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This report presents a method for determining aerodynamic character-
istics of helicopter shapes under the influence of the main rotor
wake. The method is condidered to be worthy of publication for
dissemination of information and the stimulation of further related
research. The reader is cautioned that this method does not predict
flow separation as the title would imply, nor does the rotor wake
fully impinge upon the body of the helicopter. The method is useful,
however, as a design tool in determining rotor-fuselage aerodynamic
interference.

Mr. F. A. Raitch of the Aeromechanics Technical Area served as project
engineer for this effort.
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PREFACE

This report, prepared by Aerospace Systems, Inc. (ASI), Burlington,
Massachusetts, for the U,S. Army under Contract DAAJ02-75-C-0041, documents
the results of research performed during the period June 1975 to September 1977,
The study was sponsored by the Eustis Directorate, U.S. Army Air Mobility Research
and Development Laboratory,* Fort Eustis, Virginia, with Mr. Frederick A. Raitch
serving as Technical Monitor.

v The effort was directed by Mr. John Zvara, President and Technical
Director of ASI. Mr. Paul Soohoo served as Principal Technical Staff Member under
the supervision of Mr. Richard B. Noll, Vice President of ASI. Dr. Luigi Morino,

. Director of Computational Continuum-Mechanics Program at Boston University, and
Dr. Norman D. Ham, Director of the V/STOL Technology Laboratory at MIT, con-
tributed to the study as Principal Consultants.

*Redesignated Applied Technology Laboratory, U.S. Army Research ond
Technology Laboratories (AVRADCOM), eftective September 1, 1977.
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SECTION 1
INTRODUCTION

This volume describes the structure and use of a digital computer program,

SHAPES, Subsonic Helicopter Aerodynamic Program with Effects of Separation, which
was developed by Aerospace Systems, Inc. (ASl), to analyze the incompressible
potential aerodynamics of helicopter configuration with rotor wakes and separation
effects. Volume | of this report contains a complete description of the theoretical
formulation and corresponding numerical procedure for the aerodynamic method for
use in the computer program. It also includes extensive numerical results showing the
flexibility and accuracy of the method as well as comparison with several existing
results. Proper use of SHAPES is predicated on the assumption that the user is familiar

with the techniques and limitations set forth in Volume |.

SHAPES is written almost entirely in FORTRAN |V for operation on the
CDC 6600 digital computer system at the Applied Technology Laboratory, U.S. Army
Research and Technology Laboratories (AVRADCOM), Fort Eustis, Virginia. The pro-

gram was developed with a highly modular structure for ease of program checkout, to
‘ simplify the user's understanding of the program, and to facilitate any modifications

that might be required for future applications.

Sections 2 and 3 contain programming details of SHAPES: functions of

the vo';ious routines, flow charts, common storage, and definition of FORTRAN
variables. The use of the program is presented in Section 4. Sample cases are pre-
sented in Section 5 to illustrate the output of Program SHAPES. Section 6 contains
the FORTRAN listing of the program.
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SECTION 2
COMPUTER PROGRAM SHAPES

Computer program SOUSSA (Steady Oscillatory Unsteady Subsonic and
Supersonic Aerodynamics) discussed in Subsection 2.2 of Volume | has been modified
to include rotor dynamics and separation from hub/pylon components. The revised pro-
gram is called SHAPES, for Subsonic Helicopter Aerodynamic Program with Effects of
Separation. Geometry preprocessor for single-rotor helicopter configurations is
included in Program SHAPES.

In Program SHAPES the user need not be familiar with the aerodynamic por-
tion of the program, unlike other sophisticated aerodynamic programs in which the
choice for the combination of various aerodynamic functions (sources, doublets, vortices)

is an art which requires considerable understanding of the method. Another advantage

of SHAPES is that the paneling used for the aerodynamics is completely arbitrary and,
therefore, may coincide with the one used for structural analysis. A typical finite

element representation of a helicopter fuselage configuration is shown in Figure 1.

The aerodynamic paneling can be accomplished manually by inputting the coordinates
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of the corner points of all selected aerodynamic panels or by using a geometry pre-=
processor. A geometry preprocessor for conventional helicopter configurations (see
Figure 2) is incorporated in SHAPES. The fuselage is assumed to have an eliiptical
center section with the nose and tail approximated by elliptical paraboloids. An
ellipsoidal element is used to approximate the rotor hub and pylon sections. In addi-
tion, the rotor shaft and blade shank are represented by cylindrical sections. Given
the helicopter configuration geometry, the preprocessor computes the corner point
locations of required aerodynamic panels for the complete helicopter configuration.

Required inputs include:

Shape and dimensions of fuselage, pylon, shaft, and hub
Number of blades

Rotor diameter

Extent of root cutout or shank

Cross=section of shank

Rotor blade airfoil designation

Rotor blade chord distribution

Rotor blade thickness distribution

Rotor blade twist distribution

Rotor tip speed

Freestream velocity

Rotor wake geometry

This capability eliminates the requirement for the selection of the aerodynamic panel-

ing by the user,
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SECTION 3
PROGRAM SHAPES DESCRIPTION

This section contains a brief description of the organization of Program
SHAPES and its subroutines, a flow diagram, a table of common block storage, and a

list of FORTRAN variables.

3.1 PROGRAM SHAPES ORGANIZATION

The present computer program for incompressible potential aerodynamics with
separated flow for a complete helicopter, i.e., fuselage, pylon, and rotor, contains
three main parts: (1) geometric preprocessor, (2) coefficient matrix, and (3) pressure
distribution and force. Based on data provided, the geometric preprocessor automatically
generates the aerodynamic panels for the helicopter as well as the numbering and loca-
tion of the panel corner points in the reference Cartesian (global) coordinate system.
The matrix coefficients are determined by evaluating the doublet and source integrals
over the surface of the aerodynamic panels. This yields N simultaneous linear equations
with N unknown velocity potentials at the centroids of N elements. A standard IBM
subroutine GELG (Gaussian elimination method) is used to solve for the unknown
potentials. To obtain a continuous distribution for the velocity potential, an averaging
scheme is introduced. Hence, the perturbation velocities and the pressure at the cen-
troid of each element con be evaluated. Finally, the cerodynamic coefficients, i.e.,

lift and induced drag, are computed.

3.1.1 GEOMETRIC PREPROCESSOR

Presently, five main subroutines form the geometric preprocessor:

® DATA
° PREPRO




° COODPT
° GEOMET
® VEC123

Basic geometric inputs of the problem are defined by the user in DATA. This subroutine
automatically generates the global subsurface numbering of the complete helicopter
geometry; i.e., fuselage, pylon, shaft, hub, shank, blade, and vertical tail sections.
Figure 3 shows the subsurface global numbering for the helicopter fuselage and rotor
configurations. One important input for DATA is the number of the elements in the x
and y directions for each subsurface, 1S. This input controls the total number of aero-

dynamic panels used to model the geometry of the problem.

The variation of the element sizes (uniform or nonuniform finite element
breakup) is another basic input parameter to the program. In the present investigation,
particular attention must be paid to the flow field in the vicinity of the rotor shaft,
pylon, hub, and upper fuselage elements. Hence, small elements are prescribed for
the hub/pylon region, whereas larger elements can be used on the lower fuselage
section. Moreover, the local curvilinear coordinates § and 1 are automatically defined

so that the normal to each surface panel is always directed outward.

Finally, DATA automatically defines the parameter KWAKES , which has
the value 1 if the subsurface, IS, generates a wake and a value of 0 otherwise. For
example, KWAKES =1 on the pylon. A vortex-layer wake is assumed to emanate from

the separation point and this is represented as a doublet layer.

Subroutine PREPRO generates a nodal function NOFCT (IXY, IS), which
relates the local nodal numbering, IXY, with the required global nodal numbering.
Next, the Cartesian coordinates of these nodes is obtained by COODPT. Basic inputs

required for COODPT are the shape and overall dimensions of the fuselage, pylon, and

12
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Figure 3(b). Helicopter Rotor Surface Numbering.
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hub sections, blade-twist distribution, blade thickness, chord distribution, number of
rotor blades, rotor diameter, and extent of root cutout (shank). Subroutine GEOMET
automatically generates a parameter NCDE as a function of the corner point ICORNR
for each aerodynamic panel of the helicopter. Finally, VEC123 completes the geometry
of the aerodynamic panel (hyperboloidal element) that contains the four corner points
of the element. This results in continuity of the complete helicopter geometry. Note

that the equation that represents a hyperboloidal element is given by

P = -P-o * ;1’5 i ;27] + ;3571 (1)
where
5'0 e B s (FPP
P2 T Ly T S ’Fmp
B3 LI e e B & (WG
Epp’ Eprn ’ Emp , and Pmm denote the Cartesian location of the four corner points and

Pq gives the centroid of the element. This subroutine also performs the Prandtl-Glavert
transformation and the rotation of the axis due to angle of attack and angle of

sideslip. PRINTA writes the specifications of the problem, node coordinates, the
centroid of each element, nodal numbering for each surface, and the nodal numbering

of the corner points of the element.

Subroutine CHECK verifies if the maximum permissible number of elements
along the x and y directions on each subsurface and the total number of elements are
exceeded. Several compatibility conditions exist between the data. If an incompatible

relationship is present, an error code will be printed and the execution of the program

hfmimted .

15
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3.1.2 COEFFICIENT MATRIX

Subroutine COEFF forms the matrix coefficients by evaluating the source
and doublet integrals over the surface of the aerodynamic panels. The effect of the
rotor wake and the presence of separation are automatically included. COEFF yields
a system of N linear equations with N unknown velocity potentials at the centroid
of N elements. SOLUTN calls GELG to solve N simultaneous linear equations. To
obtain the velocity potential at the node of each element, an averaging scheme is
employed by AVERAG. Using the value of the velocity potential at the nodes, PHI
provides a continuous distribution of the velocity potential. Note that the equation

that represents this continuous distribution is given by

¢ = 99t P15 + 9N + ¢38T (3
where
1 1 1 1
%0 *op
¢ 1 1 =1 <ti%e
& F % - (4)
Py PO S
CP3 1 "] -] ‘-J (Pmm

Pop’ Pom’ Pmp’ and ¢ denote the velocity potential at the nodal points and %o

gives the value of ¢ at the centroid of the element.

3.1.3 PRESSURE DISTRIBUTION AND FORCE

VELXYZ evaluates the perturbation velocity (Cartesian coordinate system)
at the centroid of each aerodynamic panel. Subroutine CPLINR uses Bernoulli's equa-
tion to compute the pressure distribution at the centroid. PRINTB writes the distribution

of sources, doublets, velocity potential, velocity, and pressure distribution. Finally,

16




FORCE evaluates the total lift coefficient and induced drag on the helicopter

configurdtion.

A brief description of the main program and subroutines is given in Table 1,

3.2 FLOW CHART

In order to provide a general understanding of the overall program, the flow
chart for SHAPES is shown in Figure 4.
3.3 COMMON BLOCK STORAGE

Most FORTRAN —related variables in Program SHAPES used by more than one
subroutine are organized into a number of common blocks as shown in Table 2,
3.4 FORTRAN VARIABLES

Table 3 presents definitions of all principal FORTRAN variables used in
Program SHAPES. Where appropriate, mathematical definitions are also indicated.
The units of each variable are those used internally by SHAPES, and occasionally differ

from the input units.

17
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Table 1. Description of Main Program and Subroutines.

Preprocessor
MAIN
DATA
PREPRO
COODPT

GEOMET
VEC123

PRINTA

CHECK
DEBUG

Coefficient Matrix

COEFF
SOLUTN
GELG
AVERAG

PHI

Controls the logical flow of information supplied by the
subroutines,

Reads input data.
Defines nodal numbering for the helicopter. (The surface of the
helicopter configuration is divided into 34 subsurfaces with a

maximum of four rotor blades permitted.)

Defines and/or reads in the Cartesian coordinates of the nodes
on the surface of the helicopter configuration.

Defines the four nodal corners for each aerodynamic panel.

Defines the equation of each hyperboloidal surface (i.e.,
aerodynamic panel).

Writes specification of the problem, nodal numbering for the
helicopter configuration, nodal coordinates, and the centroid
of the elements,

Verifies if the maximum defined in the main program is exceeded.

Writes error message,

Forms the coefficient matrix.
Calls GELG to obtain the perturbation aerodynamic potential .
Solves system of general equations by Gauss elimination.

Obtains potential distribution at the nodes by using an averaging
scheme,

Defines a continuous distribution of velocity potential.

Pressure Distribution and Force

VELXYZ

Evaluates the velocity (perturbation) distribution at the centroid
of each aerodynamic panel.

18




Table 1. Description of Main Program and Subroutines (Concluded).

CPLINR
FORCE

PRINTB

Miscellaneous

ASINH(X)
ATANP(X)
LOG(X)

Evaluates the pressure distribution at the centroid of each
aerodynamic panel (Bernoulli's equation),

Evaluates the lift and induced drag coefficients on the heli-
copter configuration,

Writes the distribution of source, doublet, wake, velocity

potential, perturbation velocities, pressure, lift, and
induced drag.

Evaluates sinh'-l (X) .
Evaluates principal part of ton-l(X) .

Evaluates In(X) .




< START )

Reads in Specification of the Helicopter
(DATA)

Defines Aerodynamic Panel Nodal Numbering for
Conventional Single Rotor Helicopter
in Local System
(PREPRO)

.

Defines Nodal Point Locations in Cartesian
(Global) Coordinates
(COODPT)

Checks
if Maximum
Number of Elements

Defines Corner Location of Each
Element in Global System
(GEOMET)

l

Evaluates pg, B, P2, and B3
Performs Prandtl=-Glauerf Transformation;
Incorporates Rotation of Axis due to
Angle of Attack and Sideslip
(VEC123)

i

Evaluates Source and Doublet Integrals
and Forms Coefficient Matrix
(COEFF)

Checks i

No Rotor/Hub

Wake is
Present

Yes

Includes Rotor Waoke Doublet
Integrals in Coefficient Matrix
(COEFF)

1

Figure 4, Flow Chart for SHAPES Program,
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Checks if
Separation

Includes Separation Effect
(COEFF)

Obtains Perturbation Velocity Potential at
Centroid of Elements by Solving
Simultaneous Linear Equations
(SOLUTN)

l

Obtains Velocity Potential Distribution
at Nodes by Using Averaging Scheme
(AVERAG)

Evaluates Velocity at Centroid
of Each Element
(VELXYZ)

-

Evaluates Pressure Coefficient
Using Bernoulli's Equation
(CPLINR)

l

Evaluates the Lift and Induced Drag
3 Coefficients on the Helicopter Configuration
. (FORCE)

y

Figure 4, Flow Chart for SHAPES Program (Concluded).
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Table 3. FORTRAN Variables.

Variable Maximum LS
Name Dimension Definition

AA (NESQ) A coefficient matrix (stored columnwise).

AVG (NNODE) The number of elements surrounding the node INODE.

BC (NELEM) Downwash on the centroid of IELEMth element,

Ccp (NELEM) Pressure coefficient at the centroid of the IELEMth
element,

HCSI (11) Defines the normalized nodal line locations along the
x direction for surface IS .

HETA (1) Defines the normalized nodal line locations along the
y direction for surface IS .

ISFACE (NS) Defines the global numbering of the surface IS.

KNORML (NS) Indicates the direction of the unit normal on surface IS.
= 1 ovtward
==]1 inward

KROTOR (NELEM) = 1 if the element is on the rotor
= 0 otherwise

KROTORS | (NS) = 1 if the subsurface is part of the rotor assembly
= 0 otherwise

KWAKE (NELEM) = 1 if the element is in contact with a wake, i.e.,

rotor blade, hub, pylon, etc.

= 0 otherwise

KWAKES (NS) = 1 if the surface IS generates a wake
= 0 if otherwise

NELEM Total number of elements.

NNODE Total number of nodes on the surfaces considered.

NODE (4, NELEM) Defines the nodal numbering at the four corners of
the element |IELEM,

NOFCT (NXYMP, 34) Defines the nodal numbering of the nodes on the surface
IS.

NS Total number of surfaces considered .

23




Table 3., FORTRAN Variables (Continued).

Variable Maximum Definiti
Name Dimension o e

NT (34) Subtotal of the number of elements up to, but not
including, the surface 1S.

NTMAX Maximum number of elements permissible on the
helicopter.

NX (34) Number of elements along the x direction of the
surface IS.

NXMAX Maximum number of elements permissible along the
x direction on any subsurface .

NXY (34) Total number of elements on the surface IS
[NXY(IS) = NX(IS) * NY(IS)]

NXYMP Defines the maximum number of elements permitted on
a surface
= NXMAX*NYMAX

NY (34) Number of elements along the y~direction of the
surface [S.

NYMAX Maximum number of elements pe missible aiong the
y direction on any subsurface.

PC (3, NELEM) x,Y,z coordinates of centroid of elements in the
reference Cartesian coordinate system.

P1 (3, NELEM) A vector along the £ direction,

P2 (3, NELEM) A vector along the 7 direction.

P3 (3, NELEM) A vector normal to the element |IELEM .

PHIC (NELEM) Velocity potential at the center of the element,

PHI (NELEM) Interpolation coefficient - the local variation of
velocity potential along the € direction.

PHI2 (NELEM) Interpolation coefficient - the local variation of

velocity potential along the T direction,




Table 3, FORTRAN Variables (Concluded).

Variable Maoximum Definiti

Name Dimension Sisnskion

PH13 (NELEM) Interpolation coefficient - the local variation of
downwash,

SOR (NNODE) Velocity potential at the nodes.

SOURCE (NELEM) Source distributions at the centroids of elements.
After calling subroutine GELG, this variable stores
the velocity potential distributions at the centroids
of the elements.

VELX (NELEM) x component of the velocity at the centroids of the
elements,

VELY (NELEM) y component of the velocity at the centroids of the
elements,

VELZ (NELEM) z component of the velocity at the centroids of the
elements.

XK (3, NNODE) Coordinates of the nodes in the reference Cartesian

coordinate system.

25




SECTION 4
PROGRAM SHAPES USAGE

This section contains a description of the Program SHAPES data input in-

cluding program options and a description of error codes.

4.1 INPUT DESCRIPTION

All SHAPES data input is accomplished via punched cards. The input
variables, required formats, and options are presented in Table 4, Some inputs may
require more than one card, The number of input data cards required varies from case
to case depending on the type of problem considered. Several compatibility condi-
tions exist among some of the data. If an incompatible relationship is encountered,
an error code will be printed and the execution terminated. A typical data setup for

running multiple cases is shown in Figure 5.

26




Table 4, Input Description.

Data 1: FORMAT (15)

(Main Program)

NCASE Number of cases to be run
Data 2, 3, and 4: FORMAT (20A4) (Subroutine DATA)
GG(20) Name, location, date, descrip=-

Data 5:  FORMAT (2A4, 1015)
GG(2)
KREAD

Data 6: FORMAT (2A4,1015)
GG(2)
NS
KSYMMY

KSYMMZ

Data 7:  FORMAT (2A4,1015)
GG(2)
NPYLON

NBODY1

tion of job, and remarks

(Subroutine DATA)
Remarks

Control code for the definition
of nodal coordinates
= 0 the coordinates will be
defined automaticall
= 1 the coordinates will
read in

(Subroutine DATA)
Remarks
Number of surfaces considered

Symmetry condition between left-

and rig'h?-hond side of helicopter

-1 if geometry is antisymmetric
0 if geometry has no symmetry
1 if geometry is symmetric

Symmetry condition between upper

and |0\:lreyr surfaces of helicopl'epl!,e

-1 if geometry is antisymmetric
0 if geometry has no symmetry
1 if geometry is symmetric

(Subroutine DATA)
Remarks

Pylon is considered for analysis
= 1 yes
0 no

Fuslologo nose section is considered for analysis
=0 no
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Data 8:

Data 9:

Table 4, Input Description (Continued),

NBODY2 Fuseloge midsection is considered
for analysis

= 1 yes

0 no

i

NBODY3 Fuselage tail section is considered
for analysis

1 yes

0 no

NVTAIL ertical tail is considered for analysis

1 yes
0 no

i<

NSHAFT Rotor shaft is considered for analysis
1 yes
0 no

NHUB Rotor hub is considered for analysis
1 yes
0 no

NSHANK Blade shank is considered for analysis
1 yes
0 no

NBLADE Rotor blade is considered for analysis
= 1 yes
=0 no

FORMAT (2A4,1015)

GG(2) Remarks

(Subroutine DATA)

KPYLI Number of elements in the x direction
of the mid-fuselage before the pylon

KPYL2 Number of elements in the x direction
of the mid-fuselage after the pylon

FORMAT (2A4,7F8,3) (Subroutine DATA)

GG(2) Remarks

UMACH Freestream Mach number
OMEGA Rotor rotational speed (rpm)
AREA Reference area for evaluating

aerodynamic coefficient
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Data 10: FORMAT (2A4,7F8.3)
GG(2)
ALFA

BETA

Data 11: FORMAT (2A4,7F8.3)
GG(2)
XPYCTR
YPYCTR
ZPYCTR
RXPYL
RYPYL
RZPYL

Data 12: FORMAT (2A4,7F8.3)

Table 4. Input Description (Continued),

(Subroutine DATA)
Remarks

Angle of attack
(degrees)

Angle of sideslip
(degrees)

If NPYLON =1, use Data 11; otherwise, skip.

(Subroutine DATA)

Remarks

Coordinates of
pylon's center

Radii of
pylon section

If NVTAIL = 1, use Data 12; otherwise, skip.

(Subroutine DATA)

GG(2) Remarks
VSPAN Span length of vertical tail
XLEZV x coordinate of vertical tail leading edge
‘ XTEZV x coordinate of vertical tail trailing edge
TANLEV Tangent of leading edge sweep angle
‘ TANTEV Tangent of trailing edge sweep angle
: TAUV Thickness ratio of vertical tail
| yd 4% Height of root chord of vertical tail with
respect to global Cartesian coordinate
system
29
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Table 4, Input Description (Continued).

If (NBODY1 + NBODY?2 + NBODY3) # 0, use DATA 13-16; otherwise, skip.

Data 13:

Data 14:

Data 15:

Data 16:

FORMAT (2A4, 7F8.3)

GG(2) Remarks
XNOSE

XBD1

XBD2

XTAIL

FORMAT (2A4,7F8,3)

GG(2) Remarks
YNOSE

YBDI

YBD2

YTAIL

FORMAT (2A4,7F8.3)

GG(2) Remarks
ZNOSE

ZBD1

ZBD2

ZTAIL

FORMAT (2A4,7F8.3)

GG(2) Remarks
RYBD1

el Redii of

See Figure 6

See Figure 6

See Figure 6

RZBD2 See Figure 6
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Table 4, Input Description (Continued).

If NSHAFT =1, use Data 17; otherwise, skip.

Data 17:

FORMAT (2A4,7F8.3)

GG(2) Remarks
RSHAFT Radius of rotor shaft
LSHAFT Length of rotor shaft

If NHUB = 1, use Data 18; otherwise, skip.

Data 18:

FORMAT (2A4,7F8.3)

GG(2) Remarks

XHUBCR

YHUBCR Coordinates of hub center
ZHUBCR

RXHUB

RYHUB Radii of hub section
RZHUB

If NSHANK =1, use Data 19; otherwise, skip.

Data 19:

FORMAT (2A4,7F8.3)

GG(2) Remarks
RSHANK Radius of blade shank
LSHANK Length of blade shank

(Subroutine DATA)

(Subroutine DATA)

(Subroutine DATA)

If (NSHAFT + NHUB + NSHANK + NBLADE) # 0, use Data 20-23; otherwise, skip.

Data 20:

FORMAT (2A4,7F8.3)

GG(2) Remarks

RROTOR Blade tip radius

YCUT Blade root cutout

XBLE x coordinate of root chord
leading edge

XBTE x coordinate of root chord
trailing edge

31

(Subroutine DATA)

Reference blade at
azimuth angle of 90°
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Data 21:

Data 22:

Data 23:

Data 24:

Table 4, Input Description (Continued).

TANBLE
TANBTE
TAUBL

FORMAT (2A4,7F8.3)

GG(2)
THET75

THETIC
THET1S
CONING
AZIMUTH

FORMAT (2A4,7F8.3)

GG(2)
RPITCH

TWIST

FORMAT (2A4,1015)
GG(2)

KBLADE

ITWIST

FORMAT (2A4,1015)
GG(2)

NWAKPY

Tangent of leading edge sweep angle
Tangent of trailing edge sweep angle
Thickness ratio of blade airfoil
(Subroutine DATA)
Remarks

Blade collective pitch at three-quarter
radius

Blade lateral cyclic pitch
Blade longitudinal cyclic pitch
Blade coning angle
Blade azimuth angle (degrees)
(Subroutine DATA)
Remarks

Collective pitch angle at blade
root (degrees)

Blade twist (degrees)
(Subroutine DATA)
Remarks
Number of blades
Defines blade twist distribution
(Subroutine DATA)
Remarks
Flow separation considered
for analysis

=1 yes
=0 no
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Table 4. Input Description (Continued).

NWAKHB Rotor hub wake is generated for analysis
=1 yes
0 no

NWAK SK Blade shank wake is generated for analysis
1 yes
0 no

NWAKBL Rotor blade wake is generated tor analysis
=1 yes
= 0 no

If (NWAKHB + NWAK SK + NWAKBL) #0, use Data 25; otherwise, skip.

Data 25: FORMAT (2A4,15,2F8.3) (Subroutine DATA)
GG(2) Remarks
NSPIRAL Number of elements along one rotor
wake spiral
SPIRAL Number of rotor wake spirals
UWAKE Induced rotor velocity = V 1/2 C; GR
If NWAKPY =1, use Data 26-27; otherwise, skip.
Data 26: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
NSTAG Vortex layer from separation line
is considered for analysis
=] yes
=0 no
NVORT Isolated vortex (branch wake) is
considered for analysis
=1 yes
=0 no
Data 27: FORMAT (2A4,7F8.3) (Subroutine DATA)
GG(2) Remarks
CSTAG Intensity of the vortex layer

from separation line

CVORT Intensity of the isolated vortex
(branch wake)
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Table 4. Input Description (Continued).

Data 28: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
KPRINT(I) Qutput control code
=1 yes
=0 no
I = 1 specification of the problem
I = 2 nodal numbering of surfaces and corner
nodal numbering of elements
| = 3 Cartesian coordinates of the nodes
| = 4 Cartesian coordinates of the centroids
of the element
5 coefficient matrix AA
6 source integrals

velocity potential distributions
perturbation velocity distributions
pressure coefficients

I
I
I
|
I
| 0 lift and induced drag coefficients

— 0 0O\

If NBODY1 =1, use Data 29; otherwise, skip.

Data 29: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
NX(KS) Number of elements in x direction
NY(KS) Number of elements in y direction
KNSELE Define the variation of element size

0 define by input
! uniform along x direction
2 quadratic along x direction

KNSSHP Defines nose shape
' = 1;r = R[e]\2
=2 =r(5)"3
l =3;r=R[§]]/4
’ KNSTYP Defines nose type

1 circular cross section
2 elliptical cross section
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Table 4, Input Description (Continued).

e — v T — e ——-———-——1
;
|
|

If NBODY2 =1, use Data 30; otherwise, skip.

Data 30: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
NX(KS) Number of elements in x direction
NY(KS) Number of elements in y direction
KBDELE Defines the variation of element size

= 0 define by input
1 uniform along x direction
2 quadratic along x direction

KBDSHP Defines the fuselage shape
= 1 cylindrical
KBDTYP efines the fuselage type

1 circular cross section
2 elliptical cross section

nno

If NBODY3 =1, use Data 31; otherwise, skip.

Data 31: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
NX(KS) Number of elements in x direction
NY(KS) Number of elements in y direction
K TNELE Defines the variation of element size

0 define by input
1 uniform along x direction
2 quadratic along x direction

KTNSHP Defines aft-body shape
RVE

=2r = R[%]V3

Hr=r[g)A
é KTNTYP Defines aft-body type

1 circular cross section
2 elliptical cross section

I
et
e
-
]
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Table 4, Input Description (Continued).

If NPYLON =1, use Data 32; otherwise, skip.

Data 32: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
NX(KS) Number of elements in radial
direction
NY(KS) Number of elements in circumferential
direction
KPYELE Defines the variation of element size
= 0 define by input
= 1 uniform element distribution along
radial and circumferential direction
= 2 quadratic along radial direction
with uniform element distribution in
circumferential direction
KPYSHP Defines pylon shape
= 1 elliptical
KPYTYP Defines pylon type

= 1 elliptical

If NVTAIL =1, use Data 33; otherwise, skip.

Data 33: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
NX(KS) Number of elements in x direction
NY(KS) Number of elements in y direction
KVTELE Defines the variation of element size

0 define by input
1 uniform element distribution along
axial and spanwise direction
2 nonuniform (quadratic) element
distribution along axial and span-
wise direction
= 3 quadratic along spanwise direction
with uniform element distribution
in axial direction
= 4 quadratic along oxial direction
with uniform element distribution
in spanwise direction
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Table 4, Input Description (Continved).

KVTSHP Defines vertical tail shape
= 1 circular bnconvex airfoil
2
2
b + 72 2
2 e 2
1/2

= 2 define by following equation

Z=% § ( X )
X1E = XLE

= 3 define by following equation

(4-r)(2C) ( )
LE

) Yo

| -
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Table 4, Input Description (Continued).

KVTSHP (Cont.) where
¢ = chord length
XLE = x components of sectional
leading edge
X;g = x components of sectional
trailing edge
y = spanwise location of the section
S = half span
- _ 3
e (Z ﬁ) (2 Co)
< o = root chord
KVTTYP Define vertical tail type
=1
If NSHAFT =1, use Data 34; otherwise, skip.
Data 34: FORMAT (2A4,1015) (Subroutine DATA)
GG(2) Remarks
NX(KS) Number of elements in shaft
direction
NY(KS) Number of elements in circum-

ferential direction

KSHELE Defines the variation of element size
= 0 define by input
1 uniform element distribution

KSHSHP Defines rotor shaft shape
= 1 cylindrical

KSHTYP Defines rotor shaft type
= 1 circular cross section
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Table 4, Input Description (Continued).

If NHUB = 1, use Data 35; otherwise, skip.

Data 35: FORMAT (2A4,1015)

GG(2) Remarks

NX(KS) Number of elements in x direction

NY(KS) Number of elements in circumferential
direction

KHBELE Defines the variation of element size
= 0 define by input
= 1 uniform element distribution

KHBSHP Defines rotor hub shape
= 1 elliptical

KHBTYP Defines rotor hub type

If NSHANK =1, use Data 36; otherwise, skip.

Data 36:

If NBLADE =1, use Data 37; otherwise, skip.

Data 37:

FORMAT (2A4,1015)
GG(2)

NX(KS) Number of elements in shank direction
NY(KS) Number of elements in circumferential
direction
KSKELE Defines the variation of element size
= 0 define by input
= 1 uniform element distribution
K SKSHP Defines blade shank shape
= 1 cylindrical
KSKTYP Defines blade shank type

FORMAT (2A4,1015)
GG(2)
NX(KS)

(Subroutine DATA)

= 1 elliptical

(Subroutine DATA)

Remarks

= 1 circular cross section

(Subroutine DATA)
Remarks

Number of elements in x direction
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Table 4, Input Description (Continued),

NY(KS) Number of elements in y direction

KBLELE Defines the variation of element size

0 define by input

1 uniform element distribution

2 nonuniform (quadratic) element
distribution

KBLSHP Defines rotor blade shape
= 1 circular biconvex airfoil

2T
max

= 2 define by following equation

z=¢;J(_X_)
X1e = XLE

-———x r
o g e
i R

= 3 define by following equation

Z=: @4n@cC) (__x__)
X1e = Xe

xlq

40




Table 4. Input Description (Continued),

KBLSHP (Cont,) where
¢ = blade chord
XLE = x components of blade
leading edge
xTE = x components of blade
trailing edge
r = radial location
R = rotor radius
= 3
i, T (; /3-) (2C°)
C g . blade root chord
KBLTYP Defines rotor blade type

1
If NPYLON =1, use Data 38-39; otherwise, skip.
Data 38: FORMAT (10F8.3) (Subroutine COODPT)

HCSI(1X) Normalized x direction nodal line coordinates
[ Note that HCSI(IX), IX =1, NXP is implied
with NXP denoting the number of nodal lines
along the x direction]

Data 39: FORMAT (10F8.3) (Subroutine COODPT)

HETA(Y) Normalized y direction nodal line coordinates
[ Note that HETA(IY), =1, NYP is implied
with NYP denoting the number of nodal lines
along the y direction)

If NVTAIL = 1, use Data 40-41; otherwise, skip.
Data 40: FORMAT (10F8,3) (Subroutine COODPT)

HCSI(1X) Normalized x direction nodal line coordinates
[ Note that HCSI(IX), IX =1, NXP is implied
with NXP denoting the number of nodal lines
along the x direction]
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Table 4. Input Description (Continued),

Data 41: FORMAT (10F8.3) (Subroutine COODPT)

HETA(lY) Normalized y direction nodal line coordinates
[ Note that HETA(1Y), 1Y =1, NYP is implied
with NYP denoting the number of nodal lines
along the y direction]

If NSHAFT =1, use Data 42-43; otherwise, skip.
Data 42: FORMAT (10F8.3) (Subroutine COODPT)

HCSI(I1X) Normalized x direction nodal line coordinates
[ Note that HCSI(1X), 1X =1, NXP is implied
with NXP denoting the number of nodal lines
along the x direction]

Data 43: FORMAT (10F8.3) (Subroutine COODPT)

HETA(lY) Normalized y direction nodal line coordinates
[ Note that HETA(IY), 1Y =1, NYP is implied
with NYP denoting the number of nodal lines
along the y direction]

1f NHUB = 1, use Data 44-45; otherwise, skip.
Data 44: FORMAT (10F8.3) (Subroutine COODPT)

HCSI(IX) Normalized x direction nodal line coordinates
[ Note that HCSI(IX), IX =1, NXP is implied
with NXP denoting the number of nodal lines
along the x direction]

Data 45: FORMAT (10F8.3) (Subroutine COODPT)

HETA(lY) Normalized y direction nodal line coordinates
[ Note that HETA(IY), 1Y =1, NYP is implied
with NYP denoting the number of nodal lines
along the y direction]

If NSHANK =1, use Data 46-47; otherwise, skip.
Data 46: FORMAT (10F8.3) (Subroutine COODPT)
HCSI(1X) Normalized x direction nodal line coordinates
[ Note that HCSI(IX), IX =1, NXP is implied

with NXP denoting the number of nodal lines
along the x direction]

42
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Table 4. Input Description (Continued).

Data 47: FORMAT (10F8.3) (Subroutine COODPT)

HETA(lY) Normalized y direction nodal line coordinates
[ Note that HETA(IY), 1Y =1, NYP is implied
with NYP denoting the number of nodal lines
along the y direction]

If NBLADE =1, use Data 48-49; otherwise, skip.
Data 48: FORMAT (10F8,3) (Subroutine COODPT)
HCSI(1X) Normalized x direction nodal line coordinates
[ Note that HCSI(IX), IX =1, NXP is implied
with NXP denoting the number of nodal lines
along the x direction]
Data 49: FORMAT (10F8.3) (Subroutine COODPT)
HETA(IY) Normalized y direction nodal line coordinates
[ Note that HETA(IY), IY =1, NYP is implied
with NYP denoting the number of nodal lines
along the y direction]
If KREAD =1, use Data 50; otherwise, skip.
Data 50: FORMAT (3E12.4) (Subroutine COODRPT)
XK(K,INODE) The nodal coordinates in global Cartesian system
[ Note that (XK(K,INODE), K =1,3), INODE =1,
NNODE) is implied]
If NWAKPY =1 and NSTAG =1, use Data 51-54; otherwise, skip.
Data 51: FORMAT (3E12.4) (Subroutine COODPT)
YPP(K)

Data 52: FORMAT (3E12.4)
The separation wake nodal coordinates

YPM(K) in global Cartesian system [ Note that
Data 53: FORMAT (3E12.4) K=T¥ & npltedi

YMP(K)
Data 54: FORMAT (3E12.4)

YMM(K)
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Table 4. Input Description (Concluded).

If NWAKPY =1 and NVORT =1, use Data 55-58; otherwise, skip.

Data 55;

Data 56:

Data 57:

Data 58:

FORMAT (3E12.4)
YPP(K)
FORMAT (3E12.4)
YPM(K)
FORMAT (3E12.4)
YMP(K)
FORMAT (3E12.4)

YMM(K)

(Subroutine COEFF)

The isolated vortex branch wake nodal
coordinates in global Cartesian system
[ Note that K=1,3 is implied]
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4.2 ERROR CODES

To insure proper data are read in and to minimize unnecessary computer
time, SHAPES contains several debugging statements at specified checkpoints. |f an
inconsistency among input data or violation of the input specification is detected, an
error code will be printed and the computer run terminated. Table 5 summarizes

these error codes.

Table 5. Error Codes Summary.
l‘ Code Number Description

100 Mach number is greater than 1 (Present SOUSSA
is a subsonic program)
(DATA)

200 NS # (NPYLON + NVTAIL)*MULTY
+ (NBODY1 + NBODY2 +
(NBODY3)*MULT*MULTY
+ (NSHAFT*MULTY
+ (NHUB*MULT*MULTY*
+ KBLADE*(NSHANK + NBLADE*MULT)
(DATA)

300 Number of elements in the x direction of a sub-
surface exceeds the maximum permissible valve. This
is limited by the storage capacity of the computer.
The user has the option of changing the value of
NXMAX and NYMAX defined in the main program.

(DATA)

400 Same as code number 300 except for the y direction.
(DATA)

500 Total number of elements required for analysis ex-
ceeds the maximum limit specified in the main

program,
(DATA)

IER IBM subroutine GELG provides error code
=0 no error
=1 no result is obtained because the number of
equations is less than 1 or the pivoting element
at any elimination step equals 0
= N warning is indicated because of a possible loss
. of significant figures at elimination step N+1
) where the pivoting element is less than equal
; to the specified tolerance times the magnitude
of the greatest element of matrix A
(DATA)
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SECTION §
PROGRAM OQUTPUT

In Program SHAPES several output options are available and these are briefly
summarized here. The amount of output required to be printed out is controlled by
Data 28, described in Subsection 4.1. Among the information available is the specifi-
cation of the problem defined by the user and the basic geometric inputs to the problem,
i.e., overall dimensions and shapes used to model a helicopter configuration. In
addition, the nodal numbering of the aerodynamic breakup as well as the Cartesian
coordinate location of the nodal points and the centroid of each aerodynamic panel
can be requested. Furthermore, the coefficient matrix and source distribution can be
output, Also, the perturbation potential, velocity, and the pressure coefficient are

available as outputs., Finally, the lift and induced drag can be requested.
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X, Y, and Z Coordinates of the Centroid of Aerodynamic Panels
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Nodal Numbering for Surfaces

——FOR SUREACE 24 —=
3 - q 13 12 21 25 29
2 6 10 16 18 22 26 30
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FOR SURFACE 25
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Nodal Numbering for Elements
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The Distribution of the Source

TH1S PAGE IS BEST

QUALITY CABLE
B 06T T PRACTL

HED TO DDG —

Tk UISTRIAUTIWN OF SOURCE

FOn SUBSUREACE 24

=etn553s 013 ~e¥BLBE1 003 ceddeliEe(2 ~edb Vi€

“e18312:0402 = 30733082 ~o10910E002

=o2T0b38E0u3 — =.076352003 ~TlABOTENCL . - TTIU2EC0L - 2. bI4seE40L . =, 000776208 = SITISESNL-

Wob19E038  o98102i0us  «1263Ee(2 JALeGLECRZ L 17480-002 JAT998E082 932088008

FOh SUBSURFACE .29 . . i

“e€u6BEEILS  -o1B95100T  -o150026002  -o1¢207E+02 = 205eSiel2

~o6tO6SERDS . -,050952¢01 =ois7275002 =elb3ICEN2 . -.1€200E002 =oATERRESC2 . =.97150Ee0)

JIIOENENS  eodunei

cal28i06s

JAUE3BENNZ  433950ieu

The Distribution of the Velocity Potential
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Pressure Distribution
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PROGRAN SHARES

WUS FYLON FLOR SEPARATION
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Specifications of the Problem

FOR
NX=
NY=

FOR
NX=
NY=

FOR
NX=
NY=
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FOR
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X, Y, and Z Coordinates of the Nodes

NOCE= X Y 14
T T,00000 —  2.33000 U 00000
2 «06335 2.33000
RE i G 17300 2.33000
L3 38781 2.3332CC
5 «68587 2.33000 E
] 1.064u8 2.,33000
———— T UL.00000 7L 79120 0500000 —
8 04335 Te79120 -+00388
T W okESuUT reretenT = UL7sE
10 38781 7.79120 -e0672€
T T . 68587 7  7L.79120° =.10309
12 1.06443 7.79120 =e19941
Ce .- . [
16 « 04335 12.03860 =-+00388
5 JI7I00 12,0380 L0175
16 38781 12.03880 =+ 04726
. . S I0309
18 1.06488 12.03880 =e19941
19 U UUUTT 15.U7cOU Ue
20 «0b 335 15.07280 -+ 00388
T TR T ¥ . =
22 38781 15.07280 =s 06726
. . =
26 1.06468 15.07280 =¢19941
. . .
26 «04338 16.89320 =.00388
Ty . 89320 S TLIrSst
28 +38781 16.89320 =+ 06726
T .60587 T 16.89320 < 10309
20 1.06448 16.89320 =¢19941
ST A T . . N
32 «JIN258 17.56900 -.0C798
TTU3Y T WL17032 0 17.50000 © =.0319C
36 «38321 17.50000 -+07179
IS5 L8B127 17.50000  -,.127€2
36 1.064648 17.50900 =¢ 19941

Y LY &3 ¢ 233000 <. u1z07

8 «16753 2.33020 -e0L823
39 T 37862 2.33000 -.09632
“0 67667 2.33000 ~e1521¢
TR T ULINIBL T TLT9L20 T =l 01207
42 «16763 7.79120 -+ 06623
a3 37862 T.79120 -+ 09623¢
L13 «S7RA7 T.79120 -.15218
T RS T a8 T 12003880« 01207
% «16763 12.03%80 =.06623
AT TTUUIT86T T 12503880 =L 09632
.8 «67667 12.03880 -.15218
NS BN L2 {-> SEENR $-20) 0441 BENNEN TR > T4 £
50 «15763 15.0728¢C =.C4623
T TS T TOIT882 T 15, 07280 <. 09832
52 «67€67 15.07280 -e15215

TSy T T JONIEL 16089320 =L 01207
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.
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O O .

(1] =7.79120 1.06448 =e19941
89T =12.0388%0 00000 0,.00000
70 -12.03880 «06335 ~.003688

=17, . <uITST
72 =-12.03880 «38781 -.06726
0 . .
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78 -15.07280 38781 = 0L72€
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90 =17.50003 «38321 =e C717¢
TG =TS UO0Y T 38127 = 1276
62 =17.50000 1.06%608 ~e199041
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TS T /I «37BGZ =L, 09632
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T T T ST 79120 T TTLORLRT TS u12cy
<8 -7.79120 «167063 T =e 04623
S99 T =T7.79127 T (37BI2 T -.0963IT
100 -7.79120 « 87657 -.1521¢
101 -12,03880 04131 ~-.T1207
12 =-12.03880 «16763 -+ 06623
TT103 ={Z2.03880  .37862  -.09632
L1l -12.03880 67667 ~.15218
TTT1US T =S15.07280 W OLI3T T =L01207
106 =-15.0728) «16763 -. 0L E23
IO =15, . 62 = 09632
1(8 =-15.07 280 «67667 -.15215
109 -16.89320 +08181 =-.01207
110 -16.89320 «16763 =« 06623
+89320 37862 — =.09632
112 -16.89320 «67667 -.1521¢
. 0 .
116 =06 335 -2.33000 -.00388
. . .
116 -¢33781 -2.33000 =.04726
TTTIITTTT= 68887 =25 330C “10309 -
118 -1.06448 -2.33000 -. 19941
S =2 00000 =7.79120 — U.00000
120 -.06335 «7.79120 -.00388
a0y 0 0 (70
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LS T 88887 ETLTII20 =L 10%09
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T T12%° T =,00000 =12.03880 ~ " 0.00000
126 «e060335 -12.03830 -.00388
B ¥ g § 1 4 B ) £ 121 D ) 0 4. 1 S
128 -.33781 ~-12.03340 “.0672¢
T 129 T e,88587  -12.03%80  -.10309
120 “1.064bk8 -12.03880 =e19901
TTIIC T =L GIC000 -1, 0723T 9500070 L
132 ~.08335 -15.07280 -+ 00383
B T BN Y41 | S A L 341
13 -.38781 -15.07280 -0 72¢€
LIS T S 8SNET  S1%.07230 T SL.10309
136 ~1.064k8 <-15.07280 =¢19941
LIy T -, 00000 S16.89320° UL 00000
128 ~.06335 ~15.89320 -.00388
- =16, =
140 -.38781 -16.89320 ~.06728
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LN T S.E3587 15789320 =e10309 T —

142 ~1.06488 -16.89320 =+19941
T 143777 -,00000 =-17,50000° T 0.0000C
1hé ~e06253 <-17.50000 =.0079¢
b =I7032 =17.5075T0 =« U190
i4o -¢38321 =-17.50000 =, 07179
TTTIRT T 468127 T S17,.50000 = 127€2
168 ~1.,06448 =-17,50000 -e19941

T 3%y = 0%181 T =2.33000 U120
150 ~e16763 -2.33000 -oLh622
TTTIST T =L 37882  S2.33000  =.09¢€32
152 -«67667 =2.33000 =e1521¢

_>ﬁr—__.-'_ ) e
1% =+16763 =7.79120 -+ 06€23
T I85  =.378862 <7, =
156 -.67667 ~=7.79120 -e15215
e - . e
158 ~.16763 -12,.03880 ~e06623
TT1%9 = 37T62 -12.03880 = U983
160 -.67667 =-12.03380 -¢1521¢
—1€T < UG{8l  =15.T72%0 = 01217
162 -e16763 -15.072580 -+ 04623

e - . e
164 -.67667 =-15.072680 ~.1521%
TP = 0G181  =16.89320  =.0TZ07

1¢€6 ~¢16763 =-16.89320 - 04€23
167 T =.37862 =16.89320  =.09632
168 -.67667 ~15.89320 =¢15218
169 2.33000 =L auuuv o uauuT
170 2.33000 ~e06335 -+00388
TUI7L TT2,330000 T ~.473000 T - 0175¢8

172 2433060 -.38731 =~ (4728
TOLTIT T 2433009 - 68557 T =.10309°

176 2.33000 ~1.00448 =e19941
175 7.79120 -.00000 0.00000
176 7.79120 =e04335 -+ 00388

AT W92 T S ATIT0T T SN 01TSE
178 7.79120 -.36761 - CL72€
TTATYS T TG T2 T EL685 87 T =L 10309
180 7.79120 “1.06648 =«19961
181 12703830 =503 0TT 7% 00070T
1¢€2 12.03630 ~.06335 -+0038s8
TTI8Y T L2. 03880 = ITI00 <, 01T7Se
186 12.23880 -.38781 =+ 0672€
185 T 12003880 = 68587 =,
166 12.33880 =1.06448 =+19941
0 0 v
188 15.07 280 =.04L335 -+ 00388
Tt IS 07280 =it P30~ 01?s e
190 15.3728) =.38731 =.(h72€
TS T IR 07280 = 68587 = 10309
192 15.07 280 =1.06468 =e19941
IS Ie T sY s = 000U 0L 00000
196 16.89320 =e0L335 =+ 00388
U198 I8 89320 T = aITITeT S TSt —
156 16.89320 -.38741 -.0L72¢
TTUI9TT TIEG89320 = 68587 =4
1¢8 16.89320 “1.06h48 ~e19941

. . .

200 17.50000  -.08258  -.0079¢
Tt IT 0000 TS = U1t
202 17.50000  -.38321 -, 0717%

TS0000 e 88T2T 12782
20h  17.50000  -1.08888 -, 19981

L . .

206 2423000 =.16763 ~«06 €23
0P T 233000 v STEe2 = 0963
208 2433709 =« 87567 -+18218
g TTTRRONIST T SL 01207

210 7.79120 =¢16763 “s0u€23
g . =09RST
212 779120 -.67667 -+1524¢
T213 T IZI T3t T NIt T T 01207
216 12.03680 ~.16763 -.0u€23
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TTZI5 T 12,03680  =,37862 — -, 09€32 - ~ - -
2% 12.03850 -e87657 ~e1521¢
217 I®ITT2eT i)'l 2324 2 Y440
218 15.07280 =+16753 ~+0h623
T 219 1507280 =.37862 — ~.09€32
220 18,07230 =.67667 ~«15218
R 1 i 1€.,89320 ~~=.0uL181 ~ +.01207
222 16483321 =+16763 -. 08623
e 1%.,39727 *«J3780c¢ =« U9BI3C
224 16.89320 ~.67667 -e1521¢
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X, Y, and Z Coordinates of the Centroid of Aerodynamic Panels

TTECEME T XPU YPT —ZFC
1 « 02167 5.05060 =.0019&
T TZ T 10817 S5.URUBD T =, 01073

3 028061 5.06060 =.03242
T & T 5364 T K,06060  TSL07517
5 «87517 5.06060 -.15125

T T TVUZIET T 9L9ISU0 =L UUTge —
7 .10617  9.91500 =-.01073
BT 2BTAT TT9.9150T TS I3
9  .53634 9.31500 -.07517
40T ea7517 T9.IL500 =L 15125
11,0217 13.55580 -.001%%
12 .10817 13.355580 ~ =.01073
13 .260k1 13.55580 -.J3242
I S388% 1355580 =< 07517
15 87517 13.55580 -.15125

& 02167 15.93300 =.0019%
17 «10817 15.98300 =e01C73

. g 0
19 «53686 15.98300 -.07517
- . -
21 02148 17.19660 =-+00296
. . -
23 «27859 17.19660 -e 00213

28 .87403 17.19660 =-.15738
. L L]

27 .10672 5.06060 -.0291%5

29 .52765 5.06060 -.12623

. - -
31 «G2091 9.3150°0 ~.0C6C4
3 TTTIIONTZ T 991500 S 0291
33 27313 9.31500 -.07127
TIN T WS2TES T 9 91800 -.12823
35 «87058 9.91500 ~e17578
TTT36 T LU209T I3.35987  =.CiB %
37 «10672 13.55584Q -.02915
38 L2T3I1T 13.55580  S.07127
39 52705 13.5%530 ~.12623
L3~ T .87138  13.53537 T =.17578
[ 3§ «02091 15.93300 -.0060%
TR WI0RT T 15,9830 =.02915
.3 27313 15.98300 -.07127
b T .52765 1T.983I0  =.12423
(1] «87758 15.,383390 -.17578
TT86 L U2110 17.19680 -.0050T
o7 «10559 17.19660 =+ 02655
T . . - -
“9 «52994 17.19660 -.11197
T USTT T LS7TITY  I7.19650 =L 1696%F
51 =5.06060 «02167 =+ 00156
TTSZT <5, 06060  JIUBI7 S 01073
53 -5.06060 «28061 -.03262
B . . .
$5 -5.06060 87517 -.15126
T 86 T =9.915T0 02187 = 0019
$7 =9.91500 «10817 -.01073
- T 58 *9.IL5T0 G280 SLU3TW2
59 <=9.91800 +5368% -.07517
T80 =9.9I500  <87517 -.I51¢5
61 -13.55580 «02167 =.00196
T 82 =13.55580 JIUSI7TT TS nIeTS
. :3 =13.5558C 28061 -.03262
T 6h =13.55880  .5368% =,
65 -13.55580 87517 -.1512%
8% =1%: .
67 =15.98300 «10817 -.01073
T8 S{9.983T0 28081 =.032%2
69 -15.98300 53686 -« 07517
TTTU S15.98 . e
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71 =17.19660 02168 =+00296
73 =17.19660 «27859 - : 08213

. . e
78 -17.196€0 «37603 ~.15738
TUTE TS5 UBU60 T T U209L =L UUEUG
77 -5.06060 10672 ~+02915
78 =5.06060 «27313°  ~.07127
79 =5.06060 «32765 ~e12L23
T80 T -5,06060 .87QS8 - ,17S7S
41 =9.9150( «J2691 ~.0C(6(k

82

~9.91500

TTeI0M72 -, 02915

43 =9.3150Q +27313

~.07127

ST YT IIST0 52755 =T 12W 23

85 =9.91500 «87058 =e17578
86 +13.555¢0  — ,02091 ~.0060%
87 -13.55580 «10472 =+02915

T BB -13:55580 T L.273L3 =.07127

89 =13.555¢0 «52765 ~el2623
TSI . =%
91 -15.98300 «02091 =+ 006 06

T2 -15.98300 10472 =, 02915

93 -15.948300 «27313

~.07127

TN Te15T98300 —— s52765 — - 12423

95 -15.94300 «37058 “.17578
TTTSETEITTISE 0 U0
97 =17.19660 «10559 =+02L55

TS I 1986027495 <, 0ELSe-

99 =17.19660 529984 ~e11197
100 S17et . <1696
104 =s02167 =5.06060 =+00196

O O O
103 =,28041 =5.06060 ~e 03242

104 «,536e%  =5.08080 =079 17

108 =+87517 =5.05060 “e15125
106~ =,02167 =9.91500  =.0019%
107 =+.10817 =9.31500 -.01073

PO L B Y4 1] Pammtd O )4 A S R e e T

109 ~+53666 =3.31%00

~. 075 17

110 =, 37917 =9.31S00 -,.1512%

111 =+ 021E7 -13.55580

-.0015%

112 TS 10817 <T3.55580 =.01073

113 =e28361 -13.55585
bl .

115 =,87517 -13.55580

“e03242
-.1512%

518 S 02187 =TS, 98300 = 001N

17z ~«10817 =15.98300 -eGLeT3
118 TE 2808 . .

119 <-.53684 ~-15.98300 - 075 17
e > . .

121 ~e02168 -17.,19660 =« 00296
T e 0 0

123 27859 -17.13660 ~e 06213
K S SISL =17 =

125 =-,87403 -17.1968)0 -«15738
e . B0

127 -,10472 -5,06060 ~.02918

128 TS 273IIT S5.U6060 =L 07127

129 ~¢52765 ~5.06060 -e12623

AT T=.87USE ~5.08060  =.17578

131 «.02391 ~9.9183C -.0C6CH

133 -,27313 ‘9:915'0 - 07127
LI SZTES =T, =

135  =.87058 -9.91500 =.17578
138 = 0Z0IT =13.55%80 =

137 -.10072 -13.35580 =.0231S
.

139 -.52765 -13.5580 -.12623
. . .

181 -.02091 -18.98300  =.0060%
IRy ) .

183 -.27313 -18,98300  -.e7127
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146 =.52765 -15.98300 ~e12623
145 -,87058 -15.3030° ~e17578
148 — =, 02110 ~ 17519650 =~ 0080t ——
147  =.10559 -17,19660 s 02655
T8 T = 2708% - 1TL19660 T - 061F6
169 =e52994 ~17.19660 “a11197
T190TT S SIS S 1T 19860 =, ISYEY
151 5.06000 ~.02167 -, 001¢4
152 5.06060 " «.10817 =.01073 -
153 5.00060 ~e23061 -e032e2
154 B 36387 ~.3T53% ~sTT517
155 5.06060 ~e37517 -e1512%
IS8T T 9 91IS0T = 02167 =L 0019 —
157 3.91500 -.10517 -.01073
158 T 991500 =28 06T =036
159  9.91500 -.53684  -,07517
T160 T 9.91500 = 87517 T =L, 15125
161 13.55580 -e02157 -.0019
BB T -0 14 B D §'2.) CAENE S § 0 s muas—
183 13.5583&48 -e22301 -.03282
T16% T I3C5558 0 S .5368% =, 07F17 T -
165 13.55580 -e87517 -e15125
166 T 15.96300 = 02167 =L 001N T
167 15,98300 -e10817 -+01073
TIG8 15.98300  =.250%I DY 1474
169 15.96300 =.53684 - 07517
170 715.98300 <.87S17 =,.15125
171 17.19660 =+02148 -.00296
1727 1719680 = (3731 =L 015T%
173 17.196A0 =¢27859 -.08%213
. . - -
175  17.19660 ~+37%03 ~.157 38
T176 T 5,06060  =.32091 =, 0UB0%
177 S.06060 =e10472 ~,02915
178 5L U6UE T T So2TIIS S UTIeY
179 S.06060 =e52765 -e12L23

0 e .
181 9.91500 =+1209¢ =.0ib (e

182 9,91 “e Se
183 9,91500 =e27313 -,07127
186 9,9 =

1500 =.52785 —=.12%23
185 9.91500 -.87058 -e17578
. . e

187 13.55580 =J10672 -.02915
188 "13.55580  =.27313 =.07127
139 13.55530 =e52765 -.12623
190 13055580  =.87T59 - LTSTR
191 15,98300 =.02091 ~.006 Cu
AT ASVIRIUT = ITk7Z =L 0TS
193 15,93300 -.27313 -.ar127
196~ §5.98300 ~ <.52765 " -.12L2%
135 15,98300 ~s37058 -.17878
196 “17.15680 ~-.02110 -,005CY
197 17.196¢0 ~+10559 ~.02L55
198 {7 UISEED SVZTSS S+0BITE
139 17.1956¢C ~e32934 ~«11197
200 17.19R60 =-.87173 ~— -, 16SEL
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Nodal Numbering for Surfaces

FCR SURFACE 24

1 7 13 19 28 31

2 8 1% 20 26 32

3 9 15 23 2r 33

¥ 10 18 2T 28 3V

H 11 17 23 29 35

[ 12 18 2% 30 36

—FUR SURFACE 23"

1 4 13 19 4 3T
37 (3% 45 43 53 32
38 L4 117 S0 13 33
39 &3 [ 14 51 55 36
13§ G 2.2 T4 1] 39

6 12 18 26 30 36
FCR SURFACE 27
57 63 69 TS a1 87
38 o8 e 7Y 114 38
59 6% 71 77 33 89
e A T Tt A T
61 67 73 79 85 91
CTeeT T AE o Tw T T e Y

T FOUR SURFACE 28

R | s e P TR > SHETD !
93 97 101 108 109 38
L L acee. | aRamme ) S| SEESE U SRS o JS
SS 9 193 107 111 30
RO LT TR 3
62 68 T4 80 86 92

FCR SURFACE 30

113 119 128 131 137 163
SRS 2 L NS T4 SEEES T4 BEEEe T IS T e s | S
115 121 127 133 139 145

“116 122 U128 T 13% T tH0 T Tue
117 123 129 135 161 167
U118 T I2e T I30T T I3S 1IN ING

FORSURFACE 31

B T e 2 R 74 e < TS < I 5. 2 I
149 153 157 151 165 184
SIS0 IS§ IS8 162 166 I8
151 155 159 163 167 166
—ISZ 156 18U I8& 188 I&7

118 126 130 136 162 168

__FOR SURFACE 33

169 17% 101 187 193 199

171 177 183 183 195 201
TOTATZ 17 T O18& 190 196 20
173 179 185 191 167 203
176 180 186 192 195 " 20%L -

T TFORTSURFATE 34

B L et ¢ e 7 SERES | A ) e L e
205 209 213 217 221 200
206 210 cIN Tty EeY i
207 211 215 213 223 202
258 212 245 222 226 23
176 160 186 132 150 204
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Nodal Numbering for Elements

SLEM . 4. -t -
1 3 2 7 3
5 9 3 3 o
3 19 4 3 3
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S 12 5 11 s
SEssaal SRR | AR B R A
7 15 9 14 8
L} 15 1T I5 9
9 17 11 16 10
10 18 2 17 1T
11 20 16 19 13
1z [43 15 4 % =
13 22 16 21 15
— 1% 3 17 144 -
15 24 18 23 17
16 26 20 e 19
17 2r 21 26 20
13 28 22 & e
19 29 23 28 22
20 30 2% 29 Z3
21 32 26 31 25
R e ag 2T 37 26
23 s 28 33 27
{0 35 29 EL3 28
28 36 39 33 29
143 1 il L3 9 T 7
2r 38 w2 37 L1
T2 T 39T 4T 38 LZ
29 &0 (1) 39 83
T2 ST i R N
31 L33 (13 7 13
3T §2 W A 2§ A1
33 .3 %4 42 L6
4 36 W TLE T R e T
35 12 13 (1Y (Y]
e Ny he T Ly X%
37 6 51 &5 &9
38 L4 ST &6 5T
39 8 52 “? 51
B S ¢ Da{ St B A
('3} .3 53 19 28
TTeE W %% N s T
.3 51 L1 ] 50 56
(23 L 24 %6 51 55
«5 26 30 52 Sé
8. . SEGae | CEma o G . BEEEDS ¢ I
o7 Sk 33 53 32
g S5 3% 5% 33
9 56 3s 35 3
98 3 38 56 3%
51 bl 58 63 S7
e S
53 6A L] 65 59
56 87 -3 8 1] ol
55 68 h2 67 61
56 70 (13 69 63
57 71 €S 70 64
B! . e e Smaes o o Emam
59 73 67 r2 66
TR TY 1-1.] (23 87
61 7% 70 75 69
&7 G gEma— i g (4] 7T
63 78 72 o 71
1 79 73 TS Tz
65 a0 76 79 73
e 174 4] 12§ = ¢
67 83 144 82 76

LA

o9

L s




f
¥
é‘

69 es 79 84 78
T8 S 8% Y —
71 bo a2 a7 8%
e Ay AT AT T
73 99 en 89 83
T ) G -3 9T ¥
75 92 26 91 45
TSRS - R | RESE i -
77 LY 98 33 S7
78 TOSTT 99T T 9T 98
79 96 1,019 95 99
SR A RIS T JRGEENE TR 1 A
81 97 101 63 69
82 98- 102 ¥ tor
83 99 103 98 182
3% 1000 10% 99 103
a5 €8 7L 100 104
=t 10T 18 [ e S -
87 102 106 101 106
88 103 107 0z 106 —
&9 106 178 132 177
90 " 7« T BO 10%8 ~ 108"
91 105 109 75 81
92 106 110 0% 179
93 107 111 106 110
S 8 e T
95 80 86 108 112
97 110 89 109 88
SEmsE | Ry © 0 JEREEED \ GEERE SRR .
99 112 94 111 90
— oIy e T 9& It 9T
101 120 114 119 113
S o
103 122 116 121 115
v
105 126 118 123 117
— 106 126 120 12% 119
107 127 121 126 120
TR 188 1%  f2r  1ex
109 129 123 128 122
=Ly L IR o 1Ey I&y
111 132 126 131 125
£5T 133 127 132 1%
113 136 128 133 127
S 116 135 7129 138 128
115 136 130 135 129
g
117 139 133 138 132
TU118 1w T I3% T 139 133
119 161 135 140 134
1200 IR I36 T IRD O TI3%
121 PN 138 143 137
122 145 139 166 138
123 146 140 185 139
U126 T IERT T INT T Iue 1%
125 148 1462 167 161
—q :
127 150 1564 149 153
—TTTI5T 199 I3 I%%
129 152 156 151 158
IR I I
131 153 157 119 128
133 155 159 156 158
138 126 130 156 160
131857t 129 13T
137 158 162 157 161
139 160 16 159 163
161 161 1685 131 137
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TTOI%ZT 162 166 161 185
143 163 167 162 166
TTINGT T I6 T 168 I8y 167
145 136 142 16+ 168
186 165 18§ 137 IWY
167 166 145 165 18%
TTTINET TIBT T INE 166 IWS

149 168 147 167 146
TOTISTTT Ik IAS 168 INTT T
151 176 170 175 169
19¢ 17 171 RS I Y 4
153 178 172 177 171

NP O S 0 fSlEe (. SR 7 SN 1T
155 180 176 179 173
156 162 178 13t LTS
157 183 172 182 176
158 T I8% 178 183 177
159 156 179 186 178
160 6T YT 8 irg
1€1 188 182 187 191
= 182 129 173 88 182
163 190 184 139 133
B 10 19T 1635 1935 18§
165 152 1386 191 185
166 ~ 194 1238 193 137 -
167 195 189 194 188
168 198 {90 135 (19
1€9 197 191 196 190
— 4¥T 19 = 192 Y 1%y
171 200 19%& 199 193
172720y 7195 200 194
173 202 196 231 19¢
LT 203 197 232 T 13R T -
175 206 198 243 197
i7% 4] aud - &Y 175
177 206 210 205 209
X oW &if o T &t

179 208 212 207 211

B L L I ¥4 T ¥ 1 B4
181 209 213 175 181
132 210 — Z1% t4h) iy
183 211 215 210 218
18w & 218 UL AT
185 180 186 212 216

138 213 Z17 1%l 137 —
187 216 218 213 217
188 215 219 214 218
189 216 220 215 219
190 186 192 216 220
191 217 221 137 193
192 218 Tee Ar— &
133 219 223 218 222

IR N 21T
195 192 158 220 226
196 - 2217 200 193 199 -
197 222 201 221 200

A9V - eey ete eak - iry
199 224 203 223 202
200 198 0% 22% L&
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The Distribution of the Source

FCR SU3SURFACE 24,

~«67898E+C1 =e12965E4C2 T = 1T7601E+02 ~.20237E4C2 ~e11351E+02
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TTLTEINSECDL T J1GB0BE402 T J20IITESVZ T GZI2RIE02 T L12750EeD2
_Fou suwsumrace 20 e
TTEITUSOGF UL = I3IS2IERDT SIIBIBTEF U2 = 2TITSERUZ = IT8MMECD2

=« T56T0E+0L =«14TBNE+02 ~+20220E¢02 =23 463E+02 =+13102E+02
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FCR SUBSURFACE 30

~.67898E401 - 12965T402  -.176U1ES02  -.202375402 - . 11351E+02
-:.euqa~5791 ~e126505402  ~.16917E+02 7-.195;55;;;i~—":;;;;;;érggv-
<e3ETOSE4DL -.GITZEESDI - IUSYZESDI -, I0B7IE4DZ - .620ILETL
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FOR SUBSURFACE 33
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The Distribution of the Velocity Potential

FOR SUBSURFACE 24
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Pressure Distribution
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PROGRAM SHAFES
HUB PYLOMN FLOW ScPArATION
FUSELAGE = WITK SZIFARATIUN ZFFECTS

KREAD
»

Py

P
UAMCH
ALFA
NBODY
N300Y
NBODY
NB0DY
NWAKE
NFYLON
CSTAG
KPrINT
NBODY1
NBODYZ
NBODLY3

0
12 ]
] 1
L i
o« 204
De.0C0)
0.000
0.000
17201
7. 253

'l T Y Y )

&

SAMPLE CASE 3:
BO-105 FUSELAGE (NO PYLON, NO ROTOR)

WITH EFFECTS OF SEPARATION

Data Input

0
1 1

3,000
GeGOO
12,000
Jo 000
7,009
5¢2%0C

levas.

[V A VI
[l

74

=0.000

35,009
v‘!>t|.

0,000
7.250

)

41,0070
'...G?
0.000
&e251




Specifications of the Problem

—EQR PARY .. L.
NX= &

—NEe. 6

FOR FART 2
B, ¢ S
NY= &

FOR FART 5
NXE &4
NYE o

FCr FAST €
NXz 4
NY= &

FCR FART 7
NEKz &
NY=2 o

FOR FAFT 9
NX= &
NY= &

"'FOR PART 10
NX= &
NYZ &

.. FOR _FaFT _ 11
NX= &
NY= 4§

' FOR PAFT 13

. FOR_FART 16 .
NXs &
RS | { W SR

" FOR FART 13
NX= &4
NY= &

NELE“=132

KSyMMY=
KSYMMZ= 0
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X, Y, and Z Coordinates of the Nodes

NOCE= x \ 4
1 043262 2.302330. . .2.01230_
2 $TEON -.00000 2.08250
3 3006002 =e00340 “e12500
4 £.7320) -402540 1013753
5 12,3000 $36000 8425000
5 730019 23361 1,€0889
7 3.0000) 1.36723 3.61130
8 ©47500) 2.03084 5471650
ee .3 12,00000 2e77-25  T.€220%
1@ 7500 1023133 1.35842

11 3.002300
12 07500

_2.58326  2,S1682

3.8%409

- 37522

13 12.00000 _ S5.12582  5,033€3
14

75000
15  3.00000
18 6.73000
17 12400002 _

1.57453 75923
3434996 1,57957
$.22359 2.367:5
9459313 315714

18

«75000

1.81250

g.qqaqg

——n 19 3,00000___ _3.52500____0.00000

« 8el5007 3482733 f.CCCCL
@ 12,00000 _ ?.25000__ 2.0000Q0 _
& 16,50020 =+03300 B8.250200
3 23,0000 =+00000 _ %.25000
i3 31.50000 =«30139 3.25000
€5 3retl Sl ed.i. Be@B i
ch 16,5302 2.7/%h5 7.12201
27 2¢,007¢C) 2ePTenl _ 7.f2201_
3 $1.300013 2.0 7405 f.12201
29 38400602 SelTasG . Teu€B22%1
30 15450032 ~el23%:2 S.E3IR3
3 28.0002) 5042058 S0 03TES
32 31.50231] 2012222 he B33F3
33 3r,004622 501258 _ 3463303 _
e 18432071) 434343 341578
~.33 25,00000 Se33a13 371
36 31.5010) 2459013 Sa1b 714
37. .38400000_ . __5.52943 ___3.4571.
35 10450000 7.250019 3460039
9 2560077 Tedaeiar SeBalli
L1 31.53¢C13 7.233030 J.00000
L3¢ 36.3GC0Q1 Te23233_ __ 0.0Q0C0
2 34431253 =.32300 5.1375¢C
e 4. 2005000 2D TI w1280
iy "0.3123) =.0034C 24052%)
«5 +1000399 SedLdul. _ d«02%00
6 39.31253 2.3829%% 271850
O7 - 50.25003 .. 132723 . 3.81103 .
o SLedL 23, 33351 16108 :
9. 32431250 _3.c%%:3 0. 32722
S0 <le25r0J 2.5:326 2.91-82
51 0451250 1425153 . _1l.WG3k) :
L 39431251 5.02333 2435735 |
£3 ©1423001 . 3436328 . 1.82a87 4
£6 <Je3125) 1.57433 78328 |

cen=B5.. 39431250 3.e378Q  0.00000

S6 “u.2%000 3.32530 0.07000
ST . SCanldBi. Aa88230 . LalBI80
58 75000 ~.a01300 ~2.01253

49 36400200 _~ad0200 __=wa12€80Q

€0 6.75000

~.d0200

«6,137%0

e €l 12400000 __ _.0C23Q ___=3,25200

(74 «?5000
3 3.02000

533351

~1,90%%0

~Le3E723 __-3.Ef100

(13 €.75001 2.080%« -5,7165%0C
(4] 12.0000) 240765 =7.82201L
o o300 Le28153 “1.835301
t7 3.001200 2435324 .. .s2.840482.
to =e7%00) 3400459 “we37F22
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€9 12.0)909 =3.:3362
70 73731 «.72923
71 3.0000) =1.82357
72 €.75520 =2.36785
73 12.00°02 =3.1771.

143 1243009)
75 2deis il
70 31.53231
77 30e2377)

=3,
L% SO e 5 1
=4,27730

=8« 27 2CC

73 1..30004 -T.62291
i9 ¢iedaiil afieRce
S 3L.7707) (.t 2231
3 38432093 =7« 2201
82 12.,5339) ~Z.833c3
c3 28423004 “Te833n3
b 5 P e L R

ch 3:40299)
&6 17°.594003
a7 28.34¢CC)
es 31.307331
¥ 3£,03¢0¢01
G0 39031230
Q1 «fe 75791
2 Aueil2:0 =2.052%0
e3 3¢.31250 ~=ds TLEE
S 40424001 1.3:223 -2.c1102
95 40,9123 «3386%___ =1.925%5¢C
L) 39431259 33803 ~4.37%22
97 40425000 ~2eF82E. 24018582
<6 40.,51235) 1.2:103 =1.kiB4L1
— 99 ____39.3123). . £.02333 _=2.35785
100 90,2503 3.3+90¢ -1.578%7
~101 . 40431280 1.37433 __ =478928
102 o757 354 =.63351 1.6.55°
-.103 ___3.00000 =1.332723 3.:1100
10« 675000 -2.08056 5.71550
105 12.00000.  =2.7T7++5 _ Z.£2201
106 75009 =1.28153 1eLEARLY
A8 _Jeualdi  =2,.36326 . _J2.GI5AD
108 6.75000 “3.34659 b, 37522
- 109 .. 12400004 . =5.12322 _ J.B33E3
' 110 «75001 “1.374F3 «739235
120 3.00000.  =3.34306___ _1.52857
112 Gel37 50 =3.023%9 2435763
113 12.00000 . . =39.33513__ _3.15714
116 «753003 =1.51253 0.00700
115 . 3.2000%..._-=3.682500Q____2.0300€0
115 6ef %000 =5443751 0.07300
117 Reeoww. .ai ot

=5, 23383
=3.15714
~3e1371%
=Y iTTLR
=313718
=g.13°S¢C
e 12532

)
SPRSRRET BTSN ¢ N

110 1ce3000) =2.77%65 7.12201
119 25200003 . =2.77625 ___ _T.t2201_
120 31.5000) “2.77465 T.0¢2201
1ea1 J2,00030 . =270 exS____Z2a£2201
122 1601 w4 *3,123J72 Je&3303
123 25,3000 “Se.12852 _ _  S.clilE&3
124 31.506G¢) =Z.123%2 SeB833€3
12» Jce0002) =2012322 __ _3sc33B3
120 18.2:°7) “9,3%3:3 3.17714
127._ 20,0000 __=5.55813% ___ 3.15716
126 31.5009) ~5459313 3.15714
189 3900009 _ _=3459813__  3.15714
130 18.50700 =T«25090 J4«23200
131 FE TR I % [ " e | [N
132 31.2073) =7.25930 0. 00300
133 . 3B.0d000 . =7423000. - —-d.00300..
136 39.312%0 =2.050:6 5.71)5%)
1% el “1:350c3 . . 2uB222.
12s 40,312%) =e53351 1.¢04%0
137 32,312%) “3e2ba:9 “e 37522
123 «0.25320 =2.4u329 2451902
139 «043123) “1.2%1053 1.6533061
145 36,3123, =3.32355 2,377




e — _ —

161 40425900 ~3.3-306 _ 1.%570%7

1u2 -0.81251 157453 «78928
143 39431250 -3.%3730 0,0630G0
1be -~ ed3l00 *3.325.° Jebia-2t
145 %0.6125)  =1,312:0 2,00000
140 «75003 -¢33351 =1 ,90FF (
167 3.00003  -1,38723 __ =3.c1100 {

18 e«75900 =2.0803« =5.7156%0
163  _12evie:. =2 778485 _ -T.02201
150 «75703 -1.25153 -1,u50801
280 320800080 =2.35326 __=2,.416A2
152 73200 LI TN -%,37522
A9 12600700 _=5042392  =3.63363
156 «750013 =1.37653 -e75228
L L85 3400000 0 =3,34306 . =1.37557 _
156 6475000 -5.0237%9 =2.3RT S
157 __ 12400200 . _-5,59913. _ =3.1571%
1548 $E&ea2 33 =3Pl -7.02202
199 25434101 22,7755 =7.:2291
160 $1.5003) “2.7 T “7.t22G1
161 3:40C070) =2.07045 =l . £2221 _
1€2 12efa0 i - jel2342 =3¢ 53547
153 27403073 e3el2052. 1 2523363
1€6 31,5002 =<e12352 o34 §23E2
1€> 38.0301) -jel27%'2 -3e0330L3
ico 18,5000 -3452413 -3, 1~
137 25w it N = de 39252 =Se s 78
1fo 31.4060) =5.5%13 =3.10 710
169 3n,03°¢C3 -3439913 =3e 2521w
170 Jve312%3 =24)03ztk =her 1050
7i o LR “le3siPed L rSerEin
172 80431291 =338 1 1,40 FQ
173 S84 3127) -2, =9 s+ 37820
17« «(e2v000 =-2.35323 =2, C14 32
175 . «G(e8125) =1.23163 _ =latidel
170 34631250 =3.322,9 =2 357R9
177 40,2500) =3.3230¢ =1.57057
173 ~ée1252 ~le37wz2 -.74928
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X, Y, and Z Coordinates of the Centroid of Aerodynamic Panels

ELEMS XFC Yeg 2FC
L . «3:308 «l73%3 «2i2h
2 1.91228 32022 2,37¢30
3. _%e9l312 -e33702 32200
- 9.,2733¢ 1+21322 Zez=b 0
L «353(¢€ o< J731 e 0-C4l
v tew1522 le-1-3 2,522%2
7 %3732, R4S T RIS, T TS
& Yea713c 3¢ ‘02 Tebchuh
9 «383C¢ o232+ Ok il 4o .
10 1.%1:20 2.21712 1,593 7T

11 - 97972

3¢33

221 2.509:2

12 Yeu7.38 Se1732° 3.233%5

13 «3t30e 37173 139732

14 1.91228 2401227 «£929¢

19 §e9703CC. .. 535473 . _936EL

15 3.57438 3.1.23L 1433143
—17_ _15.570%6 .- 1.337223 .. 7.33630 . ____

18 22.21721

1.38

723 7.93€20

—19_ 26445603 _1.3c223 r.33e00

20 35.4906-6
21 15.57758
22 22.21721

1.33
3.35
3.35

723 7.93€ .C
%3 6.727:2
J4z 6e727:2

.. 284850683 3.35049_

_6.72782

26 35.0L9546 3.35063 5.727:2
_25_ 15.57758__ 3.31233. _ 4.6953%
26 22.21721 5.31233 e 43539
27 _ 28465653 5431233 __ +,6353%

29 __15.57758 _

28  35.49neb

30 22.21721
31 20.350¢3
32 35,9666

5431233 4449538

€437
6.3¢7
9437
6.37

-Jdu 197857 _
L) 1.379:7
©15 . 1.57eL7
«0g 1.578¢7

.33 I9.68E02 1,213%2 350030
36 S0.63573 32732 +4360G00

58 _ 492372 ..

Bl el s SR e

35 &G1.b15¢C
3n B1.7c4395
37 3ve405E2
36 WI.6357>

32221 2,978.L

12
3ol

2.65

3%) «992720
633 Fe38€ 06
), *.23%.3

39. 1440130 le~31-3 L
40 h1.70635 #3331 ekt

41 39.4cd82
42 «0.03578
€3 H1.401%0
b L1.70h35

5447

32 3¢233c8_

3.59¢52) 2.809:2

2.21
73

T1e 1.E3577 .
9% eF51°2

45__39.4%082 - 5412231 LadEL88

«6 40453578
&7_ H1.%0130
«8 s1.78635
b9_  J3e30b
Sa 1431520

52 9457538
33 . .33 6
56 1.91528
55 . 4.97972
Se 3.57533

56 1.91%208

59 . _wed7372 .

60 9.57538
61
o2 1.91528

o3
2,01

873 <9861
527 «351E8 _

37825 «1373:2

.1'
352
«33
1.21
i3
1e<3
2443
30
I’z
2.21
3452
S.17

2451

3%3 =s99290 . _
121 =2.976¢CC

792 __=%a.95000
332 =3.9¢610

38L LR 5 11—

13 =2,522¢3

99z =%e20639

£33 =2.330:th

o TG T [ UK I,
712  =1.063577

520. s2.t0882.

323 =3.333k5

- —a38306__....ad87475 . .=4192322_ .

522 =¢331%5

63 __8.92922 __ «d35273. . _=.9b0t)l

6o 9.57638

6410

79

231 =1.3812¢%
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OF IS Bgg
v+ ¥ Furms

1'QlﬁlDIIﬂ{§qidc

HED 10 ppg

65 __15.57753 _ 1.33723 -7.936C0

66 22.21721 133723 =7.93€ ¢
i 3 63 1,30723  -f.93600
68 35.49540 1.30723 ~7.93€ 30
oSZ7758 3495063 __=2.727c2
70 22.21721 3.35043 =g.72732
1 23.85363  3493.%3 =5 72082
72 35.49646 3035093 =6.727L2
I3 _15.577:8 5431233 _-cae9538 _
78 22.21721 5431233 ~b.ey53%
] 9 88288083 . 5.3.233 _S%.05530
76 35.k9b6ko 5031233 K 4y Cr
T 1557728 Sed7T20 =1,57t87
78 2.21721 S037605  ~1.07087
79 28435583 9eI7-158 *1.37817  _
30 IS.430%0 Gedllh.i =1.3PE.7
81 Jdewc2:2 1424332 ~5.a+650 ..
82 -0.03578 ¢3=732 =v.9i0C
63 M1.401:0 32321 <=2.97%5d0
8u  Nh1.78%30 e1/3%. =e3G2 .7
35 Iv.ht002 2753 =5.830tY
30 <J.0357¢ 2ee33)z ==,20&l3
87 h1.%0190 T 1S  =2.u22%3
88 “1.78-33 e+3331L =e8L0%3
89 3Ivaheae 3ell 33z ~303T43
90 &U.H357> 3004523 =2.889%2
91 <1.40190 2021712 L6357
92 Wle70b:5 «?32]% =elil 52
~ 93 39.4na502 SRR e SR ST et B S i
6 41.60357c fhellals =e3n0lt
35 1.601-0 2461527 ~eETl2%
96 41.784Y% 10 -e13732
97 «383C6 =e17340 «392119
36 1e91JC8 =e22.28 20370040
99__ 6487372 _ =35702 . wedanddY
100 Je57038 =1.21332 3e9-=(0
101 « 323706 =s%3351 ecndl?
1.2 1e915c8 =1o%:1Y%)5 2eF2eS3
103 4037372 =2,%.305 302363
104 357930 =3.<i039 -
105 = +3B3Cc _ =e7393% _ 439 |
100 1.91528 =2.21712 1683077
L7 he 3?7572 =3e22.2. ReerSaR
108 9.57738 =3.1732: 3.333.%
109 ____ «383Ca___. =«87170 ~d9r 32
110 1.91325 =2.51027 «55145
) N, 5L b g R TR YT T .
112 9575338 =%.10231 1.3.125
— 243 _15.5775Q . _ =%.38723_ 7.33€20 __
116 22.21721 =-1.38723 7.92600
115 _20.085603  =1.39723 __7T.93600Q0 _
116 35.49546 ~-1.73723 7.936G0
AT 18.5775¢_=3,350+3 9 22282
118 22.21721 =3.950%3 04727 82
19 _c0.056c3 _=3.35003 __S.727:2
120 3I5.49686 <~3.351%1 de720¢2

121 165487758 _=5.31235_ G.ka53E_
122 22.21721 =5.3123% +e0 3538
423 _20.85683  =5.31233__ w.L9238
124 35. hvobkb -5.,31233 @.65525
_ 125 05457758 _=63780. .  L.O0EST
126 22.21721 <6.37495 157857

S 127 . 264085663 ~€a3Twll . 1 5762
128 35.4Y6u0 =064974)3 1.570¢7
129, 394680552 _=1421322. _ 5e9-wnl
130 hi.83%73 =ed .2 #edo. 1"
134 &1.60130 =e2021 2437040
132 L1.76435 =«l7300 «G32:C
133 39.40502 =3.4£5319 Seosbih
136 <0.53578 =2.+73)s ve209t?
135 hlabotza =110 PP 7 25 S—
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136 61.7E635 ~eez 33l
137 39.485€2 =~5.17323
138 WJ.63573 =~3.33520
--139 148,190 2,2 2:2
160 &1.76435 - 73904
-6l  .4dEa2 . =o.la23L
142 40.63578 ~&.35879
143  4lewi130  ~2.31327
166 41.7c845 =a37i05
185 «30306 =e17340
16 1.91528 =e32021
167 . 6.S87372 _-.03702.
1e8 9.57538 ~1.21332
189 «3c300 ~a33:1
150 1691528 ~1.+3163
151 We 97372 ~2.%43303
152 9.57638 ~3.-2533
153 «3830 8 =a73G97%
154 1.91528 +=2.,21712
1565 ».97972 ~-3.,59%240
156 357533 ~S.1732:
157 «383.6 =37173
153 1.31528 =2.a1%27
159 4497372 _=,32373)
160 9457638 -6.10231
161 15.57738  =1.33723
162 22.21721 =1.3:5723
- 163 70485063  =1.33723
16+ 5.496«b =1.38723
165 _15.57753___=3.990%3 _
166 22.21721 =3.3i.'"3
167 28489333 =3,37043
168 35.496-6 =3.35033
169 12.577¢8 -5,91233
170 22.21721 =3.31233
171, 23485983 . =5.22233
172 35.43..0 =5.31232
173 15.577:8 =6.37-04
176 22.21721 =54001)5
175 28486583 <=Z438hy
176 3v.buokd  =uedlfnI0
177 3%ea4t552 =1.,213:2
178 «0.03.78 -e 137352
179 “le-ui20 -es2321
186 Wlefutee: “el?3%.
181 3Y.unfrn2 =3e-"2d0
182 wde03578  =2.4390:
163 E1e4U130 =Lle#cl'd
184 Ll.7RL5. Y D
135 3Se4c™n2 =%, 17320
136 «0.03574 =3,0.222
187 41453190 =2.21712
188  “1.7249> =e7 2890
189 33elheodl =3ei.230
137 20403370 =<dd3il7;
191 61.-C19%0 =2.51%227
192 41.76h:% EPRETEY o
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Nodal Numbering for Surfaces

FOR

V&S wWwmn =

FOR

22
23
2L
25

FOR

25
42
43
Li
<5

FCK

58
59
60
c1

FOR

61
7%
&)
76
77

FORrR

77
30
93
92
b3

SURFAGE
4 s
) 10
7 11
8 12
3 13
SURFACE
9 13
29 30
27 31
23 32
29 33
SURFACE
29 33
Ly £9
L7 L]
LY 5q
L5 Le
SURFACE
1 1
62 Fo
()3 '_:“
ok a3
o w9
SU~FAGE
LD 3
78 B2
') A3
60 oL
ol ob
SURFAGZ
&l 43
43 an
94 97
95 9f
{99 s

82

1
1

15
15
17

17
3%
35
33
37

37
az
33
o6

-2

Ul

70
1
re
{3

73
86
37

44

33

39
43
14¢C
101
'S
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138
19
20
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24
23
39
&0
1

! e It I A B ¢
I~

16
19
20

el

|
33

Q
L1

b1
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FOR

U 4§ W=

FOR
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23
24
25

FCRrR
29

«3
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G5
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28
29
o0
a1

FCR
b1

75
70
77

FCr

7
90
91
92
45

SURFACE
1 i
102 106
103 107
10+ 108
19 119
SU=FACE
165 103
1138 122
149 123
1210 12%
fet 125
SURFAGE
121 1. 2%
134 137
135 135
130 13‘)
('3 U]
SUR2FACE
1 1
1tn 1540
1&/7 1%1
143 1%2
143 153
SURFACE
149 1€3
158 162
159 1R3
160 164
1¢1 1€5
SURF ACE
161 165
170 173
171 174
172 175
45 65
83

1
110
i1
112
113

18

113
125
127
12¢
123

11

123
1%0
141
1«2
L W)

15

153
175
177
178

45

1
11e
115
11¢
ti 7

117
130
134
1352
133

-

153
163
1LL
1+5

w5

11
115
118
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130
131
132
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i383
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166
145
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. Nodal Numbering for Elements
ZlaM X3 ‘- -t -
1 ’ 2 1 1
2 4 3 3 2
3 L} - 7 3
L) 3 o - [
S 12 2 1
> 11 (i & 9
/4 12 £ 11 7
o 13 9 12 o
-9 1 18 1 o
10 15 11 1% 0
i1 33— 12 12 R
12 17 13 15 12
s R 19 -1 5
1w 19 15 13 16
15 __ 20 1§ .49 3%,
1o 21 . 21 2 43
P SRR N S R %
18 27 23 25 22
19 28 24 2z 23
E 20 29 25 23 26
TS SR S TR S 9.
22 31 aT 30 2¢&
Ik ORI [ (SR 1S [ O
24 33 29 32 28
ey L. 31 17 X
26 35 31 36 3¢
& 3G 32 d3 o 3L
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29 . 3. . % 2L 17
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S < CENERRS T SIS | FEa 3G
32 -1 5 b “J e
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3w w7 «3 -c -2
=5 43 Ly “’ &3
36 4= b5 (3] b
S GRRRERPE, . T N < AR )
38 53 w? +7 -
39 51 4 5 RO ' J8
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L33 52 ho - { AT 4
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sl BRUN.58 Lo 530 e
- -5 L3 3. 3
45 SHl . 2 L 38 3T
“b o 53 35 =€
W7 3 oh 33 «2
LT} UL L3 7 il
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51 Ha f6 EE] 3
32 cl L] 89 o=
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56 b3 n? 22 "
LBE LS e | B Ry
So 65 9 ha 8
s? &5 79 1 1
38 67 71 33 79
- BN A 3 L
6 63 73 32 72
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The Distribution of the Source

FCR SU3SURFACE 1 e

Toa19beceit -.113835406 - .1 19616404 -, 119403406

_=e11322E40Q% = oA13L72#06 = o113098¢0% = 113Chie0h

—e10003E+ck  =.933373¢03 ~.398275+03 -.a37365403

=alS2705¢03 ~ =.75175T¢03  -.75051T¢03 - .74969E¢03

FOR SUBSURFACE 2

‘lZ’lIiE’ﬂ} - 4 * - -

~.B1211E+02 ~s#15352¢02 -.41983E¢(2 -.H2293E+02

- a18265E+03 186565403 1A7575¢03 18973E¢ (3
«SUAS3E+03 «31533%e03 «51987E+C3 «52610E¢03

_FOR _SUASURFACE 3

TTLLCB97E 408 JLIPW2E4Thk J1L8GIeik  .1.048Ze(k

_a13093¢e0v _ _ L13115Fe0e  _a13137T¢04 4 131E3ie0a .
c16615E+db c1b413Sech CIMU25E+Lh  .iG31ZeCh

_eA5020EeQh____ (15)22e04 160225006 o 1S023EeQ6

"FOR SU3SURFACE 5

= A19LLES Qe -.113%3Ze(0 =ad1941300 = e 11960200

—o11322E406 - 11317E+06  -+113C9E¢uk  =.11 J.MECH

-=+10Q03E+0% =e399372¢03  -,998273e03  -,93738E403

=.75270E+03 = 751738403 =.75051E+.3 = 749692¢(3
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_EOR SUBSURFACZ &

=e29311E+03 ~e29543E+03 =e298755+03 =e303198E+(3

«18265E¢03 e18438E+03 «187572+03 «18973E¢C2

_—a50653E4Q3  .510335e03  .S51947Z¢Q3 ,f2510Ze03

'FOR SUBSURFACE 7

_a10697E¢06. . o107925e0hk 4 10A35ZeGa_ . o1034Actla_
T.13099€40+ 131132604 +13137:¢0e . 13153560
661554 o la<1S5Ie06 _ o14w2EEeQa 414531Z¢0e
TL15021E¢06 15022240 15022540 C15023240a

_FQR SUOSURFACE 3 _

TS 119860k -o113835408  -.11313603  =,11360E60-

=e11322E40% _ -olLA317Z¢06  =,11309Z¢0s  =ol1 3062406

T -.10005:408  -.333572+03 =¢996272403 - .S3T33EC03

2752705403 - 25175503 -, 75051F¢03  -.743n95¢03

FOR SUBSURFACZ 10

~«29311E+03 ~229543E+03 -429875E+03 -, 3G098:+03

~s81211E+02 -+81535€¢02 -eH1933E¢02 -.0229324+02

—+18285E¢03 ~ L10836E¢03  L107S7EQ3 LA 97IR403

+S0883E+03 +51033E+03 «S1987E+03 «52610E¢03




—EOR SUSSURFACT 11

<10697E+06 JL07%2E+0% <1 0805E+0% <1030t ¢ 08
—_aA3099Ee0% 131153406 L 13137Ze06 13153406 _
T ike15Ee0 <186419E¢ 04 «146265406 C1ea31ECCH
__a3S0217e0%  ,1850225e0&  ,150227¢0% L 18023F¢06

FOR SUBSURFACEZ 13

_=119887¢08  -,11363Z608  -,11981Fe0h  =,.112405¢06

=e11322E+06 =e113172¢04 =e113092+06 =+ 11 304E¢ 0N

=24 U0Z5Ee(e  =,3393PCe03 2 -,99827Fe03  -,937382¢03

=o75270E+03 =e751752403 =e75051£¢03 = 7%3565£¢03

—EQOR _SUBSURFACS 16 —

“+29311E+03 =e23543E+C3 =.298752¢03 =+36998:¢03

«18265E+03 «18455E+03 «1B757€+03 «18973E+03

—«SCAS3EeG3  L513333¢03  LGL19AFEeN3  J623105¢03

FOR SUBSURFACE 15

—aALBAZESCh . A127862%eCh L1 B .5Ie.6 __allakdItll

+13093E+04 131158406 \131372¢04 V13153400
L eALW15ESCh _ JLMWL3SeCh _ ,162uZe3% _ _(i%431Ee(h
T W1B021E406  J1502254Ge 150227604 . 15023cs 06
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The Distribution of the Velocity Potential

_FCR SURSURFACE 1

=~ HT7872E+03 =«B78F3E+D3 =.6708525403 = +67915E+03

~.58307E+03 ~«38323E+03 =«58396E+03 ~4535362¢03

_=aeSO087F¢03  -,a5151Fe03 -, a5303E+03  -,.k5560E+03

FOR SUBSURFACE 2

_=el2007E4Q3 = 127326603 = 13N20ZeC3 = o 14102E¢03
T= 118102402 -.15337E+02 ~.22830E¢02  -.311365¢02
L e78425E€Q2 72359502 __a631755e02 __ (51%99E€Q2_

2218932403 W21515E453 <195492+03 . 1Pok9E+03

_ FOR _SUBSURFACE I T

76572E+03 W751312¢03 ST2782E4C3 708115403
_.90653ESQ3 _ JA9511Fe03  LAT7217e03 . ASBE1E0I
+96299E+03 <353375+C3 c9h1.4C4C3 VS2ILE0T

29650503  L.96313Fe03  .95990Fe03 . 95621F¢03

FOR SU3SURFACE §

__~aB8065E03 -, RA025FeQ3  =,A7ARIE+QY = 6794GEe03

“.65263E+03 =eb65137E+03 =.65018E¢03 “obbBTHES(I

~.59367E+03 - - s -

~ab6828E+03 =e455626E¢03 =e46289E403 =+45906E+4C3
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——FEOR_SU3SUPFACSE & S

= AS193E603  -o131312003  -+169962+c3  -.14o5kied3

=050 256E402  =.300337602  =.456097¢02 __ -,33114F402
<18535:402 W22+245402 <29785E+02 23335uieC2

———o127578403 213528503 4166253603 ,151553eC3

" FOR SUSSWRFACE 7

o aBSQGAEeN3 ,33356I403 __ L,672055403 __ ,EA527I+03
T .82571E+03 .829375+03 834165003 .843982403

__ +90706E03 .303353¢03  L,913JIEeII L C12672¢03__

W946952403 4947352403 .9+9913¢03  ,3527e2e03

__FOR_SUASURFACE 9

- 678722+03 <.B73T8E+03 =.B76S2E403 = .57 9158403

~+64670E+03  -,BGBP1E¢03 - ,64B9eE+0 = ,647H0E¢03

=+56307E+03 -+53328E+03 =.58396E+03 =+53536E¢03

FOR SUBSURFACE 10

=«11810€¢02 ~.15437€E¢02 -.,22830c002 ~«31136E%02

__ oPEN29Ee02  LP2383Ee02  LGI1PSEN2 L S1699Ee02
.21853:+03 .210152+03 +1958492¢03 173855403
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__FOR SU3SURFACE 11 e

«76572E+03 «751312¢03 727822403 o 7001124C3

o .90KS3FeQ3  .A95117¢03 ~ LA?729703  Lc5361f¢03

«96298:2+03 3335703 «981012+03 «923142403

_ .96505F¢03  ,35313Fe03  ,35960I+03 _ ,956212¢03 .

FOR SU3SURFACE 13

=.6808SE+03  -,530257¢03  -,.6579d97+03 =~ 67343Ee03

TUB5293E403  <.B51375+03  -.65016:¢03 <~ EN374E+03

__=,59387E#0x  -.53226F¢03  -,589955+03  ~,.637662403

~.86289E+03 -.45906c+03

~.66828E+03 -.45626C¢03

—FOR SUBSURFACE 1b

=e15193E+03 =¢15151E+03

~.18998£¢03 . IN654E+03

__=e52258C¢02 = =.342335¢02  -.45B609Es02 . -=,.3311b2e02 _

TTUUI8535E402 | .224245+02  .297853402 333502402

L eACTSTEACI . »L3823E€03 41862652603 (161552403

FOR SU3SURFACE 15

WAT20EEQ3 W E3F272403

o eBEIICHTI L BITIeIIT

B3L162+03  .04398Ee03

825716403 828375403

o WQUPLGE03 _a31235ZC3  LO13T3Fe03  JG13BZEe03

V9LQ91Ee03  .93274E403

TTTL9L698ES03 4347352403

Ry w———

SR e
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Pressure Distribution

FOR SU3SURFACE 1

ﬁ’szz.‘:" "Zzittc R “ s

VBED14E+ 00 -.1054%E¢00  =.10991E+00  =.111345400

- -

=+32859c¢+00 =+32903E+00 ~¢32882z+00 =e«32753E+00

—EOR SUASUREACE 2

=+28964E*00 ~e28751E¢00 =+20L30E+00 =+28075E+00

=«15172E+00 ~e16833E+00 ~elbbk135400 - 13851E400

FOR SUBSURFACE 3

=+69056£+00 =e723712+00 =e776072¢L) =eb03205¢

T=0 168536400  -.133582400  ~.211613¢00  =.231232400
-2363556-01 -4 435085=01 -.589115-01 - 7. 3281
. 2868LE-02 +130305-03 < 341472202  =.E7867Z-02

_FOR SUASURFACE &

2966892+ 00 «10316Z+01 L112142+01 11330401
- Ew- - T - - =X - mgzz:§ s

- 16570£+40 <o 1637024080 =.17483E403  -.178705+00




FOR SUBSURFACE &

% 3l 3 c %
=o21320E400  -.1153BE+00  -.11895E¢00  -.12311E+00
- - - & -

-.42368E+00 - .823335400  -,020605400 - .u27262400
FOR SU3SURFAC:Z 7 s B

T S\TULE7I600  -=.73.252400  -=.777093400 =30 3256400

—=a204C3F600 -.21360F¢00  =-,232337¢00 - .23817F¢07

=uBYS13E-01  =.723072-08  -.763908-01  -.’63792-01

=a11631F-01 =11%01--04 =~ 1 0A227=01 = a33l13c=-02

FOR SUASURFACZ 3

—wBISPTESQD  1I2PSFeNy  LI4ISEFe0Y 318205601
«66010E+00  -.10588E¢00  =.109912+00  -.111342400

~el7STOE4Q0  -.17738E400  -.179S9E¢00 -4 130L5E+00
= 32853E400  -.32903E+00  -.32882E+00  -.32753:400

~FOR_SUBSURFACE 10
~.2096ME+00  -.28751E400  -.266305+400  -.280756400
E : x g % ”
~18172E+00 ~e193332000  ~.1848135400  -,136512400
- - Ze -, h30EQc - s -
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FOR SU3SURFACZ 11

-.89056F+0Q ~023215¢0Q =~ 27807z+040 =a0d5262+00

~.16858:+00 -.185382+00 -.211012+00 - 231236400

02E=01

+28684E-02 .130802-03 ~.3%1475-02 - &7 3022-02

—EOR SUBSURFACE 13

<96689E 400 W103182+401 C112163¢01 V113303401

~.16570E+00 -.1569702+00 - 174832#00 - o17670E+00

FOR SUBSURFACE 14

= 1132¢E+00 ~.115365400  -.118953¢00 -, 123115000

~=el19A0°¢02 =a122337¢50 =al27°25¢00 =+ 1325EE400

T.e2368E400 ~ew23355400 - 426862400 - .4272654090

FOR SUBSURFACE 135

TaLT01676400  ~e734252600  -e777092400  -.8J5232+Q0

el LOSYESCT . =e2L3BLSe0L __=a23233%ei° = .23837Ee00
T =.b951BE=01  ~.728075-01  =.76396c-01 . =-.75379E-01

STeAleliEnll  ealiW0AZoLl o calAP7%-00 = 083743E-02 .

e ———
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AEROSPACE SYSTEMS INC BURLINGTON MASS F/6 20/4
ROTOR WAKE EFFECTS ON HUB/PYLON FLOW. VOLUME I1. PROGRAM SHAPES==ETC(U)
MAY 78 P SOOHOO, R B NOLLe. L MORINOs N D HAMM DAAJO2=75=C=0041

UNCLASSIFIED ASI=-TR=76=38=VOL=-2 USARTL=TR=78-1B NL

AD=-A0S5 767

END

DATE
FILMED
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SAMPLE CASE 4:

MODEL 1 HELICOPTER CONFIGURATION
WITH ROTOR WAKE AND SEPARATION EFFECTS

Data |ngut

1
POO3AM_SHAPSS e e
HUB 2YLON FLIW SEPARATION
FUSSLAG= = SINGLE ROTOR_(TWO. S8LADES). .

KREAD 0

A, |-G (L | S SNENERE TR L SRR DIt L e PR AR SR L =

Vb [\ 1 1 1 0 0 0 0 )

e Al R e Tt e e e
UMACH «067 3600.000 =0.000

ALFA _ _ 0.000__ __ 0,000 ___ H s LR e

N80JY 7.000 9.000 18.000 36.000

N8SOTY _ 0.000 0,000 0.000 0.000 MEAE ST
NBOY 0.000 0.000 0.000 n.000

NRODY. 1,450 3,250 ____ 1.450 . 2.9N0_ ___ Rl P R
ROTNR 20 000 84040 11.550 15.050 0.000 1,000 «12)
IHEI7S. 0.000 0.000 0.000 ___ 0,000____90Qe.000 __
RPITCH 0.000 0.000

KeLa\pe .2 1 e e e s e
NWAKE 1 0 0 1

SPIwL _.__ 18 3.000 &50.000

NPYLON 1 1

CSTAG ____-60.000 _ 1.000 e
KPRINT 1 1 1 1 n 1 1 1 1 1

_NBOJY % k. RN 1 1 o
NBOTY 3 3 1 1 1
NBOOC _3___.3 € -4 1 ot

NROTNR 3 3 2 1 1
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FOr
NX =
NY=

FCP
NX =
NY=

£0R
NX=
NY=

For

NY=

FOR
NX=
NY=

Foo
NX=
NY =

FNR
NX=
NY=

FOR
NX=
NY =

FOR
NX=

3

6

ir

11

Specifications of the Problem

FDR PARI

NY= 3

FOR PARI
NX= 3
NY= 3

FOR PART
NX= 3
NY= 3

FOR PART
NX= 3
NY= 3

FOR PARY
NX= 3
NY= 3

FOR PARY
NX= 3
NY= 3

FO® PAS|
NX= 3
NY= 2

NEL=M=144

KSY4iMY= ¢
KSY1q 2= 0

13

MEEX

14

15

28




o

X, Y, and Z Coordinates of the Nodes

NODE~ X Y z
00
2 1.30000 -.00000 1.08333
3 4,00000 ~-.00009 Qe i
L3 3.00000 .00000 3.25000
5 7
& %.,30000 o833 1.87639
4 3,00000 272%00 281658
8 1.00000 «41658 «54167
10 3.00000 1.2557s 1.62%00
3 -
12 4.00000 «36667 -. 00000
16 12,00000 =+00000 3.13333
16 19.00000 +00000 2.90000
7
L8 15.10000 «72500 Zogllil
28 12.00000 1.25576 1.56667
22 15.00000 1.2%576 1.45000
26 15.00000 1.45000 =+00000
26 2%.00000 «-. 000080 1.93333
=200000 29
28 36.00000 0.00000 0.00000
2 !
30 34.00000 «26167 +83716
32 S4.00000 +41858 48333
b -
36 $4.00000 48333 -.00000
36 4.00000 -.00000 ~2.16667
38 1.00000 «20167 =.93819
—=1.076
40 9.30000 «72%00 =2.81458
=254167
.2 %.30000 «33716 -1,08333
Yok 76 s 00
b 12.00000 -. 00000 =3.13333
LY = = 67
6 18.00000 «00000 =2.90000
(1] 15.00000 « 72500 ~2.61251
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50 12.00000
52 19.00000
Sk 34.00000
56 3&.00000
58  3SL.00000

.. 39___ t.00000

60 b,ﬂ.ll'
52 1.00000
56 9.00000
66 5. 00000
56 12.00000
rTe 18.00000
72 15.00000
76 12.00000
78 1%.00000
78 ;b.ﬂ!l'l
80 34.00000
62  3&,)0000
LY 4.30000
86 1.00000

1.25576
1.25576
:.lllll

«20167

«41058
~a20167
“. 48333

-o 418508
=1.29576
-. 96667

- 72500

0
- 72500

=1.2557%

=1.45000
=1.65000

~e26167

=.410858

~.48333

-. 48333
=.b1858

=1.56667

=1.45000
= 96667

-o83716

:.0033!
93019
1.87639
«56167
1.62500
:-Ollll
;.713!9
2.51167
1.50833
=.00000
:.00000
«83716
48333
:.00000
‘:.6703’

=s56167

S8 9.00000 -1.2557& =1.62500

30 15.00000
32 12.00000
36  13.00000
36  34,00000

=.72500
=1.2557%

=1.25576
=e20167

99

=2.612%1
=1.56667
=1.45000

-.83716
=2 6667




98
100
102
104
136
103
110
112
116
116
118
120
122
124

128

126
>

128

Y%.00000
11.93889
15.15000
11.33889
15.05000
11.93809
15.05000
11.33889
l!.’!ﬁll
13.1055%6
13.10556
13.1055%56
:11093069

=15.,05000
~11.55
=11.93889

=15.05000

130 =11.33889 -18.19446

132

136

-15.,05000

-15.05000

A33 -11.5
1368 =11.33889 <-20,.00000

1*8 -13.10%56 -3.75000

160 =13.10556 <=12.77778

-. 41058 =e68333
3.75000 6.70662
3.75000 6.,67000
@ .
12.77778 6.70662
12.77778 6467000
18,1960 6 6.70662
42
18.194644 6,67000
20.070000 6.67000
20.00000 6.67000
ane 6,63538
3.75000 6.58358
12.77778 6.58358
18.19604 6,58358
=3.75000 6070662
=3.7%5000 6,67000
-12.77778 6.67000
-12.77778 6.67300
6.70662
=18.19440 6.,67900
6.67000
-20.00000 6.,67000
6.,58358
6.,58358
6,583%8

162 -13.10556 <-18.19%40

100




GO A TNy~ g T ———

X, Y, and Z Coordinates of the Centroid of Aerodynamic Panels

ILEN= xec YPC zZ°C
5

2 2.31277 :H
& .50055  ,16506  .36997
6 6.51719  ,82531  1,86983
8 230277 .67643 40625
10 10.51162  .36250 2.97767
16 10.51162 1.35287 79792
18 16.i1828 1.3%287 «739%8
20 31.83%38 «1812% 1.35287
22 23.12%S «82531 1.65061
26 3%5.13872 +«16506 33012
26 31.030830 + 67643 » 36250
28 «3)058 « 06062 -ogggi_
30 6.51719 « 30208 :Zo 5%2:2_
16 650719 1.12739  =.67708
38 13.51896 «36250 :2- 86901
W0 10.51162  +99037 -2, 17398

82 16.,51925 «99037 <=2.020%58

83 10.501162 1.35287 -.79792

o4 13.5109% 1,35287 -,76875
»

46 23.02%45 «30208 -2.25478

48 35.05872 « 06042 ~.43096
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|
|
|
I
|

50 31.03830
52 23.012545
56 3%5.03372
56 2.50277
SA «30085

60 6.50719
62.  2.50277
66 10.51162

66 16.51825
68 13 51494
70 10.51162
72 16.51825
7  31.13630
76 23.02545
78 35.13872
89 31.,05830
8> .5005%
>
S&  6.50T719
86 2,>0277
88 .50058
30 6.50719
92 13.51%9%
9% 10.51162
96 16,5182
96 13.5109¢

. 69518 -, 9903”7
1.12739 =.60617
« 22548 =, 12083
~e1812% 1.51615
=+16506 * 36997
-+ 82531 1.86983
=. 67643 40628
=¢36250 2.97787
=+36250 2.76016
-. 99037 2.1002%
-1.352%7 « 79792
-1.3%52%7 « 73358
-+18125 1.35287
-.82531 1.65061
“9518
=+16506 « 33012
~e67663 « 36250
2222568 12083
- 06062 =+ 50538
- =1.51615
-+30208 -2.52691
=, 43518 =1,10990
=o82531 =1.86983
=e22548 ~.135%542
~1.12739 ~-.67708
=+36250 -2.86901
=+99037 -=2.17995
=¢99037 -2.020%8
~1.35297 -, 78875
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110 23.129%65 -+30208
102 3%.13872 -.068082
106 31.035430 =. 83518
106 23.02%5 -;-127!0

108 35.03872 =22548
109. 11.7576 8.26389

110 12.53608 8.26389
<

112 11.75766 15.08611
116 16,09335 15.46086112
116 12.58;03 19. 09722
118 11.757%  8.26309
120 16.J9335 8.26389
122 12.53808 15.48611
126 11.75766 19.09722
126 14.7333% 19.09722
128.-12.,535808 :0-253l9
130 :11.79'§l OIS-hlilt

132 «18,0993% -15.68611

136 -12,53608 -19.09722

136 ~11.75760 =-8.26389

138 -14.79335 <08.263%9

160 =12 53608 -15.48611

182 11,7376 =19.09722

166 -14,09335 =19,09722

103

~2.25478

-. 65096

-. 39037

“e600617

-, 12083
6.568731
6.730%2
6.68731
6.71321
6.70026
6.65269
60 62679
6. 60948
6.6613%
6. 64839
6.730%2
6.68731
6.71321
6.70026
6.65269
6260948
6. 62679

6¢ 60948

611 6,62679

L
6.66136
6.63976
6. 64839




Nodal Numbering for Surfaces

1 QU Tt 1
2 s 8 11
3 & 9 12
L] A4 10 13
FOR SUNFACE 2

[ r 10 13

1h 1?7 20 23
15 18 21 26
A8 19 22 25

25 29 31 33

27 AN 32 36
23 28 28 28
IR SURFAGE S
1 1 1 1

35 38 ot 11
35 39 s2 12
32 (Y | L3 13

——E08 SURFACE. 6

32 [y | &3 13
44 (14 S0 23
Y ] af 51 26
45 “9 52 2%

IR SUFACE 7

o5 .9 52 25
53 (11 S7 33
L1 56 58 3s
23 28 28 28

i 1 1 1
2 59 62 65
3 AR 63 86
L 61 66 67

®IR SURFACE 10

16 58 bd 3 rdy

A8 I8 I3 16
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pop

——FEOR SURFACE 1t
A8 £9 13 18
26 ” 79 81
27 Za_ 60 A2
28 28 28 20

FOR SURFACE 13

i 1 1 1
35 L. S W_— L
36 (1d (14 66
32 45 AA v4

32 a5 AR (%4
b4 89 92 76
&S an 93 2%

L1 E2 3 9% 78
FOR SURFACE 15
W5 91 9% 78

109 106 108 112
102 06 110 116
FOR SURFACE 25

39 10y 107 111

A1 117 319 112
116 118 120 113

FOR SURFACE 27

122 126 130 136
126 128 132 136
FOR SURFACE 28

124 128 129 133
138 189 142 135

105

P P W apa——



e s

Nodal Numbering for Elements

ELEY (Y 4= X3 ==
i S S 2 1 1
2 6 3 S 2 \

3 r [y [} 3
3 8 S 1 1
S 9 6 a8 s
6 10 7 9 6
Zz 12 4 1 1
8 12 9 11 [J
] 13 10 12 9
10 b g 16 7 .

11 18 AS 17 18
12 19 16 18 15
23X 29 iz hU | 4
16 21 18 20 17

16 23 29 13 10
17 2% 21 23 20

18 2s 22 26 21

48 g2 2% %4 24
L1} Ss 5s 46 &9
b | .
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QA B S T
A3 S8 SZ 49 52
S0 56 56 ss L34
S1 28 24 S6 L1
52 sr 33 52 25
S 28 28 58 36
L1 2. L L SO S b |
56 s 60 2 59
S7 a 81 3 (1]
53 59 62 1 1
63 59 62
50 61 66 60 63
A1 52 ({1 1 1
62 63 66 62 65
a3 &k Y 4 63 66
64 Lh 68 & 61
£S5 15 £9 16 6A
86 16 70 15 69
A2 &4 Z1 54 b
68 69 72 58 71
61 29, 23 £9 22
70 7t 76 64 67
24 L2 78 7% b dN
72 73 76 72 78
z3 26 22 28 7n
14 27 T8 25 7
75 24 23 22 T8
76 v 79 70 73
b d z8 AD ) & 4 by .
79 28 28 78 80
z3 z9 AL 23 16
80 80 62 79 1
a1 28 28 a0 a2
82 sy 3s 1 1
Ax [TY 36 83 35
84 LL] 37 8 36
AS AS. A3 1 1
as 7 (1 86 83
—A2 _s8  AS A7 AW
88 (34 86 1 3
90 (14 (1] 66 (.34
— AR A AS 37
92 0 4 (34 LA
% 92 89 88 8s
% n 91 93 90
107
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ar I Q2 YA AA
98 r% 93 74 92
39 16 1'% 78 93
1006 35 53 91 46
A8t a6 &% Qg &% |

102 28 28 96 54
103 97 9% 94 9%
106 a8 96 37 935
108 28 28 98 96
106 681 97 76 9
102 A2 948 Al 97
108 28 28 82 48
189 106 108 103 39
110 105 101 106 100
102 108 101

112 108 106 107 103
116 110 106 109 105
11 % 112 108 111 107
116 113 109 112 108
118 115 117 99 103
119 118 1148 119 17
120 102 106 116 118
121 117 19 103 107
122 118 120 117 119
126 119 112 107 111
128 128 113 119 112
126 110 1164 120 113
128 127 123 126 122
130 138 126 129 125
132 132 128 131 127
13 135 134 138 130
136 137 139 121 12%
138 124 128 138 140
140 140 142 139 161
162 181 136 129 133
164 132 136 182 135
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The Distribution of the Source

_FIR SUASIRFACE 1

- 897355402 =+894L62E+02 =.891312¢02

- e =, B6701F¢02  -,846953402

e Th371E402 = Te339E+02 =«TW282E+02

_FOR SUASURFAGE 2

= L7538E+02 = 49261E+02 = 48983E+02

~«11U36E+02 ~«11957E+02 =.14521E402

EOR SUBSUIFACE 3

* 75639€+01 «69589E+01 « 565605+ 01

—al3n6Ee02 L 13476E02 L 127GAEeQ2

«165075+02 «16315€+ 02 «15939€¢02

_EOR 3JASIRFACE §

- 893562402 =« 89630E¢ 02 = 89161E+02

= T2623E402 ~.72787E+02 =« 73400E+02

EOP _SUSSURFACE 6

=o b2052E402 =.0h606E+02 = 67102€0 02

—=a20142°402  =,29050Ee02 -, 30062Ee02

=o 18342€402 =e17929€+ 02 =.16803E+02
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-ENR SUSSIRFACE 7

+ 1073 6€401 +20296E+01 «35996E 01

—al0713Fen2 L 1116AFS02 L 11A93F€02

«15577E402 «15562€+02 «15663E¢02

-SOR SUASURFACE 9

=+ 39783402 ~.89429E+ 02 =.89083E¢02

- S8Es - +02 =,86007E02

~e 7IbB2EH2 = 720637E+02 = 718702402

-EJR SUBSWRFACE 10

=e 4608 KESD2 = 46123E+02 = h6L06E+02

=2 27731E002 = -,29Q56€402  -,30431E€e02

e 122675402 -.106895E+02 =.17301E+02

FOR SUASUIFACE 11
L « 706125401 «56619€+01 «385135+01
+ + +
«16538E+¢02 +16263E+02 158652+ 02

FOR JJISURFACE 13

=+8932%5€402 =.89662€+02 =+ 89100E+02

=e 72382E402 «o71951E+02 “. TATOGES02

IR SJASIRFACE 16

~e 42546 2€402 = b0103E402 -. 457852+ 02

=a2931PES02  -,30435€¢02  -,30047E¢02

- 16708402 ~.19002E+02  -.18738E402

N&'ﬂ* e




. ==

e Sk s oat
—___FOR SUBSURFACGE 15
« 762845400 «10670E+02 «21658E+ 01
A ADRIPESN?  ,10890€¢Q2 . {1S51€+02
+155565+02 «15506E+02 +155835E+02
____FOR SJBSIRFACE 2%

- I8753£+03 ~.70861E+03 =e620615E+03

«23880E403 «4Q777E03 = b2148E+02

FAR SUSSUIFACE 28

=. 387565403 ~o70861E+03 ~.62615E+03

« 230792403 +MOTTTE+O3 =, b2148E+02

—__FOR SJASURFACE 27

~. 37TH88EH03 =.69827E+03 =.61925E+03

~. 25512E¢ - - 3
«22537E403 «397LTESN3 = L8037E¢02
—_F0R SUBSWRFACE 28

e 37636E+03 ©=+.69828E+03 =+61925E+03

* 223965403 «3ITWTE+Q3 ~. 48038EC02
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The Distribution of the Velocity Potential

—FOR SJASURFACE &

- 460595402 =.b5837E+02 ~.45642€E+02

- 43TONESD2 -, 435356402 - 43832F402

- 382088402 =« 39318E¢ 02 =¢ 399332402

—  FOR SUASURFACE 2

-, 20751E+02 =+23836E+02 =+25505E+ 02

«59e/9E01L «508202E+01 +196635+01

___ FOR SJSSIREACE I

- 108162403 <« 10755E+03 =, 81933E+02

“.28712E403 =e264370E+03 =« 23473E+03

£312 SUSSIRFACE  §

~o 866092492 =h6133E+02 = AST73I5E402

- 4036 3€+02 ~.40151E+02 =« b0099E+02

292 SUASUIEACE 6

~s 203928E402 ~.25525E+02 =.25893E+02

~e 1787 3€402 =<1 4080E+02 =+10502E+02

—__FO® SURSURFACE 2

=. 460177402 =.51900E¢02 -, 603328402

- 17539E+03 =+18723E203 =« 20720E403
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_FIR SIASUREAGE 9

~e86016E+02 ~.45697E+ 02 = 454536002

T-. 363725402 -.35876E+ 02 =.36316E402

_SOR SJASURFAGE 10

- 18657€+02 =e19763E+N2 - 22064E+02

b 1590E401 «20712E€+01 “e17663E+01

SOR SUSSURFACE 11

=e10339€203 =+10960E+03 = BL478E+02

. 287155003 =+26507E+03 . 236912403

—SDR SUBSIRFACE 13

- b6MOLES02 =+ 45972E+02 = 45552E+02

=« 39852E402 =+38630E+02 =« 3TM18E002

—FOR SUASURFACE 16 1

~s 206R1E402 =+ 26636E+02 =+23897E+02

- 185265402 =e16667E+N2 = 13621E402

B e s

e
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—E22 SURSURFACE 15

= 468362402 =+53SPIE+02 ~.62687E¢02

~e 17543E+03 =+18733E+03 ~.20732E+03

—FOR SJASURFACE 26

= 1990NE+03 =+ 36608E+03 ~. 31639E+03

- e - - .
«13121E+03 «22146E+03 ~.16031E¢ 02
—FOR 3JASURFACE 25

= 20M31E+03 =2 36731E+ 03 ~. 31523E+03

«12759€¢03 «21921E+03 ~e175585402

—EOR SUSSIRFACE 27

=« 19704EN 3 ~+36264E+03 =« 31327E+03

= - - +03

«11989€E+03 «21306E+03 =« 21096E+02

—F28 SUSSIRFACE 28

=. 197252403 =+36280E+03 =e31360E+03

- - =.31632F+03

«11955E2+03 «21280E+03 =+ 21302€E+02
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Pressure Distribution

IR SJIASURFACE o

» 1603 3E411 «120L31E+01 «13863E+01

« 47136E400 -.37578E~01 - 35702F-01

FOR SUSSWRFACE 2

=+ 168586400 =.18174E+00 =+15948E+00

—af22165000 L SATAROESO00 . 43I0A9Fe00

FIR SUBSWRFACE 3

—»91496Fe00 L 7SA19Fe 00 . 4A350FeQD

« 73212E400 «86923E+00 «S73I7IE+00

- s - Te

FOR SUBSURFACE 5

—a920S6E400 ,12S528Fe01 . 13479Fe01

- 3560801 =+38367E-01 ~+36135E-01

S0R SUBSURFACE 6

~. 88501£E-01 ~«68294E-01 =« 10806E+00

—alZISAESNN L 20706E$00 L 28982Ee00

FOR SUSSURFACE 7

—alSALGFSNN L 2107IF08 L INASLEe0N

+ 3009 9€400 +30009E¢ 00 «403S0E00
+11580€001 o7 3202E¢ 00 «39221E¢08
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poio AL

FOR SUBSURFACE 9

£ 4 + *

«LSISNELOD ~«59901E-01 ~+55051E~01

FOR SUASURFACE 10

- X - + =243 +

=+ 1433 85+00 -, 13943E+10 - 116685+00

FOR SJSSURFACE 11

+ z + 7 I+0
« T2772E+00 +86170€E+ 00 +«S66LEE+DD
- c. - +

FOR SUSSURFACF 13

—a216957000 . 12336Ee01 L A3GBGEe01

*e Mot 1 8E-01 ~+52030E-01 ~«52583E-01

FOR SUBSURFACE 16

- #3102€-01 ~«S0677E-01 =« T7T182E-012

—alZ26SES0N L21633Ee00 L 30416FeRQ
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FOR SUBSWRFACE 15

» 18181E+00 «207%4E+00 «29630E+00

+ 376292400 «33818E+00 +33673E+00

FOR SJASURFACE 26

- X1 - + - *

=o K02BGENTI =e87233E+03 =« 904L83E+03

TOR SUSSWRFACE 25

s 40121E+03 =e86989E+03 =.90090E+03

SIR SUBSURFACE 27

- 377325403 =.83780E+03 - 8755%2+03

FOR UISURFACE 28

—=.225925+03 _ -,38923:¢03 -, 140A1F¢03

=s 377205403 ~+83753€E+N3 =, 875082403
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SECTION 6
PROGRAM LISTING

PROGRAN MAINCINPUT,QUTPUT, TAPES=INPUT, TAPEG=QUTPUT)

opop

NELEM (MAX) =400
I

COMMON/ZZZ1/NX(38) yNY () sNXY(30) o KSYIHY o KSYMHZ ) NSYMMY yNSYHM 2
COMMON/ ZZZ3/NPYLON,NBODY 1'; NBODY2,NBODY 3, NVYTATIL,NSHAF T, NHUS, NSHANK »
(1

MECADE
COMMON/2ZZ4/UMACH, ONEGA, ALFA JABETA, AREA

L

COMMOM/2226/XNOSE, X801 ,< 302, XTAIL
YTATL

COMMON/ 222Z8/ZNOSE , 2801 ,7302,ZTATL

COMMON/ZZZ10/RSHAFT, LSHA T T, RSHANK, L SHA N
COMMON/222127RROTOR, BCHY 10, TAUBL,ALFAS

COMMON/ZZZ16/XBLADE, TANLZ 8 TANTEBXBLE yX3TE,KROTORS ( 34)
c ZYTALL

COMMON/ZZZ16/ NHAKPY, NHAK 18 » NWAKSK o NWAK BL

COMMON/ 22216/ WANGPY, NANG 18 o WANGSK, W ANG BL

ComMMON/ 22220/ PT
Y2

COMMON/ 22222/ KNSELEy KNSS 4P yKNSTYP

COMMON/Z2Z28/ K TNELE, KTNS 4P s XKTNTYP
YYYD

COMMON/22226/KVTELEy KVTS 4P, KVITYP
YD

COMMON/22228/KHBELE) KHBSHP 9 KHBTYD
c XIYR

COMMON/2ZZ30/ KBLELE, K3LS 4Py KBLTYP 2t
AL

COMMON/ZZ232/C STAG,C VORT
COMMONAZZZ33/ UNAKE

COMMON/2223&/ ¥ CUT
Lo

- L& d

—LOMNMOMLIITBELITHIS L RALL M- IHE
COMMON/Z2Z30/7 XCTRy YCTRy' STRyRXyRYyRZ

2R

OIMENSION VELY(250),VEL? (250),PNI3Z(250),KROTOR (250)

OINENSION PC(3,258),P1(3,2%50),P2(3, 250),P 3(3,2%0) XK (3,2%0)

DIMENSTION PHIC(2%0),PHI1(2%0),PNI2¢(250),08C (250)

EQUIVALENCE (AA (1) ,PHICI 1)) (AACME1),PHIL(1))

1344))

EQUIVALENCE (AA(1801),V _X (1)), (RAL2002),VELY (L))
L33)

REAL LSHAF Tyl SHANK

NREAD=S
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NWRITE=6
— NXMAX=E

NYMAX=S

LAE VR ETNT ]
NXMAXPENXMAXS 1
L

NXYMP=NXMA XPONYMAX P
NSIAGaD

NVORT=0
AL=S

NNAKBL =0

READ ( NREAD, 2) NCASE

2 FORMAT (10I%)

3)

& FORMAT (2A4,215)

D0 999 ICASE=1,NCASE

CALL DATALNELEM)

LA RESEROLMNOCE - L1 M OEC T o M E L Sty N T HAKE).

CALL COODRT(NELEM, NXYNR NOECT, XKy MNODE ).

aolojo|l op

CALL CHECKAMELEMMXMAL LY MAX ,NEMAX].
—lALL
WRITE (6,60)
3

(3]

Al ee=8y

—IE(KPRINTL1)  £Go1

1 CALL FRINTA(NELEMyNXYM o XKy NNODEPCyNOFCT ,NODE,1)

LF(KPRINT(2).EQ.1)
1CALL

CALL VEC123(MELEM,MODE 320001482523, XK, MIOOE)

IELKRATMILIY, E1 o)

1CALL PRINTZ /HELEMy NXYMP, XKy NNODE,PC,NOFCT, NODE,3)

IF (KPRINT (&) (EQ.1)

c
——— NSO NEL RN .

AA(NN)=0.0

NNN=I+ (I-1)*NELEM

AAINNN)=1.0




AN

=i

9 CONTVINUE

CALL COEFF (NELEMyPCy NNODE 4 XK, NOBE K WAKE,NESQyAAy SOURCE ,BC
1 KROIOR,1)

IELMSTAG.NE.D)

1 CALL COEFF(NELEM,PCyNNIDE, XKo)NOOE, KWAKE, NESQ, AAy SJURCE,8C,
2 XKROTOR,2)

 IF(NMORT . NE.O)

1 CALL COEFF(NELEM,PC,NN2DE s XK,NODE, KWAKE, NESQy Aky SOURCE ,8C)
2 _KROTOR,I)

IE(NALADE.EQL1 AND, NMACBL.MEL0)

1 CALL COEFF (NELEM,PCoNN;IE ¢ XK4NODE, KNAKE s NESQy AAy SOURCE , 8C,
2 KROTOR,A)

el (KRR INTLE) £t I AL R TMTELNELEN (HE STAA,SOURCE 12

IE(KPRINT (6) . EQ.$1CALL 22 TMVRCME. EM NESQ, AA,SOURSE,2)

~CALL - SOLUTMANELEN,MESO41 0, SOURCED.

LE(KPRINTLZ) EQut)CALL i 2 TNTB(MEEN MESQoAAQSQURCELZY —

CALL AVERAG(SOURCE \SOR,2 S0 MELEMGNINE NOECT JMXYMD NUONE,ANG)Y

—CALL RMI(SOR,NMODE JNOOE, 2UTC o RHEL 4 RUL2 o2 TS NELEN)

FITFRRTTR T AT TN S ST ZO0 FITICTT L 30 T.30 VI T S0 S—
CALL CRLIMRICR MELX G UELY JUELZoRHTS  MELEN, RC,KROTORY

IEAKPRINEL) cEQetICALL 22 TNTRLNELEN S ME SO o AALCRA)

CALL ECRCE (NNODE XK, MELSY . NODE ,C2)

olololoj o] o] ol ol ol o} o

1009 STOP
—EMD.
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fo

rop e

DATE CREATED ¢ MARCH 31, 197%

COMMON/ ZZZL/4X( 38) yNY (3%) o NXY (38) 9 KSYMY ) KSYMHZJNSYMMY (NSYHMN 2
COMMON/2ZZ3/NPYLONNBOOr L , NBOOY2,NBOOY 3y NVTATL yNSHAF T ,NHUB, NSHANK ,
1 MBLACE

COMMON/ZZZM/UNACH, OMEGA ALFA,ABETA
<

COMMON/ 2226/¢ NOSE X301 4< 302 ,X TAIL
YIAXL

CONMON/ZZZB8/INOSE,2801,7302,2T AL

COMMON/ZZZL10/RSHAFT, LSHAF T, RSHANK L SHANK
COMMON/22212/RROTDy BCH 0, TAUBL,ALFA3

COMMON/Z2Z18/K3LADEy TAN. 28y TANTEB ¢ XBLE yX3TE yKROTIRS ( 3&4)
co

COMMON/ZZZ16/ NWAKPY » NWAC18 ) NHAKSKy NWAKBL
ol

00 UL 2T L 2 AN BN AN B MA KL S L AL
COMMON/ZZZL8/WANGPY » WAN: HB s WANGSK o W ANG BL

COMNON/22220/PT

COMMON/Z2222/KNSELEy KNSS 4P, KNSTYP

COMMON/ Z2Z2% KTNELE 9 KTNS 4P , KTNTY?
(o

SOMMON/ Z2Z26/KYTELE) KVTS4P ,K¥TTY?

COMMON/ 22228/ KHBELEy KHBSHP , KHBTYP
a7

COMMON/Z2Z30/KBLELE,y KBLI4P,KBLTY?
AL,SPIRAL

COMNMON/22232/CSTAG,CVORr
c

OMMONLZZIIALYCUY .
COMMON/ZZZ337 UWAKE

b > A

COMMON/ZZZ51/HSPAN, XLEZ:y XTEZN, flil. EHy TANTEMH, TAUN,ZP
on s IST

OINENSION ACH0RD(20) yNN>2 (2) s HWNPH(2) ) WNMP (2), WNNN (2)
£028)

OIMENSION TCHORD(10) yTAIS(10),VCHORD (10), VAXIS(10)

MSFXx 8

00 19 I=1,3
R

19

20

EALLNREAD,18) GG
WRITE (NMRITE, 20)66

AD.

NRITE (NWRITE, 28)66(1),65(2) ,KREAD
Ah)

FORMAT(1X, 208460
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USE KSYMMYnQ
USE KSYnMZ=0

Mm0po

READ(NREAD,18) 6GG(1),65(2) yNSyKSYMMY, KSYMMZ
3 2

REAC(NREAD,13) GG(!.)’G(E)gNPVI.OlpN.OU’!pNUDVZ.MODV!.NVTAIL.
A)

WRITE (NWRITE, 28)GG6(1),6o(2) yNPYLON, NSUDY 1, NBODY2,NBDOY3I,NVTAIL,
AJE
READ(NREADy13) G6(1),65(2),KPYLL,KPYL2
2

18 FORMAT (2A6,10I95)

28 ENRMAT (1X,206,10T5)
READ(NREAD,12) GG(1)465(2)3UMACH,OMES Ay AREA
MRT A

READ(NREAD,12) GG(1) GG(2) JALFA,ASETA

L33 ot 23  ALRALABETIA

FORMAT (2AK, 7F 8. 3)
EORMAT(1X, 280, 7

12
22 E30.3%)

IF (NPYLON.EQe1)
iRE

IF(NPYLON.EQ.1)
—_—  IMRITE (MMRITE,223G66413,6al2),XRYCIR, YRYLIR.ZIRYCIR, AXRY I, RYLY L ,RZAYL
IF(NVTAIL.EQ. 1)

1 _BRE

2 ,2rV

IE(MYTATL .EC. 23

INRITE (NNRITE,22) GG(1),56(2),VSPAN,XLCZV,XTEZV,TANLEY , TANTEV, TAUY
B 2L

MISOxNGODY LaMB00Y2aNGODYY
NROTOR=NSHAFT ¢ NHUB +NSHAK +NBLADE

IF(NTBO.NE.D)

2. XTALL

IF(NTBD.NE.O)
AMRTIYE

IF(NT3D.NE.D)
iRE

z oXYAIL

YTAIL

IF(NTBO.NE.O)
= <LIALL

IF(NTBO.NE.D)
+ZYAIL

IF(NTBONE.D)
= 2.,2TALL

IF(NTBU.NE.D)
IF(NTBO.NE.D)

1E
LF(NSHAFT.EQ.1) WRITE (NWRITE,22)66(1)966(2) y RSHAFT ,LSHAFT

LELMMUB.EQ.L).

1 READ (NREAD,12) GG (1) 966 2) » XHUBCRy YHUSCR, ZHUBCRy RXHUB yRYNUB,RZHUB
IE(NHUB.FN.1)

ANRITE (NWRITE, 22) GG (1) 4G5 (2) y XHUBCRy YHUBCR 9 ZHUBCRy RXHUB yRYHUB,RZHUB
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{g"ﬂﬂﬂl-“. 1) READ(NRZAD,12)66(1)GG(2) yRSHANK,LSHANK

MSHANK.FQ. 1 )MRTTE (MMZTTE 22065010, GGL2) o RSUANC,LSMANK
IF (NBLADE.EQ. 1) READ(NREAD,22) 6G(1)9G66(2) RROTOR,YCUT,XBLE ,XBTE,

1 TANSLE, TANSLE, SAUSL—
IF(NBLADE.EQ. 1) NRITE (NW<ITE,22)66(1),G6(2) yRROTOR, ¥ UT,XBLE, XBTE,
1 TAMBLE - TAHBEE+ TAUBL—

TANLEBsTANBLE
—TANTEBSTANSIE

IF(NSLADE.€Q.1) READ(NRIAD,12)66(2)5GG6(2)THET7S,THETIC, THETLS,

1

_CONINGpAZINITH
IF(NBLADE . EQe 1) WRITE (NWRITE, 22)66(1),66(2) yTHETTS,THET1C, THETLS,

g(N!LAMoEQo 1) READINISAD,12)66(1)GG(2) yRPITCH,TWIST
y i -

IF(NBLADE.EQ. 1) READ(N:ZAD,16)65(1),56(2),KBLADE,ITNIST
154 °

READ(NREADy13) 66 (1465 (2) yNWAKDY , NWA 4Dy NWAKSK, NdA KBL
IF ((NNAKHBSNMAKSKeNWAKS. ) « NE. O)
41 RE

IFCUNWAKHB*NUAK SK*NHAKE. ) «NELO)
IF (NNAKPY.EQ.1) READ(NRZAD,18)66(1),G642) yNSTAG,NVORT

IF (NWAKPY.EQ.1) READINRZAD,12) 66(1),G66(2) ,CSTAG,CVORT

16 FORMAT( 2M,I5,2F8.3)
833

READ(NREAD,19) 66 (1),6s (2), (KPRINT (K) ,K=1,10)

IF (NPYLONGNEe 0. OR.NVTAL « NE. 0) HS=NS ¢ (NPYLONSNVTAIL) ® wULTY
1L IWIY

ANMUSNE+0)MSaNSANSIE TS MUL TYANMUG-S ML TEMULTY--
IF (NROTORSNE.0) MS=NSeKILADE® INSHANKeNSLADESNULT)

LELNS  MENSI—CALL-DEBUGLI00)-

P

REFLEN=1.
BETARSORTLAGSCUMACH® 8224 o))

KS=0

NSBTOT=¢

MOSE = - an

ﬂPO‘D

1E4NBO0Y1.£0e0)50-T0- 103

KSaKS ¢4

READ(NREAD,18) GG (11,65 (2) yNX (KS) o NY ( KS) o KNSELE, KNSSHP, KNSTYP
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URITE (NWRITE, 283G6(13,G5(2) , NXLKS) , NV { KS) » KNSELE  KNSSHE , KNSTYP
SNY(KS)

ISFACE(KS) =1
KNORML (KS) a1

KWAKES (KS) =0

“

NS800 Y=NSB0DY+1
Il

NX(JS) =NX (KS)

NXY (JS) =NXY (XS)

KMAKE S (JS) =0

KROTORS (JS) =8

IF(KSYNMZ.NE.0)6GO TO 199
24

KSL=KS+NBODY1 ¢+NBODY2 ¢NRIIY 3 +NPYLON
X 1Sy

MY IKSL) =NV (KS)
XYLXSY

ISFACE (KSL) =S

KNORML (XS ) ==1
)20

~IE(KS.YMMY NE.0160-T0 192

NSBODY=NSB00Y ¢1
AL

NX (JSL)=NX (KS)
NY (ISLIZNY (KS)

NXY (JSL) =NXY(KS)
o L1SEACE LISL)z1'S

KWAKES (JSL) =0
XNORML LISLIx 1

KROTORS (JSL) =0

c
-t £USLAGE—amn.
c

1E(MBODY2.EQ. 0160 TQ 292
KS=KSe1

READCNREAD,18) 66 (1),65(2) ,NX(KS),NY (KS) yKBDELE,K3IDSHP,KBOTYP
NXY(KS)=NX (KS)®NY (KS)
(XkS)s2

KNORML (KS) =1

KMAKES (KS) =8

IF(KSYMMY.NE. 0)60 TO 27"
(38

JS=KS+ (NBODYL+NBOOY2+NBIOY 3 ) *HULTONPYLONSNVTATL
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et ——

NX (JS) =NX (KS)
NYLJIS) MY (KS)

NXY(JS) =NXY (KS)
ISKACELISS

) =il

KWAKES (JS) =8
KMORML LIS any!

KROTORS (JS) =8
COMPINUE

IF(KSYMMZ.NE.0)60 TO 299
a3

KSL=KS ¢NBODYL ¢NBODY2*NBIOY I +NPYLON

NY(KSL)=NY(KXS)
LXS)

ISFACE (KSL) =5
)a8

KNORML (KSL)=-1

—————  KROTORS(KSL)al.

c

IEIKSY

NSBODY=NSBOOY o1
NX(JSL)=NX(KS)

MY LISL Az (XS

AXL

NXY(JISL)=NXY(KS)
Ixih

KWAKES (JSL) =8
is_ g

KROTORS (JSL)=0

AEY-300Y =

apo

KS=KS o1

REAN(NREAD,19)
MRITE(

NXY (KS)=NX (KS)®NY (KS)

ISEACE (XS)a3

66 (1), 65(2) )NX(KS) y NV (KS) o KTNELE ) KTNSHP y KTNTYP

KNORML (KS) =1
KAAKE 5 LIS

KROTORS (KS) =@

IF(KSYMNY.NE.0)GO TO 370
- -

JS=KS ¢ (NBOOYL ¢NBODY2¢NBIOVYI)SMULTONPYLONSNVTAIL

NY (JS) =NV (KS)

MXYLIS)aXY (XS]

37e

ISFACE (JS) =11

KNORML (JS) ==

CONVINUE
1F

NSBODYV=NSBODY+1
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KSL=KS +NBODYL *NBJDY2eNBO DY 3+NPYLON
NX(KSL)aNX(KS)

NY(KSL)=NY (KS)
XYLKS)

ISFACE (KSL)=?
)=l

KMORML (KSL)=-1
i1z

NSBODY=NSBODY o1

TALL

NX (JSL)=NX(KS)
IKS)

NXY(JSL) =NXY(KS)
1a1S

KWAKES (JSL ) =0

iz 4

KROTORStJSL)=0

BYLOM esasce - -

oapa

—_— IF(MOYION.EQ. 0160 T0 62

KS=KS +1
1

READ(NREAD,18) GG (1),65 (2) ,NXIKS) o NY (KS) y KPYELE ) KPY SHP, KPYTYP
NXY(KS)aNX (KS)®NY (KS)
A nk

KNORML (KS) =1
KMAKE S(KS) a1

KROTORS (KS) =0

IF(KSYMMY.NE. 0)60 TO 99
2l

JS=KS ¢ (NBODYL ¢NBOOY2+NBI0Y3) *MULTENPYL ONSNVTATL
LXS)

NY(JS) =NY (KS)
MXY(IS) aNXY (KS)

9
~

ISFACE (JS) =12

a4

KNORML (JS) ==L

CONTINUE

L

NBODYS=NBOOYL ¢NBODY2 #NBIDYS

c
c

cccccccccceeses YERTICAL TALL Rl

NSB00V=NSBODY o1

KS=NBODYS®MUL T +NPYLON®1
WRITE (NWRITE,28)66(1),65(2),NX(KS) o NY (KS) o KVTELE)KVT SHP,KVTTYP
LKS)

ISFACE (KS) =8

ggyxn o
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KNORML (KS) =~¢
XMAKESIKS) &3

KROTORS (KS) =0

IF (KSYMMY.NE. 0060 TO 59

Al

JS=KS ¢ (NBODYL ¢NBODY2+NB30Y3) ®HULT+NPYL ONeNVTAIL
NX LIS ) xR (KS) -

NY (JS) =NY (KS)

YARS)

ISFACE (JS)=15

KNORML (JS) =¢1
3a0

CONTIMLE

AQIOR-SHAKT

o 1ngn

£93

NSBODY=NSBODY ¢1
KS=KS +1

WRITE (NWRITE,28) GG (1) 6529y NX(KS) 4 NY CKS) o KSHELE s KSHSHP s KSHTYP
MXYLKS) = NYCKSISNY(KS)

ISFACE(KS) = 17

LAKS)nY

c

KWAKES (kS) =0

—  XROTORSIKSIal

IELKSYMNY NE.8) GO 10 693

NSBODY=NSBODY ¢4

JSaKSaAl

NX(JS) =NX(KS)
XL

M 4AEI mNY LU
NXY(JS)=NXY (KS)
Lall

KNAKES(JS) =0
XN

Jaal

. L

KROTORS (JS) =1

699
c

CONMTINUE

c
c

ceccceccccanea J0TOR HUD = cccceccecccccs

IF(NHUB.EQ.®1 60 TO 799 k.

KS=KSel
21

READ (NREAD ,13) 66 (1) y6GI2) yNXIKS) yNYIKS) ) KHBELE)KHBSHP ,KHETYP
NXY(XS) sNX [XS) ®NY (KS)

Ladd

KNORML (KS) =1
ixnt

KROTORS (KS)=1
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IF(KSYMMY.NE.R1 G0 TO 770
NSB00V=NSBQOY ¢4
T

NX(JS) =NX(KS)
NY L

NXY (JS) =NXY (KS)
1821

KNAKES (JS) =4

KROTORS (US) =t

IF(KSYMNZ.NE. 0)GO TO 793
)

KSL=KS#1
NXLKSLIaNXLKS)
NY (KSL)=NY (KS )
wAINS)
ISFACE (KSL) =20
KMAKE S (XSL) Y
KNORML (KSL) ==1
—— XROTORSUKSL)ad

IELKSY

NSB00Y=NS80DY ti'
JSL=KSL #NHUBSNULT

AXLISLISNXLKS)
NY (JSL)=NY(KS)
NXYLASLLSNYY LKS)
ISFACE (JSL) =22

KNORML (JSL )=t

XR0T0RSLJISLIad

799 CONTINUE

g ceccccsncesncce ROTOR SLADE SHANK =cccecccccccess

IF (NSHANK.EQ. 0)60 TO 8%

KSa.
INSHAF TP MUL TYSNHUB® MUL TS L TY 1

WRITE (NWRITE, 28066 (1) G5 (2) yNX (KS) 9 NY (KS) y KSKELEy KSK SHP y KSKTYP

00 816 K=1,KBLADE
Al
KSS=KS 4 (K=1)® (NSHANK +NB. A DE*HULT)
NXLKSS) .
NY{KSS)=NY (KS)
g SNY (KS)
ISFACE (KSS) =223+ (K-1) *3
|
KWAKES (KSS) =1
iTX |
f.:“ CONTINUE

899 CONTINUE
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ROTOR BLAD ==

opeo

1E(NBLADE.EQ.8) G0 10 39—
KSs (NSODYL ¢NBODY2+NEOIYI) *NULTOMULTY® (NPYLONSNVTAILI®NULTY S
[

READCNREAD,18) GG (1),65(2) ) NX(KS) o NY(KS) o KBLELE,KILSHP, KBLTYP

NSB00Y=NSBODY +1
————XSSaKSa(Kall® (MSHANKAMAADE2MULT)

NX(KSS)=NX (KS)
_NY(KSS) apY (KS)

NXY(KSS)=NX(XS) *NY (KS)

4183
KNORML (KSS) =1

KROTORS (KSS)=1

IF (KSYMMZ.NE. 0)GO TO 917

AL

KSSL=KSS+1

WALKSSLISNLLLSS).

NY(KSSL)=NY(KXSS)
NXYLKS

ISFACE (XSSL)=2%5¢(K=-1)°*3
Y

KNORML (KSSL)==1

210 CONTINUE

999 CONTINUE
o

c

[ 8

NRITE (6,8082)

1000 NELENSNELENNXY(IS)

8001 FORMAT (//SXy®NELEN = *,(5/)
~

3002 FORMAT(/10X,8KOATA)
c

NSE8TQoT=0

NT(IS)=NSBTOT

LT85

NRITE (6,8003) IS,NX (IS)yNTf (IS)yNXY(IS), ISFACE(IS)yNT(IS),
1183

8003 FORMAT (SX,®IS= ©,IS5,2X, ®*NX=®,15,2X,%NV=s,]S,
I [] T3, I8

2 * KNORMLS®,I5,° KWKES=*,19%)

——— 1300 COMTIMUE..
c
e
RETURN
ENO
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c

—_——SUARQUYINE COONPT(NELEM. NXYMO,