNY GY3IH SNI3E 3MY ¥iVE
%% NOLQAC SV3T4%N004 ew
*moTeq umoys st paonpoad ®jep indano ayg
*T 03 ao3jsweawd MYI 2yl pue ‘1 o3 (y; @%ed) paed a7qel 410399atQ uwotfay syl uo isjsuexed

A2YOST 2ya Sutiass £q paydesa sT uworido STYL 'GT ITUN B3IEP PTOTJ MO]3J @Yl wWraJ BIBP DIIOII38
jo sjua3uod 3yl Ino jurad pue ajeoxxajuy o3 pesn 9q Lew uojido pely e3ed PIOTd MOTJI UL

Vivd Li1dLN0 avad vivd Q13aId moid :




g R

YA

e il
‘B1BP PIBTd ¢ =
*(weaBoxd ju9saizd uyr 9A13O® Jjou} LIEPUNCQ WEDIISUMOG b =
* (weaBoad jussead uyt say3o® Jou) Aiepunoq weaalsd) ¢ =
*BIBP IABM HOOUS 7 =
*BJEp 90BFANg T = U BaAJYM
*jujod elep PT3TS MOTF I® ®L/L =(TT)VIVQ
*3utod eyep pTaF; MOT3F 3I® “d/d =(TT)VIVC
*10399A A3700T9A [EBOO] JO jusuodwod IUTS0D UOFINAMTP=-Z =(QI)VIVd
*30393A A3F0072A [BOOT 3O 1G3U0dwmod aUFSVD USTIVBIIP-X = (6)VIVA
*30303A £31T700T3A TBSOT JO jusuodwod aUYSCO UOTIVBITP-YX = (8)VIVA
*jutod ejep e I3qUNU YIBW = (L)VIVA
*guetpel ‘3jujod eIEBP PIITP MOTY JO ‘IH4 ‘o78ue UCIILIWITI0 = (9)VIVQ
*jutod ®lEp PTOTF MOTJ JO ‘Y ‘aduelsyp TeypEY = (S)VIVA 3
*jurod ejep PTIY3 mOT3 O ‘Y ‘Sduelsyp TRIXV = (¥)VIVQ =
*jutod BIEp JO 9IBUTPICOI-Z = {(E£)VIVQ ;
*juyod BIBP JO IIBUIPACOI-X = (Z)VIVQ P

*juyod elpp JO IIBUTPIOCI-YX = (TIVIVQ

*YIvyq ‘4eiie elep, PIOTI MOTd = VIVQ @ ZYVANNOL
*B1Ep JUSTOTIISO00 I0J i133uncd jufcd BlEQ = a1
*SIUOTIIL00 2uljds anejans 103 Lexae aszuyod uwoiBai-qnsg = ano1
‘2lep uotlB3i-gns 103 Aeiae 1a2junod utod BIRQ = 241
*Aexxe 1a3ujod uoydai-qng = 2301 )’
*( [g 3%ed ‘uvoy3do prerd mofd uorsuedxz-yooug g = °“IIIQL0X
*(pae) ferd 2dL] ®ieQ peOI-puBH PUEB PAE) SIQRL 4I030eiFQ uoTBay 99s) ALeaie adA] BlEQ = dXId1 1
*£10393x17q uofrBay yoes Jo 3ae3ls |8yl 03 £BIIE 13IUT0d = 2901 i
*peai1 8uiaq Je°s g~0 Jo aT3ue MEl = vi3g i
*pes1 Bufaq 398 g-v 3o Roelze JO BiBuy = VBATY ;
*£10309ap 198 g-0 Ydwa JO 3IeI8 Iyl 031 Aeiar Ia3jurogd = avyo1 !
*3IUN Y3 VO SITAOIVAATP 398 g-0 JO ISQUENU Y] = gyN
‘lequnu Yoel 398 BlEQ = HOVKH

(penuTiuod) VYIVA INdLN0 QvdAd YIVA dTaId MO'LI




MTELIS 1 Fagd

v3iyv

De

10+39t6l2"

LN23Z

[ Qe G- ge

15 39vd

0g+5205S3°

ANIIA

Qe Qe Qe

L e e e gt o ™ A TT

*(IUIWRTI Y3 PUNOIE ISTM{VOTD) s3ufod I3UI0D JUDWDTH
*B31E 30BJINS Teialeljapenb jusmaT? aaTledey

*(3usweT? 9a13vdeu mou) Jeaegelrapenb jo pyroajus)n

*JewIou IDEJINS PIEMINO JO SIUTS0D UOTIVVIAT(Q
*papToTys Suraq udWeTS JO 13qUNU MOY
*papTatys 8uraq juswaTa JO IAqEnU UMNTO)H
*I2qUnu JUIWSTa EBale a3ATIESay

to+38L68n"
00+300991°
2043099n2°=
20+30L912°"=

n2

nA

nX
AN3IX

0 0o 0+ (w

)
104352q50°
00+300n93"°
2Us3ngenete
00s30lonn®

€7
T
¥
N

Va = (07

¢ d0n

*9
1643000yE"*
00+35c9nni*®
20+434pyQse’=
0¢e3g2L98°

22
2A
ax
AN

S L4 £ é

10+30009R"
10+3CuLEe”
00*30UYYE°
2043991id%-
00+3Lvck2®

12
LA
ix
AN

0uvy

1 ®S$TINVg INIUIIINS

%2'€2°T2°12
#R‘CX"TA 1R
PREXSTXTX
= VIuvY
IN3DZ
INZOX
= INZOX
ZHAN*XN
798
NI
101

14R

0°T o0°1 0*'t

kI NI I

sYNd Y
8 =3nvd

ByLIB 00°¢

SAN3W3ITI YIVY JALLYOIN LNdAN0 WY8I0Hd INICGISIHES#3E

GHYd 3L1L 9N1Q0731Ims

Al NEVK

syl

T A90Hd AQUS=ARYELTIuEY JINOSHISAM/IINGSYIANS

*pae) Toajuo) I3TITL BuTpTotus 2y3 uo 3eT7y 3urad ' Aq poTToIIU0Y 8T SIUIWRT2 eBaie 2a13edou vsoyl

Jo Bujautad eyl

*3aed 19yic 2mos Aq PIpPIaTYs a1e eyl adeys aujl jo suoyliod asoyy jusseidsi

1ey3l sIudW3ITa eB2ae aATledsu 21038 pue Ionpoad o3 sT weiBoad Bulprerys =2y3 jo 9sodand ayg

Vivd LNdINC WVID0dd ONIATIIHS

P n eeatm et apa,




34871 3yl 03 @sou ay3 @010y 03 Surpuay

Uaym aarirsod) NvdS ‘uy3iSuet 9oUaIa3al uo peseq JUSTOTIIS0D IUmWCW BurmeL ¢ Yy N1 2
* (Y311 ay3 o3 TTox ® asned c3 Buypuey
u2um aar3ysod) NVdS ‘y3Busl 9OUBISI21 U0 PISEq JUITOFIJL0D JUIWom Suifroa ¢ ¥y o 11 D
"(OVH “133%uweied y3Bua uo paseq) AL11avad jo z1sjuso 3noge jusmom Bupyo3zpd ¢ Uy o WD
‘0Tl 3RIP-03-33T] = as
"IUIYOTFIV00 2010] Temaouw ¢ Ny = N2
*(3Y312 2y3 paemo3 °ToTysa
30 3PTs 3337 uo Zurysnd s soiog uaym aarjysed) juayorijeco o103y 3p18s ¢ Ay o XD
*JUITOTIIB0D 2103 ey ¢ V5 = 2
"IUBTOTIFe0D 31T ¢ Ty = TD
*3Uu9TdT3Ie00 Zeap ¢ Uy - ao
*(?I°TY2a 2ay3 jo apys 3y8ta ayz Suryrils PUTM 3Y3 U3ITA @aT3Tacd) §99122p uyr a72ue Ay = vI3ag

§S 3ovd

34yl 3o 3jewioy Teasuad ayg
‘(sa9d) weiBoad ayz jo 31ed a1

n

*599189p Uy %0BIIE® 30 ATRUY = VHAIV

00000°0 03000 wiovy’ 560.6%1 00°0

55€)3° 00000°¢  ¢ni0Q"° engay’ g£L100" 00°s

NY D M2 n J a/7 yL38

N2 A2 Y G99 a2 \LPall
Yi¥Q 3J20s

09°t ® 93 2 00°'0 E 9) A 09*gle =z 93 X
00°0x B 2vy 0y 2 NYd§ 0%*2st = 438 §

aulvs
°000002 = L7y
S0+395)11¢” ® 14734 2338/44 9700002 2734 Gw0'esl 3HIYm

%93 ¥

m 45 dt 4rve

- T & MIGAN JN3L0a0S
1 sy

0 JOW AT YdV¥W TWYd90dd AQDH=AMYHLIG: ? JINOSuddAR/3INDSIANS

*SBMOTTOJ se ST e3ep
(KNs) sur3noa uoTjeWNG IY3 Aq pue *(SiiuSIA) @ufpinox BNUOBTA 243 uy
S8214 PIOSTAUT 3yl UF pajulad 9q 4dem SIUSTITIIS0D 20103 OIWPW..pOIBY

VIVQ INdLN0 INAIJT4AE00 2030d JTHVNAQOHTY

149



"S3UAW3IOUY Judwow BUTITOX Jo uorIEWMG = 0
'83UBWAISUT IVI0F TEWIOU JO UOTIEWENG = KD
"SIUSWRISUT 91107 SPTS IO UOFIEWANG = j %)
'SIUDWIIOUT BDI0] TEFXE jJo UCIIPWmMNG = v
‘E9IE 3DVIINS JUBWOTY = VIV
*(3ewr0y Indinoc UOTIOTIF U 103 070 = 398) 3ULWIT? 23 ©O JUBTIFIFZ00 2INE831J = ko)
*Uoy ‘auswmaiduy jusmom Fuimey = N1D 1T3q
*Uyy ‘juemweasul juswmoum Buryolrd = WID Td
.quq ‘lusmeT? ao03 3UDW3IIUT Jusmow BUITTOY « ot W i1
N3y “juemeys d0F 3 W@3IdUT 2710 TPWION = NO T3
"ASy ‘juswaTs 103 uswersry 82103 8pIg = D T3d
- Yoy flusmels 107 j.sweadus 90103 TBIXYV = v2 T30
i3qunu Juswely = 1
v = I6TF?Tu . it le T .9
NO IvEAY. .. oun7Ten N°N  anc3josorseq N0 SC=371¢-. .. 0°0  S0-39ZF44°D 2
0 = MO Ayvoy~aac T = NATAOP_ang T~ NOTO3IN MO714 T = 1S vii-vuay T = 135 ¥1Ivo mnld
NI%0A®0  FLIDA®N  SITHP D ~0HIN*D £la55°0- RCL0;eh =TINTA T0-3I#WNETN =11 T | T =aNn1t
00 3¢€790T*n T0 43739Gen 20 36CLANO-
10 1736479 UG St TET-F YR AR S FE TS T W TN $0=3L%091°0
00 ITAOTS®D  IN-359997+q 0°0  N-IL%Gsi"0 2°0  €0=-319A5T°N- 01 &0-tHNATen ¥
INTI7 INAN AN3IIY
¥113n N1 w12 17 N9 A2 L)
vauy 47 17 130 LARIRET 11 130 N9 130 A2 1303 ¥3 7130 1
0%0 = 4 00 = ¥ 0°n =™ 0 = RENAQY
neG = 1 v|i1an a109°T = Iv)3 nnnonNt> = w 0N*n = INONY me, AT = NAWEIY 40 TRy
¢ = TAYHST S = Avugy 0001 = YW n*n = 977 ne- = a8 AeA = 99Y
7= TIAWT T = )IVAHT €047 o NVAG 0e30T = 434 § g T LI 00CTH  =HIYW viva sNINITI
=Y TVx
QIISTANT NIITIMTT4 AQNT HETP INTM
67T  3I9vg 15v2

QMM ¥ AT NNTH SWYHANYL AANC-AMYHLTUY FINDSHIAAH

- ‘uwexloaxd

SNOY8TA 243 UT Ino jutad sOTISTIRIDEARYD 82103 1UaWITS Yl 10J pasn osle ST 3euioy Indino awes syyg
‘T A0 T = 388 ST pIB; poylsy ainssaiy 8yl uo INI¥JI 8eT3 syl usyam pecnpoad ST molaq umoys 3ndino ayyr

INHWATE HOVE 40 SOILSTUAISVYVHD 204904 GAT1IVIAQ

150



*“1/1 ‘0F3ea 2injei3diel PTITI MOTF [ed01]

*Pd/d ‘oTiel aanesard pYaTy Mol T2

*10309A A3TOO0T2A @2BIANS JO BUTSOD UOTIVIATP Juduodwmod-Z

*10302A A3T00T2A @0BFANS JO SUTS0I UCTIID"TIp Jusuodmod-x

+103299A A3ITO0[9A 20BJANS JO JUFSOD UOIIVIATp Jusuodwod-¥

*(3nc 3utad uwolIOFAF urMe

U JU9FOTIJ0D UOTIDTAF UTHS TEOOT =) I3GUNU YS®BK PIIFF MOTI Ted07]
*feaze BIEP IdULILILIIUT

*SUOTIPUOD We31IsIVAJ

03 UOJI3ID31102 310]3Q) SUOTIFPUOD TEBIOT UO POSEQ JUSIDLFID0D oinssgazd 3uswall
*BUOCT3IETNOTPS 9OUSISIIIIUT 2yl I0J PIsSn AdQUNU UVOFBX PTITI MOTT {YL
*33s e3iEp £L133w023 TeuIf}io 9yl U IJUSWSTS IJYI JO I9qUNU UWITD ayJ,

*(@s®aTald TETITUT UF P9sn 30u) Juawda-3jzBd ayz jo ITRY Jujufewsx
*(meiZoxd Jo ISESTSI TETITUT UT Pasnh Jou) =20UIAIJAIVE 303
pazdreue aq TIFm 3Byl uofSaz MoT3I B Ul 81 Ieyl JuswsIa-jaied

»(wezZoad jo @sea[a1 TERTIFUL UF pasn jou) ALiepunoq uojfdax #01j
® I9A0 S95S01d 3T ISNEIIQ pazATeue 3q JO0U TITA IBPY JuswWdTe
*53109338 DPI3FF MOTJI I10J Pa3vaaiod 3q TIIM 3Byl 3ULWDF2 &32Tdwod
*I9WIT2 WeI1JEWJ

v
€
4

T
o

*2pCa UGTITPUOD IURWATH
*feaze 8e7] UVOTITPUOD FJUSWRTYH

*PICIIVSY JUSWITP JO 2IBUTPAOOD-Z
*pPTOa3IURD JuswIT2 JO 1BUIPICOD-}
*pTOI3US8Y IUSWAT3 JO 31BUTPIoOD-YX
*592189p ‘ao72ue Joedur juswmell
*5IU3W3IOUT Juduwonm 3uymed jo uoflemmng
*sjuawaa>ur juamow Butyr3Fd jo uollemmng

[

(9)TANIA
(S)LIRIQ
(»)14NIQ
(€£)1INIa
(z)1ANId

(1)14N1Ia

(£)aNod1
(2)ano1

(T)ANOOT

I

TANIA

140

anNco1
INADZ
INHOX
INZIX
Y112d

NTD

W1

(P3nu7luod)  INAWITH HOVE 0 SOIISTHALOVAVHD JDHO4 QATIVIIA

E) RoARR S

151

e e e i e



UOTIDFIJ UPHS

SUOTITPUOD

- -]

X
od/
Tousof g

_::a:t!xs:isuAEnnsmmﬂ—-

*UCGTIVEISIUT INOYITM

A

03 UDIIDPIIJUT PIIBTAUI-SNOUS|A U3 (M G0OTIDFIF UINS IG Of1eY
*ueidcad jussead ur pasn joN

*SUOTITPUOD IDUWIIIII UO DABEq IDQUNU SPTOULay

*013®a 31njpaadwel £i1APA0N2I 03 TTEM

*0F3el 2anjeraduel WRIIAIBVDIY 03 TIEMN

¥, ‘@anjeiodus3 aoBJINg
-wgx3oad juesaad uy pasn JoON

raeiboad juasasd ur pasn Jof =

+meiBoad juessad uy pasn joN

"(S3TnSal 1PUTWE] U] UOT3IDBIIIU, PIISTAUF-BNODLTA SIDRIdUT)

WeeiI3SIIIJ UO PISBq JUSTOFIFJACGD UOTIITII~uIYs o8eisae TEUI =
x

°8/0/" g = “A
* (53192139 maogzuefd sepnrour) I33arvied 8nodsta DTucsIaddy

K = X *SUO}3ITPUOD 8DBIANE U0 paseq 1aj3weied uo}IdBILIUWL dTuocsiadiyg
*alwqunu spyouday [ed0]
*a7%ue Zutuiny moOT4
*93BJansS-1BIITUT 3Y3 3o ofiel aade}
*20pJINS TRTITUT 9yl Jo YsrBuat 3sefuog]
3152133UT JO ¥VRJaAns I3 Jo yaBuway 3s33u07]

042/42
do
13/x33
YL/ML
I/M1

ML

N2 KAS
VO HAS
ND ® YO

"

40

e A
4ve THD
201 T
(T)a19NV
¥AdVL
THIONAT
TRIONET

L}

*{"0 sz pajutad 3q TTIM (°[ UBYlI SS9 S3NTEA

Yyaia pelefndTed 10 3InduUf Seaie jeYl 93I0U) SDBFANS UOFIDLAT-ULNS IO BSIB pPalinp

saanss3ad peonpuyl SNOOSTA T =

* (Puoc-3uaBuel T = ‘°8pam-3ualuey J07 (=)

n0+3950%9 2vIic¥0 L 2¢lLlze’
£9fC* 10=35¢i"¢ {0=30G9°T p0+vi[*E ZOS2RE"T 9492500°
003047 0000 Mu+3Ligts 950" Uit c'2ul
G002%% w02DL*Y  wV*I0NSN“T 1250° Iyi9rg 9*€¢Sql
g220* 9i0’'w Su+326L"a 20°g 0 0m v
HYLS A 2 aviS I L4748 Lea012Slr prgdlenmy
N43/7 143 c? las838 BVANY L/%a "]
133743 Q2 Lar»39 Mi/my Liwi »1
HYS A #Tw M3 207 34 (1)379Ny LR N ML

*SMOTTOJ SB ST WOI3CO LOTIVTIF

82°no21
66°95h
Youonce
vaouo*te
Q%9

Hedwdl
M) wNS
NT niIS
THADL YT

1dM s

“{p23eTuoTRD 31P

go28'p
ngint
op0ul®Q
0Uv0e°e
‘ne

3Sd=4
y3 wils
vl »(1§
13m 8

‘pajenOTEY ST UOT49TIF LTYS O=) BBTI poyisy
‘el °d43 UOTIOBISIUT PIISTAUT-SNODSTA
‘19qunu JUSWS T2 WOTIDTII~uTS

£9°g9Ll

Lolnvi

ooCUL "V

0ooouL'e
v

ANNGS A
[X0e]
tJ

QuHL 3n

QOHLIW
d4dAL
*ON Jd90S

L}

g'oniel
¢tve0oe

2:961°11  va01

GSna0°63 WY3INLS

GuouUL'o 3tmoo’ Bang

BLUVO*D  £G9G0"° Wy
|4 1

A V)

92 EP]

v 43

dahd ‘ON 48NS
1l¥G NOILJT8d NINS

Axnl
WYl

uTys ITI 3a8W ay2x Aq 3ndano elep oIsEqQ 2yl

YIVZ INdLO0 NOLLOTYd NIAS 111 TIVA

LY



‘afed JuimoTTol a8yl uo peqlidsap 87 Indino 3Tyl suofIRIndmod UOTLOTII-UFNS
11I 3#ieW 2y3 Supuisducyu pozutad aq Avw UCTIBWIOJUF pI[IeIa’Pp 230w ‘iasn 2yl jJo isanbaa Byl 1y

™M
(-] o u
4/, 00 H = A
*SUOTITPUOD IDUxIIIBL I8 pajenfesd iajaweied snoosTa oFuosiadig = gvis A
p. .}
. Cu7n iy = o
*SUOTITPUCD TIBM JIB PIIBNTERAD JUATOITIF2CO L31T7S03sTa ursagny-usmdeyd = o]
« o 0
(LD ) =0 4_
*SUOTITPUOD PDURISIRL 1B pajenfend JULIL3JJI00 AJTSOOSTA uisaqmy-uemdeyd = ¥vis D
*30c3 a9d iequnu spious’y = 1d/39
*40T 82wl LITB09STA =  [xx0T#SIA
0T SOTF5 A3T8URQ = 4¥x0T¥OHY
*d, ‘eanieiaduwal = i-aEl
*233/41 ‘pangsaigd = d5d-d
‘pucoas/1aa3 ‘punos Jo paads = aNnos A
*Puodas/1393 ‘LITI0TPA = A
+13qunu YIBH = HOVH

(penutauod) VIV LA4LNO NOIIOT¥A NIAS III ¥VKH



AwmsaﬁunouV

.Aezea\*:*ov 3opoad £37soosiA

-£3Tsuap Weails-a391] 01 3onpoid %uwmoowﬂ>|muﬂm:mv 80U313491 Jo OT3IBI MOT] IguTme] = VIOW0d
KXoyt In
w - U
Z\HA Mv J :.m.v..CHnm .mm. = N
#0713 3us[nqanl o3 ‘7 = N A0T3 IeUTWE] 103) asjoweied UOTIDLII~UTHS pazfTemioNy = (TP TID
"SUOTITPUOD WEBI3SBIIJ uo psseq JuaIoTIFo0D UOTIDTII-UTHS TEIOT = T4
‘4, ‘2aniexsdusi Tresm (Indut 10) TNTIQITINby = DIML
.nommmum\aﬂnuuv ‘Z¥1 3Ie °3E1 3urjeay UOTIBIpPRY = z4h
"(995733/q1-33) TVl 3I® @3e1 Bupjeoy uoTieTPRY = 20
*(925733/9T1-33) *ZDL 3e aiea wcﬂumwa 9ATIVDAUO]) = 700
*(995;33/Qr-33) ‘IDI 31 ajex Burieay aAI3ideaucny = 100
"4, ‘pa3ieTnoTe:r ST 3urjeay UOTIBTIPEI YOoTys 3Je 2an3jeradusy JO 9nTeA puodag = ¥l
"4, ‘PeieInoed ST Burjeey UCTIBTPEI- 4o FYym 3® ainjeiradwoy 30O SnTeA 3saitgy = THL
"4, ‘POIBRTNOTED ST 8uliesy aalosoauod Y21um 3e Banjeardwsy jo 8NTEA PUODRS = FAO) &
*¥, ‘PeieTnOTED ST 3ufpeay sAT31osAUCD 19T4m Je axnjeiaduwe3 jo SNTBA 3ISITY = 101
‘Spie) Rleq iusweTy UOTIDTIJ UTHS TII NIeW
2yl uo (9°1)sy se inder) Bery UOTIBTNITEBD UOIISTAJ-UTNS pUB danjersdws; TTeM = MN
* (se8 Teex 103 ¢ = pue ‘se8 [eepr 103 T =) UOT12a23T 3injeiadusi Jo 2d4L1 = MII
*(Buoam st Fuiyjouos usyl IT = I1)
sanjeaadwal Trem unTIqriInba ayg BurjernoTes ur paiInbai suoriersT 3o a3qum)y = Id
PEc1°93 8 IW/nvyw S699°PL 8 [4/an g6182* = gaNWOY é8L1o0® = (13u)14) 20=305020¢* = 1432 48 ¢nLl = pImg
NLLINTOS  Jessw 444 'SY9 vy
PO+3lceyiet = 240 n0+31615L2° = z3m 5043506201°% = Twu n0+3dbec25Le" £ [Im 1
Pe~IVLY LYY 2 gy RO439LENLLY = 2y U+38592¢m2* = 141 ni*4uSané® = 13y 4
PU+ 462862 = 24u Tu+IYLNNLEZ® = 20 to=429sb62® =& [mu PO+asSe vt ® Ip 1
TO+3L65191* = 254 mO+3zesiYit 2 23, £u+3000001* = gL §0430000UE" 3 1) 1
SL493°29 = TW/w¥NW $696° N1 = [4/+H 0rga6°h = yyiw(d 6450an°T = (135) 149 20=3ylgs0e* = 143 #9°2591 = g3mg
*NCILATUS  Je5/n *43H ‘sv9 T3y
uUe3leiglet = 2u8 nhe3nig2ee" =z 234 hO+3F9€L02° = juu PO*dLelsee® = IJp 2
eraniEgYilt 3 241 PO+5652¢8Y1* = g3 ne+aniicet® =z Iwy wo+anlages® = (9] 1
P0+360G302° = Zyy n0+3520iu2® = 29 NUssinbsel® a Iwo pO+30058u2* a (Jg t
A F VASF-1') L Y P0+3L7G¢9T* = 73 NO+30298ST* = pauy PO~ 302961 = 13 2
DV*3INL99EC” = ¢NO MU+3STICLOZ" = 20p F0=32¢ w62 = [yu notdnriyeced® = 2y 1
PO+3,96595° = 2y POe3LF6GYT" = 23 €0+3000001° = Jat gotdvvuouls ® 13g 1

"UDUSTS YOBY 103 BIZP UCTIOTAI-UTHS BOOT TBUTY 8yl 231039q pojurad
2% I1Tm UOTIBWIOFUT STYL *piB) BIBQ JUSWATY UOTIDTIF UTA§ ITT IBH 5Y3 uo (6°I)SI “Ber3
ndur ay3 £q pa11oI3U0D ST MoTaq UMOUS SUOTIBTNOTED u0TIe123T 94nieiadwel sy3 jo -ndano ayg

11410 NOILVYELI TINIVIAINEYL AOHIZK NOIIDIEd NINS ITI YWEvK

- . . LT N

~
n
—-




155

*AdTeyus we213s89913 03 Adreyjus T7%n dT3eBqETPR 3O OT3ey TH/MVH
*fd1eyjus Wes13s3913 03 Adreyjue UOTITPUOD 3dusizjax Jo oT3irYy = Hm\*m

(PeNUTIUGD)  Inding NOLLVAdII FINIVIAIEL QOHLIR NOITOTHA NINS IIT YdvW ;



*siajeweied asayl Jo Jujpuesw a3yl 103 IndinQ ucrieael] sanjeirsdua],
poylay UOTIDTII UTHS IIT HABK Y3l 3O uor3diidsap ayi ITNSUO) “SUIIN0OI UOTIBINITED
sanjexadwel UOFIDTIF urNs III YABN 3Y3 £q pajurad axe 0313 ‘YL ‘1)1 ‘I siel=weaed ay] :°30N

‘Y ,-U95-33/91-33 “4A3TATIONPUOD TEWIAYL = oL

*g,3nIs/qI~13 ‘csanssead jue3lsuod 32 3IBAY OIIFoeds = a
*298/,33 ‘jurod eaep 3s1TJ 3I' @anjeiadwe] TEI0] VO pPISEQ LITSOISTA DFIBWRUTY = ZLON
998/533 ‘jutod elEp 3ISATJ IE Ianjeiadwsl D13EIS UO pISEq .JITSODSTA DFIBWOULY = ZSNN

*7313/99s-q7 ‘3urod e3ep 3IS3ITI BY2 3 Sanjeasdwel TeI0) U0 pIseq LITSOISTA DJWRUAQ = 71
z LA

*533/098-qT ‘3utod elEp 3SaAT3 °9Yl 1® siInieiadwel OTILIS U0 EISEq L£3TSOOSIA dFueudg = ANNA
® .muw\wsﬁm ‘jutod e3P 3SaAFF 3I® 2anjeiadws] TBI03] UO peseq AITSUSp IBIOL = AR
.muw\mﬁﬂw ‘3ulod ejep 315aTJ 3w 9anjeiadwel OJ3eIS UO pPeSEq AITSUIL OTIEIS = ZSHY
*aanjeaadwa] TR0 UO paseqg *29$713 ‘iurod BIBP ISATI Byl e puUNos jo pesdgs = ZIV
*2anjeiadua) OI3eIS UC pseq °*d9s/3] ‘jurod EBIBP IS1TI @yl IB punoe jo paedg = AN
*098/133 ‘3urod B3Ep 3181TF 9yl 3B L£3TO00T9A SAFIB[IY = Zn
‘¥, ‘3urod ®3Ep 3ISITI oyl 1 anjeaadwel IIIBLIS = 251
.NuM\AH ‘jurod e3Bp ISAITI 3Yl 3B 2insseid o73e3g = 784
*siajawered 3jnduTr 9sayl jo uoridyiossp ®©
103 pae) 2eTd poyldaW [eA833Ul 9YJ UO UCEISSNOSIP Y 99§ = VIVA TOYINOD TOHIAW TVYOTINI
- v . cwd c - 4N
PU®svo. o - cHU . o~ 238 10=3-5.00c° = T&0 QO+4inyllE® = 12D ] LT
no+igigesl® .= 2l 704381¢951°" = 23y £045000001° = 14! £0+3000008"* _ = 721 H s I
1 3 Q3ZATYNY 9n13€ INITAv3uls
g 0= (e Q% (= Q= 0= Q= 2 1 QiZAynvy 38 0L SINIInv3uiE
97200° 3 3L Q0086°LG09 3 d3 MO=30FIE9* =z ZunN
£0=392L08° ® ZSNN 90-452058"* = Zinw Su~3,0562° 2 ZSNW j0=-3351¢%* z ILlWM £0=-316¢€9¢° = I§HY
0sBg6°Cwel LIPS § 2dei0%gos x Iy CERC-FAEIR- 11 s n 00CLs'698 & I8} S23109°*in2 s 784

SYILINVYEVd 2ISY9

000.0%0= =gxnil Q0C00* W=  =tynid 00000°0= =nvlL 0000C°0= zW¥Q 00000°1 =13M03
I =40udM T =nNlynn [ Y | T =3Gex 1 =Qva9n

1 =3udH 1 =MILVYYH T =37y 0  =N1dSH € SHLWSM T =nAdn ¢ Suanin 02 =dAN
¥ivQ 7044800 QOMLIN Tve93inl

2 = ol 1 =13¢88v] I sL3sun 1 sais¥?
PALVINITIVYE 38 VIm WIVG H3AYT ASVGYNOY QOML dw V¥euIsn]
‘pre) Beld POYISW [eI8e3ul 2yl uo 3Indut (ATYLN NIV

WVTH “3asy ‘qvuoy; sSe1z 1urad sy3 £Aq peo[Toiajuod st Indino syyz ‘Teisuad uy -sefed Surmoyyol
84l pne STYY UO paqraos’ap ST weiBoag isde] 4Jepunog (eadsjuy syl Aq paonpoil vaep Indino ayg

VIVQ LdLG0 WVED0dd ¥HAV1 X¥VANNOE TVddalINi

156




‘UoIlBIS ISBT 9yl 3IEe 32UR3STE 2yl 03 uOFie3s 3® 9OUBISTD 2D®IINS JO OTIBRY = 108
‘39937 ‘uorjess 3Isiry aul WOI3 PUTTWEs1ls ZUOTR 3dURISIT = g
“1983 ‘uolirls induy JO 23BUIPACOD-X = x
‘3987 ‘uorjess 3ndug 3O ®1BUTPIOOI-Y = X
LTt “. A Veu.w G Mou.o 2w 5
goues® 000co*et 060u0"gt Jon9L*Le t
Gouge® 00000y 0buuo®gl £6629°16 <
Juonye 00000°R 0GCo0*sgs 6%265°%8 2
QuUooVR 0NuGo* Y 000G0*5) GU00L el H
08 S A X NOILviS
*danzexsdws] Te303
SATIBT31 jO uQyIdUN] B ATUO ST PUB ‘I YyoBR 3B puncs Jo paads ay3 st 19y
o, T+ A 15 o
= n/ n =y
L K153 ; dIA0A
‘'UoTIEIS Indur JB A3Td0T9A TEOTITIO SATIBT34 03 A3[007@4 2d®IIns sATIETR2 Jo oTIey = ¥OAOA
‘ucTiels Indur 3 Ianssaad TB301 9AT3IBT2X 03 3dejins 3¢ 21nssaid OT1Bl8 JO OTIRY = Z1d0d
.AHO%NH \n.H.NTESOn_. O.W.nmu_JOv uoT32ls UDQ.GH 3e Hmﬁgﬂ Eumz WUNMH—Jm = E&
* (294eT £zepunog 9PTSIN0) D9s/33 ‘uorieds nduy e £3To0TeA 9dzjang = an
.NuM\@H ‘uoT3lEels induTt 32 2Inssaid 2T3IB3g = STig
- (. L. d&xm (1" L
fLE70l ¢ 621500° 09255, 1 16h§2 ' 1igg L0189 ..y 9
8g2s60"e 2Upbl0* nHeLR9E Q2650 Tels Cisn2*9ag S
1s8wL0"e hinilpe Legngg g 62E00°SYLE PnLLEtn2n bl
2L3n5G°2 hognioe 90SL0nE he92lrieLg £52L5%4nS £
299550° 1 Lleglpe LL129%%E Te2eltonsg glgtente 2
625a1¢"1 Tvpblo® gizgz2n*l S2Y6s*Ldt2 256528662 14
BIADA Ligld ErY an Sdaxd

KQZLivis

SNOILAYINIIvY A¥YNIWININg

‘T a93eweaed Indur ay3z £q paryoijuod ST 4&7 jutad BursoyTol ayg

(PPNUTITOY)  VIVA INdLOO WvidOdd YIAVT XIVANNOod TVIOIINI

Ty Ao e e e e e e o e



*jutod 3se] @Yl B IDUBISTP 20BIINS Y SIWI1 SAUA = TR
*Sp/°Kp ‘®due3asIp @0eJiIns o3 3oadsei L3ITM 12qunu YOBK IIBIINS IO BATIBATII] = SAWd
.mv\m:w ‘aoue3sTp @DBJANS 03 303dsSE1 YITM LITOOT3A @oBFans JO 2aT3eATIR] = sana
T4 VPR RS S
YRTY £52L450° fitoietel f
184936%n 0L8950° i86221%0¢ €
0rgouz02 600202’ ziosritalt ?
. 9Ingr542 PR9GGE” 9Luveiteee 3
10wg ] sane NCILYLS
SINZIQYYT 3Ivdans
.NuM\umwlﬂﬂ ‘aIinieladudl I0USIVIVI UO PISEG LITSOISIA drmeulg = AVIaH
"I98 /733 ‘ITBM 1B AJTSODSTA OTJJewRuULY = MON
"z33/an ‘1e4e7 L1epunoq o3 TETUILIX3 A3TSUSP UO paseq peay A3ITO0TPA = IIVAH
"z33/AT ‘TIBa 3B AITSUSP UO PSBQ PEAY A3[O0TRA = Mavay
"¢17/8n1s ‘iadel 4Laepunoq 03 TeuialIXe 2anieisdwsl UO paseq A318U3p 2T3IBIS = JISHI
‘¢33/3n1s ‘2anneiadwel [TvM uo peseq L3ITsusp 0f1EIS = MSHY
‘eTnuwicy winleaadway A3[sodsTa s, puelasying ur PSy JUITOTIICT JO INTBA = TRIAS
T - (“z/%1) ‘T1er 1e uoriouny manjeavdwey = MS
*T1BA 3B J2qunu spToudey = M0y
o ®
o icEnt cv .. cutTHLGT PESTema. e 10=3599% vee b Pte  ltew.. L. S A
G0e=35neLss” 2t=30005¢1" boB*0ben L06"SpPul $C=TF62ignl* €0~-328492n" g2a*l n'e 9 gh0Sunes 4
Wy=3tLL el 2U=399L901° eSM oS LoleeSE f0-3roraént f0=3151245° s12°1 p'a 0*10inygeE g
90=I6L6LEG" L0=46LuEne’ 8BS 1069 Loh*Buly 20-2d59s2)" £0=3Ln2156° 268°1  m'=  2'99ys5502 2
Goe3L235E0L" cO=359¢2n9° SR L2ZD U60°wynE 2U=3Yrigzl® €o=J0gseI1” 06C" 1 I'= 00 H
CALhHE] SN JUYIM MGy 3N BN PSHY I=ing vs »y NOILYLS
*¥, ‘sanjeisdusy souUl19IIY = Vgl
'Y, *iuvioey A1aac091 JusInqani uo paseq jurod Ivejans Je dinjeisdwel TIEM DIIBQRIPY = IMVL
‘4, ‘10308 £1840221 FpUTWE] Uc paseq jutod snejans e 2anjeasdwal TIBM OTIBGEIPY = MY,
", ‘(aeutwetr) 3jurod 30BJANS B 3anjeiadwai TTem dTIEIS = TVML
', ‘I24el Aiepunocqg o3 JrulllXe jurod 29eFANS e ainjeiadwel OIIBIS = 4S5
*09s/13 ‘12fe A3epunoq a2y3 03 Teuxeixas jurod 9oeIAns 3B DPUNOS JO pasds = Iv
. Gew few mmi i BV - Wby
Sin®ebe s oot n29tLint 824 suu 49528 £96°5213 »
(YA TAY l9g 2851 gos gens £15°56 L06°¢Ls ®OE ELTY €
0r1°9S0t t1Eeergy 6L y0St Ine®g101 £00°%nne enitLEEt 2
9099687 SGH 04667 221°6957 o6Ltinnl s62*iell $00°2L91 1
yval Lvwld Amvy vy ELRY 37 NCILYLS

(penuTiu0od) VIVA I0dIN0 WVE90¥d ¥IAVT XIVANNOE TVEDTINI

Y




*NVYIY Ssaysecadde JHIY UOUM SANIDO UOTITSUBI] 330N
*3ujod UOTIESUEBAI A0J BUTNOLYD UT PaIsn JIGEWNU SPpToufay SSSUNITYI-mnjuldwom afqrssaidwmodul = NVHIY
*£192QUNU SPTOULDY SSPUNDTYI-WNIUAWOW AJETTYEISUT PUEB UQTITSUEBII UIBMISq DUSILIFIC = 414
*SSIUYOTYI WNIUIWOW U0 paseq 202027 adeys usdl = avay
*lsqunu SpTouLay SSwUNDIYI-unuzwow ITYISsaadwodur TEOTIFID = 11%08
*SSBUNITYI WN3udWom ud pIseq I030eI adeyS SSITUCTSUIMIY = MdVHS
*19qunu SpTouday S5sa{IFYI-WnjusWouw =7qFssardmoduy = IHIY
*§52U40T1Y3 13Ke[-A1BpUnOq U0 paseq 1olde3 adeys ussneyryod = TJVHS
+13y €103083] WIO] pPOWIOISURII = YI1wdod
“gVNRYT ur g/ = HIQ
*“YVNAV1 ul 193sweaed aeayg = AVIHS
*13quWAU UOTIBR[AII0) = NTI0D
® cra. 6°L56 v 2vuie e o gons’ s . P UE® Oilyy ~ v
6111 &°tned enige* nty22 nmoo.ﬁ gesstl 0920°¢L 8i¥2"’ HEFQ - S
Stgett g*2s6 0g100* s'vee tigs’ niEstl L1g0'L iose* 0990 n
*2stET r°3L6 s9zo0* 6°1n2 Lons*y £099"1 iLitn'L 9y2¢* 601 £
¢'og2 0,€00" T 9% 12242 21693 g{Es°L sieg’ (L01%= 2
9°ige 00000°0 0y 0U00*0 tpee*e ireLte anze* te6o°¢ 1
wyeld 4410 dvax LIuds NA¥HE Infy T4THS ¥iAgC4 ) aving M1803  NRILYLS
SNOILYIDT NOILISNYHL GNY ALINIHYLSNI 40 NOIZYINIIYI ¥YNIaYD
(WAL 9WAL
‘WAL YWAL o
*soTqeTaea 4xexodwa]l = ‘TWHI‘INEI N
*TINI DUB ¥YVNWV'I UT oTqeiaea Laeiodws = q
SNV £ SNV
“YVNWVT UT STT®C FONNOT Aq pe3erodiailuy 'IGWA PUP *TI50+SS 3% HW ‘AW ‘MS 30 S9nTBA = ‘ZSNYV'TSNY
‘uotrenba aruTwe] JuFATOS BSTTUA TWHQ) WOl paureiqe (NTI0D) SI9QUNU UOTIRTIIA0] = A AR)
*uoT3jenba Huauawuwuuﬂv aeutweT SutaTOB nﬁ mmcﬁmupo mauaaumqv 30BJANS = qvis
*s21qel gylA Pue ‘gvI¥ ‘gVID ‘gVIS uc Isjuncd = AvIN
- PROrEL I ) U - nniOud* rewntb BELS'R 5922°he . ueE9° T 49 .. = 000v , 4
£100°'= 5400"= neul’t 06061 gato00" TLEG*l 4069°N shan*n2 9Lyt 91es°l 651%e  25n0%«  00C9* 0
6000°%= qo00°« 996L*3 gneote jos000° €VaGrL §gde'n €£%9L1'n2 91g5°] Sugs*l ens’ S9¢0*'= 0099' ¢
6000°%= 9000~ 85%26°1 prai*e 2evove Segtel TiL6%p L150°S2  SuES°E telnti $81%= €920°« 303p°* 2
G000 9000 = {0g0°*e Quou®a L59000° LASHeY g191°6 090E°Ss2 hodn't 2g2n'l G21°%« gpio®*= 0002* 1%
Oudn*l 0000°0 tyss's2 2uen’} 2u2ntl 021°= 00000 0O00O*0 O
in3l w3l Swil LY W3l Trdl 9 PSNY CENY 2SnY ISy 18v12 8YiS SVLIN

NTHUI 803 NDILNICS & NOT2AYNUI IFIANIEIITQ ¥YaIW?T

(panurlwo?) VIVAd LOdIOO WVYD0dd YFAV] JIVANNOE TVIOJLINI



stacey
T Ty
nRL ey
YRS |

Tw ey

rutete
Tonu'e
tgg2t2
992s°2
Intnd

e Tage
TeqHa
CRGNED

LRSS P

6LlelL"y
£9r§°*9
tessn
nogn‘t
wWY0 4

e o,
AL E XY

e s

LNcaTen

EADES X

Tk Ay

e
Qaley
(A EEEE]
ENAL LS
Lt -ney

T4

064c .
T12081G°
[inio0*
06ssu0°®
QUuoye*o
| F& F17]

*TH ‘203083 W10y 2T3eqETPY

‘H ‘a030oe3y wmwiog

*398) ‘9 *ssauyorTyl 1afeT-L1epunoq Tyng
3993 ‘g ‘ssawioryl wnjusmoy

*1933 .«m ‘ssauyuryl JuswadeTdsIg

3993 ‘jurod 3sair woiy 3due]ISIpP P0®BIIANG
‘3993 ‘ajeUTpIOOI-Y

9l9n.. 000Luw

11010y s20L00° Q0Loul*gl

Te90n0c® 2.9600° 00C.0C 21

009000° 0Ca, 00 0Cud00%p

0LfF000° 19L190° [MUEV TR

00%309%0 000000°%0 005006%D
A dud 88730 3

= TRI04
= 2t (814
= Y1Tad
= IAKL
- dSTAQ

552C98°%es
6€6-12°E8
10699
£86629°%1s
185285°%.6
200000%88

b 4 ~

¥NJJ3Q 10N €300 ¥IAY ANYANNQE 2LE RUTEN P

92 Gl 1 SNOILvlS = 33AYT AHYQNNDE HYNIWYY

<nJJ0 LON $3CQ NDIlvyvd3s

¥n320 lON €300 NOILISNYSL

2 NOILYLS 1Y S¥N330 A ITI9YLISA]
NDILYWYCANT MIAY AMYUNNDS “VvdlINIdd

‘TH ‘103087 wroy orieqerpy = THYO0Z
*F *S89WNOTY1 wnjuluowm poWIoIsSLElII IO uOTIVUNY = d
‘3993 ‘3utod 38173 woig adezans fuoye sowelsyg = <
N Y AR oA, L7327 et zecnr .
7oy s LI RN Za97 T ZraanT aTzaren 1rprey 1t yac
ST6E7 TNIeren 557707 10y FanT A TTRTCT ateng
LA T2ed hlaTT* PP 7201 ATTINT [ NS I ThCher S*?02Y
kAR Y] Y kR { L*?as . =% ne*n Ammg ey e
:
4 5 Tung 4 ] ravog 4

s J
FTGL: -0
RLEJS S 41]
ERAEPMD]
Srnt)en

S

T9934 ANf 4 903 NOGTLI0S - SNDILvNdI TviiM3I¥3JJ(Q (S RILT-F-"F

(penurau0d) ~ VIVd 104100 RY4I0dd YHAVI X¥VANAOS TYEDALINL

P , .~ - -

TN A o s o

160




*YUITUEI138 ‘
84l U0 uoTIBIS BOBIINS Yo®ad 107 PeluTad 2q [1I& soTfzoxd £311%073A 29L%wT £1epunog :ejoy A

‘GOT3EeSS 243l 3@

1s4ey Kaepunoq ay3 jo 3p¥sIno £3100TeA ay3 4q PRPIATP 124eT Kiepunog uiy3zTm 37001274 = an/n
*095/13 ‘.uakey Laepunoq urylTm 43100798 = n
"(ucTIeIS Induy 3ser 3e ¥) Y jo antea UNLEXEW 3y3 £q POPIATP 90BJANS WOIJ 20URISIq = XVITL/ & .
. ‘3993 ‘87e3aIns WOLY IVURISTG = X $
‘ESaUNRIYL 134eT-A1BpUNOg TINI / 8dB3ins woajy Idue3leIp ‘unyie3s arjjyoad I3Le] Aiepunog = VII3d/ 2 %
i
v, TS bt . Sent .t i
ridg- 2L 011 wngiel” €0=3Li5Lb0" © 00s2* '
828n" ¥.'Gint 1¢a3gngs0te” £0-3¢06l6L* . poo2* C
L95¢* 12°2011 10=3€s0yeL” £9=392nu6s* 4os1?
¥itz® 29°64¢ 10e3205¢En" $0=2156805" 00061
LTI rg*Toz 10=276920e" L¢=39¢n661° 0050°
Veop°o 00’0 *e ’¢ 02go*0
Ingn n AVAX/A A 1113074
3MI408e 2 NCILYLAS
$31340d¢ 42330734 3
] .
.xsz\amuu ‘193awered L3oTeur sprouksy = N¥9 M
"733-998/q7-33 ‘eale 37un i19d 193ysupiy jesg = HVIIH

**nN *zequnu 3Tessny TEaoT = SSnN

] *33/¥9, ‘Trem 3 ®7T3oad vanjeiadwmay 30 9dolg = 141a
*I9QUNU SPLOU4SY SSIWNTTYI-WRIUAWOK = HIY g

*7z33/97 ‘1T2A je ssails ieeyg = VAR _

<34 ‘ITeM 1B JUaTOTIFecd UOTIOFIF UG = ) ‘

f

. e Pr-Y -s0Q0"
5. TR - S6°heg. ve'8508g S°lane guget’ 005" S
6682 9n39° 141 8g°2051 EntbH1169 S'gnee #S6in” SEGQo® »
S06¢¢ 2sgneed 92°¢9g1 96 1g5sg 56002 12169 02000° i
2.8°% 90v6°01n 59°y¢et £5*0,0S9y 8*5g8} LLLVES 9¢002" 2
9202 0%00°0 00°%0 Gucp [T 000C0°9 00003°0 1
NE ) NYHLH ssnn 4014 HLY MOYL 22 NOILVLS

(PenuTIWOT)  VIVA INALAO WVEO0Ed HALVT Ag¥aNnog TVE9AINI




‘032 ‘g Teued Ljuo pey 18s pafyl aul ‘44 pue g# steued jo peisTsuod
puo23s Yyl °g# PuU® [j sTaued 103l eBIBP JO PIISTSUOD 198 ISITJ YL °*€IEpP JO 53198 JUL133J3ITP TT
jo uopjeWmIns 3yl jo IINSII Pyl ST peiurad 39S BIRPP UOTIBWIMS 8UI dA0QE UMOYsS aTdmes ay3 uf

gLyuLl w PRSI "TALLM 90"y

SwvoGty 12510° Giinu" sne¢zo* uo'y

vooooto 00000 Tevee” 699806 ° ¢a’p

694tV ¢odod‘e SuSiv* p29tyv’ rgLIot 0Q°*s
TR i) 112 w 3 asn v138

N3 A3 vy 3 132 Q3 Tugy

Yiva 32804
001 ® 53 72 00°0 = 9) A 03°gl= T 92X

000§ ® )Yy 0g°w z NYdS 0D'2s1 x 434 §

edlvs
*000002 = 4¥
ga+3i9inn* R 14738 33S/14 0°00Que ®13A 530°61 WOV

1] v 0 0 £} ¢ '] Q 0 £t
0 0 0 v ¢ V] [} 0 Q 21
0 Q 0 [t} Q Q 0 g 1] 13
¢ 0 0 0 ¢ '} v Q 0 01
0 [} 0 0 0 (] V] Q ") [}
0 o] b 9 Q Q ° 0 ] 9
[*] [ [+] 9 ¢ ] 9 9 [*} L
0 [5} 0 "] v 7] ¢ o} 1 9
0 0 [¢] Q 0 Q Q 0 Q S
0 0 [+ 0 v " 9 [} 7 €
0 0 0 [/] ¢ ¢ 4 0 4 4

£ ¥3daNN L3S YLVYQ NOILYWRKNS

NDILlJITud NINS avYnlav]
iZ¢  39vd 38v¥3

0 UOH AT YUYW ‘RYYDUED AQUE=AGYXLIdHY JINOSMIAAN/IINUSEIANS

*MoT3q umoys sT Indino syl ‘*pesn saaqunu Toued pue
395 e3Ep UOTjEBUMNMSE LY] JO VOTIBINQE] B JC UOTITPPE 9yl 107 3dadXs SaUTINOI SNODISTA pUE PIISTAUT
243 UTYIFA poonpoad 3ey3 o3 TROTIULPT ST SUIINOI UCTIBWENS 2030F 2yl Aq paonpoad viep 3ndino ayg

VIVAd LNdINO NOIIVWRAS D04

TR



0000 0m

* (anduy)
* (3nduy)
* {anduf)
* (anduTt)

*3utcd dupTwWeaa3s 2yl I8 (PI/1) oTieI 2aniexsdmey
*jutod suyTweails aYj e (*dfd) oFiel JiInssaig
*juod PUTTWEIIIS BYY IB 27quil YOBR
*3utod aupwesals Yl JO IIBUIPICOD-Z
*jqurod JUFTWEIIIS Y] JO I3EUIPIO0d-]
*qutcd aurIWes13S 2Y1 JO 2IBUTPICOI-3
*jutod SuylaEIS FUTTWEIIIS IYl 'I01I TOUEISIP JDVBJING

jurod 2ujlaels IUT[WESIIS 2yl JO IJBUIP3IO0V-Z
jujod Sup3liels PUTTWESIIIS BYl JO 2IBUTPIOOI~}X
jutod 8ujpiarlsS SUTTWEIAIS 3BYI JC 9IBUTPIOOI-X
Teald3ur dais 3dueplSIP UOTIBRIBAIIUT SUTIWERIIIS

*(3nduy) SuUITWE213S 30 aABIS 2Y) o) ToUed uUT I9qUnt JuAWRTY
*(3nduf) PujIwWEaI1s JO 3IIEIS I0F 4 ITUN VO TRGWNT [IURJ

=152

L921°%1
LINARA
TL1e*y
2nnz't
ugRe"d
inIL/d

0000°0=

*(arduy) fel3 TOTIBINOTED 2pOmW SULTRESIIS

*{3nduy) Bey3z uoyjeTndTE> jujod uorieuTEIg
*(Indur}; Zery uoraTPUOd BuTiaEis IupTwWelAIF
*(anduy) Fely °aRS BIE(Q

*(3nduy) Bev3y 34

S PTR
SE0s°t
bémetl
gLn2te
0g2g*¢
ormi‘el
inNld/d

sISA

fogu's
2rpe’t
sgam’g
229i°g
Zgar*l
HIVW

0000 g

2

=3anns.

SPOU 5=

29¢n* G-

tfoLtn-

2096°E~

gnnptee

CSee'-
2

318X 00002
Q =U¥Ls]

0

udvo's
0000°sS
6uc0°*S
Quoo’s
a00u's
f000°s

A

25yl 13d
slavlisl

Aw r v
oty
5nYL
o6l
ness
00090

24
2 &23A

L}

L}

]

H

]

"

@b
‘g8
‘LR
*1s
‘ss
"ob
X

s 1
rsr

ANIL/L
aNId/4a
HOVH

A

X

S

182
13X
1SX
SY1T14d
1
TINVdI
JAOWST
IVIS1
Lav1sT
JAVSI
INT3dI
CG30°ve
0005°97
Qgget2t
Q0¢0 .
0900°n

0000"0
s

T = xvdl
Z =iNlugdl

2  ¥3FWAN INITAvIULS

‘moT2q umoys sT uoTidp surTwesirg syl woaj eiep Indino oFseq BY]

VIVAd 1NdLNd NOILd0 dNITRVIHLS

163

e e+ ———n e —



APPENDIX A

INVISCID PRESSURE CALCULAT1ON METHODS

Au important feature of the Supersonic-Hypersonic Arbitrary-Body Program
is the number and variety of pressure calculation methods available to

the user, The significance of this capability can be felt in two ways,
"First, a proper choice of the method to be used on each component of a
vehicle will give reliably accurate aerodynamic characteristics. Second,
when the choice of methods is not clear several methods may be tried,

the results compared, and & logical interpolation of the data used. The
analysis of arbitrary complex shapes poses a difficult problem for the
aerodynamicist as he must decide for a particular shape, Mach number,
angle of attack range, and altitude, which pressure calculation method
will give the most correct results. Wo computer program will be able

to reliéve the aerodynamicist of this task. Thus the quality of answers
which can be obtained is related to the personal background and experience
of the program user in the area of supersonic-hypersonic aerodynamics.

Of course, if the program does not countain a pressure method suitable

for a given problem, the user must attempt to devise one and add it to the
program,

This Appendix presents a brief comparisown of the various pressure
calculation methods provided in this program. To assist the less
experienced user a brief discussion 13 &also presented of the more
important pressure methods and of the key factors involved in selecting
a method for a particular application.

COMPARISON OF METHODS

Presented in this section 1s a comparison of the forve calculation
methods avallable within the program. The comparison has been divided
into three groups: (1) analysis techniques generally used for pointed
slender configurations, (2) analysis methods for blunt shapes, and

(3) force predictions in the free molecular regime.

Figures A-1 and A-2 present the pressure coefficient variation with
impact angle for analysis techniques generally used on pointed slender
components. Also presented for comparison purposes is the modified
Newtcnian theory with K = 2.4, 'This is the limiting value for wedge
type flow as proposed by Lees in Reference 2. V¥Figures A-3 to A-6
present che same data over a smaller impact-angle range. At M = 20
the modified Newtonian and the tangent-wedge empirical methods compare
favorably with the "exact' oblique-shock calculations for impact
angles from 0° to over 30°.

Figures A~7 and A-8 present a comparieon cf various techniques for both
pointed and blunt configurations in expansicii flow. It should be noted
that the Van Dyke Unified wmethod for expansion flow has been modified

such that if a pressure coefficient of less than ~1/M2 1is calculated

R N U -

1T L1



for a given expansion angle the presgure coefficilent is set equal to
~1/M2. This limiting value of pressure coefficient has been derived
from analysis of experimental data (see Refercnces 3 and 4 ).

Blunt~body pressure~coefficient calculations are compared in Figures
A-9 to A-12. The pressure-~coefficient variation with impact angle is
plotted in the form CP/CPSTAG as suggested by Lees in Reference 2 .

The calculations for Newtonian Prandtl-Meyer utilized stagnation
conditions behind a normal shock in an ideal gas.

Comparison onr Free Molecular Flow calculations by the program and data
presented in Reference 5 are shown in Figures A-13 through A-16.
Flat-plate lift and drag coefficients are compared in Figure A-i3,
assuming specular reflection., Figures A-14 and A-15 present the lift
and drag of a flat plate for the more realistic diffuse-~reflection
assumption. Fiually, the arag covefficient for a sphere with both
specular and diffuse reilection assumption 1s shown in Figures A-16.
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Tigure A-3. Comparison of Fressure Prediction Methods for Sharp
Bodies in Cempression Type Flow

168



Zc.*hy
2 S3gazsssssessasss BCA]
Iy I SR
faeen sEaus e
e
T
Ssansanas soss ;
T ;
: R
e T
A
ass 32sananass aon:
t Tty
e : "
Seerses:
Taans n o
T o
i + 1T ﬂr_ T
e imnnaTa e -
T
1 ks T 1 ~
nal T
3 B 5
T T T 1T
Sasves
s
T sone:
mesmssssceiiiciseasanas:
tr
:
f T
+
& R
saes £
7 7 o
; o &
:
u T
:
;
7t
H R o
= 2!
s
T+ Tas:
L — "y
H=T 1t
> s T
R
1 T
£523 ST
= T oo
A esmentassss
e e e
HT e
5
T
T Syee
Iy by
o
+
3=
L e
i desaaans =
AesTeaneas
3 aaas trsrarsen: RO
A
oot -
I -
B o
: Sasam
:
:
T T »
vawe H
T T
Seasaases
1T :
1 L -]
=
: e
:
rJ:_ ol u
T :
T
ST
it
et
- I
=+
et
v b -
T {
. I
Pperhet
T :
t }
=5
o
T =
H SSatessames,
: BT e
S
— [=]

6 (DEG)

Methods for Sharp

ion

Comparison of Pressure Predict
Bodies in Compression Type Flow

—

Figure A-4,

169



harp

BT |

(D)
E
o
T
w
o
o
£
-
Y
¥ g
: el w
. = i
: 3
Q
N e = o
_ - Re >
: : Q w b )
S a Moo =~ :
] = Z8 !
+ -~ @ o !
. .;—... e S :
M i
[ H
R A 3 m
. , 50
o
becop feeecin o 8 !
Q9
&9
RER S g g
3]
oaq
10-!‘?)\ al
0
i
P A
X ©
! -~
i 2
= %
- =
;
.
. b



r E 2
—
it
+
7
=
T emeass sza:
:
=
=
P -
o Tt
L : '~
=
;
S
o3 22
+
T
!
e s
: o
: ™~
:
:
=
>
ot
:
nass —
s8s Saan
B 1
> :
:
==
T
>
T
= o~
e -
=
: =3
; :
s P
IS
=
= <
t
:
2t )
F :
T -
T
e
3 as!
:
: T
5 :
2 :
7
T A
H :
- oo
=
— T T -
=
s
=
T
:
2
dt X e
=t H £ . o

S IDEG)

Comparison ¢f Precsure Prediction Methods for Sharp

Bodies in Compression Type Flow

Figure A-6,

171

-



5242 22223 oxred o g ==t fosabuuas cau: soae: |
i pbde plid sdpis ipemny sis T :
iygdted S g badudt ppoas Spdde oo odey
jnbde Spbd g pabas smais o s
— - —— — e
F—1 T = [Sp3 Swamry
=4 it j shggu o
aged T t T
Simi iy >
Sonds paesi songesaaps sue - - Lanf o T (=)
b anrd Speas s
e ¥ s T ¥
) L
sawid ey o oa ! 1
HLH T T T
= s
sdagidlz - - o & T
aqagubun- - oa: o T
SNegE Ba o >
saofegar oz T
b 7 -
niuy E jou
magen v .. :
st lam = - t T
e a4 o jaaa 18, ~I = ©
SeEyteay smpasasas ips T - inal b -
soad iy T
e badd [os sagen of o= :
e T
H e gt :

t e |

e
= 1 : T

H 1T
3 1 jowes pusi sgaad 221 omme
— e 31 bn
== T
o T T ™
Sanse sages = : o suset o

— T

d (DEG)
!
|

172

i
I
i
1
» (DEG)

i

i
1}
Comnparison of Pressure Prediction Techniques for

Expansion Type Flow

5

wHH

i
|

Vil
[FEE]

|
0

™
it
0 ik
|
Figure A-7,

PR T TP L NP Y TV |

e '



T

i1

&

20

ol

= 2
[«]
=1

?
T w
=
— el
. | ey
= + = L3
i = B 3
; e
T —=i =3
=t
= :
i I!HI e et
— 3 fo—
- T . .
. 2 -
: =
== : o
— 1 ==
== T
F—— ;
oees raeey b st tH == o
L
o~ - (=2 -

Techniques in

Comparison of Pressure Frediction

Expansion Type Flow

Figure A-38.

173

e = Yy e p— ot —————



b (DEG)
Comparison of Blunt Body Pressure Estimation

Techniques

Figure A-9.



80

0

é

0

4

20

175

o (DEG)

Comparicon of Blunt Body Pressure Estimation

Techniques

~20

-40

S T
e e 0 et RGP ey To S mee
—t ooy nadvoteli & e oan
- ¢ ¥ Eacies syarr ol i sams Sps 004
o s qrome S ey s ] =
e tanaatdans g =
T T
e et Gikdbut iy e S Y e =
= ==
+- 1T (hag nabte
prgadeny ¥ ]
= Toandanans sagly da=s
” e ==
—— 1 y .le'xl\‘i e c.»bl — =
l.’«l gt S sfameasae
e bl e o = -
b = roe aogve
fops sabde Tl prpm ey =
re —
gl Sarpay Mg 3= 1 Supln oluba SYSge
= 1 —- [ Shas Sanadsonse
s S b ——y pponid
= aee =) - by Segar e sl o =
t
= St =
ey aivag sovu =
ot St
SR = 1 2
-3 D fags pesvs capyb w0
st Spman sllomy =3
o = prens e
e +- 3 gt
= — Eaid o :
T = e
G oy
D d Rowha Sirx . e ey eyt mamse pess
iy
ToF spue, wus sambey ¥ T
re ppesey o oo
= — 4 f —_—t
et =t e e
eprsacuat T Sraksaqa. s 3 T
o =7 X :
— gl =
e = oty
apass - 55 5835
e ogyarad sotus suss:
= :
| madiera avas
P hte ad
Bapda mtaa 2
LS
S pyspanwts oe .-
L o
o
—— 3 o t =
s
o
(oS Sasas tSons pom o] Ck e
jonn rawey =] o eaes o
oy bnd T L
: ey She T R ma caedno
e 2 T
o
paiad e 3
Lgads perars imgl gebdun
gt e aagas
==y t =
[ S e S
-+ 1 T T
e j2oa: 232 o
= et =
] e .
how o o swpas
! =
s : 3
=
oo o
= T
faan s i
s

~60

Figure A-10,



MR YT

Nl

PSR YTREY mmbanns

$ERZEANN]

0

)

A
Comparison of Blunt Body Pressure Estimaticen

Techniques

Figure A-11.

176



imation

of Blunt Body Pressure E st

2azl

Comparison

ot TV PYe Tt P

Figure A-12,

Techniques

P~

1



15~ T
SPECILAR REFLECTION, fy=1,=0
q |
]
ot
\ Y
\
\\
o \\
10 - \
N
AN
C. _Cp L
2 @3
\\
[ ~
: |_REFERENCE 5
PROGRAMl RESULTS a -
O C[__/ﬂf R \.
o | Cp/ad e .
SO I 0 .
n 1
0.333 0.36 040 045 0.50 0.60 Q.75 1.0 14 2 5 00

Figure A-i53, Comparison of Free Molecuiar ¥iow Litt and Drag
for a Flat Plate with Specular Rellection

\y



T T R B AN
SRR R
b | DIFFUSE REFLECTION! fta=lf L {1
: Pyt A B
: BN E R EERER
— ‘j ..... $oa Jl | Mﬂ, ,_TL _.r___L !YJ
S IOLﬁ_._J;_.H- T l[ ‘,rJ]"—‘
-+ & 4 ._L_.- 4 - ' ard
1 ] LTs ||
% — -t T
! | l | i
_,r_ . -~ 5 - - rA{ -1\- ..' *
1€ : t— —} -+
L { S S AV O O Y O ~L
N 4
_‘.r—_ s —_— - -~ —— - - i—‘ 1 ‘1\\ 7 ].1
Co - _ _ _\ ﬁ.\.s\w — 411
al \\S i] \ |
N \
AN N || _
g A \ \
- N . _ __\_ b_x_____q, 1.
‘ N \
SN
‘ ANEESITIAN
Ty _g \\\ N \
~ Tee \ \\
BN
\\ \\ N,
\\\ h \
e N N
N
0. T~
U333 036 040 045 0.5 0.60 0.75 10 14 2 5 0
Sa

Figure A-14,

Comparison of Free Molecular Lift
with Diffuse Reflection

on a Flat Plate



(1 171 ) S B G D N R S S DU SUEN Y S AR S SN RN AN
A A S — VY R RN N NN SN N S WD WY SN W ) U B S S
I SRS I muL_|r S N S Y J m |
BN
AR _E._.m_ P ‘ : i [ i
SR O .= Y O 0 0 O O I O
——— A <T.__ i 14 —t ! i 4 : A
I TS p-L_-_.LrIW!H!._ i R N T
ISR 7/ N 0= A S S I S W T Y W N O B4
Lo e Lyt bde
D0 T e 4 _HLI | P _ |/ * _ M |
g AR A0S i - L ILN | J |
e By S i — ——
S s S Y s S G S 74 S S S S Wy
R0 S NS RN T A i w
SN - VR S N N S T A o N A i {
..... =S (N I O T A T Y 6 I L1
T T Ny ._ ﬁ ! ~ &
—r— T = e R s G T m
S 0 L L e P | i
A N BRENEREY A0 ||
BERERNEEERERZEn
: _ . . L -
RN T I 7 N m _
‘TTITTJ_| 4|Rv|ﬂl Jre.IHT%J b L
1 : .. f } i ) | p
ST T T T T I
o e e et et e e e
- 2 = ! e
y; T __4 T T
; . ; L
s EEE e mmm——
i I U
N —
e

@

Comparison of Free Molecular Drag on a Flat Plate

with Diffuse Reflectiion

O on
<
o
=2
»
=2
w
-
o
= .
=T wn
= —
i
<
%) 3
& o
o o]
1
s~
.
>y
o
o~
o
o
* s HEA

180

ot A W



3
CD
: —
1 lilxﬁ;;u H .1, 1 EEPE PR EERY S S EEPAFEE IS (R EETES I I O éi
! 3 5

Figure A-10,

~d

Jormparison of Free Molecular Drag on a Sphere
with Diffuse Reflection

181

e wrte=



DISCUSSION OF PRESSURE METHODS

A brief review of the important features of sovme of the pressure

calculation methods in the program is presented in the following
discussions,

MODIFIED NEWTONIAN

Modified Newtonian is one of the most extemsively used methcds in
hypersonic flow analysis. 1Its great utllity lies in its ability to
glve reasonable answers for a great number of shapes with a very simple
calculation technique. The capabilities derived from the ability to
use variable K as a function of angle of attack is shown in Figure A-17.
As shown in this figure the Modified Newtonian form permits application
of tangent wedge (or tangent cone), an empirically defined equation

for a given shape, or an effective K for a complete configuration at

a given Mach number. Also, the effect of a real gas may be introduced
by variation of K for very blunt bodies. In general the use of
modified Newtonian theory may be divided into two groups for discussion
purposes, (1) aerodynamically blunt configurations and, (2) aerodynamically
sharp configuratione. By aerodynamically biunt configurations it is
meant that, although the leading edge may be sharp and pointed, the
impact angle of the nose 1s greater than that for shock detachment. In
true Newtonian flow (M = «, y = 1) the variable K becomes 2,0,

LI

riodified Newtoni~n (¥ other than 2.0) techniques have been shown to
give reasonable .esults for a number of blunt bodies. The most commonly
used form of modified Newtonian is to input for K the C, stagnation
derived from normal shock relations into the equation below.

C, = K sin? &

P
where & = the surface angle to the free-
velocity vector (impact angle)

The effects of a real gas may also be approximated in this manner. The
comparison of Newtonian and experimental data is presented in References
6 to 8 for blunt body shapes. 1In general, modified Newtonian

(CpST ¢ K) agrees with data for spheres if the Mach number is greater
than 3, The pressure distribution on ecylinders is not as good as on
spheres. However, for impact angles of 90 degrees to approximately 60
degrees the agreement 1s reasonable but deteriorates as zero impact
angle is reached. Nevertheless, for preliminary calculations the
induced errcr in Cy and C, may be acceptable. Examples of the
comparison of modified Newtonian and experiment for spheres and cylinders
are shown in Figure A-18. TFor curved, shock detached bodies with sharp
leading edges of either two or three-dimeneicnal shape, References 9 and
10 shown that Cp = K 8in2§ should be modified to the form

2
Cp ) “Fin é

CPmax 81n2§ max

which 18 somevimes called the generalized Newtonian theoiy. Comparison
with other bodies 18 shown in Refereuce 11.

H
H
i

182

e s e +



190 4 M=-10
\ szKsmz&

JT/\NGENT WEDGE
25

FLAT SURFACE EMPIRICAL
K=-195+021cot

t -\\\
20} \\MM —
BLUNT LIFTING Bomrl —v\STAGNATION
15 [l [ I 1 1 1 1 i ]
0102 30 4 S0 6 70 8 90

Figure A-17, Modified Newtonian Correlation Factors

183



S e e e e

1.0

SPHERE

A A :
: il i i
i {1
A
Cr I
Cruax gl
HH W{
i .
+LL 1 l.»-‘L]
30 60 0
$ (DEG.)
CYLINDER
1.0 T TTTREn T
i il
+ 1 {
Cp 5 i i
Crpax
i
0 = 3
30 0
& {DEG.)

Figure A-18, Comparison of Experimental Pressures and Modified
Newtonian Theory for Spheres and Cylinders

1RA



e et st
-

b

Eyg

s
[

Many approximations exist for sharp pointed bodies. Figures A-13 through
A-16 include one form for the sharp wedge developed by Lees in Reference 2
for large Mach numbexs
K= (y+1)
Also shewn 1s the limiting form of the cone
R=20+1D G+ D
(v + 3)2

For large Mach numbers true Newtonian theory, therefore, closely approxi-
mates the limiting case for a cone rather than a wedge.

The main disadvantage of Newtonlan theory i1s its inability to predict
the flow field, and for some shapes, this effect can lead to predicted
values which may be in serious dissgreement with theory. Seiff in
References 12 and 13 presents examples of these shapes and a wethod
for obtaining more realistic results from a Newtonian flow concept.

MODIFIED NEWTONIAN + PRANDTL-MEYER

One of the several procedures for analyzing pressures on blunt leading
edges is the Newtonian approximation, However, the Newtonilan calculations
decresce in accuracy dovnmstream of the stagnation point where the impact
angle approaches zero. The Modified Newtonian + Prandtl-Meyer
calculation method improves the accuracy in the region of small Impact
angles, This method is fully described in Reference 14, The method
provided in this program does not include real gas effects. It should
be noted that for some flight conditlons the efifective value of y may
change significintly across the normal shock, for equilibrium flow cf

a real gas, In using this method a freestream Mach number greater than
about 3 is required because of the matching techniques used for the
pressvre glopes, If this method 1s utilized for relatively sharp corners
in supersonic flow the methods described above do not allow for the
recoupression that occurs further downstream, Also, incorrect pressures
would be calculated if the slope approaches zero a large distance from
the blunt nose since the effect of the reflected expansion waves is
neglected. Sweep effects are not calculated using this method at the
present time (i.e,, the parameter P is calculated using the freestream
Mach number ). Thus, the modified Newtonian + Prandtl-Meyer force
method should be used only in the reglon of the nose of a blunt body.

TANGENT WEDGE (Oblique Shock)

This force method utilizes the equations of NACA TR-1135 {h:ference 15)
to calculate the oblique shock pr :ssure and flcw parameters, The local
element impact angle and freestream Mach number are used in these
calculations. The oblique shock relationships are also used in the
element strip shock-expansion method.



The tangent wedge {obligque shock) method provided in the program 1s used
right up to the wedge shock detachment angle. At higher local impact
angles the program automatically switches to the Newtonian + Prandti-
Meyer method. This will give a discontinuity in pressure coelficient as
the shock detacument point is passed. This problem can be avoided by
the use of empirical tangent-wedge relationships,

As the tangent wedge method uses the local impact angle, the accuracy
is configuration dependent. Basically, the tangent wedge appro:.imation
depends on the very t<hin shock layer frequen:ly present at hypersonic
speeds. That is, s.iace the shock layer is thin and close to the body
there i+ little change in the flow inclination or the pressure as one
proceeds outward from the surface toward the shock. Thus, the values
at the surface arc assuwad to be those immedfately Lehind the shock,
The shock angle and relaved flow parameters are determined by the
application of the oblique shock method to a wedge whose angle equals
the local impact angle of the body with respect to the freestream
velocity vector.

In order to apply the tangent wedge approximation with some degree of
confidence the following criteria should hold: (1) the body shape
immediately upstream of the point of interest must not be blunt, (2)

the density ratio across the shock should be small, and (3) the body
curvature should be smali, such that centrifugal pressure effects

are negligible. These centrifugal force effects give rise to a pressure
gradient across the shock layer. Also, these pressure gradients cause
the streamlines to change shape and gilve a grazient in inclination

angle across the shock layer.

TANGENT WEDGE EMPIRICAL

Comparison of the tangent wedge empirical method and oblique shock
relationship is shown in Figures A-1 and A-2, and again in Figures
A-3 through A-6. See TANGENT WEDGE (Oblique Shock) discussion for
application criteria.

TANGENT CONE

One of the most versatile force calculation methods is the tangent cone
technique. The calculation of cones under various conditions of pitch i
and yaw are an obvious application. Another application is the highly
swept delta wing. For leading edge sweep angles greater than 80 degrees
and hypersonic¢ Mach numbers above 10, the tangent cone pressures agree
reasonably well for the lower surface pressure coefficlents for impact
angles greater than 10 degrees, It should be noted that the Tangent
Cone method in the Mark IV program is not the same as that used for the
Tangent Cone Empirical method in the old Mark III program. The new
Tangent Cone method is the combination of two approximate technijues,
one yielding accurate results in the low supersonic rauge and the other
in the high supersonic range, by the use of transition functions defined
in texms of the appropriate similarity variables to provide uniformly
valid solutions over the entire speed range. Specifically, second-order
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slonder-body theory Is used for small values of the unified similarity
parameter and the approximate solution of Hammitt and Murthy for large
valuers.

Using thls new Tangent Cone method the calculated pressure coetficients
have been compared to exact results and, for Mach numbers greater than
2,0, the maximum error is less than 1 percent and in the hypersonic
speed range the average error is of the order of 0.25, The accuracy

of the predicted surface Mach numbers is extremely good (the order of
0.3 percent maximum error) throughout th2 speed range, except as bow-
wave detachment is reached.

A comparison of tangent wedge and tangent cone calculations for delta
wings of various leading edge sweeps is prescnted in Figure A-19.

The experimental data presented are from Reference 6. These data were
obtained with helium as & test gas and a test Mach number of 20,3,

The sharp leading edge and the t/L = 0.0l data are presented with the
sharp leading edge data flagged. Oblique shock character:stics

were calculated by the curves of Reference 7 for helium. The tangent
cone values agree well with the 85° sweep data at low angles, and with
the 80° sweep at the higher angles of attack. On the other hand,

the oblique shock tangent wedge calculations agree over most of the
angle of attack range with the 70° sweep case. From the data presented
for angles of attack greater than 10 degrees the tangent cone method
would give reasonable values for an 80° gwept delta wing. Also shown
for comparison purposes is the modified Newtonian estimate with

K~y + 1 (also see shock-expansion method discussion).

VAN DYKE UNIFIED METHOD

In general thie method is used for small deflection angles. Compariscns
of the Van Dyke Unified method and oblique-shock and other methods may
be obtained from Figures A-i through A-6.

MODIFIED DAHLEM~BUCK METHOD

This is an extended form of the Dahlem~Buck method used in the Mark III
program and has improved capabilities at the lower Mach numbers. The
method uses anr empirical relstionship that ppcoximates tangent—cone
pressures at low impact angles and approaches Newtonian values at the
high impact angles. Thils method 1s particularly useful for nighly
swept shapes wher it 1s desired to use one pressure method over the
entire surface of the vehicle. The comparison of the Modifi~d Dahlem-
Buck method and other tachniques ¥ shown in Figures A~1 through A-8.

SHOCK EXPANSION METHOD (Strip Theory)

The shock expansion method (which in its simplest form was first
suggested by Epstein in Reference 10) comsiders only the first family

of characteristics for calculation of the surface pressures. The method
uses the oblique shock relationships at the nose (an attached shock 1is
required) and then proceeds aft on the vehicle with either a Prandtl-
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Meyer expansion or another oblique shock. Computations using this method
proceed .long a strip of input elements until the last element in the
strip is reached. The shock-expansion calculations are then started
over agaln at the leading edge element of the next strip of elements.
That is, the direction of the shock-expansion calculations (and therefore
the angle between each element) is determined only by he input geometry
data defining each strip of elements. This simple strip theory approach
should not be confused with the Second-Order Shock-Expansion Method
provided as part of the flow field calculation capabilitics of the
program., In the Second-Order Shock-Expansion Method the calculations

are made along lines defined by cutting planes through the geouetty

data (which in general do not pass through the element centroids or

even stay within a single streamwise strip of elements).

In the Shcck Expansicn (strip theory) method three pressure methods are
available for the ~alculation of leading edge flow properties. The=se
are: (1) tangent wedge (oblique shock) relationships, (2) the tangent
cone technique and (3) the delta wing empirical method discussed later
in this section. With these three methods a wide range of aerodynamic
shapes may be evalusted.

Numerous reports show that, for angles of attack up to shock detachment,
the application of the shock expansion method (with oblique shock used
for the calculation of the leading edge properties) gives good agreement
with the aerodynamic characteristice of highly swept or delta wings in
hypersonie fligher, However, for large sweep angles of low hypersounic
Mach numbers the angle of attack for leading edge detachment becomes
very small (when considered normal to the leading edge) and the range of
application ie congiderably reduced (see Reference 16). Undor the
detached leadili.g edge condition tangent-cone shock-expansion gives
reasonable results for highly swept wings (i.e., Apgp = 80°) over
noderate angle of attack range. As shown previously in Figure A-19,
there is an effect of swesp at these high Mach numbers such that past
shock detachment empirical techniques would have to be utilized to

cover the czimplete range of sweep angles.

An example of the use of shock expansion method te calculate the surface
X pressure distribution on a two-dimensional airfoil is presented in
: Reference 17. The shock expansion method 1s compared with characteristics
i solution at M = w and y = 1.4 in Figure A-20. For all Mach numbers up
i to 7.5 1t was found that the results obtained by the shock-expanaion
, method were indistinguishable from the characteristics calculations.
For higher Mach numbers a slightly lower pressure was predicted by the
shock-expansion procedure. Naturally, any three-dimensional effects
will tend to reduce the twe-dimensional characteristics predicted by
the shock-expansion method. However, due to the large Mach number, the
possible regiona of influen:e at the tips are small for woderate deflections.

Application of the generalized shock-expansion method to bodies of
revolution is discussed in Reference 18, In t 18 mode the leading edge
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propertics are calculated by a tangent~cone and then the surface
properties aft of the leading edge are calculated by a Prandti-Meyer
expansfon, In general, the application of a two-dimenuional calculatton
technigue %o three-dimencional bodfes is possible when the divergence

of sireamlines in planes tangent to the surface can be considered
regligible compared to those associated with the curvature of streamlines
in planes normal to the surface, For the case of non-inclined bodies

of revolution which are curved in the streamwise direction, this
requirenent is staisfied when the hyperonic similarity parameter

k=M dll is greater than one. For the more general lifting case an

additional constraint of o / o = 1 isg introduced. Relerence 18
semlver tex

notes that good correlation of pressure was obtained when a/o = 0.5 and
fair agreement at a/c = 1.0. Results from this reference are presented
in Figures A-21 and A-22, Application of the basic shock-expansion
technique at lower values of x to various bodies should not include
shapes which have large lengths of zero curvature as this can lead to
incorrect values with respect to experlment. The simple case of a cone
cylinder is presented in Figure A-23 for an example of this error.

The use of the shock-cxpansion strip pressure-calcilation method in

the inviscid pressure p:urt of the program places certaln requirements

on the input geometry data as mentioned previously. This is caused

by the fact that the program does not calculate streamlines on the
surface but merely applies the shock-expansion process on each strip of
elements, element by element (the second~order shock-expansion optioen

in the Flow Ficld portion ot the prograum does not have this problem).
This means that the elements themselves become the streamliue directions
as far as the program is concerned, This means that rhe user must
decide as he is loading the geometry just where the streamlines are to
g0. This is quite acceptsble where two-dimensional surfaces are ifuvolved,
or for axisymmetric bodies at small angles of attack., It is for thease
reasons that the strip shock-expansion pressure metho¢ should only be
applied to these simple types of shapes and should not be used on some
complex, completely arbitrary three-dimensional shape. For these more
complex problems the second~order shock-expansion cption of iLhe Flow
Fleld portion of the program should be used.

When uging the shock-expansion strip pressure method each panel of the

vehicle should be handled as a separate individual panel, The

explanation for this requires a review of the procedure used in the

shock-expansion strip calculationa. First, we know that a panel of

the vehicle can be orientated in two basic modes - in a norwmal cross-

section mode with the first iuput column of elements stretching around 1
the vehicle from the bottom to the top, or in a atrip fashion with the

first input column of elements starting at the front and running aft along i
the shape. On the Panel Identification Card these are identified by the :
orientstion flag as IORN = 0 or = 1 respectively. :
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Next, when the program starts to make the shock-expansion strip
calculations it must decide which set of input elements represent the
starting point for the shock~expansion strip process (these elements
are tcrmed the panel "leading edge elements'). If the flag IORN = 0,
then the panel is in the ncrmal cross-section orientation so the first
input column of element: becomes the starting elements for the shock-
expansion calculations and the "rows" of elements are assuned to define
the streamline direction, If the flag IORN Z 1, then the strip input
method is used and the first element of each strip (rhe first row of
elements) becomes the leading edge elerents.

It is important to note that the program will always start the shock:-
expansion strip calculations with the “leading edge elements" of a
panel, even though these elements may not be a physical surface leading
edge (such as a wing leading edge). This is the usual occurrence in
many applications. This shortcoming may be easily solved by a simple
geometry loading technique. The basic trick is to make the leading
elements of a panel (that are to be used in a shock-expansion strip
mode) have the same angle relative to the flow as the physical leading
edge does. A simple example of this is the flat lower surface of a re-
entry vehicle where the flow expands from the forward ramp to the aft
flat surface. For this case let us assume that on the forward ramp wre
are using oblique-shock pressures (tangent wedge), but that we wish to
use the shock—expansion strip method for the turn at the corner betwveen
the forward ramp and the aft flat surface, In this case we would ta%e
a very narrow column of elements in the forward ramp just ahead of tle
corner and make this column the leading elements for the aft flat.

A similar usetul trick is to make the leading elements have whatever
shape is required to give the proper starting conditions for the shock-
expansion, but make the elements so small that they themselves do not
contribute a significant amount to the overall vehicle forces.

FREE MOLECULAR FLOW

At very high altitudes the various theoretical approaches based on
continuum flow cease to be realistic, The criteria associated with the
onset of free mulecular flow is the mean free path of the molecules. If
the mean free path is everywhere much greater than the characteristic
vehicle dimension, the flow may be called free molecular flow.

The process of wr—entum transfer for this flow model is a function of
the accommodation coefficients to be input to the program. These
accemodation coefficlents are related to the two general modes by which
the molecules striking the body may be reflected.

The first model 1s called "specular" reflection. In this flow model the
molecule i3 assumed to strike a smooth flat surface and leave with its
normal velocity component completely revarsed and its tangential
component unchanged. The accommodation coefficients (f, and f,) are
zero for specular reflection. The experimental evidence shows that this
model 1s unrealistic. Thus, for practical applications the re:ults
obtained with specular reflection shouid only be used for comparison
purposes.
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The surface roughness fo' -tandard surfaces on actual configurations
is not "smooth" in the scase required for specular reflection. The
second model notes this fact and assumes the molecules which strike
the surface are trapped by the surface and then re-emitted. Any such
reflection process which is not specular is called a "diffuse"
reflection. For a cumpletely diffuse reflection the accommodation
coefficients Ift, fn) are equal to 1.0. Most of the experimental data
obtained for f, is in the area of 0.8 to 1.0 and it is generally assumed
that £ is also close to one.

The general assumptions made when .alculating the free molecular flow
for general shapes are: (1) completely diffuse reflection exists,
and (2) constant temperatu over a given vehicle section is assumed.

DELTA WING EMPIRICAL

A detailed explanation of this force calculation method appears in
Volume II of this report. This method was derived from experimental
data of 60 to 75 degrees sweep deltas at Mach numbers of 6.85 and 9,6,
Pressure coefficients calculated by this method are compared with other
calculation methods over a wide Mach number range in Figures A-1
through A-6. It should be noted that at a Mach nuwber of 20 for the
low to moderate angles of attack the method approximated Newtonian

flow due to the high .alues of M siné .

104



B it TP I

it vag AT £

B

g

»

APFENDIX B

GEOMELRY DATA CHECKOUT

The preparatio.- of the input data to describe a complex vehicle shape
1s the most difficult and time consuming aspect of the use of this
program. Once the geometry data are prepaved many aerodynamic studies
may be ~onducted with only a small awount of additional input data
praparution time. However, all of this aerodynamic output will be
useless 1f the geometry data contains input ervors. The importance

of making a very thorough checko'it of the input geometry data cannot
be overemphasized. All too often the authors have received "checked-
out" geometry data decks fr-m users, only to find after a complete
check that the decks contained numerious input errors.

The only complete and accurate way of checking out a complex geometry
deck 1s through the use of a computer graphics program. Such a
plcture drawing program is not a part of the present release of the
Mark IV program (although one will be added at a later date). However,
this will not hinder anyonc since all users of the Mark IV program have
picture drawing capabilities that where supplied or developed for use
with the old Mark III program. These programs can still be used to
check out the geometry for the Mark IV program,

Ar interactive graphics CRT system is by far the best way of checking
out arbitrary-bedy geometry data. The use of such a system is
iijusirated in Figures B-1 through B-3. The iaportant chavacteristic

of such a system .s that the operator is able to have the machine draw
a large number uf nictures of the vehicle and its components at
different angles and with different scales to zcom in on a given part
of the shape. As the operator identifies problem areas of the geometry
he can change angles and scales to more clearly define the input errors.
The bad points can then be fixed and the pictures again drawn to verify
the corrections.

Ofr-1line hard copy CRT devices such as the SD-4060 or FR-80, or line
drawing machines such as the CALCOM? may also be used in the geometry
checkout process. Since these devices do not have the interaction
capabilities described above, a larger number of picture angles and
scales must be selected so that the batch job output pictures will
thoroughly explore all aspects of the shape. A minimum set of drawings
is shown in Figure B-4, 1In many cases drawings such as shown in
Figures B-5 and B-6 will help in tracking down the more difficult

iaput erross.
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Geometry Checkout With IBM 2250,
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Figure B-3, Geometry Checkout with IBM 2250.
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Geometry Checkout Using Off-Line SD-4060 Program.
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Figure B-4 (cont,) Geometry Checkout Using off
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i Figure B~4 (cont.) Geometry Checkout Using Off-Line SD-4060 Program.
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APPENDIX C
SAMPLE PROBLEMS

The sample problems in this Appendix are presented with the hope that
the usexr will be able to use them both to better understand the capabilit
of the program, and to supplement the card-by-card input instructions

so as to clarify their meaning. These sample problems should be studied
carefully along with the detailed input instructions before attempt- ig

a run on the program, Each page of the listings on the following , ves
contains a header at the top to aid in locating the card columns in the
listing. These first two header lines are therefore not an actual part
of the input data decks. Also, the first card in each job is always the
Executive Flag Card (see page 11) and this card is not included in these
sample problem listings. It should be added tc the deck in any attempts
to run thegse problems on the computer,

Sample Problem # 1 (pages 215-220)

This is the same test case as was used in the User's Manual for the
Mark I1I program. For use in the new Mark IV program it has been
. expanded slightly to illustrate the use of the new Shielding Option.
This sample problem makes ugse of the Geometry Option, the Shielding
Option, three passes into the Inviscid Option, the Viscous Option
{using the old Mark ILI skin friction option), and the Summation Option.
This 1s one of the standard test cases furnished tao all users of the
new Mark IV program.

i Sample Problem # 2 (pages 221-222)

This problem was prepared to illustrate the use of the Streamline
Calculation Option together with the new Integral Boundary Layer Method.
The options used include the Geometry Option, Inviscid Pressures,

Fluw Fleld (Surface Data Transfer), Streamline, and Viscous {(Integral
Boundary Layexr Option).

P Y

Sample Problem # 3 (pages 223-225)

This sample problem i1llustrates the use of some cf the flow field options.
It accesses zeometry data that has been previously calculated and gaved
on the geometry storage unit on a different run. The Flow Field Option
is-used to generate the flow field for the vehicle wing. This flow

field is then used in calculating the vehicle characteristics at three
a~-8 counditions.

e e

W

Sample Problem # 4 (page 2%6)

This problem illustrates how the Second-Order Shock~Expansion Flow Field
can be used in the calculation of body Inviscid Pressures. The geometry
data are assumed to be already stored cn the geometry storage unit 4 on
a previous rum. '
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Sample Problem # 5 (pages 227-232)

This problem i1llustrates some of the other capabilities of the Flow
Field Option of the program for a wing-body combination. After reading
in the gecmetry data, tlow field properties are calculated for five
different meridian angles. The Inviscid Prescsure Option is then used
to calculate the forces with and without interference using only one

of the pre siously calculated meridian a..;le sets of data.

Sample Problem # 6 (pages 233-256)

This sample problem is quite complex but illustrates the inherent
flexibility of the program and some options which have not been
presented in the previous examples. The configuration to be evaluated
is the wind tunnel model of NASA TND-5885. The model characteristics
for a body+wing and a body+wing+vertical fin are evaluated for Mach = 6,85
and o = 6,86°. The first step is the loading of the geometry data onto
unit IOUT. This includes the inviscid geometry (panels 1 through 26),
the body alone skin friction geometry (panels 27, 28, 29), the body+wing
: skin friction geometry (panels 27, 28, 30, 31), and the body+wing+vertical
i fin skin friction geometry (panels 27, 28, 30, 31, 32, 33). After the
: geomecry has been loaded the vehicle aerodynamic characteristics are
evaluated in the following steps:

1. Body flow fields for wing and vertical tail are generated.
2. Body alone inviscid pressures are determined.

3. Wing inviscid pressures (with interference flow fields generated
by body). It should be noted that the body of this configuration
has a secondary flow fleld (imbedded shock wave behind bow shock)
due to a boundary layer diverter. Wing pressures are calculated
with this taken into account.

4. Laminar skin friction for the bodytwing configuration.

PRy -

5. Vertical fin inviscid pressures (with interference flow field
generated by the body). This includes the subtraction of the
body contribution due to the area on the body now covered by
the vertical fin. This 1is accomplished by using a negative
reference area (Sref). The base drag due to the blunt trailing
edge of the vertical fin is also calculated.

6., Laminar skin friction for the vertical fin, This also includes
a correction for the wetted area covered on tne body by the
verticsl fin by use of a negative S, .¢.

7. Turbulent skin friction for body+wing.

i 8. 'l'urbulent skin friction for vertical fin with the correction
! for area covered by vertical fin (see step 6 above),

9. Summation of aerodynamic characteristics,
a. Body alone (to be used with wing), inviscid.
b. Body + wing inviecid (with interference).
c. Body + wing (with interference) inviscid + laminar skin
friction.
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d. Body + wing + vertical fin (with interference) inviscid.

e. Body + wing + veitical fin (with interference) inviscid +
laminar skin friction.

f. Body + wing (with interferencc) inviscid + turbulent skin
friction,.

g. Body + wing + vertical fin (with interference) inviscid +
turbulent skin friction.

10. Wing without interference effects.

11, Summation of aerodynamic characteristics.

a. body + wing (no interference) inviscid.

b, Body + wing (no interference) inviscid + laminar skirn
friction.

c. Body + wing (no interfevence) + vertical fin (with
interference) inviscid + laminar skin friction,

d. Body + wing (no interference) inviscid + turbulent skin
frictiom.

e. Body + wing (no interference) + vertical fin (with
interference) invisecid + turbulent skin friction.
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