AD-732 559
V/STOL AIRCRAFT AERODYNAMIC PREDICTION
METHODS INVESTIGATION. VOLUME IIi. MANUAL
FOR COMPUTER PROGRAMS

Peter T. Wooler, et al

Northrop Corporatién

Prepared for:

Air Force Flight Dynamics Laboratory

January 1972

DISTRIBUTED BY:

National Technical Information Service

U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

—




V/STOL AIRCRAFT AERODYNAMIC
PREDICTION METHODS INVESTIGATION ;

Volume lil. Manuz! for Computer Programs

P.T. Wooler
H.C. Kso
M.F. Schwendemann

H.R.Wason
H. Ziegler

Northrop Corporation
Aircraft Divisi

AD752559

TECHNICAL REPORY AFFDL-TR-72--26, Volume Iil

January 1972
D [)nq%ﬁ
EREe e

UFEC 11 o U
GG

Approved for public release; distribution uniimited.,

Reproduced b

NATIONAL TECHNICAL
INFCgRMATION SERVICE
US Bezar- e

A trfCorma
ed Al

AIR FORCE FLIGHT DYNAMICS LABORATORY
AIR FORCE SYSTEMS COMMAND
WRIGHTPATTERSON AIR FORCE BASE, OHIO 45433




NOTICE

When Government drawings, specifications, or other data are used for any
purpose other thar in comnection with a definitely related Government procurement
operation, the United States Government thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications, or other data,
is not to be regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or couveying any rights or permission to
manafacture, use, orsell any patented invention that may in any way be related
thereto.

[ acsossion tw /

rs Wee oo N
¥ (T g
Wi 1%e 0
SntocAnion . . . .

o e
1 oisramemen avsianny s
Bisl.  AYAIL e/ SPLDIAL

Al

Csiies of this repc -t should not be returned wunless return is required by security con-

siderations, contractual obligations, or noticc on a specific document.
AIR FORCE/56780/30 November 1§72 — 300




' Mw—.—____- . e e e e e e e i,

Unclassified
e 2SS4ty Classification
DOCUMENT CONTROL DATA - R & D B |

[Socwrity classificetion of title. bedy of eb

aad k g tion mwet be » sered when the H Jo el itiod; —
TR TR T T e Tm'.—.a.—ﬂ".—..r—:’:“ '
Northrop Corporation Unclassified -
Afreract Division [* emour
Hawthorne, California_

. REPOPYT TITLE 1

V/STOL AIECRAFT AERODYNAMIC PREDICTION METHODS INVESTIGATION -
Volume 1T

PpR—
4. DESCMPTIVR NOTLS (Typy of repert and inchueive dates)

Final Report - 1 Ma; 1969 to 31 January 1972
8- AUTHORGE) (PIect name, middis utinl, 130 meme)

Peter T. Wooler Howard R. Wasson
Hsiao C. Kao Henry Ziegler
Myles F. Schwendemann
Jo REPOAT DATE 8. YOTAL NO. OF PAGES 7. NO. OF REFL
January 1972 198 None
(6. CONTRACT OR GRANT MC %5. ORIGINATOR'S REPONT NUMBER(S)
F33615-69-C-1602
b PROSECT NO. NOR 72-9, Volume Il
698 BT
¢ Task No. 698 BT 01 . ST R REFORT NOUB) (Any other numbere Gt may b0 sesighed
< AFFDL-TR-~72-26, Volume III

190 DISTMBUTION STATIMENT

Approved for public release; distribution unlimited.

1. S/PPLEMENTARY NOTES 13. SPONSORING MILITARY ACTIVITY

Air Force Flight Dynamics Laboratory
Wright-Paiterson Air Force Base
Ohio 45433

L
15 ABSYRACT

* Analytica! engineering methods are developed for use in predicting the static and dynamic
stability and control derivatives and force and moment coefficients of lift-jet, lift-‘an,
and vectored thruat V/STOL aircraft in the hover and transition flight regimes. The
methods take into account the strong power effects, large variations in angle of attack
and sideslip, and changes in aircraft geometry thai 2re associated with high disk loaded
V/STOL aircrait operating in the aforementioned flight regimes. The aircraft
configurations studied have a conventional wing, fuselage and empennage. The pre-
diction methods are suitable for use by design parsonnel during the preliminary design
and evelualion o1 v/STSL anvtsaii of tits lype proviousiv mentioned.

This report consists of four volumes. Details of the computer programs associated
with the prediction methods are given in this volume. The theoretical development of
the prediction methods ma:- be found in Volume I. The methods are applied to a number

of V/STOL configurations in Volume II. The results of a literature survey are pre-
sented in Volume IV,

hasr

D .'.?..1473 Unclassified

Security Ciassification
1 (L

SRR PRGN




A S T, e

'
-
1 L]
!ccndty Classilication
14 LINK A LiINK B LiINK C
KEY WORDS
neLe wv noL g wr noL & LA

aU S Government Printing Office: 1972 — 759-428/196

Security Classilicatian

Cae v T a e

T




V/STOL AIRCRAFT AERODYNAMIC
PREDICTION METHODS INVESTIGATION

Volume il

Manual for Computer Programs

P.T. Wooler

H.C. Kao

M.F. Schwendemann
H.R. Wasson

H. Ziegler

Approved for public release; distribution unlimited.

/b




A3

FOREWORD

This report summarizes the work accomplished by the Aircraft Division of
Northrop Corporation, Hawthorne, California, for the Air Force Flight Dynamics
Laboratory, AFSC, Wright Patterson Air Force Base, Ohio, under USAF Contract
No. #33615-69-C-1602 (Project 698 BT). This document consitutes the Final
Report under the contract.

This work was accomplished during the period 1 May 1969 to 31 January 1972,
and this report was released by the authors in January 1972. The Air Force Project
Engineers were Mr. Robert Nicholson and Mr. Henry W. Woolard of the Control
Criteria Branch, Flight Control Division, AFFDL, Their ¢ssista:ze in monitoring

the work and providing data is greatly appreciated.
This technical report has been reviewed and is approved.

Caied?
B. Westbrnox-

Chief, Contrcl Criteria Branch
Flight Contr.l Division
Air Force tlight Dynamics Laboratory
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ABSTRACT

Analytical engineering methods are developed for use in predicting the static
and dynamic stability and control derivatives and force and moment coefficients of
lift-jet, lift-fan, and vectored thrust V/STOL aircraft in the hover and transition
flight regimes. The methods take into account the strong power eftects, large
variations in angle of attack 2nd sideslip, and changes in aireraft geometry that are
associated with high disk loaded V/STOL aircraft operating in the aforementioned
flight regimes. The aircraft configurations studied have a conventional wing,
fuselage and empennage. The prediction methods are suitable for use by design

personnel during the preliminary design and evaluat cu: of V/STOL aireraft of the

type previously mentioned.

This report consists of four volumee, Details of the computer programs
associated with the prediction methods are given in this volume, The .'heoret‘ical
development oi the prediction methods may be found in Volume I. The methods are
applied to a number of V/STOL configurations in Volume II. The results of a
literature survey are presented in Volume IV,
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SECTION I

INTRODUCTION

The purpose of this investigation was to develop analytical engineering methods
for predicting the static and dynamic longitudinal and lateral ~directional aerodynamic
stability and control derivatives and coefficients of lift jet, lift fan, and vectored
thrust V/STOL aircraft in the hover and transition flight regimes during unaccelerated
flight conditions. The methods developed under the investigation were to be suitable
for use by design personnel during the preliminary design and evaluation of lift jet,
1ift fan and vectored thrust V/STOL aircraft. Wherz appropriate, the methods devel -
oped might use high speed computers to permit sclutions to be obtained within reason-
able time periods. The aircraft configurations studied were to have a conventional
wing, fuselage and empennage.

In Volume I the aerodynamic prediction methods are developed in a form suitable
for application to each aircraft component. The theoretical basis or semi-empirical
analysis is presented. Empirical coefficients are determined, where necessary, and
extensive comparisons of caiculations with test datz are made.

Volume II gives detailed examples of the application of the prediction methods
to the determination of the aerodynamic forces, moments, and, in some cases, surface
pressure distributions, on the aircraft wing, fuselage and empennage. In each case
a sample problem is given with method applicability and limitations discussed.

This volume is intended to serve as a User's Manua. for the computer programs
developed as part of the investigation. Information dealing with both the operating
and programming aspects is presented for each computer program developed as part
of the effort. An abbreviated section is included on the Lifting Surface program,
which is utilized in the application of the prediction methods presented in Volume (I,
but is itself a modified version of an existing program. A complete listing of all the

[rograms is appended.
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SECTION I
JET FLOW FIELD PROGRAM

1. DESCRIPTION

The Jet Flow Field program evaluates the induced velocity field due to single
or multiple jets exhausting into an arbitrarily directed mainstream.

The equations of motion governing the development of each jet are integrated
numerically for the position of the jet centerline, the nondimensionalized mean jet
speed and the nondimensionalized major diameter of the eilipse which represents the
jet cross section in the mathematical model. The set of first order :quations is
integrated by means of a fourth order Adams predictos/corrector routine with a
Runge-Kutta starting solution.

The induced velocity components due to each jet at a given control point are tihen
calculated by replacing each jet with a representative singularity distribution of sinks
and doublets along the jet centerline. The contributions to the induced velocity com-
ponents from the singularity distribution are summed over the length of each jet
centerline. The velocity comsonents due to each of the singularity distributions are
additive at every control point.

For multiple jet configurations, distances between jet centerlines are tested
and when intersection of two jets is indicated, a coalesced jet is established from
coniinuity and momentum considerations. The coalesced jet is treated as another
indevendent jet in the computations for tiie induced velocity field.

a. Restrictions

Jets must exhaust at some angle into the mainstream, i. e. the jev exhaust dir-

ection may not coincide with the freestream direction.

For a two-jet configuration the jet exits must both lie in the same XY plant
and the jet exhaust plane, defined by the freestream vector and the initial jet exhaust
vector must be the same for both jets (see Figure 1 for definition of coordinate

system).



The same restricticns apply to a three-jet configuration, Additicnally three-jet
configurations must be colinear and negative angles of attack cannot be treated.

Control points at which jet-induced velocity components are to be evalaated
may not lie within the jet exhaust itself, as the formulation of the mathematical model
is not valid in this region. Generally, control points positioned less than 2 jet exit
diameters frem the center of the jet exit should be avoided.

b, CQOptions
® Wing Option: The program computes the control points from the mapping
coefficients and radii generated by the Mapping Function program,

o Fuselage Option: The program computes the control points from the mapping
coefficients and radii generated by the Mapping Function program.

¢ Tabulation Option: Coordinates of vhe control points are provided as part of
the input to the program.
The first two options assure compatibility with the Transformation Method

program, when the Jet Flow Field program is to be used in conjunction with that
program. The punch control option is exercised to generate data for the Transformation

Method program in card form.

The third option may be utilized to generate input to the Lifting Surface program,
by again exercising the punch control option.

2. OPERATING INFORMATION

Jore and Time Requirements:
Computer: CDC 6600

Core: 100K8 to load
62K8 to execute
Time: Approximately 0.6 minutes for a Lypical run using 250 control points.

Additional Requirements: None

3. INPUT DATA

Figure 1 shows a typical wing configuration relative to the input/output coordinate
system. Figure 2 shows a typical fuselage configuration rclative to this coordinate

system,




The irput cards required by the program are shown in Figrre 3. The cards of
Group A are always required. They are followed by the cards of Greap B or Group C
or Group D depending on which of the geometry options discussed above is being
executed. The input cards are grouped in this macner and discussed in detail below.

Card
No. Variable Format Description

GROUP A: Required for all runs

[ MULT 16 Specifies number of jets in configuration
MULT =1, 20r3
IGEOM 16 Specifies option of program being exercised
r=1 control points computed on wing
= 2 control points computed on fuselage
= 3 control points are provided as
@ If IGEGM{ input
= 4 same ag 3, but flat plate pressure
coefficient is also computed at
{  every control point
IPUNCH Ie Punch control
— = 0 no punched output
If IPUNCH I = 1 punched output
—
ALFA F12.0 Angle of attack « (defined in Figure 2)
@ in degrees
BETA F12.0 Angle of sideslip B (defined in Figure 2)
-
N (] Number of steps {0 be used in numerical
integration of jet centerline
® Limit: N <100
G F12,0 Step size in numerical integration of jet
L centerline, in fraction of jet exit diameter
XJET F12,0 X~-coordinate of center of jet exit
YJET Fi12.0 Y-coordinate of ceiter of jet exit
@ ZJTT F12.0  Z-coordinate of center of jet exit
PHI F12,0 Jet exhaust angle ¢ (defined in Figure 1)
in degrees
PSI Fi2.0 Jet exhaust angle ¢ (defined in Figure 1)
DJET F12.0 Jet diameter

@ E VELJ F12.0 Freestream to jet exhaust velocity ratio




Card
No. Varisble Format Description

® Canrds of the type £ and 5, descriting the other jets, follow

at this point if MULT>1. For multiple jet configurations,
upstrean: jets are listed ahead of downstream jets.

DIA . Fiz2.0 Empiriczi factor controlling initial cross section
of a cozlesced jet. Function of jet orientation
@ angle 2. (See Vol I, p. 56 for definition)
. <20°DIA =1.0
¥ 2 |336Diacos
May be left blank for a singie-jet configuration.

GROUP B: Cards provide dafa to gencrate control points on wing

 NTHT £ . Nlmberofooumlpoﬁn-satachspuwise
station or number of egual increments A# into
which the mapping circle is divided
NS i6 Namber of spanwise locations where control
points are located
@ Limit: NS<25
NCQEF I6 Number of terms used in the mapping
expansion
Limit: NCOEF <15
IRECT 16 Indicates whether or not wing is rectangular
= 0 wing is rectangular
— If IRECTY l =1 wing i8 not rectangular
Y({) F12.0 Spanwise location of control station
® R() F12.0  Radius of mapping circle
DRDY(1) F12.6  Rate of change of R with Y
[~ a;v :
A(LD E12.5 Real part of mapping coe ffic.ent.
® J=1, NCOEF
B(J, 1) E12.5 Imaginary part of mapping coefficiunt

® Sets of cards new follow to describe the other wing stations,
I1=2, NS,

o If IRECT =0, cards listing the real and imaginary parts of
the coefficients are omitted.




Card
No. Variable Format Description

GROUP C: Cards provide data o gensrate control points on fuselage

—
NTHY 6 Nermber of control points at each station, if
NSYM = 1. H NSYM =0, number of control
points generated will be XTHT + 1.
NS 16 Number of fuselage stations where control
@ points are located
Limit: RS <25
NCOEF 1 See definition, card 1, Group B
NSYM 6 Flow symmetry indicator
um{ = 0 compute only starboard side
- = 1 compute enlire cross section
—
X@ F12.0 X-coordinite of control station
® R() See definition, card 2, Group B
DRDX() Rate of change of R with X
® A@, 1) E12.5  Real sart of mapping coefficient J = 1, NCOEF

®  Sets of cards now follow to describe the other fuselzge
stations, I = 2, NS

Note: For procedure of obtaining mapping coefficients and
radii, refer to Volume II, Section I and to Section Iii
of this volume.

GROUP D- Cards provide control points as direct input

B NS 16 Number of spanwise control stations
@ NC I6 Number of control points at each station
—
X0 Fi12.0 X-coordinate of control point
® Yoe, F12.0  Y-coordinate of control point 1=1, NC x NS
20(0) Fi12.0 Z-coordinate of control point
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Combised Limits: Growp B: NS x KTHT <690

s=vmx(&mé i3 <600
Gromp C: H NSYM
| -1 x5 x NTHT <600

Group D- NC x NS <600

3. oUTPUT
Both pristed and punched outpat may be obtained

a. Printed Outpat

The jet configuration being :reated is identified both by appropriate heading and
by printoat of pertinent inpt information. Jet centerline information on all the jets
in rhe configuration inclodes the centerline coordinates, the nondimensiomalized mean
jet speed and the nondimensionalized major diameter of the ellipse representing the
jet cross section. Points of intersection of jets are iGentified.

The induced velocity components U, V, W,allnondimensiomlizedbyl"are
printed oat at each conirol point. Additiomaily, if IGEJM = 4 was specified, the flat plate

pres.ire coefficient, compated by asing an in:age sysiem, is printed ount at each control
roint.

b. Punched Ouipat

For the first two optinus discussed in subsection 1. b panched cards may be
generated which form a cowi. wous input data block for the Transformat-on Method
program. Data are punched in sets for X-or Y-staiions. Data consist of station,
radius of mapping circle, rate of change of the rardius, mapping coefficients and
induced velocities at the control points. For convernience, the punched cards are
identified and sequenced in cols 73-60.

For the thard option discussed in subsection 1.b, punched cards may be gener “ed
which can be utilized as part of the input to the Lifting Surface program. The non-
dimensionalized velocity component W is punche | out for every control point. This
can serve as an approxiimation for the tangent of the jet-induced dewnwash angle for
small angles of attack. Thus the punched output from this option can serve as the
downwash matrix :W] in the input to the Lifting Surface program.

~1




4. PROGRAMMING INFORMATION
4. Logical Structare
The logical flow chart ior the program is shown in Figure 4.

b. Purpose of Scbroutines

BITEST - Tests for blockage and irtersection of jets for multipie-jet
configuations

INTEG - Integraies equations of motion for the jet path

Tonp - Compaes extent of overlap between the jets in 2 multiple-jet
configuration

BALANC - Establishes initial conditions for a coalesced jet from a
momentum baiance

@CTPT - Transforms local coordinates to program coordimates

VELGC - Ewvalaates induced velocities at one control point

DERIV - Cowmputes derivatives for ADAMS

TREWING - Computes control points on wing

TRBODY - Computes conirol points on fuselage

ADAPT - Punches cutpat for Transformation Method pregram

PRTOUT - Prints out compated answers

¥?{AA}§; - Transforms input coordiraies to program coordinates

VEL1 - Computes effective velocity ratios for downstream jets in a
maltiple jet configuration

TRANS3 - Transforms program coordinates 0 output coordinates

PLANE - Computes point of intersection between 2 given plane and a
given line

ADAMS - Adams predictor/corrector routine

CFCAL Computes direction cosines for the jet-ceiitered coordinate

system




ROTATE - Tranmsforms program coordinates to jet-centered coordinates
XPROD -~ Computes cross prodact of two vectors
SOL ~ Solves a system of ithree simaltaneous equztions

¢. htterdependence of Subr- atines
The Calling-Calied matrix for the program is shown in Figure 5.




FIGURE 1. COORDINATE SYSTEM FOR TYPICAL WIKG

FICURE 2. COORDINATE SYSTEM FOR TYPICAL FUSELAGE
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MAIN PROGRAM

 Aatteteshadedadededn

1

END | "
e —— s —

NI=-MULT IC=1
KT=0 um:r=1xuu1:r>1 IT=MULT l VELZ ]}
’—“‘u,__'_# & i Compute
! '¢ Effecti~e VR
INTEG ! $
§ '
] i ’
: ) 4 Y
3 i —_—
i i BITESY' INTEG
i i . integrate
] i} oBMP Control 3
s K'l‘—x'fﬂ i—| : Omrlap. c on ?:nhom
| ]
! IC=MULT : ad IC=IC+1
i z ' L . T
1 & T’ _
¥ - MULT=MULT-1
: & IT=IT+1
: = :
j & |5 [ sAanc
; < g : Coalesced
I [ = i L Jet
! !
i Read }
: Control Points i
] JV =l;
: i 44
i : VELgC
i Print Output Compute JV=JV+1
' ‘ - : Velocities #
: IPUNCH=0I av=rr_[Iv<rT |
i | — )
[ Punch ]
{ ]
i i
i i
{
L

——— —————— e

FIGURE 4. LOGICAL FLOW CHART }OR JET FLOW FIELD PROGRAM
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SECTION Il
MAPPING FUNCTION PROGRAM

1. DESCRIPTION

The mapping function program provides a method of obtaining a mapping of an
arbitrary cross section into a unit circle. This mapping is obtained by first develop-
ing a potential for a vortex flow about the section and comparing this potential with the
known potential for a vortex flow about the circle. Points where the two potentials are
equal are known to map into each other in a conformai &ransformation. Knowing the
point-to-point correspondence between points on the section and points on the mapping
circle, it is ‘hen possible tc obtain the derivative of the mapping function with any cor-
ners on the section explicitly specified. This derivative of the mapping function is
integrated numerically about the mapping circle and the mapped section obtained is
printed out,

The program alsc takes the derivative of the mapping and removes the corners
which are contained explicitly by expanding the expressions specifying the corners.
The expression thus nbtainad can be integrated analytically to obtain the mapping func-
tion. The mapping function 18 obtained in this manner and the coefficients of the map-
ping functiou obtiained are printed out. The program then prints out section coordinates
for the section as obtained from this mapping function. This mapped section can then
be compared with the original section to determine the accuracy of the mapping.

a. Restrictions
Cross sections must describe a discrete cross-sectional area.

Corner points must be separated by an element of distance 4s,

2. OPERATING INFORMATION
Core and Time Requirements:
Coniputer: CDC 6606
ore. 56.% . to load

41 7 to execute
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Time: Approximately .25 minutes for a typical symmetric section with
NTERM = 10. Sections w**h corners and asymmetric sections
would require more time.

Additional Requirem - uts: None

3. INPUT DATA
Figure 6 defines the coovdinates in the section and circle planes.

The input data cards required are shown in Figure 7. They are described in
dstail below.

Card
No. Variable Format Description
NPT 13 Number of coordinate points desc:ibing the section to
be read
Limit: NPT <90
KORN I3 Number of corners or pse::ivc~rnere on section
Limiv: KORN <20
) NTERM 13 Number of terms in p.ientici expansion and mapping
series to be computed
Limit: NTERM <50
NSYM 13 Symmetry indicator
= 0 symmetric section
- If NSYM 3 _ 1 asymmetric section
B X() F9.,5 X-coordinates cf points describing the seclion, listed
in sequential order starting at the positive X-axis and
@ going counterclockwise, I=1,NPT
If NSYM = ¢ last point iz on negative X-axis
e If NSYM =1 last point is same as first point
@ Y(D) F9.5 Y-coordinates of points describing the section,
. I=1,NPT
@ DX ¥8.5 Shift of coordinate system along X-axis desired tu
S center section,

® IfKORN -~ 0, cards 5, 6 are omitted.
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Card
No.

Variable Format
NCPR(I) I3

-

[ XCOR() F9.o
YCOR(Y) F9.5
DALPHA() F9.5

Description

For a true corner, this is the sequence number of the
corner point in the X(I) tabulation. For a pseudccor-
ner, NCOR(I) = 0, I=1,KORN

Limac: Second point in tabulation may not be a
ccrner point, Adjacent points in tabula-~
tion may not be corner points,

X-coordinate of corner point or pseudocorner point,
Y-coordinate of corner point or pseudocorner point.
Angle Aa turned through at the corner, specified i

radians, (I DALPHA(]) |=n, sign convention is shown
in Figure 6 ; see also Figure 47, Vol I, p.79)

® There would now follow cards for I = 2, KORN.

o If NSYM = 0, card 7 is omitted.

[ ALPHA(l) F9.5

-

! F6.2
Y1 F6.2
THo F6.2
THY F6.2
DTH F6.2

-

Angle a which the tangent to the section makes with
the X-axis at the first point, If the first point is a
corner point the angle between the X-axis and the
normal to the bisector of Aais utilized.

X-coordinate for first point of numerical integration
of mapping

Y-coordinate for first point of numerical integration
of mapping

Angle ¢ about mapping circle, corresponding to the
first point to be mapped (in degrees).

Angle 6 about mapping circle, corresponding to the
last point to be mapped (in degrees),

Approximate spacing of mapping in increments about
the mapping circle (in degrees).

Note: Card 8 gives parameters for numerical integration of the derivative
of the mapping function. Card 9 gives the parameters for the analytic-
slly integra*ed mapping function . (See Egs. 58, 59 Vol I, p.83)

N 13
DTH F6.2
THO F¥6.2

Nuraber of points at which mapping is to be computed,

Angular spacing about mapping circle at which mapped
points are to be located, specified in degrees,

See definition, card 8,
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Note: The optimum value of NTERM is to some extent dependent on the section to be
mapped. NTERM = 10 normally gives a satisfactory mapping. Too large a
number of terms may cause a divergence of the series, especially for tii'n
sections such as airfoils,

4, OUTPUT

Figure 8 shows an example of the output obtained from the mapping program,
This exampie is for a symmetrical body section.

Figure 8(a) shows some of the parameters calculated in computing the potential
about the given section and comparing the results with the unit circle potential.
Columns 1 and 2 reproduce the input X and Y coordinates of the section outline, except
that the X value has been shifted by an amount DX which was specified in the input data.
Column 3 gives the radial distance Rp from each point to the new origin. Column 4 gives
the section distance s to each point. Column 5 gives the velocity computed at each
point. Velocities written out at corner points are meaningless. Column 6 gives the
angle a which the section tangent mek%es with the X-axis, Column 7 gives the position
angle w for each point in degrees. Column 8 gives the angle 6 around the mapping
circle in degrees,

Figure 8(b) gives the mapping obtained for the input section by numerical inte-
gration, The first and second columns are the X and Y coordinates on the mapped
gection, and the third column gives the angular distance around the mapping circle
for each point in radians. The extent of the section printed out here and the number

of points is specified by card 8 of the input data.

Figure 38(c) shows the mapping circle radius and the coefficients of the mapping
function with the corners removed. The real parts of the coefficients are written first
and then the imaginary parts, which in this example are zero. The number of coeffi-
cients calculated ig one less than the NTERM specified in the input.

Figurc €(d) tabulates the X and Y coordinates of the mapped section with the
corners removed from the mapping. The number of points and spacing between points

were specified by input card §.

5. PROGRAMMING INFORMATION
a. Logical Structure

The logical flow chart for the program is shown in Tigure 9.
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b. Purpose of Subroutines

C.

MAPP1 -

MAPP5 —

MAPP -

MATINV -

QATAN —

Zhis subroutine computes the coefficients of the derivative of the
mapping function without the corners explicitly expressed. The sub-
routice then computes the corner parameters and obtains the deriva-
tive of the mapping with the co=ncrs explicitly expressed. The sub-
routine then sets up a series of increments around the mapping circle
at which points of ‘he mapping are to be computed. It then calls
MAPP which computes points on the section. The points on the sec-
tion are then printed out.

This subroutine removes the corners from the derivatives of the
mapping function and evaluates the coefficients for this form of the
derivative, The analytical integration is then performed. The pro-
gram then computes points on the section using the mapping function
obtained at points requested by the inputs. The program prints out
the radius f the mapping circle, the coefficients of the mapping
function and the points computed from the mapping representing the
section,

This sibroutine is used to ccmpute a point on the section after an
incremental distance about the mapping circle has been traveled.
Three options are provided for this routine. The first option

(KODE = 1) specifies that the end points of the increment are both
on the circle and the integration is carried out on the unit circle.
This option is used when no corner point is in the interval. The
secord option (KODE = 2) integrates the derivative of the mapping
function along a radial line. This option is not used by the program.
The third option (KODE = 3) integrates about a corner point. A
scmicircular path about the corner point is followed external to the

mapping circle and a point on the section past the corner is computed.
Inverts a matrix

Computes tan”? (y/x) given y and x. The angle computed is not the
principal angle but ranges from 0 to 360 deg:ees, depending on the
signs of x and y.

Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 10.
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Yy Aa, (negative as shown)

3 N\ X

w \.8 R [ $C

Section Plagpe Circle Plane

FIGURE 6. COORDINATE SYSTEM FOR SECTION AND CIRCLE PLANES
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SECTION IV
TRANSZORMATION METHCD PROGRAM

1. DESCRIPTION

This program compuies the pressure distributions on 2 wing or 1 fuselage. By
integrating the presscre on the surface, the force and moment caa be obtained.

The principal inpat data are the induced veiocity field and the mapping coefh -
cients given by Sections Il and lI. The former is, however, calculated with no
obstacle present in the flow. Thus, the main function of the transformation method
is to insert 2 wing or a fuselage it this given field and to move the obstacle momen-
tarily in such 2 manner that the boundary condition is satisSied. This induces a
velocity potential from which, along with the polential cansed by the exbausting jet,
the surface pressure can be deiermined.

a. Restrictions
Some implicit assumptions made in the program to describe a wing or fuselage

must be satisfied. The following restrictions do not apply when only the segment

method is used and no force and moments are computed. The coordinate sy'stem

utilized is that of Figures I and 2 of Section II.
Wing Geometry:
Wing and jet configuration are symmetric about the midspan.
Midspan is located at Y= 0.
For zero sideslip, the first control station is located at Y = 0 ard the last
control station must be located at the starboard wingtip.

For sideslip other than zero, the first contrcl station is located at the port
wingtip and the last control station is located at the starb ard wingtip.

Fuselage Geometry:

The fuselage nose must be located at X = 0.
The plane of symmetry of the fuselage must be siluatea at Y - 0.

No control stations may cut through an exhausting jet.
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Gecmetry: Wing or fusclage
Pow.r Confignration: Power eflect, power .a or power off

Compuiational Method: Segment meti~; aicae or segment method plus three-
dimensioces. modification

Force and Moment: Computazion of iategraled force and moment raay be
exercised nr suppressed

2. OPEBATING INFORMATION
Core and Time Reruirements:

Computer: CDC 65600
Core:- 21£K3t:>loa¢i
zooxatoezeane

Time: Approximately 3 minuies for 2 typical run with XSTA - 11 and
MTHETY = 36

Additional Requirements: The program requires cne intermediate

storage tape unit.

3. INPUT DATA

The program requires the input daia cards shown in Figure 11. Cards 1 and 2

are required for a'l computations, Some of the cards of Greup A may be omitted

depending on ihe Power Configuration option specified. Adaitional cards from Group B

may be required according to other options specified. Either the w-type or f-lype

cards

Card
No.

are added from Group B depending on the Geuometry option.

Variable Format Description
IGESM Is Geometry index
f

. = 1 wing

if IGESM { ~ 2 fuselage
M@DIN 16 Modification index

. ] - 0 segment methed only
if MADIN 1 ceoment method plus 3-D

& modificat,on

%}
-1

4
=
3
%
b1
z

o pberau,

LI N




Vzrisble
ISTSP

JPYWER

IRECT

1FPRCE

NFPUR

NSYM

Tormas

(3

16

16

16

I6

i3

i3

13

i3

Description
Number of iterations

. = 0 segment method only
if JSTSP =n iterate n times

Number of layers it the parallelepiped network
residual sources and sinks

Limit: IDIS <4
if M@DIN = 0, IDIS = 1

Jower index

-1 power off
0 power effect
1 powecr on

if JPPWER

C. nfiguration index

. = 0 rectingular wing
i IRECT {=1 nonrectangular wing or fuselage

Force index

= 0 no force and moment computed

if IFPRCE | 7| 0 & and moment computed

Nember of control stations
Limit: 8<NSTA -~ 16 for fuselage
8 < NSTA < 12 for wing with no sideslip
8 - NSTA <16 for wing with sideslip
Number of terms used in mapping expansica
Limit: N<12
Number of terms used in Fourier analysis for bound-

ary functions in segment method and also for down-
wash correction in 3-D wing modification

Limit: NF@UR < 20
Computauon index

- =1 NSYM -1
o ]
if IGEBM |~ 5 woym . o

to
o




No. Variable Format Description

“ MTHET 13 When NSYM = 0 ard BETA = 0, MTHET is the num-
ber of equal increrents 46 on the mapping semi-
circle. When NSYM = 1 or BETA # 0, MTHET is
the number of equa! increments 40 op the full map-

@ ping circle.
Limit: MTHET<18 when NSYM = 0
and BETA = 0
MTHET<36 when NSYM =1
or BETA+0
yJ F7.3 Freesiream to jet exit velocity ratio
ALPHA F17.3 Angle of attack in degrees
BETA F17.3 Angle of sideslip in degrees

e

GROUP A:

B APART (I) F12.6 Ccordinate of control station, APART (I) = Y(I) for
ving; APART (I) = X(I) for fuselage

@ R F12.6 Radius of mapping circle

L DRDX () F12.6 Gradient of R

@ I NSYM =0, only A's appear on the next card

A,D E12.5 Real part of mapping coefficient

J=1,N
@ B{J,D E12.5 Imaginary part of mapping coefficient

® If JPOWER = -1, omit cards 3, 4, 5

@ ULy E12.5 Induced velocity component in X~direction.
. d =1, NTHET

@ B vd,d E12.,5 Induced veloucity component in Y-direction,
. J=1, NTHET

@ w(,J) E12.5 fnduced velocity component in Z-direction.
— J =1, NTIHET

[ NTHET = MTET+1 if NSYM ~ 0 and BETA =0

where | VrHET - MTHET if NSYM = 1 or BETA # 0

® There would now follow sets of cards for I = 2, NSTA
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Note: For all Power Configuration options other than JPFWER = -1, all the
data cards of Group A are generated for stations I = 1, NSTA by the
Jet Flow Field program,

For the Fower-Off Configuration, Cards 1 and 2 must be provided at
each station. These mapping coefficients, radii and gradients required
are obtained from the Mapping Function program.

GROUP B: Additional data cards for further computations

Geometry Option. IGE¢M - 1

_ . = 6 no further computations
=0 and IFPRCE =1 card w3 required
If MPDIN
_ =0 cards wl and w2 required
=1 and IF¢RCE =1 cards wl-+w3 required
Card
No. Variable Format Description
[ NBOPL 16 NB@PL = 0, no modification is imposed on any of the
computed velocity components.
NB¢¢L = 1, velocity components, due to residual
sources and sinks at the station nearest to the jet
@ are the average values of the computed and inter-
preted components.
MEXIT 16 If BETA = 0, MEXIT = 1, If BETA # 0. MEXIT =
| station number where jet is located,
[ M@D 16 Number of stations where downwash modification is
3 to be effected.
e
Generally: M@D = NSTA-3 if BETA =0
| M@D = NSTA/2-3 if BETA# 0
. NDJ I3 Number of exhausting jets
DJET F12.6 Jet exit diameter
@ XCG F12.6 X-coordinate of moment center
YCG F12.6 Z-coordinate of moment center
Cli(éRD F12.6 Reference length for nondimensionalizing moment
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Geometry Opticn: IGE@M = 2

. l =~ 0 no further computations
=0 and IF E
I ¢ RC l =1 cards f3 and {4 are required
if MPDIN
- =0 cards fl and {2 are required
1 and IF¢ RCE | _ 1 cards fl1-» {4 are required
Card
No. Variable Format Description
@ NJET i6 NJLT = I when the upstream jet is located between

stations Iand I+1

® __APART(NSTA"I) F12.6 X-coordinate of fuselage tail

NDJ 13 See definition, card w3
DJET F12.6 See definition, card w3
@ XCG F12.6 See definition, card w3
- CHPRD F12.6 See definition, card w3
0 YTIP F12,6 Y-coordinate of fuselage nose
Z'7IP F12.6 Z-coordinate of fuselage nose

@ APART(NSTA+1) F12.6 X-coordinate of fuselage tail
YTAIL F12.6  Y-coordinatz of fuselage tail

ZTAIL F12 6 Z-coordinate of fuselage tail

The optimum manner of choosing control stations along the fuselage or acroas
the wing span is at equally spaced intervals, When this is not possible, it is desirable

to avoid large variation in adjacent intervals and cluster of stations at one locatior.

4, OUTPUT
There are, in gvneral, four groups of output data:

a. Control indices and other input variables: Control indices and other per-

tinent input data are printed out and identified.

b. Table for geometry: The correspordence between the angular increments
on the mapping circle and the rectangular cocrdinates of each station is

listed,
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¢, Tables for pressure distribution: The computed pressure coefficients on the
surface are tabulated. The first table contains the results obtained by the
segment method, which is then followed by table (or tables) to include the
three-dimensional modifications.

d. Force and moment data: The calculated force and moment data are printed
out, Preceding this, the parameters used in three-dimensional modification
and for force and moment computations are also identified and listed.

If options in the input data do not call for three-dimensional modification and the
force and moment calculation, Group (c) will contain only one table and Group (d) will not

appear.

(2]
N

PROGRAMMING INFORMATION
a. Logical Structure

The logical flow chart for the program is shown in Figure 12,

b. Purpose of Subroutines

STRIP — FEstablishes the appropriate induced velocity field for subroutines
VLB@DY or VLWING, calculates pressure coefficients from the
output arguments of VLWING or VLB@DY and prints out pressure
distrihution tables.

VLB¢DY — Defines the boundary function, represents it in Fourier series and
calculates the velocity components from the complex potential for
the fuselage configuration,

VLWING — Similar to VLB@DY but for the wing configuration.

WM@D3 — Determines the strength of residual sources and sinks and modifies

vhe original induced velocity field for the wing configuration,
BM@D3 — Similar to WM@D3, but for the fuselage configuration.
DNWASh — Uses liiting line theory to modify the downwash field.

FMWING — Integrates pressure distribution to give force and moment on a

wing,
FMBYDY — Similar to FMWING, but for the fuselage configuration,

THED —~ Expands a given function into a Fourier series,
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INTEG -~ Performs integration of a given function.
svcg ~ Fits a cubic curve through four points.
SVIN ~— Interpolates this cubic curve.

c. Interdependence cf Subroutines

The Calling-Called matrix for the prograr is showr in Figure 13,
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FIGURE 12. LOGICAL FLOW CHART FOR TRANSFORMATION METHOD PROGRAM
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SECTION ¥

LIFTING SURFACE FREOGRAM

Thz Liftirg Surface program is 2 modified versioe of ihe computer program
developed b Northrop Corporation under Bu Weps ooniract NOw -63-0726-C for desigr-
ing and analy zing subsomic lifting surfaces. The design optioms have been eliminated
and the capability to compute the downwasa distrSxtion doe to 2 given camber distribn-
tion has been eliminated. The discussion in this section will be restricted to those
areas affected by the modifications, primarily the sequence of input cards. While it
is intended to provide adequate iciormation to permit utilization of the Lifting Surface
program, in comjunction with tne Jet Flow Field program, to evaluate power effects on
wings, the authoritative documentation on the program remains Northrop Technical
Repori XOR $4-195 prepared ior Bureau of Navai Weapons, Deparitment oif Navy,
April 1965.

1. DESCRIPTION

The program calcuiates the pr<ssure loadirg on & wing due to a specified down-
wash distribution. I includes provisions for body eifect. The program consists of
three main components (CHAIN1, CHAIN6, CHAIN7) which may be used together in one
continuous operation, or indepeundently.

The first step in the analysis is the calculation of the downwash control point
matrix [ D, in CHAIN1. The next step is to calculate the least squares inverse of
the downwash control point matrix, (DY in CHAING. This may be done in a continuous
operation following the computation of [D], in which case [D] will be read off inter-
meciate storagc tape. CHAIN6 may also be used independently in which case the down-
wash control point matrix [D] is supplied tc the program on punched cards. However,
it is preferable to compute [D] and [D}¥ in a continuous operation, in order to main-
tain maximum accuracy.

The downwash control point matrix D] and its least squares inverse LD]“’,
depend on the planform, the location of the downwask control points, and the number
of terms in the loading series. Once calculated, 'D:"" forms an input to the third



I

mzia composest of the prograze, CEAINT, wiick camgutes fhe pressere loading. The
dowmrash costrol point matric D and s least smores imverse D ¥ are 0t recom-
puted 25 Song as the plaaform, coxtrol poiat locatices and the size o fve pressure
loading series are not changed. The least sgmares inverse D ¥ may be recvimed in
pwnched card form 1o serve 2s inpat 30 CHAIXT for addtions! stufies of pressare
loadiegs on the same wing.

Tims the ihird componest of the prograze, CHAINT, may be called directhy by
the imversion program or used separztely. The principal information required is:
the least squares imverted dowwnwash costrol point matrix, the wing plamform prometry
and the domnwash distribtice. % 2 costinuous operation, the least sguares inverted
dowywask control poist matrix will be read off izzermediate storage tape. Wher
CHAINT is uszd independextly, D 7 is supplied to the program on puncaed czrds.
CHAINT calculates the overall and local aerodynamic coefficients and the pressare
loading distribution at 2 set of specified pressure contiol points. The overall moment
coefficients are referred to an axis located 2¢ one guarter of the mean 2erodynamic
chord. The vrogram is desigred to 2nalyze an unlimited rumber of downwash distribu-
tior:s for the cne downwash control point matrix D . The body effect on the downwash
distribwion will be included by the program if the spanwise location of the edge of the
fuseiage is specified. If the body effect is to be omitted, the spanwise locatioz is made
zero.

a. Restrictiots
The program is applicable to continuous surfaces of arbitrary planform and no

interference effects such as slots, ground effects, iarge dihedral angles or ond plates
are inchided.

Downwash conrol points must not be located at cr near the leading edge, since
the cotangent elements of .rD:' would become excessively large and dominate in the
solution for the pressure coefficient matrix A .

Due t> the computing techniques utilized, downwash contrc! points must not be
locatad -t discontinuities in the planform and at flap hinge lines.

b. Options
® Cxecute CHAIN1 to obtain the downwash control point matrix 'D:

® Execute CHAING indepenrlently to obtain the least square inverse of the downwash
control point matrix, D “




o Execute CHANXT §_depeadeatly o0 ditzin the acrodymamic coef cicats and the
pressare loading distribation

© Execute CHAIX: and CHAING in 2 contiamons mamer to obtaie 5%

o Execste CHAINL, CHAING andd CHAINT ie 2 contiscons munmey to obtain the
aerodymamic coefficieais aad the pressure loading disiriticison

Punck comtrols to cbtaiz D' or:D:'ﬁinmdhr-, when exscetion is not in 2
contineons mamner, 2re availlable i will be discussed »s part of the impat.

2. OPERATING INFORMATION

Core aad Tizvs Requirements:
Compuder - CDC ¢800
Core: lza(stolaad
lmKshoexeate
Time: Approxin.ately 2.5 minutes for a typical run with 2 dowmrwach

control point marix D_ = 100 x 36_

storage tape unifs.

3. INPUT DATA

A typical wing with two geometric regions is showr in Figure 14. The wing dimen-
sions must be normalized by the wing semisnan before specifying data. Only data for
the starboard wing are specified since the wing is consicered to be symmetric.

The input data required are shown in Figure 15. The first caxd controls which of
the three main components are to be *xecuted. The other cards, sequentiaily, form
the mput to CHAIN1, CHAING and CHAIN7. They are grouped in this manner in
Figure 15. They are described in detail below.

Card .
No. Variable Format Description
[~ ISTART 15 Indicates whet - execution of the program is to
begin
= 1 start with CHAIN1
If ISTART { = 2 start with CHAINS
= & start with CHAINT
r




o, Variable Format Description
> 4
1 STeP B Indicxes shere »xecution of the progra is to
) stop
i = 1 stop after CHAIN1
HISTOP | = 7 stop after CHAING
= I stop after CRAINT

CHAIX] : Computation of dowsnwash control poist matrix

@ ARRAY i2A6  Tile c2rd for CHAIN:
NS B Numi-er of stations on semispan where downwash
cantrol points are located
M B Namber of spanwise mu-des to be used in pressure
loading series
N B Namber of chordwise modes, including the flap

modes, to be used in pressure loading series

[iractation- MxNs£36

NEED 5 Indicates whether cr not cot6/2 mode is to be
used
: = 0 don't use cot 6/2 mode
If XEED =1 use cot8/2 mode
@ NFLAP | 53 Number of 1ecading and trailing edge flaps
NPR 5 Print cantrol for D
i = 0 don't print
If NPR l _ 1 print
NPU 5 Funch control for ‘D]
i NPU { f 0 don't punch
= 1 punch
NAY I5 Intermediate print control
= 0, no intermediate printout
WNAY |2 1, intermediate printout
NOQLED 53 Number of leading edge discontinuities @ncluding

root and tip positions)

NOTED 15 Number cf trailing edge discontinuities @ncluding
root and tip positions)
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© ® @ ©

Description
Indicates how downwash costrol poiste are
located chordwise at the spanwise control
stations

{ 5.02 the vaize is used to space
4 int idi
H SPACE i:o maust speciiy chordwise
jocatians
Mach number

Root semichord

Spanwise locations of downwash cantrol poin's.
1=1, NS.

Chordwise location of the flap hirge line in
nercent of chord. i=1, NFLAP

Tangents of the sweepback angles of the leading
edges of the geomeiric regions. 1=1, NOLED-1

Tangents of the sweepback angles of the trailirg
edges of the geometric regions. I =1, NOTED-1

Spanwise Iocations of leading edge discontinuities.
I1=1, NGLED

Spanwise locations of trailing edge discontinuities.
I=1, NOTED

Number of downwash control points at each
spanwise station. I=1, NS

Chordwise locations of dowrwash coutrol points
at each spanwise station, in fraction of chord.
J =1, NCP{I).

Variable Format
— SPACE F10.0
PMACH F10.0
P F10.0
YSTAT@ Fia?d
r— FLPOSH) F10.0
—
AMLE()  F10.0
—
AMTE(®) F10.9
YLEAD{) F16.0
YTRAIL(I) F10.0
® If SPACE =0, omit cards 10,11
NCF(Q@) 15
L
XDWASH®J,D) F6.0

® There now follow sets, I =2, NS.
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Card

No. Vaciable Format Description
e H NAY =0, omit card 12
r- NAY3 B Additional print controls
(T NAY4 s o NAYT ’=0noadiitionalprhtmt
NAYS 11 = 1 additional printout
NAY6 B
CHAING: Computation of least squares inverse of downwash control point matrix
@ ARRAY 12A6  Title card for CHAING
NROW 5 Number of rows in downwash control point
matrix, or number of control points contained
in [D]
NCOIL. 53 Number of columns in downwash control point

matrix {D]. This is the product of chordwise
and spanwise pressure modes.

NREAD 5 Indicates if [D] is to be read from intermediate
storage tape as in a continuous operation or
from card input

=0 read from tape
It NREAD l = 1 read card input

NPR 5 Print cantrol for [D ¥

= 0 don't print
If NPR | 1 print

NPU IS Punch control for [D]‘l‘

= 0 don't punch
If NPU | =1 puch

NAY 15 See definition, card 2, CHAIN1

hovwren

P

If NREAD = 1, the punched matrix [D] is inserted at this
¢ point. This is the output obtained from CHAIN1 when
operating in a noncontinuous manner.

CHAIN7: Computation of aercdynamic coefficients

@ [ ARRAY 12A6 Title card for CHAINT
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Variable

NETA

NDISC

NFLAP
NAY
NPSI

NALFA

NEPSLN

NEED

NREAD1

NREAD?2

Format

15

I5

I5

15

I5

I5

15

15

15

15

15

I5

Deseription
3ae definition, card 2, CHAIN1
See definition, card 2, CHAIN1
See definition, card 2, CHAIN1
See definition, card 2, CHAING

Number of spanwise locations where chordwise
pressure loadings are to be calculated

Number of wing discontinuities (including root
and tip points).

See definition, card 2, CHAIN1
See definition, card 2, CHAINI

Number of chordwise poinis at which pressure
lozing is computed

Limit: NPSI = 50

Number of angles of attack treated

Limit: NALFA = 20
Indicates number of EPSLN's to be read on card
See definition, card 2, CHAIN1

Indicates if [D]Y is to be read from intermediate
storage tape as in a continuous operation or
‘rom card input

= 0 read from tape
If NREADI | _ 1 read from cards

Indicates if the downwash matrix [W] is read
from cards. Due to the modifications, eliminating
the capability :o compute the downwash distribu-
tion from the « amber distribution, NREAD2 MUST
BE>ZERO.

Number of downwash distributions to be
considered.
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Variable
F
SPACE
YF
DPSI

YSTAT()

ETA()

EPSLN()

ALFA(Q)

FLPOS()
CHORD({I)
WHY (I)

DELTA()

Format
F10,0
F10.0
F10.0
F10.0

F7.0

F7.0

F7.0

F7.0

F17.0

F7~0

F7.0

F7.0

Description
See definition, card 3, CHAIN1
See definition, card 3, CHAIN1
Spanwise lecation of edge of fuselage
Indicates how points, where pressure loading
is to be computed, are located chordwise at
all the ETA's
£.02 the value is used to space the
If DPSI 1 points equidistant

< 0 must specify chordwise
locations

See definition, card 4, CHAIN1

Spanwise locations where pressure loading
distributions are calculated 1 =1, NETA

Angles of incidence between q, of fuselage and
wing root chord in degrees. I =1, NEPSLN

Angles of attack of fuselage in degrees
I1=1, NALFA

See definition, card 5, CHAIN1
Chord at spanwise discontinuities. I =1, NDISC
Location of spanwise discontinuities. I=1, NDISC

Chordwise distance from root leading edge to
leading edge at spanwise discontinuities

If SPACE #0, om.it card 13

NCP(I)

12

See definition, card 10, CHAIN1

If DPSI > 0, omit card 14
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Card

No. Variable Format Description
@  PsIqD) F7.0  Chordwise locations of points where pressure
loading is to be computed in fraction of chord
L
T If NREADI= 1, the punched matrix [ D]¥is inserted at
$ this point. This is the output obtained from CHAING
L when operating in a noncontinuous manner.
@ W, J) E14.7 Tangent of the downwash angle at the downwash
control points. J =1, NCP()
e There now follow sets, I = 2, NS,

4, OUTPUT
Depending on the options specified both printed and punched ocutput may be obtained,
a. Printed Output

CHAIN1 prints pertinent input information to identify the problemn. CHAINGS,
which inverts the matrix [D] prints out the determinant of the unit matrix as a
check on the numerical accuracy. CHAIN7 prints geometric parameters of the
wing (mean aerodynamic chord, etc.). It also prints out the overall and local
aerodynamic coefficients and the pressure loading at the spanwise and chordwise
locations specified.

b. Punched Output

CHAIN1 may generate the downwash control point matrix [D] in punched form
to serve as input to CHAING when the components of the program are nct

exzcuted in a continuous manner,

CHAIN6 may generate the least squares inverse of the downwash control mat. ix
[D]“’ to serve as input to CHAINT when that component of the program is being
executed independently.

5. PROGRAMMING INFORMATION
a., Logical Structure

The logical flow chart for the modified version of the program is show1

in Figure 16,
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b. Interdependence of Subroutines
The Calling-Called matrix for the program is shown in Figure 17.
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FIGURE 14. COORDINATE SYSTEM
FOR LIFTING SURFACE PROGRAM
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ISTART, ISTOP
- ISTART=1 ISTART=3 -
ISTART=2
CHAIN1 CHAING6 CHAIN7
= Read Data CHAINi] | ! Read Data CHAING | | = Read Data CHAINY
I I I l I
; Compute Dowpwash | | i Cumpute Least } Compute
Control Point I ' Squares Inverse l Aerodynamic
| Matrix(D)  |j | |} Matrix ppf i| Coefficients
l ' | [ | and
l NPU=0 | I | Pressure Loading
‘ —
| (11 Hin
I Matrix [D] | [
| L— | | | |
L Lo d

TERMINATE

FIGURE 16. LOGICAL FLOW CHART FOR LIFTING SURFACE PROGRAM
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CHAING
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FIGURE 17. CALLING-CALLED MATRIX FOR LIFTING SURFACE PROGRAM

51




SEC{ION VI

NONLINEAR BODY AERODYNAMICS PROGRAM

1. DESCRIPTION

The nonlinear body aerodynamics computer progzam combines slender body theory
and viscous croes flow theory to obtain the aerodynamic coefficients for an arbitrary
body. The program computes the coefficients Cy, C,, Cy, Cp, and Clinbodyaxes
as functions of resultant angle of attack a, roll angle ¢, pitching velocity q and yawing
velocity r. The coefficienis are printed out with the slender body contribution and the
viscous contribution listed separately. The rolling moment coefficient C; does not
have a viscous contribution calculated for it, since it is not possible fo formulate a
satisfactory model for it. Zero is printed o't for the viscous contribution.

It is assumed that 3 mapping is known for the sections along the body and that the
coefficients of the mapping are continuous fui. _tions of axial distance along the body.
The method of obtaining the mzpning is described in Volumes I and II. An approximate
method has also been described and is prelerred where simplicity and ease of use are
cesired.

2. OPERATING INFCRMATION
Core and Time Requirements:

Computer: CDC 6600

Core: 35.5 Kg to load
22.1 K3 to execute
Time: Approximately .1 minutes for a run with nirie angles of attack

and one set of ¢, q and r,

Additional Requirements: None

3. INPUT DATA

The coordinate system utiiized by the program is that shown in Figure 2 of
Section 11,

]
(8>




The inpu dat> cards reguired by the p-ogram are shown ie Figure 16, The imput
21rds of Grong A descrite the body. The cards of Growp P give the Light conditions
and refercoce dimensions for the computation of the acrodynamic ccefficiests. The
in> 2 cards 2re grouped int tius mamner and discussed in detail below.

Cara

No

Variable

Format

Descripticn

GROUP A: Input data describing the body.

©)

)

I

®

@ ® © &

@

1 11T

e

1

b

MZT

X1(T)

RBI ()

DRDX1 {IV

S1{I)

DSDX1 (1)

CDCY1(I)

CDCL1 (1)

NZ

B

E12.5

E12.

[J1]

E12.

(S]]

E12.5

Q)
bod
o)
13}

E12.5

13

The maximum pursber ¢f mapping coefficients of
any station input to the prog.am

Limit- MZT 512
Number of input data stat ions along body

Limit: NX <40
Station along bodv. 1=-1,NX

Radias of mapping circle r; at input station.
1=1,NX

Derivative of the mapping circle radius with respect
to X, at input station. I-1,NX

Cross sectioaal arez S at input station. 1-1,NX

Derivative of cross sectional area with respect to
X az input station, 1=1,NX

Cross sectional drag area per unit length in the
vertical direction, CDcy. I=1,NX

Cross sectional drag area per unit iength in the
lateral direction, CDCz' 1=1,NX

Number of terms in mapping function at station I.
L N7 -0, MZT will be used.

Limit- NZ s 12

o
M)




Card
No. Variable Format Descriptioa
®< B Symmetry indicator at stztae L
=06, symrretrical cross sectior
B IsM =1, umsymisetrical cross sectice

, =0, include cards 16,11
® HMZT>1 ard if IS {zl’ww*laa, ila

[ REAL1Q,) EI2.5  Alternating real and imaginary coefficients of
mapning function for symmetrical section.

=0, J=1,MZT-1

HNZ 1,y 3-1x21

[ REPRI1 (4,1) El12.5 Derivatives of mapping fmction coefficients
with respect to X for symmetrical sections

=0, J=1,MZT-1

KXz { >1, J=1,NZ-1

[ REAL1 (30 Ei12.5 Real component of coefficient of mapping function
for unsymmetrical section.

=0, J=1,MZT-1
@a i NZ {>1, J=1,N2-1

XMAG1(J,I) Ei12.5 Imagin: ry component of coefficient of m.apping
functio 1 for imsymmetrical section.

>

r-REPRI J,1) E12.5 Derivative of real coniponent of coefficient of
mapping function for unsymmetrical section.

=0, J=1,MZT-1
@ Nz { >1, J=1,Nz-1

XMPR1(J,I) E12.5 Derivative of imaginary component of coefficient
of mapping function for unsymmetricai section.

| ® T =re now follow sets of cards, 1=2,NX




;&w»“~,Hg§m.<,'éw;u;hem,«éw§,:,s,wm' P

1
i
¥ .
I
]

LRV AT

H i

Card
No. Varidle

Format

Description

GROUP B: Input data specifying flight conditions and reference dimensions for Le
corputation of the acrodymamic coefficients.

@ :ommr

REY

SREF

@] cc

DX1

|
[Mxa

@ | ALPHA1(I)
® [ _pan@
® [ @m

@ ERI(I)

18A4

F10.4
Fic.4
¥10.4

F10.4

12

F8.4

F8.4

F8.4

F8.4

Comment card

Reference length &
Reference area

X-coordinate of the center of gravity and moment
center

Incremental step size for integrating along the
X-axis

Number of angles of attack at which coefficients
are to be computed

Limit- NA =18

Number of roll angles for which coefficients are
to be computed.

Limit: NP=<9

Number of pitching velocities for which coefficients
are to be co.aputed

Limit: NQ=3

Number of yawing velociiies for which coefficients
are to be computed.

Limit: NR=£9
Angle of attack, in degrees. I=1,NA

Roll angle. in degrees. 1=1, NP

Pitching velocity, -ﬁ , in radians.

a I=1, N
2Uo NQ

Yawing velocity, ;Tll-'- , in radians. I=1,NR
@




4. OUTPUT

figure 19 shows sample output for the nonlinear body aerodynamics program.
The title card is reproducad on the fir=t line. The second line shows the roll angle
PHI (4, in degrezs), the pitching velocity Q (o4, in rads) and yawing velocity
x(%, in rads) at which the aerodynaric coefficients are to be computed.

The program then tabulates the computed coefficients. The table is headed to
identify the angle of attack, ALFA, and the acrodynamic coefficients being computed,
CN (CN), CM (Cp), CY (Cy), CEM (Cy) and CRM (Cj). For each angle of attack
specified in degrees, a potential set of coefficients and a viscous set of coefficients
is listed. The complete coefficients can be cbtained by adding the two parts.

H more than one PHI, Q or R has been specified as part of the input, the program
wili repeat the tabulation.

5. PROGRAMMIRG INFORMATION
a. Logical Structure

The logical flow chart for the program is shown in Figure 20.

b. Paurpose of Subroutines

DATA — Reads and stores the portion of the input data dealing with the
description of the body

COAEFF - This routine gots a 8'~p size for inlegrating forces ar-2 moments
along the body. It calls ipCVAL which returns body parameters
at the desired station and then calls FORCE which computes pieces
of the coefficients up to the given station. When this routine
reaches the rear end of the body, enough information is available
for the main prmgram to compute the potential coefficients.

L@GCVAL -~ Obtains interpolated by data at the station required by CBEFF

AINTRP - Interpolation routine. Determines a body parameter as a function
of the axial distance.

FORCE - Computes parts of the potential force and momeni coefficients
up to the station at which it is called. When it is called at the rear
end of the body, it ¢ crmines the pararmat-rs needed for com-

puling the rolling moment .

56




VISC — Computes the viscous contributions to Cy, Cp, Cy and Cy, by
dividing the body into increments and integrating the viscous
equations along the body.

c. Interdependence of Subroutines
The Calling-Called matrix for the program is shown in Figure 21.
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MAIN PROGKAM

- we =» e e —“--ﬂ

r
1 |
i | Dimension Arrays : DATA
! {
| 1 » Read Body
| Description
L@CVAL : :
AINTRP Determine 1%0@ | |Read Ref Dims] |
Values o an
| mwmdaﬁm;r—: Body ! | Flight Conds, | !
L_Parameters : :
C@EFF | :
Set Step Size | "
for Integration f———— I
and
Determine X | | 9] |
1 T ! Complete !
FORCE] | ! | calculation of | !
Compute Parts ' Potential :
lof PotentialCoef] ! | Coefficients
Independent nf | 1 :
G, 4, T | "
| Print |
\ Potential i
| Coefficients "
| |
: i " visc
' : Compute
| Viscous Part
: ;| of Coefficients
| | !
! !
!
I Print |
Viscous t
: Coefficients i
|
J

FIGURE 20. LOGICAL FLOW CHART FOR NONLINEAR BODY
AERODYNAMICS PROGRAM
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Calling ~
MAIN olele

L@CVAL °
C@EFF ole

FIGURE 21, CALLING-CALLED MATRIX FOR
NONLINEAR BODY AERODYNAMICS PROGRAM
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SECTION VII
NONLINEAR WING AERODYNAMICS PROGRAM

1. DESCRIPTION

The nonlinear wing aerodynamics program determines the aecrodynamic coeffi-
cients Cy, C,, and Cl in a body axis coordinate system as functions of angle of attack
a, sideslip angle 8, pitching velocity q, rolling velocity p and yawing velocity r. The
theoretical background for the method is described in Volume I and the application to
a sample problem is given in Volume II.

2. OPERATING INFORMATION
Core and Time Requirements:

Computer: CDC 6600

Core: 43.4 Kg to load
30. 2 Kg to execute
Time: Approximately .3 minutes for a run with two angles of attack and

two iterativns per angle of attack
Additional Requirements: None

3. INPUT DATA

The coordinate system utilized to describe the input is that of Figure 14 of
Section V., However, all dimensions are nondimensionalized with respect to the wing
;root chord. Only tie daia for the starboard panel of the wing are specified, since the
wing s assumed to be geometrically symmetric.

The input data cards required by the program are shown in Figure 22 and are
described in detail below,

B R At il e ~v5¢ww i ytasty
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Card
No.

®

Variable

ALPHA

BETA
DALPHA

r_ETAO

ETAB
TR
TNLE

o
pr—

p

[ REFL
XCG

ZCG

[ cp

CDXP@S

. NSTA

NDWSH

Format
¥9.5

F9.5
F9.5

F9.5
F9.5
F9.5

F9.5

F9.5
F9.5

F9.5

F9.5
F9.5

F9.5

F9.5

F9.5

16

I6

Description

Initial value for the wing angle of attack a,
in degrees

Angle of sideslip 3, in degrees
Step size of alpha, in degrees

Y-coordinate of wing root chord
Y-coordinate of wing tip chord
Wing taper ratio

Tangent cf sweepback angle of wing leading edge

Rolling velocity, 5%—{-: , in radians
Pitching velocity, 2—?]!!, in radians
[+ o]

Yawing Velocity, 1) , in radians
2U o

Reference length, £y, in percent of root chord
X-coordinate of pitching velocity axis

Z-~coordinate of yawing velocity axis

Drag coefficient of wing section at a =90°

X-coordinate of line of action of section drag
at @ =909, in percent of root chord

Number of circulation control stations on one
wing panel

Limit: NSTA £10

Number of downwash control stations on one
wing panel
NDWASH must be set equal to NSTA-1.




|

ETA (1)

RS

ETADW (1)

—
X10 (1)

TN (1)

[ x10(2)

TN (2)

e

—
X10 (3)

TN (3)

[ ALPHEF(I)

b

A
AL(I)

e

o
WGHT (1)

o—

Format

16

16

F9.5

F§.5

F9.5

F9.5

F9.5

F9.5

F9.5

F9.5

F9.5

¥9.5

re &

Description
Number of angles of attack

Number of iterations on the effective angle of
attack for each o

Symmetry indicator

=0, symmetrical wing loading
If NSYM {=1, asymmetrical wing loading

Y-coordinate of circulation control station, in
fraction of root chord. I1=1,NSTA

Y-coordinate of downwash control station, in
fraction of root chord. I=1, NDWASH
Use same values as ETA(])

X-coordinate of the inboard extremity of the
leading lifting line, in fraction of root chord

Tangent of the sweepback angle of the leading
lifting line

X-coordinate of the inboard extremity of the
aft lifting line

Tangent of the sweepback angle of the aft
lifting line

X-coordinate of the inboard extremity of the
downwash control line

Tangent of the sweepback angle of the downwash
control line

Estimate of the effective angle of attack for each
dovmwash control station, I=1, NDWSH

Angles of attack for which the weighting of the
circulation between the two lifting lines is to be
input. 1=1,10 (See Vol II, p.167)

Values of the weighting function at the a's given
in card 15, I=1,10




4. JUTPUT

/,
The angles of attack and sideslip are printed out, followed by P (E%fb,in radians),
Q (é%r%, in radians), and R (ﬁ’-]f, in radians). The epanwise loading and rffective
angile of attack are then prinfed out.

The normal force coefficiert (nrormalized by wing area and freestream dynamic
pressure) and body axis momen? coefficients (normalized by the reference length /)
are printed out.

This set of output (except for angles of attack and sideslip) is repeated for the
number of iterations on effective angle of attack, specified in the input.

The above output is repeated for the number of angles of afttack specified.

5. PROGRAMMING INFORMATION

a. Logical Structure

The logical flow chart for the prograia is shown in Figure 23.

b. Purpose of Subroufines

WGT — Determines weighting of circulation between the two lifting lines
GAUSS — Performs numerical integration, using 16 peint Gaussian
quadrature

LGRANG - Dete:rmines expression for the total circulation as a function
of values at the circulation control points, using Lagrange's
method.

LLINE — Determines the influence coefficients matrix for the downwash
due to the beund vorticity

TRVAGRT — Evaluates the influence coefficients matrix for the downwash
due to the trailing vorticity

MATINV ~ Calculates the inverse of the influence coefficients matrix

FMINT — Integrates the span loading to determine the body axes force
and moments

F@£ML - Evaluates the integrand required in LLINE




FORM?2 — Evaluates integrand required in TRVORT
PORM3 ~ Evaluates integrand required in TRV@RT

c. Interdependence of Subroutines
The Calling-Called matrix for the program is shown in Figure 24
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Read
Input Data LGRANG
| Calculate

Coefficients for
Circulation Function

LLINE

Calculate Circulation
Coefficients for

TRV@RT

Leading Lifting Line: Calculate Circulation

Bound Vorticity Coefficients for
P Leading Lifting Line:
| Trailing Vorticity
Determine
Bound and Trailing
Vorticity Matrices for
LLINE Leading Lifting Line
Calculate Circulation lg 1
Coefficients for TRVPRT
Aft Lifting Line: Calcuiate Circulation
Bound Vorticity Coefficients for
o Aft Lifting Line:
I Traili~g Vorticity
Determine

Bound and Trailing
Vorticity Matrices for

WGT Aft Lifting Line
Deteirmine Weighting | J
of Vorticity between [¢
Leading and Aft ¢ »
Lifting Lines |
Determine
Circulation
Coefficient Matrix MATINV
i N Determine
. Inverse of
1 Circulation Matrix

Compute Effective
Angles of Attack

Calsulate
FMINT Spanwige Loading
Calculate " ]
Body Axis
Forces, homents
Print

Spanwise Loading,
Forces, Moments

U B FURV PO IPRpEPpI N FPIVEIPIIpUON iy S P S

FIGURE 23. LOGICAL FLOW CHART FOR NONLINEAR WING
AERODYNAMICS PROGRAM
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PROGRAM JET3 (INPUT,0UTPUT,PUNCit, TAPES= INPUT, TAPES=QUTPUT,
1YAPET=PUNCH)

EVALUATION OF JET-INDUCED VELOCITY FIELD (MAXIMUM QF 3 JETS)
INITIAL JET EXHAUST DIRECTION MUST BE THE SAME FOR ALL THREE JETS
FOR 3~JET COMPUTATIONS, JET EXITS MUST ALL BE IM THE SAME XY PLANE

OO0 M

DIMENSION COEFR{15.25),COEFI(15,25)

DIMENSION STATN(25)RADIUS(25),SLP3D(25)

DUMENSICN X14100),21(100),UJ1(100),0D1(100),0XDZ1( 500}
DIMENSION X2(100),22(100),UJ2{100),02(100),0XD22(100)
DIKENSICN X3(100),23(100),U43{100),0D3({100),DX0DZ3( 100}
DIMENSION X4(100),24(100),UJ4(1003,04(100),0XDZ4(100)
DIMENSION X5(100),25(100),UJ5(100),D5¢(100),0XDZ5(100)
DIMENSICON XBAS1{100),YBAS1(100),28AS2(100)

DIMENSION XBAS2{100),YBAS2(100)-2BAS2(100)

DIMENSION XBAS3(100),YBAS3(100),2B8AS3(109)

DIMENSION XBAS4(100),YBAS4(100),28AS4(100)

DINENSICN XBAS5{100),YBAS5(100),2ZBAS5(100)

DIMENSION CF11(343),CF2(3,3),CF3(3,3),CF4(3,3),CF5(3,3)
DIMENSION UUEL(100),UUE2(100),UVUE3(100),UUE4(100),UUESI1CO)
DIMENSICN PAR{10)

DUMENSION SDXDZ1(100),SDXD22(100),SOXD23(100),50X0DZ4(100),
1 SOXDZ5(100)

COMMON/BLKL/STATN: RADIUS ,5LP3D, COEFR, COEFI
COMPON/BLK2/CFLoCF2,CF3,CF4,CF5,UUELUUE2¢UUE3 s UUE&,UUES,PAR
COMMON/BLK3/X14214UJ1,D1,DXDZ29X24722,UI2,02,DXDZ2
COMMON/BLKA/X39239UJd39034DX0Z3¢ X409 Z&yUd%eD49DXDZ4
COMMON/BLK5/X5+25+UJ5,05,DXDZ5

COMMON/BLKO6/XBAS1,YBAS]1,28AS] ,XBAS2,YBAS2,7BAS2y XBAS3,YBAS3,2BAS3
COMRON/BLKT/XBASG s YBAS4,ZBASA, XBASS5,YBAS S, ZBASS
COPMON/BLKB/ALFQ,BETQ,GETQoFLyF2,F3,F4,F5,VKONST
CUGMMON/BLK9/MULT , THOLODL o THOLD2, THOLD34KOUNT1.KOUNT2
COMMON/BLKIO/IONE, ITWO, ITHR,IFOURy TFIVoN1oN2,N34N4yN5
COMMON/BLK1L/IFIXL,IFIX2,IFIX3
COMMON/BULKL12/XJL9YJLl9oZJLsDJET Ly VELJIL4XJ20YJI24ZJ24DIET 2, VELI2
COMMON/BLKL3/XU30YJ392J3,DJETIGVELI3,XI%sYI4s2044DIETL,VELIS
COMPON/BLKLAL/XJI5,Y 59235+ DIETS,VELJS

COMMCON/BLKLE/G 962963 ¢G44G5oSTEPISTEPLI2,STEPI3,STEPI4,STEPIS
COMMON/BLKLO/VZX14V2Y1,V2214V2X2,V2Y2,¥222,V2X3,V2Y3,V213
COMMON/BLKLT/V2X44V2Y4 V2124

COMMON/BLNL8/DR3,DR4DRS
COMMON/BLKL9/7SOXDZ1,4SDXDZ2,50XD23,SDXDZ4ySOXDLS
COMMON/BLK20/D1ARAT ,DREF

OIMENSION X0(600),Y0(600),201(600),U(600),V{600),W{600)
DIMENSICN CP(600)
OTMENSICN PHID(3).PS10(3)

SET PARAMEVERS

(e X aXal

El = .45
E2 = .08
30.
31416
2.24

°
L]
LI ]
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(2 X 2% 2

501
502
503

14
603

15
604
16
605
17

606

18
6017
19
608

609

READ IN JET DATA

READ (5,501) MULT, IGEOM, IPUNCH

READ (5,502) ALFAL,BETA

READ (5,503) N,G

FORKMAT (1216)

FORMAT {6F12.0)

FORMAT (16,4F12.0)

READ (5,502) XJ1,YJ1,ZJ1,PHID(1)sPSID(1),DJETY,VELJL

IF (MULT=2) 4,242

READ (5,502) XJ2,YJ29232,PHID(2)sPSID(2),DJET2,VELJI2

IF {(MULT=2) 4,4,3

READ (5,502) XJ3,Y33,243,PHID(3),PS10(3),DJET3,VELJ]I
CONTINUE

REaD (5,502) DIARAY

WRITE (64690)

IF (MULT-2) l14,15,16

WRITE (64603)

FORMAT (1HO 44X ,32H%2% SINGLE JET CONFIGURATION *%3/)

N1 = Nel

G0 T0 17

WRITE (64604)

FORMAT {1HO ¢45X¢29H®** TWO-JET CONFIGURATION *%%/;

G0 10 17

WRITE (6,605)

FORNATY (1HO 44X o31Hes* THREE-JET CONFIGURATION *%%/)
CONTINUE

WRITE (64606) XJleYJLleZ2J)oPHICIL),PSID(L)eVELJL

FORMAT (1HO ¢22X o 4HXJET g 11X o 4HYJIET o 11X9 4HZIETy 12Xe IHPHI, 12X 9 IHP ST,
112X 45HUZUJO/ZL1SX o FL1S b o I X Fleot g IXgFlaoby IXsFlao4,y 1XsFléaed,elX,
2Fl4.4)

IF (MULT-2) 20,1818

HRITE (64607) XJ2eYJS2,232,PHIDI2),PSID(2)yVELYI2 .
FORMATULSXoF15eh gl XoFla ool Xy Flaod oLl XeFléad,1XeFléedelX,Fl4.4)
IF (MULT=-2) 20,20419

WRITE (6,607) XJ3,YJ3,2J3,PHIC(3),PSID(3)eVELJ2

CONTINUE

URITE (6,608) ALFALBEYA

FOEMAT({1HO ¢ 722X+ 19HAKGLE OF ATTACK 29 JRgFTe2/722X9 19HANGLE OF SID
1ESLI® =, 1X,FT7.2)

WRITE (64609) NG

FORMATILIHO./722X+32HNUMBER OF STEPS IN INTEGRATION =¢1Xe13,/22X%X,22H
LINTEGRATION INTERVAL =91X¢F5.241Xy 18HJET EXIT DIAMETERS)
CALL TRANSL (MULT,ALFA,BETA,PSID)

D0 8 I=l,NULT

PHI = PHID(I)*.0174533

PSI = PSID(I)*.0174533

IF ([=2) 546,47

CONTINUE

CALL CFCAL {(ALFQ,BETQ,GETQ,PHI,PSI, L F1)

V2X1 = SIN{PHI)*COS(PSI)

V2Y1 = COS(PHI)

V2Z: = SINIPHI)SSIN(PSI}

CALL ROTATE (V2XIo4V2Y14V2Z1.CFL1,VXT,VYT,VIT,0)

vJ1il) = 1.

01il} = 1.

X141) = 0.

Z1{1) = O.
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XT/vzy

oxbirtl)
X3

¥BASLI(1)
SASLI1) = YJ1
IBASLI(1) = ZJ}
STEP] = .2%G
D = ATAN(YXTSVIT)
IF (YXT) 901,902,902
901 F1 = .3#CCS(D)
GO 10 903
902 F1 = .3/CCS(D)
903 CONTINUE
GC TC 8
6 CONTINUE
Cihil CFCAL (ALFQ,BETQ,GETQ,PHI,PSI,CF2)
V2X2 = SIN(PHI)®COS(PSI)
V2Y2 = COSIPHI)
¥272 = SINIPHE)ISSINIPSES
CALL nOTATE (V2X2,V2Y2,V2Z2,CF2,VXT,VY¥,VZIT,0!
uJ2il) = .
g2(1) = 1.
X2(1) = Q.
7241) - 0.
PXDZ2(1) = YXT/VIY
XBAS2(1) = XJ2
YBAS2{1) = VJ2
2BAS2(1) = 232
G2 = G®DJETL/DJIET?
STEPI2 = ,28G2
D = ATAN(VXT/ZVIT)
IF (YXT) 904,905,205
904 F2 = .38CCS!D)
! 60 10 $06
905 F2 = .3/C0S{D)
906 CONTINUE
G0 10 8
: 7 CONYINUE
CALL CFCAL {(ALFQ,BETQ,GETQ,PHI,PS1,CF3)
V2X3 = SINIPHI)SCOSIPSI)
¥2Y3 = COS(PHI)
¥ V2I3 = SIN(PHI)«SINI(PSI)
; CALL ROTATE (V2X3,V2Y3,V2Z3,CF3,VXT,VYT,V2T,0)
UJ3(l) = 1.
D3(1) = 1.

i 23(1) = 0.
1 DXDZ3(1!}
XBAS3(1) = XJ3
YBA33{l) = vJ3
IBAS3(1) = 233

63 = G*DJEV1/DJETS
STEPI3 = ,29G)
D = ATAN(VXT/VIT)
IF (VXT} 907,918,908
9C7 F3 = 3#CESIDy
60 70 909
908 F3 = .3/C0S(D)
909 CUNTINUE
8 CCNTINUE

L1z

M em o v e aBenE ® LAY

VXT/VZT
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e

[aNaKal

[a NuNu!

[N alel

9
10

100
161
702

12
103
104
7199
620

11

22
23
25
21

50

TEST INITIAL JET EXHAUST DIRECTION (MUST BE THE SAME FOR ALL JETS)

IF (MULY-2) 11,10,9

C/LL XPROD (ALFQ,BETQ,GEVQ,V2X3,V2Y3,V213,XT3,Y73,2T3)
CALL XPROD (ALFQ.BETCyGETQeV2X2¢V2Y2oV2224XT2,YT2,2T2)
CALL XPROD (ALFQBETQ,GETQyV2X1,V2Y1,V2Z19XT1aYT1,ZT1)

TF (ABS(XT1-XT72)-.0001) 700,700,799

IF (ABSIYTL~-YT2)-.0001) 7ul,701,799

IF (ABS(IT1-172)-.0001) 702,702,799

iF (RULT-2) 11,411,412

IF (ABS{XT1-X¥3)}-.0001% 703,703,799

IF (ABS{YT1-YT3)-.0001) 704,704,799

IF (ABS(2T11-273)~,000)) 1i,el1,799

WRITE (6,620)

FORMAT (JHOLTIHJETS DO NOT EXHAUST IN PARALLEL PLANES, CONFIGURATI
10N CANNCY BE TREATED)

stoep

CONTINUE

CALL VEL1 (MULT,ALFA,VK],VK2)
PAR(1) = El

PAR(2) = E2

PAR(3) = E3

CARIT) = P)

PAR(B) = 7]

PAR(9) = 1.

TESTS FOR BLOCKAGE AND INTERSECTION,PARY OF INVEGRATION LOOP

N2 =
N3 =
N4 =
NS =
IHCLDL
THOLD
IHCLD3
KCUNT]
KOULNT2 =
TNEG = BETQevV2Y{

DREF = DJETI

00 S50 I=1,N

ICNE = 1

ITeC = |

[THR = |

IFGUR = |

IFlv = }

YKCNST = vKi

IF (MULT-2) 21,22,23

IF (IHCLD1l-1) 25,25,21

IF (THOLD3-1) 25,25,21

CALL BITEST (I,TNEGyVK1,VK2)
CCNTINUE

[~ Nl

L N B
[N~ NeNoie)

INTEGRATION OF THE ECQUATIONS OF MOTION FOR THE JET PATH

CALL INTEG (1,TNEG)
CCKTINUE

READING IN CONTRCL POINTS WHERE VELOCITIES witlL BE COMPUTED

-1
n

SR LTS T PR LY IRRPRtI



OO

61

62

63

65

51

52
5¢

53

56

58

IF (IGEOM-2) 61,62,63 .

READ. (5,501) NTHT,NSMAY,NCOEF, IRECT

CALL TRWING (NTHT,NSMAXNCOEF ¢ IRECT X0, V0, Z0oNK)
NSYM = ) :

GO 10 65

READ (5,501) NTHT,NSMAX{NCOEF,NSYM

CALL TRBGOY (NTHT4NSMAX¢NCOEFoNSYMyX0oYOsZO0sNK )
GO 1C 65 ’

READ (5,501) NSMAX,NC

NK = NSMAX®NC

READ (5,502) (XO(I},YO(1),ZO(1}, I=1,NK) ‘ .
CONTINUE ‘ :

CALL TRANS2 (Y0,20,NK)

EVALUATE ENDUCED VELCCIYIES AT EACH POINY

DC 80 J=1,NK

Uutd) = Q.

vViJ) = 0. !
WlJ} = 0.

PAR(6) = VELJL

PAR(5) = F1

PAR(9) = }. ‘

CALL VELCC (1oNloZlyX19OXDZ14UJSLoDLloUUELeXJL,YI14201,DJETL,CFY, "
1 PARXO(J)oYOUJ)20(J)4yUINC,VINDoWIND,SDXDZ1)
Utd) = ULJI+UIND
VUJ) = V{J)I+VIND
WlJ) = W{J)+KRIND

IF (MULT-2) 80,51,51
PAR16) = VELJ2
PARIS) = F2

PAR{9) = 1.

CALL VELOC (1 oN242Z2,X2yDXD22,UJ2,D2,UUE2,X329YJ24202,DJET2,CF2,
1 PARXO{J)oYO(J) 220U J)oUINPVINCyWIND,SOXDZ2)

UlJd) = ULJ)+UIND

ViJ) = ViJ)+VIND

K(J) = W(J)+KIND

IF (MULT-2) 80,522,453

IF (IHOLD1-1} 80,80,.54

N3 = [THR+1

PAR(S) = DR}

GO 10 55

PARI9) = 1.

PAR(6) = VELJ]

FARL(S) = F3

CALL VELOC {(4igeN3oZ3,X3,DXD23,UJ34D3,UUEIX23,YJ3c2J3,0JETI,(F3,
1 PARXO(J)oYO(J)o20(J) UIND,VINDoWIND,SDXDZ3)

UlJd) = ULJ)SUIND

VUJ) = VIJI+VIND

WlJd) = WlJ)eWIND

IF (MyLT-2) 80,80,56

IF (IHOLD1-1) S57,%7,58

IF (IHOLDZ2~-1) 8G,80,58

PAR(6) = VELJ4

PAR(S) = F4

PAR(9) = DR4S

CALL VELOC (1 ,N&,24,X4,0XD24,U04,D4, JUE&L XJ4,Y3442J4,DJET4,CF4,
1 PARWXO(J)oYO(J)sZO(J)yUINDVINC,HWIND,SDOXDZ4)

UlGJd) = UJIeUIND

1



‘ VIJ) = V() +VIND
W(J) = WIJ)+WIND
IF (IHOLD3-1) 80,80,59
59 N5 = IFIV+l
PAR(6) = VELJS
. PAR(S) = FS
PAR(S) = DRS
CALL VELOC (1 4NS¢25,X540XD2Z5¢UJI5¢D5oUUES XISy Y350 ZI59 DIETSCF Sy
1 PAR,XO(J)oYO(J) ¢ZO(J) oUIND,VINDoWIND, SOXDZ5)
ULd) = U(J)SUIND
Vi) = VIJ)+VIND
wiJ) = W(JI+WIND
, 80 CONTINUE

€ CNMPUTE FLAT PLATE PRESSURE COEFFICIENT

IF (IGECM-3) 90,90,81
81 DO 85 J=1,NK

CPY = 4. #{ULS)S(ALFQeULI) ) oW JI*(GETQeNII)))
85 CP{J) = L.~(ALFC*ALFQ +GETQ®GETQ +C.T)
90 CONTINUE

CALL TRANS3 (Y0,Z04V4WeNK)

c
C PRINT CQUT CCMPUTED RESULTS
c
WRITE 16,4690)
690 FORMAT (1H1)
CALL PRTOUT (TGECM)XOoYOoZ0sUsVeWyCPyRKyis1'T)

PUNCH OUT DATA FCR TRANSFORMATION METHOD OR LIFTING SURFACE PRNG.

OO -

1F (IGECM-2) 96,96,97
96 IF (IPUNCH) 95,99,95
95 CALL ADAPT(UoVoWoNTHT ,NSMAX,NCOEF, IGEON)
6C Y0 99
97 1IF (IPUNCH} 98,99,98
98 DO 101 I=1,NK
10 W(I) = -W(D)
J1 =1
DO 102 I=1,NSPAX
J2 = J1+NC-1
WRITE (7,710) (W(J)y J=J1,42)
102 J1 = J2+]
710 FORPAT (SE14.7)
99 CCNYINUE
STCP
END

SUBROUTINE BITEST {(I,TNEG,VK]l,VK2)

YESTS FOR BLOCKAGE AND INTERSECTION,CALLED AS PARTY OF INTEGRATION
Lcre

[aNeNalgl

DIMENSICN COEFRU15,25)COEFI(15,25)

DIMENSICN STATNI25) +RADIUS(25),50.P30(25)

ODIKENSION X1{100),21(100},UJ1/100),011100}),0xDZ21(1CO)
DIPENSICN X2(100),22(190),U42(1001,02(1001,0XD2211CO)
DIMENSION X3(i00),23(100),U23(100),C3(1CC),IXDZ3{1CO)
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DIMENSION X4(100),24(100),UJ4(100),04(100),DXDZ4(100)
DIMENSICN X5(100),25(100),U45(%001-.051100),0XDZ5( 100}
DIMENSION XBAS1(100),YBAS1(100),ZBAS1(100)

DIMENSION XBAS2(100),YBAS2(100),ZBASZ2{100)

DIMENSTTN XBAS3(100!,YBAS3(100),28AS3(100)

DIMENSICN XBAS4(100),YBAS4(100),ZBAS4{100)

OIMENSICON XBASS(100),YBAS5(1003,ZBAS5(100)

DIMENSTON CFL(3¢3)4CF2(3¢93)9CF3(393)9CF4&i(3,3),CF5(343)
DIMENSION UUEL(100),UUE2{100),UUE3(100),UUE4{100),UUESL{10C)
DIMENSICN PAR(10)

COMECN/BLKLI/STATN,RADIUS,SLP3D,COEFR, COEFI

| CORMON/BLK2/CF1,CF2,CF3,CF4:CF5,UUE] UUE2,UUE3,UUE4,UUES,PAR
? COFMPMCN/BLKI/X1+214UJ19D1oEXDILeX24120UI2502,0XD22
COPMON/BLKG/X3423¢UJ32D39DXDI39X4e24eUJ%,D4,DXDL4
COEMCN/BLKS/X5425,Ud5,05,0XDZ5
COMMON/BLKS/XBAS]L,YBAS] 4 2BAS]1 4 X0OAS2,YBAS2, ZBAS2, XBAS3,YBAS3,ZBAS3
COMPON/BLKT/XBASL o YBASS,ZBAS4 9 XBASS, YBASS, ZBASS
CCHMON/BLKB/ALFQ.BETQoGETQsFLyF24F34F&yF5,VKONST
COMMON/BLK9/MULY o THOLD1 4 THOLD29 THOLD3,KOUNT1sKOUNT2
COMFON/BLKLIO/IONE, ITMOy ITHRy IFOUR IFIVoNLIyN24N3,N&4yN5
COMPON/BLKLL/IFIX1,1FIX2, IFIX3
CCMMON/BLKLI2/XJL oY Il o ZILoDJIET 1o VELIL9XJI20YI2,ZJ2,DJET2,VELJIZ
CCMFON/BLKI3/XJ3 oY I3, 2U3,0JETIeVELIZeXISeYI4y2J49DIETGHVELS4
CCMMON/BLK14/XJS5,YJ592J590JETS5,VELSS

COMMON/BLKLS5/7G 462963 9G4 oGS5+STEPI,STEPI2,STEPI3,STEPI4,STEPIS
COMMON/BLKIG6/V2X14V2Y14V221,V2X2,V2Y2,V222,V2X3,V2Y3eV213
COPNMON/BLKLT/V2X49V2Y44V214

COMMON/BLK1B/DR3 4,DR%4 4 DRS

DE = +0001*DJET]
1F (MULT-2) 21,200,300

200 IF (IHOLDL-'} 201,202,21

201 IF (TNEG) 203,203,204

203 CALL XPROD (V2X1,V2Y14V221,ALFQyBETQeGETQXT1l,YT1,2T1)
CALL XPRCO (XT1,YVT1,2T1,ALFO,BETQ.GETQ,CFNX,CFNY,CFNZ)
CALL PLANE (CFNXoCFNY CFNZoXBASL(I)oYBASL(T)oZBASIII),VEX2,V2Y2,e
1 V222eXJ20YJ292ZJ2¢XINT YINTLZINT)
IF (YINT-YJ2-DE} 205,205,22

204 VUE2{1) = 1,
CALL XPROD (V2X24,V2Y29V222:ALFQeLETQyGETQyXT2,YT2,172)
CALL XPROD (XT24VYT2,2T2,ALFOsBETQ,GETQoCFNX,CFNY,CFNZ)
CALL PLANE (CFNX CFNY CFNZ ,XBAS2{1),YBAS2(1),ZBASZ2(])oV2X1,V2Y],
1 V221 X3l oYJl o ZJL o XINT,YINTLZINT)
IF (YINT-YJ1-DE} 205,205,222

205 IHCLD1 = ]

202 IF (TNEG) 206,206,207

206 I1TwC = I-KOUNT1
GO 1C 208

207 ICNE = I-KOUNTI

208 [IT1 = [CME

1712 = ETKC
N1 = [IV1+]
N2 = 1T72+1

CALL COMP (V2X14V2Y1 o V2214V2X2,V2Y2eV2LI2,XBASLI{IT]1),YBASI(LT1),
1 ZBASIUITL) oXBAS2CIT2),YBASSUITZ2),,2BAS2(1T2),21¢T1),22(11072),

2 DICITL)qOJETY02(1T2),DJET2,VELJIL,VELIZ2,0XDZ1{ITV1),UUE2((T2),
3 A1.,A24,DR3,Fl1,INT)

IF (INT) 21,21,209




209

901

902
903

300
301
303
630

302

320

323
321
324

331

IHCLOL = 2

Nl = IT]

NZ = IT2

PAR(S) = DR3

IFIxl = 1

CALL BALANC (XBASLUIT1),YBASL{IT1),ZBAS1{IT1),XBAS2(1T2),
1 YBAS2(172),2BAS2(1T2),UJ1(1IT1),UJ24172),VELJIL,VELS2,A1,A2,V2X],
2 V2Y1,V221,V2X2,V2Y2,V222,DR34XJI34YI3,2J3,DJETI,V2X3,V2VI, V213,
3 VELJI)

PHI = ACOS(V2Y3)

PST = ATAN(V2Z3/V2X3)

CALL CFCAL (ALFQ,BETGCsGETQyPHILPSILCF3)

CALL ROTATE (V2X3,V2Y3,V223,CF3,VXT,VYT,VZIT,0)

uJiar) = 1.

D3{l) = 1.

X3(1) = 0.

23(1) = 0.

DXUZ3(1) = ¥XT/VIY

XBAS3(1) XJ43

YBAS3(1) YJ3

IBAS2L1) 143

PAR{6) = VELJ3Z

D = ATANIVXT/VZT)

IF  (VXT) 901,902,902

F3 = .3%CCS(D)

GC 10 903

F3 = .3/C0SID)

PAR{S) = F3

G3 = G¥DJET1/DJETYI

STEPI3 = .2¢G3

GC T1C 21

IF {IHOLD3-1) 301,301,21

IF (TNEG) 302,302,303

WRITE (6,680)

FORPAT (1HO7CHNEGATIVE ANGLE OF ATTACK FOR THREE-JET CONFIGURATIC
IN CANNOT BE TREATED)

STCP

IF (ITHOLD1-1) 320,321,322

CALL XPROD (V2X1,V2Y14V2Z21,ALFQsBETQeGETQeXT1,YT1,271)

CALL ¥PROD (XT1,YT1,2T1,ALFQ,RPETQ,GETQy CFNX,CFNY,CFNZ)

CALL PLANE (CFNX,CFNY,CFNZ,XBAS1(1),YBAS1(!),ZBAS1(I),V2X2,V2Y2,
1 V222¢XJ24YJ24TJ24XINToYINT4ZINT)

IF (YINT-YJ2-DE) 323,323,22

fHOLDI = 1

IF (THOLD2-1) 324,324,325

1ThC I-KOUNT1

1Tl = ICNE

172 = 1TwC

NI = IT1+l

N2 2 [T2¢]

VEUAST = VK1

CALL CCKFP (V2X1,4V2Y1,V2Z1,V2X2,V2Y2,V2Z2,XBAS1{IT]1),YBASI(IT1),
1 ZBASLUITL) oXBAS2{IT2),YBAS2{IT2),2BAS2/1IT2),21LITL)s2201T72),
2 DLUIT1)4DJETLD2(IV2),DJET2.VELJL,VELI2,DXDZ1(IT]),ULE2(1T2).
3 AL ,A2,0R4 Fl,INT)

IF (INT) 330,330,331

IHCLDL = 2

N1 171

N2 112

H N

1]




340

904

905
906

330

332

334

333

335

322

IFIXY = 1

VKCKST = VK2

CALL BALANC (XBASLUITL),YBASI(IT1),ZBASI(ITL),XBAS2(IT2),
1 YBAS2(IT2)¢2BAS2{IT2)4UJLIUITLIILUJ2(IT2),VELI1,VELJI2sAL,A2,V2X1,
2 V2YLoV2Z14V2X29V2Y24V212+0R4¢XJ4sYJbyZI&eCIET4,V2X4,V2Y4yV2214,
3 VELJ4)

PHI = ACOS{VZ2Y4)

PSI = ATAN(V224/7V2X4)

CALL CFCAL (ALFQ,BETQyGETQ.PHI.PSI,CF&)

CALL ROTATE (V2X&oV2Y44V224,CF4oVXT,VYT,VIT,0)

uJail) = 1.

D4ll) = 1.

X4(i) = 0.

L4{1) = 0.

DXDZ24(1} VXT/V2T

¥3AS4(1) XJé

YBAS4(1) = YJ4

IRAS4LL) = ZJ04

D = ATAN{VXT/VZY)

IF (VXT) 904,905,905

F4 = ,3%COS{D)

GC T0 906

F4 = ,3/CCS(D)

CCNTINUE

G4 = GS*DJET1/DJET4

STEPI4 = .2%G4

IF (IHCLD2-THCLDL1) 322,322,325

IF (IHOLD2-1) 332,333,325

CALL XPROO (V2X2,V2Y2,V222,ALFQeBETQ,GETQyXT2,YT2,272)

CALL XPRQOD (XTV2,YT2,2T2,ALFCyBETQyGETQeCFNX,CFNY,CFNZ)

CALL PLANE (CFNXCFNY,CFNZyXBAS2(IT2),YBAS2(IT2)92ZBAS2{(1T2},V2X3,
1 V2Y3,V223¢XKJ34YJ34ZJ34XINT,YINT,ZINT)

IF (YINT-YJ3-DE) 334,334,23

IHCLD2 = 1}

ITHR = [-KOUNT2

iI7T3 = JTHR

N3 = [T3¢]

VKCONST = VK2

CALL COMP (V2X2,V2Y2,V222,V2X3,V2Y3,V223,XBAS2(1IT2),YBAS2(1IT2),
1 ZBAS2U1T2) 4XBAS3(IT3),YBAS3(1IT3),ZBAS3(IT3),22(172),23(1732,

2 D2{172),DJET2,03(1T3),DJETI VFLJU2,VELJI3,DXDZ2(1T2)},UUE3(IT3),
3 A24A3,DR4,F2,INT)

IF (INT) 21,211,335

THCLD2 = 2

N3 = [T3

N2 = IT2

IF1Xx2 = 1

VKCKRST = VK1

CALL BALANC IXBAS2(IT2),YBAS2(IT2),2ZBAS2(1T2},XBAS2IT3),

1 YBAS3(IT3),2BAS3(IT3),UJ2{1IT2),UJ3(iT3),VELJ2,VELJI3I,A2,A3,V2X2,
2 V2Y24V222¢V2X39V2Y3 V213 4DRG 4 XJ4oYJ4qlJGeCIETGoV2XGeV2Y4,4V21l,y
3 VELJ4)

GC TC 340

IFCLR = I-IFIXl+1

ITHR = [-KOUNT?2

IT4 = 1FCLR

173 = 1THR

N4 = [T4+]

N3 = 1T3+]

]




341

350

907

908
909

325

342

22
21

UUE4(1ITs) = 1.

CALL COPP (Y2X4¢V2Y4V2Z44,V2IXK34V2YI4V2L34XBASA(IT4)sVBASG(ITA),
1 ZBAS4{IT4) XBAS3(IT3),YBASI(IT3),ZBASI(1V3),Z4(1T4),23(1T73),

2 DALIT&) DJIETA,03(1IT3),0JETI,VELJS4,VELS3,DXDZ4(IT4),UUE3(ITI),
3 A44A3,DRS5F4,4INTI

IF (INT) 21,214241

IHCLD3 = 2

N3 = IT3
Ne = IT4

IFIX3 = |
CALL BALANC (XBASA(IT4),YBASG(IT4),2ZBAS4(IT4},XBAS3(IT3)},

1 YBAS3(IT3)¢ZBASILITIIeUJILUITAIGUIIIITI) VELI49VELI3,A4,A3,V2X4,
2 VZV4oV2144V2XI3V2Y34V223,D65¢XJ5,Y0552I59DJETS,V2XS5,V2YS5,V2Z5,
3 VELJS)

PHI = ACOS{va2Y5s)

PSI = ATAN{V215/Vv2X5)

CALL CFCAL U(ALFQ.BETQ,GETQy?HI,P51,CFS5)

CALL ROTATE (V2X5,V2Y5,V225,CF5,VXT,VYT,VvZIT,0)

uds(l) = 1.
0s5t1) = 1.

X5(1) = Q.

I5¢{1} = 0.

NDXDZ5(1) = VXT/VITY

XBAS5(1) xJ5

YBASS{1) YJs

IRASS5(1) zJ5
D = ATANIVXT/VIT}

IF (VXT) 907,908,908

F5 = .3#%CCS (D)

GG 76 909

F5 = «3/CCS(D)

PARIS) = F5
G5 = G*DJETL1/CJETS

STEPI5 = .2%65

PAR{9) = DRS

PAR(6) = VELJS
GC Y0 21

iFCLR = [-IFIX2+1

171 = JIONE

174 = IFOUR

N1 = IT1e1

N4 = 1T4+])

CALL COMP (V2X1,V2Y1,4V221,V2X4yV2Y4,V224,XBASL{ITL)yYBASLIIETY),
1 ZBASL1CITL) ¢ XBASGUIT4),YBASA4{1TA),IBASALITA)ZLITITL)o2411T4),
2 DI{ITL1),DJETY yD4(1T4),DIETGyVELIL,VELI4,DXDZLILIT1),UUEL(]IT4),
3 Al,A4,DR54F1,INT)

IF (INT) 214214342

THCLD3 = 2

Nl = IT1

N = T4

IFIX3 = |

CALL BALANC (XBASI(ITL),YBASLUITL),ZUASL(IT]1),XBAS4I]T4),

1 YBASA(IT4) o 2ZBASA(ITS) UJLIITY) UJSGLITA),VELILSVELI&eALyA%,V2X],
2 V2YL1oV2Z14V2X49V2Y4 Y274 ¢DR5¢XJIS4 Y. 5¢235)DJETS5,V2%X5,V2Y5,V215,
3 VELJS)

GC 1C 350

KCUNTL = KOULNTL+1

KCLATZ = KDUNTZ2+1

CNTINUE

L )
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RETURN
END

SUBRCUTINE INTEG (I,TNEG)
INTEGRATION OF THE EQUATICNS OF MOTION FOR THE JET PATH
EXTERNAL DERIV

CIMENSION COEFR(15425)COEFI(15425)

DIMENSICN STATN(25),RADIUS(25),SLP3D(25)

DIMENSION X1{100),71(100},UJ11(100},01(100),DXDZ21(100)
DIMENSION X2(100),22€100},UJ2(100),02(100),0XDZ2(100)
DIMENSION X3(100),23(100),U33(100),03(100),0xDZ3¢100)
DIMENSICN X4(100)924(10C)4UJ4(100),D4(100),DXDZ4(1CO)
DIRENSICN X5(100),425(100),UJ5(100),05(10C),DXDZ5{100)
DIFMENSION XBAS1(100),YBAS1(100),ZBAS1(100)

DIMENSICN XBAS2(100),YBAS2(100),2ZBAS2(100)

DIMENSION XBAS3(100),YBAS3(100),2ZBAS3(100)

DIMENSICN XBAS4(10G),YBAS4(100),ZBAS4(100)

DIPENSICN XBAS5(100),YBAS5(100),2ZBAS5(100)

DIMENSICON CF1(3,3),CF2(3,43),CF3(3,3)4CF4(3,3),CF5(343)
DIMENSICN UUEL 1100),UUE2(100)UUE3({100),UUE4{100),UUES(1GCO)
DINENSICN PAR(10)

DIMENSION SCXDZ1{(100),SOXDZ2(100)ySOXDZ3{100), SDXDZ4(100),
1 SOXDZS{1CO;

COMMON/BLKL/STATN,RADIUSSLP3C, COEFR, COEFI
COMPCON/BLK2/CF14CF2,CF3,CF4,CF5,UUE1,UUE2,UUE3,UUE4,UUES,PAR
COMMON/BLK3/X19219UJ19D1yDXD2Z1eX29224UJ2,02,0XDZ2
COMMON/BLKSG/X3923,UJ3,4D3,D1023¢X4%y244UI4,D4,DXDZ4
COMNCN/BLKS /X5 ¢I5,UJ5,05,0XD15

COMMON/BLKO /XBAS)LoYBASL o ZBAS1 o XBAS2,YBAS2,ZBAS2, XBAS3,YBAS3,2BAS3
COMPON/BLKT/XBAS4,YBASG,ZBAS4A,XBASS,YBASS, ZBASS
COMNMCN/BLAB/ALFQBETCoGETQoF1,F2eF3,F4,F5,VKONST
CCMMCON/BLKO/NMULT THOLDL o THOLDZ 9 THOLU3 o KOUNT 2, KOUNT 2
COMMON/BLKLO/IONEy ITHO9 ITHR [IFOUR, IFIV NI N2,N3,N4,N5
CCHMON/BLKLL/ZIFIX1,JFIX2,1FIX3
CCMPON/BLKL2/XJ14Y I 92Ul 3 CUET Lo VELIY 9 XJI20YJ242J2,DJET2,VELY2
COPFON/BLKL3/XJ3,YJ3,32J3yDJET3I,VELU3eXJ4eYJ49134,0JETAyVELSS
COMMON/BLKLA/XJI5,YI5,2J5,0JETS,VELJS

COMMCN/BLKLIS/G 362963464 4G5,STEPL,STEPI2,STEPI3,STEPI4,STEPIS
COMMON/BLKLOE/V2ALyV2Y1oV2Z1,V2X2,V2Y24V222,V2X34V2Y5,V211
COMMCN/BLKYIT/V2X4,V2Y4,V214

CCKMON/BLKLIB/DR3 ,DR4,DRS

C FEON/BLKL19/SOXDZ1.50XD22,SOXD23,SDXDL4,SDXOLS

DIMENSICN FIN(4),FCUT(4)

IF INMULT-2) 53.51,52
IF (IHOLD1-2) 53,30,30
IF (1HAOLD3-2) 53,40,40
IF (MULT-2) 24425426
IF (TNEG) 24,2427

IF (IHOLD1l) 28.28,24
[F (THOLDL-1) 24,24,31
PAR(6) = VELJ]

PAR(S5) = Fl
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41
42
28

3l
32

30

35

PAR(9) = 1,
UGEL(IONE) = 1.
Z1{ICNE+L) = Z1(IONE)+G

FIN(1) = UJLLIONE)
FIN(2) = DL(IONE)
FINI3} = X1(ICNE)
FIN(4} = DXDZ1(IONE)

CALL ADAMS(4421(IONE)sZ1(IONE+1)¢STEPI¢Gy999,1.0E~04,y1.0E~05,
1 CoFINoFOUT4PAR,DERIV)

UJL(IONE+1l) = FCUT(1l)

DL{ICNE+1) = FOUT(2)

XL{iONE+1l) = FOUT(3)

DXDZ1(ICNE+1l) = FOUT (%)

SOXDZL(IONE+1) = PAR{10)

CALL QUTPT(X1(IONE+1) ZL(IONE+1)oDXOZLIIONE+L);CF14DIETLyXJLyYJIly
1 ZJ1,XBASL{IONE+]1),YBASL(IONE+1),ZBAS1{IONE+]1),V2X1,V2YLl,V2Z1)
IF (MULT-2) 50,41,42

If (ITHOLD1) 50,50,28

IF (IHOLD2-1) 504+28,46

PAR{6) = VFLJ2*UUE2(ITWO)

PARIS) = F2

PAR(9) = L,

I201TH0+1) = Z2{1TNO)+62

FINIL) = UJ2UITHO)

FIN(2) = D2(ITHWO)

FINID) X2 (17TWC)

FIN(4) = DXDZ2(1TWO)

CALL ADAMS{4,22(ITHCI+Z2{1TWO+1)oSTEPI2962+999¢1.0E~G4,

1 1.CE-05+40,FINsFCUT,PAR,DERIV)

UJ2(TTKRC+1) = FOUT(1)

D2UITWO+1) = FOUTL2]

X2{ITWO+1) = FOUT(3)

OXDZ2(ITWC+1) = FOUT (&)

SDXDZI2(1Tw0¢1l) = PAR(10)}

CALL OUTPT (X2(1TWO+1)422(1THO+1),DXDZ2({ITWO+1)¢CF2,DJET29XJ29Y52,
1 ZJ2,XBAS2{ITWO+1),YBAS2(ITWO+1),ZBAS2(ITWO+1),V2%2,V2Y2,4V212)
IF (MULT-2) 50,50,31

IF (IHCLD2-1) 50432446

PAR(6) = VELJ3ISUUE3{{THR)

]

PAR{S5) = F3
PAR(9) = 1.
60 T0 35

ITHR = I-1FIX1+1
ULE3(ITHR) = 1.
Z3(1THR+1) = Z3(ITHR)+G3

FIN(I) = UJ3UITHR)
FIN{2) = D3({ITHR)
FINI3) = X3 (ITHR)
FIN{4) = DXOZ3{ITHR)

CALL ADAMS(4oZ3(ITHR),Z3(ITHR¢1)Y,STEPI3:,G3,999,1.0E-04,
1 1.CE-0540,FINFCUTLPAR,DEKRIV)

UJ3(ITHR+1}) = FOUT(1)

D3I(ITHR+]) > FQUTL2)

X3I{ITHR+1} = FQUT(3)

DYXCI3(1THK+1l) = FCUT (4)

SOXD23{1THR+1) = FAR({10)}

CALL CUTPT (X3{ITHR#1),23(ITHR+1),CX023(1THK+]1},CFI,0UETI,NI3,YJ3,
1 ZJ3,XBAS3B{ITHR 1) ,YBASI(ITHHR# L) 7BAS3{ITHR+]}},V2X3,V2Y3,v2213)

[F (MULY-2) 50,50,¢7



DO

“7
46

40

50

IF (JHOLD1-1) 50+50,46

PAR(6) = VELJ4*UUE4(IFOUR)

PAR{IS) = F4

PAR(3) = DR4

Z41IFOUR+L) = 24 (IFOUR)+G4
FIN(1) = UJG{IFOURI}

FIN{2) = D&(IFOUR)

FIN(3) = X4(IFOUR)

FIN(4) = DXDZ4(IFOUR)

CALL ADAMS(4424(IFOUR) ¢Z4(1FOUR+L) ¢ STEPI4¢G49299¢ 1.0E-04,

1 1.0E~0540,FINyFCUT,PAR,DERIV)

UJ4(IFOUR+1) = FOUT(1)

D4({IFOUR+1) = FOUT(2)

X4 (IFOUR+1) = FOUT(3)

DXODl4{IFQUR+1) = FOUT(4)

SDXDZ4 (IFQUR+1) = PAR(10)

CALL OQUTPT (X4(IFOUR+1),Z4(IFOUR+]1),DXDZ4&(IFOUR+])CFA,DJET 4 XJ%,
L YJ4yZJ49XBASG{IFOURSL) ,YBASG{IFOURS1),ZBAS4G(TFOUR+L;,,V2X4yV2Y4,
2 V214)

G0 10 50

IFIV = 1-IFIX3+1

UUES(IFIV) = 1.

ISCIFIV4l) = IS(IFIV)+G5

FIN(1) = UJS{IFIV)

FIN(2) DS(IFIV)

FIN(3) = XSUIFIV)

FIN(4) = DXDIS(IFIV)

CALL ADAMS(4oZS(IFIV)ZS(IFIV41},STEPIS51654999, 1. CE-0%,

1 1.0E-0540,FINyFOUT,PAR,DERIV})

UJS(IFIV+]1; = FOUTIL)

DS5(IFIV+1l) = FOUT(2)

X5(IFIV+l) = FOUT!3)

DXDZS{IFIvV¢l) = FOUT(4)

SDXDZS{IFIV+l) = PAR{10)

CALL OUTPT (XSUIFIV+1),25(IFIV+]1)yDXDZIS{IFIVEL)yCF5,DJETS4XJI5,YI5,
1 ZJUS54XBASS(IFIV+1),¥YBASS{IFIV#1) o ZBASS(IFIV+1)s0UMMY,DUMMY,DUMMY)

CONTINUE

RETURN

END

SUBROUTINE COMP(VX1 VYL -YZ1,VX2,VY2\VZ2¢X1,Y13219X2yY2422+2Z1L,422L,
1 D01,0J1902+¢0D429V14V2,SLIWUUEFFyAly A24DRAT «F o IND?

COMPUTES U/UEFFECTIVE AND TESTS FOR INTERSECTION OF CENTERLINES

COMNON/BLKC/ALFQ.BETQyGETQyFLFZyF3,F44F5,VKONST
COMMCN/BLK20/DIARAT, DREF

IND = O

Pl = 3a1:16

CALL XPROD VX1 YY1 W VZL1  ALFQ,RETQs GETQCFNX,CFNY,(CFNZ)

CALL XPROOD (YX2,VY2,VZI2,ALFQ¢BETQ,GETQeXT2:,YT2,212}

CALL PLANE (CFNXoUFNY CFNZ e XT oY loZ 1o XT2YT2.72T29R24Y¥246729XT4Y1,21)
DIST = SORY((XI-X2)*32+(YI-Y2)#%24({721~-12)%%2)

CANMPUTE L/UEFFECTIVE

R = D1*0.1%.5-C1ST




[z X xR g

OO0

11
10

12
15

22

25
26

21

28
29

30
40
45

99

FACT = {1.0#R/(D2%DJ2%.5))%.5
IF {FACT-1.) 10,10,11

UUEFF

= VKONST

GO 10 15
IF (FACT) 13,13,12

UUEFF

=z la

G0 10 15
UEFU = 1.4(1./VKONST-1.)*FACY

UUEFF
CONTI

TEST

cost
SUMD

= l./UEFU
NUE

FOR INTERSECTION OF CENTERLINES

* 1o/5QRT{1.4SLL*SLL)
= DJ1#Dl#*.5

IF (DIST-SUMD) 22,99,99
DISTH = SQRT(IXI-XI)*#24({Y]1-YI)*%24(Z1~21)%%2)

I0VHM
IF (2
FACTL

= riL/vl
OVM-F) 24,224,295
2 lo=o, TS5*20VM/F

GG T0 26

FACT1
I0VHM
IF {2
FACY2

= 25
= J2L/{VZSUUEFF)
OVM-F) 27427428
= 1,-,TS*Z0VM/F

60 T0 29

FACTZ2
SUMD

x 425
= DJL*DL#FACYL*COST*,.5

IF (DISTN-SUMD) 30,30,40

IND =

1

GC TO 45
IF {(X2-X1) 30,30,99

Al =
A2 =
DRaAT
CONT{
RETUR
END

PISFACTLI*D1*Di#DJ1*DJ1*.25
PIHFACT2#D2%D2%DJ2%DJ2%*.25
= DIARATY
NUE

N

SUBROUTINE BALANC (X1oY1lgZ1yX2,Y2922:UJ1oUJ2,V]01sV2,A10A24¥X1-VYl,

1
2

ESTAB

PI
X3
Y3
3
XMl
XM2
DEN
uJx
uJy
uJz
VELJ
VX3
VY3

h oW N

H oo W it Hod W non

VILeVX2,VY24VI2,FACT1yX3,Y3,23,DJ43,VX3,VY3,VZ3,
VELJ3)

LISHES INITIAL CONDITIONS FOR NEW JET FROM MOMENTUM BALANCE

3.1416

(X14X2)%.5

{YL+Y2)%.5

(Z1+12)%.5

UJLl#*V]*Ai

UJ2av2eA2

XM1+XM2
(AMLSUSLSVISYX T+ XM25U2%V24VX2) /DEN
(XKL&UJLI®VIoVY L+ XM Iz 8 2%VY2)/DEN
(XMLOUJILSVISVILI+XM2PUI2%V2%V T2}/ DEN
= SQRY (UJXBLaA+UJY*UJY U 12%UJ1T)
UJIX/JdEL IS
yJY/VELYS



O MO0

(o] OO

w N

)
s a3 it I

VI3 = UJZ/VELJ3

A3 = DEN/VELJS3

DJ3 = SQRT (4.%A3/(PI*FACT1))
RETURN

END

SUBROUTINE CQUTPT (XL oZL+DXDZoCFoDJI9XJeYSyZJoXBeYBIByVX,VY,VZ)
TRANSFORMS LOCAL COORDINATES TO PROGRAM COORDINATES (FIXED)
OIMENSION CF{3,3)

PHI
VXT
vYT 0.

vzt COS(PHI)

CALL ROTATE (VX VY VZ,CFoUXToVYT,(VIT,1}
CALL ROTATE (FXoFYoFZoCFoeXLy0orllyl)

XB = FX3DJeXJ

YB = FY#DJ+YJ

18 = FZ*DJ+2J

RETURN

END

ATANIDXDZ)
SIN{PHI)

SUBROUTINE VELOC (N1sN2yZyX9DXDZyUJeDyUUEeXJeYJr2ZJoDJET,CFyPAR,
1 X0oY0s20,UIF,VIF,WIF,D2XD22)

EVALUATES INDUCED VELOCITIES AT ONE CONTROL POINT (X0,Y0,20 IN
FIXED COORDINATE SYSTEM) FOR A GIVEN JET

COMMON/BLKZ20/DTARAT DREF

DIMENSION Z(1)4X(1),DXDZ(1)4UJ(L),D(1),UUEL},PARIL)
DIMENSION CF{3,3)
DIMENSION D2XDZ2(1)

E2 = PAR(2)

€3 = PAR(3)

F = PAR(S)
VELJ=PAR{6)

PI = PAR(T)

Cl = PAR(8)

DR = PAR{9)

N = N2-N1l+¢}

IF (N/2-(N41)/2) 14242
® = (IN-1)/2

GO 10 3

# = (N-2)/2

XPY = (XO-xJ)/DJ. TV
YPY = (Y0-YJ)/CJET
TPY = (Z0-1J)/DJEY
CALL ROTATE (XPT,YPT,IPT,CFsApBsC,o0)
Ut = 0.

vi = Q.

Wl = 0.

Kl = M¢l

DO 21 K=N1, M1

Kb




10

11

L4

51
52

47
40
42

«3
44

45

31

32
33

El = PARI])

IF (K-M)} 11,11,10

IF (N/2~(IN#1)/2) 22:12,412

I = 2%K-]1

ZINCR = Z(I+}1)~-2({)

60 70 14

I = 2%K

ZINCR = Z(I+1)-2(1~-1)

COST = 1./SQART(L+DXDZ{1)*DXL(I))

SINT = SIGN(l..DXODZ(I))*SQRT(1.~-CCST*COST)

SIE = «{{2(I)=-C)eCOST+IX(1)-A)ESINT)

ETA = B

LETA=  (Z(I)-CI*SINT-(X{1)-A)SC ST

D1 = .5#D(1)

DOUBL = SIE#SIE+ETA®ETA+ZETA®ZETA

poL32 = SQRT(DOUBL)

UBLOCK = .S5%D1%D1*ZINCR*COST*{1.~3.*ZETARXZETA/DOUBLY/(DOUBL1*DOUB2)
1 ~SINT®*1.5%SIE*ZETA®DI*DIX2ZINCR/ (DOUBL*DOUBL=DOUB2)
VBLCCK = -1.,5%ZETA*ETA*D1*DI*2INCR/{DOUB1*DOUB 1%DOUB2)
WBLOCK = —,5%D1¥D1*ZINCR®*SINT*(1.-3.,¢ZETA*ZETA/DOLBL)/(DCUB]*
1 DOUB2) ~COST*1.5+STE*ZETA*D1*D1*2Z INCR/{DOUB1%D0UB1*D0OUB2)
VELJE = VELJAUUEL(IT)

CURV = D2XDZ2(I)/Z{(1.¢DXDZ{I)*OXDI(1))%%x]1,5)

CURV = 3,sCURV*DREF/DJEY

El = E1-CURV/COSY

E = E2/7(1.+E3*COST/IVELJE*UWILII))

IF (VELJE®UJII)-SINT) 51,52,52

E = 0.

250 = (1.-DRISYELIE®F/.T5

P = Z{1)+150

IF (IP-VELJE*F) 47.60,60

IF {ZP-10.) 40,6C,60

IF (IP-.6%VELJE*F) 42,43,43

E = €%,1/.32

G0 10 60

IF (ZP-.B8VELJE®F) 44,45,45

E = E¥*,12/.32

G0 10 60

E = E®*,21/.32

I0VM = IP/VELJE

IF (Z0VN-F) 31,32,32

VARB = (1.-.375%20VM/F)

VAR = SQRT((1.4(le—o75%ZGVR/FI*%2)/2,)

HT3 = ,25%2INCR*{EL+E¥PI*VARY(VELJEXUJ(])-SINT,/COST)
G0 0 33

VARB = .625

HT3 = 25%ZINCR*(CL+EX(VELJE*UJ(I)-SINT)*C1/COST)

UBLCCK = JBLOCK®VARB

VOLOCK = VBLOCK®*VARB

WBLOCK = WwBLOCKS$VARS

I1 = (C-24i))®(C~2{I) )& (A-X{T))=(A-XII))

1 ¥4 SQRT((B-D1)*(B~-DL)+21)

13 SQRT{(B+D1)*(B+DL)+21)

USINK = -HT3#(X(I)-A)I*{(B-D1I/(Z1%22)-(B+C1;/(21%22)}/P1
VSINK = ~HT3#*{1./22-1.713}/P1

WSINK = ~HT3s(Z(1)-CI*({B-DYIV/(21%22)-(B<DL.7(21%23)+/P1]
IF (UUE(I)~-1.) 6,5,6

FACT = 1./UUE(T)

UBLOCK = UBLOCKS$FACY

[H]
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VBLOCK = VBLOCKSFACT
WBLCOCK = WBLOCKSFACY '

USINK = USINK®FACT
VSINK = YSINK®FACT
WSINK = WSINK®FACT

5 Ul = UT+USINK+UBLOCK
VI = VI+VSINKeVBLOCK
21 Wl = WISWSINKeWBLOCK | .
22 CALL ROTATE (UIF,VIF,MIFCF,Ul,VI,NI.1)
691 FORKAT (6F12.5)
RETURN
END

SUBROUTINE DERIV (2,FN,FPR,PAR)
COMPUTES DERIVATIVES FOR ADAMS PREDICTOR/CORRECTOR METHOD

(o] [aNaKg

DIMENSION FNU1)o+FPR(1)4PAR(1)

m
-
L]

PAR(1)
PAR(2)
E3 = PAR(3)
F = PAR(5)
VELJ=PAR(6)
PI = PAR(T) - ' :
Cl = PAR(8)
DR = PARI(9)
UJ = FN(1) | :
D = FNI(2)
DXD22FN{4)
COST = 1./SQRT(1.+DXDZ*DXDZ)
SINT = SlGN(l..DXbZl‘SORT(l.ﬁCOST‘COST)
€ = E2/7(1.4E3%COST/(VELJ*YJ))
IF (VELJ®UJ-SINT) 11,12,12,
11 E = Q.
12 2SO0 = (1.-DR)®VELJ*F/,75
2P = 24150 ‘
IF {2P=VELJ*F) 47,60,60
47 IF (IP-10.) 40,60,60
4C IF (IP-.68VELJ*F) 42,43,43
42 E = E*,1/.32
GO 10 60
43 IF (IP-.B8¢VELJST) 44,45,45
44 E = 5’012l032
GC 10 60
45 E = E*,21/.32
60 ICVM = ZP/VELY
IF (ZOVM=F) 22,23,23
22 VAR = SQRTI(1e4{1le~oTSC70VM/F)1%%2)/2,)
XT = la~a 75420VM/F
XT = lo/XT
CO = (~XTEXT+6,6¥XT+.4)/6.
VARL = ELSCOSTH+E#(VELJSUJ~-SEINT )P IsVAR
VARZ = VELJ#VELJSCOST
VAR3 = ,25¢PIt(1.-.T75%20VE/FIsyuJsp
DUJ = (VARI*SINT/VARZ2-VARL®UJ/{VFLI*COST))I/VARY
DD = (VARI$D/(VELJI¥COSTI43. %P [4D&DRUI/ (16 ¥F3VELJ )= VAR IXDEBUI/
1 UJ) 7(2.%VAR3)

m
N
»

§8




VARG = (ELe,5%CD)*COSTH+ES(VELJSUS~SIKRT i»P[SVAR
DDXDZ= VAR&/ (VAR2xCOSTAVARI*UJ)
60 10 15
23 VARL = E1SCOST+ESIVELI*UJ-SINTI*(C]
CDO = 1.8
DUJ = 16.*VARL*(SINT/IVELJSVELISTOST }-UJ “ IVELI*COST) )/(PI*D*UJ)
00 = 8,%(VARL/ (VELJ*COST )P %D%DUI/ 16, )/ (FI*UJ)
VAR4 = (El+.5%CD)*COST+E*(VEL J*UJ-SINT)*C]
DDXDZ= 16.*VAR4G/ (PI*VELJI*VELJ*DFUJISUI*COST*COST)
15 CONTINUE
PAR(10) = DDXDZ

FPR{1) = DUJ
FPR(2) = DD
FPR{3} = DXDZ
FPR{4) = DDXDZ
RETURN

END

SUBROUTINE TRWING (NTHT ,NSMAX,NCOEF, IRECT¢X0yY0eZOgNK)

ESTABLISHES CONTROL POINYS IN THE BODY FIXED COOROINATES FOR WING
*A%* ]S THE REAL PART OF EACH COMPLEX COEFFICIEN/

#B* IS THE I[MAGINARY PART OF EACH COMPLEX COEFFICIENT

MAPPING AROUND 360DEG IS SPECIFIED

IRECT=0,RECTANGULAR WING, IRECV=1,NON-RECTANGULAR WING

(s N aEaNaXaNaRal

DIMENSION COEFR{15425)4COEFI{15,25)
DIMENSION Y (25),RADIUS (25),DRDZ(25)

(@]

COMKON/BLKL1/YoRADIUS ¢DRDZ, COEFRy COEFY

DIMENSION X0€13,Y0{1),20(1)
DIMENSICN A(15),R(15)

XN = NTHT
DTHT = 6,2832/XN
DC 30 I=1,NSMAX
READ (5,503) Y(I),RADIUS(I},DRDZ(1I)
IF (1-~1) 2,2,3
3 IF (IRECTY) 444,/
2 READ (54502) (AL1K)4B{K)yK=1,NCOEF)
GC 70 10
4 DO 8 J3l NTHT
J6 = LY-1)*NTHT~J
NSl = JG-NTHT
X010 165 = XO(NS1)
YOUJ0) = Y(1)
8 ZOUJTY = ZO(NSIL)
GC 10 25
10 Rw = RADIUSIIY
D0 20 J=1,NTH®
XJ1 = .-,
THETA = XJL#DV 4T
TERML = RWeLONLITHETA)+A{2)
TERMZ = RWSSINITHETA)+B(2)

Rkd = l.
DC 15 K=3 NLQfF
XK = K2
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COSTH = COSIXK*THETA)
SINTH = SIN(XKSTHETA)
RWJ = RWJ/RN
TERML = TERML+ (A(K)®COSTHOB(KISSINTH)SRWJ
15 TVERM2 = TERM2+(-A(K)SSINTH+B(K}*COSTHISRWY
JG = (I-1)8NTHTeJ
; X0(JG) = TERNL
4 YOUJ6) = Y(I)
20 Z0(JG) = TERM2
25 DO 26 K=1,KLOEF
COEFRIK,I) = ALK)
26 COEFI(K,I) = B(K)
] 30 CONTINUE
] NK = NTHT®NSMAX
RETURN
502 FORMAT (6E12.5)
S03 FORMAT(6F12.0)
END

ikt

W

R

SUBROUTINE TRBODY (NTHT ,NSMAX,NCOEF,NSYM,X0,Y0,ZG,NKj

ESTABLISHES CONTROL POINTS IN BODY-FIXED COORDINATES FOR BODY
®A% 1S THE REAL PART JOF EACH COMPLEX COEFFICIENT

BODY MUSY BE SYMMETRIC

HAPPING DONE FOR 100DEG IF FLOW IS SYMMFTRIC,FOR 360DEG IF FLOYW
IS NOV SYMMETRIC

OO

DIMENSION COEFR(15,25),COEFI1(15,25)
DIMENSION X(25) 4RADIUS(25},NRDX(25)

CCMMON/BLKL /X RADIUS y DROX s COEFR,COEFT

DIMENSION XO0(1),VOi1},Z0(1)
DIMENSION ALLS)

XN = NTHT
XSYP = NSYMel
DTHT = XSYM$3.1416/XN
IF (NSYM) 1o1,2
1 NTHT = NTHT+1
2 CONTINUE
DG 30 I=1,NSMAX
READ (5,503) XU1),RADIUS(I),DROX(T)
READ (5,502) (A(K),K=1,NCOEF)
R8 = RADIUS(I)
DO 20 J=1,NTHT
XJ1 = J-1
THETA = XJ1SDTHT
TERML = RBSSIN(THETA)
TERM2 =-RBSCOS(THETA)-A(2)
RBJ = 1.
‘ DC 15 K=3,NCOEF
| XK - K=2
COSTH = COS(XK$THETA)
SINTH = SIN{XKSTHETA)
KPJ = RBJ/RB
TERNL = TERML-A(K)*SINTH#RB)
15 TERMZ = TERM2-A(K)*CCSTH#RBJ

90
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(o T o B o TR i B o ]

20
22
30

502
503

61

62

64

65
70

e

JG = (I-i)*NTHTe¢)
X0€(J6) = X(1)
YC(J6) = TERML
I00JG) = TERM2

BC 22 K=],NCOEF
COEFR(K,I) = A(K)
CONTINUE

NK = NTHT®NSMAX
RETURN

FORMAT (6E12.5)
FORMAT(6F12.0)
END

SUBROUTINE ADAPY (UsVoWyNTAT o NSMAX,NCOEF, IGEDY)

PUNCHES QUT DATA TO SERVE AS INPUY TO THE TRANSTORMATION KETHOD
DATA IN SEVS BY X OR Y STATIONS. DATA COMSISTS OF STAYION,
RADIUS OF MAPPING CIRCLE, SLOPE, COEFFICIENTS AND VELOCITIES

DIMENSION COEF(15425)+COEFI(15,25])
DIMENSION STATNT25),RADIUS(25},5LP3D(25)

COMMON/BLKL /STATN,RADIUS,SLP3D, COEFR, COEF!
DIMENSION U(L) VL) Wla?

DIFENSION WRTV(3}

DATA WRTV/LHU,1HV.iHN/

00 SC I=1,NSMAX

WRITE (7,701) STATN{I),RADIUS(T),SLP3D(I),]
IF (IGEOM-1) 3,43,2

NP : NCOEF/6

IND = NP#*6-NCOEF

JPs = 1

D0 4 J=1,NP

JPF = JPS+¢5

WRITE (7,702) (COEFR(Ky1),K=JPS4JPF)y1yJ
JPS = JPSe6

IF (IND) 5,10,10

NPl = NP+l

JPF = NCOEF

NOP = JPF-JPS+]

GO TO '61,62+63,64,65),N0OP

WRITE (7,711) (CCEFR{K,1),K=JPS,JPF),1,NP]
GO YO 70

WRITE (7,712) (CCEFR{K,1)K=JPS,JPF)yI4NP1
GC 1C 70

WRITE (T7,713) (CCEFR{K,I),K=JPS,JPF}, I:NP1
60 10 710

MRITE (7,71«) (COEFR{X,1),K=JPS,JPF), IsNP1
GC V0 70

WRITE (74715) (COEFR(K,I)4K=JPS4JPF), I,NPI
CONTINUE

60 1T 10

NP = NCCEF/3

INC = NP#3-NCCEF
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JS = 1
DO 6 J=l NP
JPF = JPSe2
HRITE (T,702) (COCFRIKy73COEFTIKoI) KuIPS,IPF), 100
6 JPS = JPSe3
IF (IND) 7,10,10
T NPl = NPel
JPF = NCOEF
NOP = JPF-JPSel
60 10 (T1,72),NCP
Tl MRITE (7,712) (COEFR(K,1),COEFT(Nhe12,KeJPS,JIPF),[,NP]
60 10 80
72 MWRITE (T7,714) (COEFR(K,I)oCOEFLIt&o1)yK=JF (JPF),1.NPL
80 CONVINUE
10 KGCUANT = ]
NP = NTH /6
10D = NP#6~-NTHT
11 JPS = (I-1)ONTHT+1
DO 12 J=1,NP
JFF = JPS+S
BRITE (T7,703) (UIL)L=JPS,JPF I NRTVIKOUNT ), 1,J
12 JPS = JPS+6
IF (IND) 14,15,15
14 NP1 = NP+l
JPF = IS*NIHT
NOP = JPF-JPS+}
GO 1O (81,82,83,34,853,NOP
81 MHRITE (7,721} (ULL) oLz=JIPS JPF )¢ NRTVIKOURT ), [oNP2
GO 10 90
82 WRITE (7,722) (UL) +L=JPSJPF),HRTVIKOUNT ), I NP1
60 T0 90
83 WRITE (T¢723) (UL oL=JIPS»JPF) oWRTVIKOUNT )4 ioNP]
GO0 Y0 90
84 MNWRITE (T7472¢) (UL)sL=JPSJPF)HRTV(KOUNT ), I,NP]
60 10 90
85 MRITE (T4725) (UCL) oLz )7S,  PF ) WRTVIKOUNT ), I,NP1
90 CONTINUE
15 IF (KNGUNT-2) 20,25,50
20 NSTART = (1-1)®NTHT+1
NFIN = ISNTHT
DO 21 TO=NSTARY,NFIN
21 UllD) = v(ID)
KOUNT = KOUNT+1
G0 10 11
25 08 26 1D= NSTART NFIN
26 ULID} = W(ID)
KOUNT = KOQUNT+]
G0 70 11
SO0 CONTINUE
RETURN
701 FORMAY (3F12.6,141)
702 FCRMAT (6E12.5,15,13)
711 FCRMPAT (1EL12.5,165,13)
T12 FORMAT (2E12.5,153,13)
713 FORMAT (3E12.5,141,13)
714 FORVAT (6E12.5,129,13)
715 FCRMAT (S5E12.5,117,13)
703 FCRMAT (6E12.541X,A1,213)
T21 FCORMAT (1E12.5,61X;A1,213)
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(s N aNalgl

122
7123
124
725

10

<07
15

FORMAT (2E12.5,49X,A1,213)

FORMAT (3€E512.5:37X0A1,213)

FORMAT (4E12.5025X0A2,213)

ZORRAT (5€12.5+13X9AL,213)
ND

SUBROUTINE PRTOUT [IGEOMNsXO0oY0yZ0eUaVelylP NKyNTHT)

PRINTS OUT COMPUTED ANSWERS. INFORMAYION INCLUDES !SY CENTERLINE
OATA AND INOUCED VELOCITIES AT LONTROL POINTS

LIMENSION X1(100),21(10G),UJ)(300),61{100},DXDZ1(100)
DIMENSION X2(200),22(100),U32(100),02(100),0XDZ 2(100)
OIMENSION X3(100),23(100),u33(100),53(100),0XD23¢100)
DIMEWSICON X4(100),24¢100),UJ4(100},04(100},DXDZ24¢( i00)
CIMENSION X5(100)425(100),UJ5(100),051100),0XDZ5{ t00)
DIMENSION XBASL{100).YBAS1(100),2BAS1{100)
DIMENSICN XBAS2(100),vBAS2(100),ZBAS2(100)
DIMENSION XBAS3(100),YRAS3(100),2ZBAS3{100)
DIMENSION XBAS41100),YLAS4{100).2ZBAS4(10G)
DIMENSICON XBAS5(100),YBAS5(1001,ZBASS5(100)

COMMON/BLK3 /X1 oZ19UJ1+D1¢OXDI1¢4X2+22:UJ2402,0%XDc2
COMMON/BLK4/X39135UJ39D3,0XDIS¢X%924yUS%yD4yDXDZS
COMMON/BLXS/X5¢259Ud54 65, DXDLS
COMPCN/BLKG6/XBASE,YBAS12ZBAS] 4 XBAS2,VBAS2,IBASZ,YBAS3,YBAS3,IBAS3
COPMON/BLKT/XBAS4eYBAS4, ZBAS4«XBASS, YBAS S5, ZBASS
COMKON/BLK9/MULT o THOLOY» IHOLD2, THOLD3,KOUNT1,KGURT2
COMMON/BLKIO/IONE ¢ TTWO, ITHR, IFOUR, IFIV,N1,N2, NI, N4NS
COKMON/BLKL3/XJ3¢YJI3e2I3¢DJET3VELIIoXJAeYJI4eZJhe DITTheVELIA
COMMON/BLKLG/ XI5 ,Y359205,NJETSVELYS

DIFENSION XO!1),Y0(13+20(10,U0C1)eVil)eWt1),CP(])

WRITE (6,601)

FORMAT (1HG///)

IF (MULT=-2) 14243

KRITE (6.602}

FORMAT (1HO 46X ,27TH®® SIMNGLE JET CENTERL INE ¥¢)

60 10 20

WRITE (6,603)

FORMAY (1HO,43X,33H®¢ CENVERLIHES OF JETS 1 AND 2 %)
GO TG 4

WREITE (6.604)

FORPAT (1HO 42X s35H%® CENTERLINES OF JETS 1,2 AND 3 #4)
IF (MULT=2) 5456

IF (IHOLO1-2) 20677

WRITE (6,605)

FORMAT (1H ,S51X,1THAND COALESCEL JET)

GO0 V10 20

IF (IHOID1-2) '0.5,8

WRITE (6,606;

FORAAT 1M ,37X446HTHE JET RESULTVING FROM COAL ESCEMNCE OF JETS 1,2)
60 10 16

IF (IHOLD2~2) 15,9 9

WRITE (6,607)

FORFAT (1H ¢37X,46HTHE JET RESULTING FROM COALESCENCE OF JETS 2,3)
I (IHCLD3-2) 20,11,11

o memae 3




11
608

16
12
609
20

630

610
611
617
612
30
616
40
41
42
o3
a7

613

48
45
6l4
&4

46
50

51

615

WRITE (&,608)

FORMAT (1H +26X¢TOHTHE JET RESULTING FROM COALESCENCE OF JET 1 AND
1THE JET OESCRIBED ABOVE)

60 10 20

I¥ (IHOLD3-2} 20,1Z,12

WRITE (64609}

FORMAT {1H »26X,TOHTHE JET RESULTING FROM COALESCENCE OF THE ABOVE
10ESCRIBED JEV AKD JET 3)

CONTINUE

WRITE (64630)

FORMAT (1HO 45X 32HS RS 208422 SRR S X RRER AR E LR L E LT ER Y /)

IF {MULT.GE.1) WRITE (64610)

IF (MULT.GE.2) WRITYE (6,611)

IF (MULT.GE.3) MWRITE (64617)

FORMAT (1HO 93X y6HXCOCRD 93X 9 6HYCOORD ¢ 3Xe SHZCOORDy 3X o 2HUJ ¢ 4X9 3HDIA)
FORMAT (1H¢ 142X ,6HXCOCRDy 3X ¢ 6HYCOORDy 3Xy 6HICOORD, 3Xy 2HUJS o 4X9 IHDIA)
FORMAT (1H# ,81X,6HXCCORD¢3Xy6HYCOORD, 3Xy 6HZCOORD, 2X9 2HUJ 44X 3HDIA)
WRITE (6,4612)

FORMAT (1HO)

IF (NULT-2) 30440460

CONTINUE

WRITE (6¢616) (XBASLUI) YBASLE(IDeZBASLUTI)oUJL  ¥)sC1(T )y [=1,N1)
FORMAT (1H o1XoF8e251X9FB84241KeFB8o241XyF5,391¢ . F5.2)

60 10 90

IF (N1-N2) 41,842,642

1Pl = N1

I1P2 = N2

60 T0 43

IPL = N2

IP2 = N}

CONTINUE

D0 47 I=1,1P1

WRITE (6,613) XPBASL(I),VBASL{I},ZBASLI(T),0J1(13,D111),XBAS2(I),

1 YBASZ2(1),28452(1),ud2(1),02(3)

FORMAT (IH ¢lioFB8a2,1XeFBe2yIXiFB8.2¢1%,F5.391XoF5.2¢1%X9FB8e201X,

1 FB8L201XaFBe2:11Xs¥5.301XoF5.20 1XgFB8a 7y 1X9FBu20 IXeFBe291X9F5.301X,
2 FS5.2)

IF (N1-N2) 4%8,50,44

IPP = [Pl+]

DC 45 I=1pPPy1P2

WRITE (6,614) XBAS2(I),YBAS2(1),ZBAS2(1),UJ2((),02(1)

FORMAY (1H 440% 4FB.231XoFBe29IXoFBa2¢1XoF5e391XeF5.291XeFBa241X,y
1 FBe2+lXoFBa2¢iXsF5.341XyF5.2)

6C 10 50

IPP = IPl+}

DO 46 1=1PP,IP2

WRITE (69613) XBASI(1),YBASL{I), 2ZBASEIIY)oUJLLTE)eD2L])

CONTINUE

IF (IHOLD1-2) 90,51,51

CONTINUE

V3 = l./VELJI

P = YJ3

YP = -1J3

WRITE (646151 XJ3,VYPosZPyV3,DJET]

FORMAT (1HO+3X,27THPROPERTIES OF COALESCED JET, 33Xy 2HX= 4592, 5Xy2HY=
1,F8.2¢3X¢2HI=yFB.2e3Xy6HU/UJO=sF5.2,3%Xe5HD/D0=49F5.2)

WRITE (6,610}

WRITE (64616) (XBAS3(I1!.YBAS3I(1),2BAS3(I),UJ2(1),D3(1)y 1=1,N3)
GG 10 96

RF:
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s -

60
6l

63

65

66

64

62

67

69

71

68

12

73

14

15

16
1

18

CONTINUE

IF (N1-N2) 61,72,.62
IF (N1-N3) 63,80,64
IP1 = N}

INDL = 1}

YF {N2-N3) 65,76,66
1P2 = N2

IP3 = N3

IND2 = 2

60 10 70

I1P2 = N3

IP3 = N2

IND2 = 3

60 10 T0

IP1 = N3

IP2 = N}

IP3 = N2

INOL = 3

*ND2=x 1

GO 70 70

IF IN2-N3) 67,76,68
1P = N2

INJL = 2

F IN1-N3) 69,80,71
1p2 = N1

IP3 = N3

IND2 = )

GO 10 10

1P2 = N3

IP3 = N2

IND2 = 3

GO 10 70

IPl = N3

IP2 = N2

1P3 = N1

INDi= 3

IND2= 2

G0 10 70

IND] =~}

IF (N1-N3) 73,74,75
1P1= NI

1P3s N3

IND2 = 3

G0 10 710

IND1 = 0

IPl = N}

GO 10 70

1Pl = N3

IP3 = N}

IND2 = |

60 10 70

InNDl =-2

1F (N1-N2) 77,74,78
IPl = N1

IP3 = N3

IND2 = 3

GO 10 T0

1Pl = N2

1°3 = W)
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IND2 = 1
GO 10 70
80 [INDL =-3
IF (N1=-N2) 8]1,74,R2
81 1Pl = N1
IP3 = N2
IND2 = 2
G0 10 710
82 1Pl = N2
1P3 : N1
INDZ = 1
70 CONTINUE
00 85 Isl.IPl
85 MWRITL (64613) XBASL{IV,YBASLUI)ZBASI(I)UJLIT ) ,DICI)oXBAS2(I),
L YBAS2(1) 4ZBAS2( ) UJ20T)D2(1)eXBASI(T)oYBASI{1)G2ZBASI(I),UJ T},
2 D3t1)
IF (IND1l) 120,150,100
100 IF (IND1-2) 101,102,103
101 IPP = [Ple¢}
DO 111 [=IPP,1P2
111 WRITE (6,614) XBAS2(I),YBAS2(I),ZBAS2(I),U32(1),D2{1),XBAS3(1),
1 YBAS3(I)ZBAS3(I),UJ3(1),D3(I)
IF (IND2-2) 104,104,105
104 IPP = ]P2+¢]
DO 106 I=IPP,IP3
106 WRITE (6+618) XBAS3(I),YBAS3(I),ZBAS3(I)},UJI(R),053(I)
618 FORMAT (LH oT9XoFB8a291XoFB8e25IXoFBe2y1XgFS5391X4F5.2)
60 70 1%0
105 [IPP = (P24}
DO 107 [=1PP,IP3
107 WRITE (6,614) XBAS2(1),YBAS2(]1),2BAS2{I),UJ2(1),D2(1)
60 70 150
102 CONTINUE
IPP = [P1+1
00 110 I=[PP,iP2
110 WRITE (69620) XBASL(I)oYBASL(I)oZBASLIID)oUJL{I)sDL(I)oXBAS3L(I),
1 YBAS3(1),ZBAS3(1),UJ3(1),D3(I)
620 FORMAT (LH J1XoFBe2elXoFBa2¢1XoFB.291X9F543,1%gF5.2040XyFB2,1X,
1 F8.2 .lX.FO.ZolX.FS.Ith.Fi.Z)
IF (IND2-2) 104,104,108
108 IPP = 1P2+1
DO il2 I=IPP,IP3
112 WRITE (646137 XBASLI{)oYBASL{I)eZBASL(T),UJLLT),DL(I}
G0 T0 150
203 CONTINUE
1PP = [Ple]
00 109 I=IPP,1P2
109 HWRITE (64613) XBASL(I),VBASLUE),ZBASLI{I),USL(I),DL{1),XBAS2({I),
1 YBAS2(1),ZBAS2(1),UJ2(1),DL])
IF (IND2-2) 105,108,108
150 CONTINUE
IF (1HOLD1-2) 151,152,152
151 IF (IHOLD2-2) 90,153,153
152 IF (N4) 170,170,154
154 V4 = 1l./VELJS
P = Vvia4
YP o= ~244
LRITE (6:621) XJ4,YP,ZP,Va,0JET4
621 FORMAT (iHO,3X41HJET FCRMED BY COALESCENCE OF JETS 1 AND 2,3X,

¢




153
155

622

158
170
171

120

130
121

122

123

135
124

126
127
140
141
142

143

90

200
64C

201

631
£32

02

1 2Hx=.F9.Z. 3X .2"Y'|F0.203Xp2“l" FBe2y 3x' 6HU,UJ°.' FS5e203X¢ 5"0,003'

2 F5.2)

GO TC 158

IF (N&) 170,170,15%

V& = 1,/VELIS

P = YJ4

YP = =72J4

NRITE (6,622) XJ4oVYPoZIP,V4,DJETS

FORPAT (1HO¢3Xo41HJET FORMED BY COALESCENCE OF JETS 2 AND 3,3X,

1 2HX2gF9.293Xe2HY®oFB8.293Xo2HImyFBo2¢3Xy6HU/UJO=yF50293X9 SHD /D0=,

2 F5.2)

WRITE (6,4610)

HRITE (6¢616) (XBAS4(I)VYBASA(I),ZBASA{I)oUIG{I)e04(1I)s I=i,N4)
CUONTINUE

IF {IHOLD3-2) 90,171,171

V5 = 1./VELJS

i? = ¥J5

Yp = -1J45

WRIVE (64615) XJS.YP42P,V5,DJETS

WRITE {64610)

WRITE (6+6186) (XBASS(T)oVYBASS(I)y2ZBASSII) UJS(I)oD5(T)e I=1,4NS5)
60 10 9n

CONTINUE

IF (IABS(IND1)-2) 130,135,140

IF (IND2-2) 12141214123

IPP = 1P1+1

DO 122 I=IPP,IP3

WRITE (5¢613) XBASL(T)oYBASI(I)¢ZBASLII) UJI(T)eDL(I) XBAS2(I),
L YBAS211),2BAS2(1),U0d2¢1),02(1)

60 10 150

IP2 = [Pl

60 T0 104

IF (IND2-2) 124,126,126

1P2 = 1P1

G0 70 108

I1PP = [Plel

00 127 1=IPP,1P3

WRITE (64614) XBAS2(I),YBAS2{1)yZBASZ(1),UJ2(1),D2(1)¢XBAS3(I),
L YBAS3(1),ZBAS3(1),0J311),D3(1)

G0 710 150

IF (IND2-2) 142,141,142

1P2 = 1Pl

60 T0 105

IPP = IPl+]

DO 143 I=IPP,IP3

WRITE €6,620) XBASL(I),YBASL(1)oZBASL(T)eUJLIT),DI(1),XBAS3(]),
1 YBAS3(I)ZBAS3(1),UJ3(:°,03(1)

60 10 150

CONTINUE

IF (IGEQONM) 200,99,200

WRITE (64640)

FORMAT (1H1)

IF (IGECM-2) 201,202,203

CONTINUF

WRITE (7¢631)

FORMAT (1HO ;44 X 34He#+ [INDUCED VELOCITIES ON WING *5%)

FORMAT (1HO 27X LHX 98X 1HY 985 o LHZ o 12X9 1HUy 14Y.9 L1HV 9 146X, 1HH/)

67 10 205

CONTINUE

97




aoOn

633
205

634

206

214
211

212
213

210
203
635
221
222
636
637

638

99

WRITE (6,633)

FORMAT (1HO,44X,34He** INDUCED VELOCITIES ON BODY ##¢)
CONTiNUE

WRITE (6,630)

WRITE (6,632)

KOUNT = 1

DO 210 I=1,NK

WRITE (69634) XO(1)oYOUT)oZOUI) ULT)oVITE,NIT)

FORMAT (LH ¢21X9oF9.341XsF9.3¢1XeF943,3E15,.5)

IF (I-KOUNTSNTHT) 210,206,210

KOUNT = KOUNT+1

WRITE (6,630)

WRITE (6,640)

IF (I-NK! 214,210,210

CONTINUE

IF (1GEOM-2) 211,212,212

WRITE (6,631)

GG 10 213

WRITE (6,633)

WRITE (6,630)

WRITE (6,632)

CONTINUE

G0 T 99

CONTINUE

WRIYE (64635)

FORMAT (1HO,38X,44He&¢ INDUCED VELOCITIES AT CONTROL POINTS #ex)
IF (IGEOM-3) 221,221,222

WRITE (6,632)

WRITE (6,634) AXO(ID,YOUI),ZOCT),UCT)oVIT)oWII)y T=lyNK)
G0 10 99

WRITE (6,636)

FORMAT (1H ,40X¢39HPRESSURE COEFFICIENTS AT CONTROL POINTS)
WRITE {6,637)

FORMAT (1HO 20X s 1HX8X o LHY 18X ¢ 1HZo 12X 2HCP s 14Xy 1HUy L&Xo LHV, 14X,
1 1HW/) .

WRITE {64638) (XO(T)oYO(I)oZOCT)oCPUI)oUIT)oVIT)yWIT)y I=1,NK)
FORMAT (1H ,14X9F943,1X,F9.3,1X F9.344E15.5)

CONTINUE

RE TURN

END

SUBROUTINE TRANS! (MULT,ALFA,BETA,PSID)

TRANSFORMS INPUT COORDINATES TO PROGRAM COORDINATES (F{XED)
CONVERTS ANGLE OF ATTACK AND SIOESLIP TO FRSTRM DIRECTION COS.

COMMON/BLKB/ALFQ,BETQ,GEVQ,TisF2,F3oFhyF5,VKONST
COMMON/BLK12/7XJL 9VJIL 3201 ¢ CIETLGVELIL9XS2,Y 24232, CIET2,VELJ2
COMRON/BLKLI/XJ3eYJI392J3+0JETIGVELIIo X4y YI 43 LI49 DIET A, VELIS

DIMENSION PSID(1)

A = ALFAS,0174533

B = BETA®*.017453)
ALFQ = CUS(AP*COStB)
BETC = SIN(A)*COS(B)
GETC = SIN(B)

¥Ys = vJi

98




YJl = 241

IJ3l=-YS

PSID(1) = ~PSIOD(L)

IF (MULT=2) S5,4,3
3 YS = Y§4

YJ3 = 243

1J3 a-Y§

PSID(3) = -PSIDI(3)
4 VS = vJ2

YJ2 = 132

1J2 =-¥§

PSID(2) = ~PSID(2)
5 CONTINUE

RETURN

END

SUBROUTINE VELL (MUL.,ALFA,VK1,VK2)

C

C COMPUTES EFFECTIVE VELOCITY RATIO FOR DOWNSTREAM JET AT EXIT

C
COMMON/BLKB/ALFQBETQeGETQsFl4F2,F3,F4,F5,VKONST
COMMON/BLKL2/XJIL oYUl o ZJI1 4 DJET 1, VELJL9XJ29YI29202,DJET2,VELI2
COMBON/BLKL3/XJ3¢YJI392J39DIETIoVELJIIy XJby YU 24y DIET 4y VELIS
COMKON/BLKL16/Y2X19V2Y1,47221,V2X2,V2Y2,V222,V2X3,V2Y3,72L13

C

VELJL = 1./VELJL
IF (MULT-2) 5,1,.1
1 VELJ2 = 1./VELJ2
DOTP = (XJ2-XJL)®ALFQe(YJI2~-YJI1)*BETQ¢+(2J2-2J1)%GETQ
DEN = SQRT((XJ2-XJ.)e#24(YJ2~YJ1)*824(2J2~20]1)%%2)
DOTP = DOTP/DEN
IF (ABS(DCT?)-,02) 10,10,11
10 VK1 = ],
G0 Y0 15
11 CONTINUE
A = ALFA*,0174533
ALF = COS(A)
BET = SIN(A)
GEY = 0.
CALL XPROD (V2X1,V2Y1,V2Z14ALF,BET,GETXT1,YT1,271)
CALL XPROD (XT1oVT1,2T),ALF4BETGET,CFNXoCFNY,CFNZ)
CALL PLANE (CFNX,LFNY G CFNZoXJLoVILeZI15V2X2,V2Y29V2I24XJ2:Y0202J2
1 XIoYIoZl)
S = SQRT ((XJI-XI)##2 +(YJIL-Y)e%2 +(2J1-21)%22)/DJET]
VK1 = (S¢,75)7(S~-1.)
15 CONTINUE
IF (MULT=2) 5,542
2 VELJ3 = 1./VELJ
IF (ABS(DOTP)-,02) 12,1214
12 YK2 = .
GO 10 5
14 CONTINUE
CALL PLANE (CFNXoCFNY CFNZ XJ1loYJI192J1eV2X3,V2Y39V2L3¢XJ3,YI34243,
1 XIL YIs21)
S = SQRY ((XJ1-X1}##2 «(YJIl=-Y]}*%2 +(ZJ1-21)%%2)/0JET]
VK2 = (5+,75)/(S~-1.)
CALL XPROD {V2X24V2Y2,V2229ALF,BET,GET+XT1,YT1,2T1)
CALL XPRCOD (XTl,YV1,2T1,ALF,BET,GET,CFNXsCFNY,CFNZ)

99




CALL PLANE (CFNX CFNY CFN2oXJ320Y32,5252,V2X3,V2Y3,V223,XJ3,YJ392J3,
1 XE.YIo2I)
S = SORY ({XJ2-X1)%%2 ¢{YJ2-Y])%32 +(2J2-11)}%%2)/DJET]
VK2 = (S+.T75)/7(S~1.)%VK2
5 CONTINUE
RETURN
END

SUBROUTINE TRANSZ (V,2,NO)
TRANSFORMS INPUT COORDINATES TO PROGRAM COORDINATES (FIXED)
OIMENSION 7{1),2{1)

(2 N 2 N o N g

00 1 I=1NO

¥5 = Yli?

YiIy = 2t}
1 Itl) = -¥$

RETURN

END

SUBROUTINE TRANS3 (Y,Z,V,W,NO)

TRANSFORMS PROGRAM COORDINATES (FIXED) TO OUTPUT COORDINATES,
JET CEMVERLINE AND CONTROL POINT COORDENATES ARE AFFECTED

(s X eNaKal

DIAENSICON XBAS1(100),YBASL1{100),2ZBAS1(100)
CIMENSION X3AS2(100),YBAS2(1001,2BAS52(100)
DIMENSICON XBAS3(100),YBAS3(100),I8AS3(100)
DIMENSION XBA54(100),YBAS4 (100, ZBAS4(100)
DIMENSICN XBASS(100) ,YBASS5(10C%,2BAS5(100)

COMRMON/BLAS/XBAS19YBASY o ZBASY ¢ XBAS2,YBAS29ZBAS2¢ X03/-S39YBASI 9 ZBASS
COMMON/BLKT/XBASS 9 VBAS 99 ZBAS %9 XBAS 5, YBASS, ZBASS
COMMON/BLKIO/EONE, iTVI, ITHR, YLFOUR, IFIVoN1,N2y,N3,N4yN5

DIMENSION YiL)oZ(L)eVI(L)oN(L)

DO 1 I=1,4NO
¥s = (1)
Y{l) = -2t11)
(1) = v§
Vs = v(I)
V1) = ~N(l)
1 Wil) = ¥§
DO & !=l, Nl
¥YS = YBAS1il}
YBASL(I) = ~ZBASi{l)
2  IOBA3LLI) = ¥S
IF (N2) 3,103
3 00 4 IslN2
YS = YBAS2(lLi
YRAS2{1) = -IRAS2{!)
& ICAS2(1) = V§
10 IF (N3! 35,2045
5 00 6 I=l,eN3
¥S - YBAS3(I)
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[ I 2 N 2 X a)

11
40

10
11
12

14

13
15

YBAS3(I) = -ZBAS3(I)
1BASHI) = YS§

IF (N&) 7430,7

00 8 I=l,N&

VS = YBAS4(I)
YBAS4A(I) = -ZBAS4(])
IBAS4AL]) = YS

IF (N5) 9,40,9

D0 11 Is=1,NS5

¥S = YBASS(I)
YBASS(1) = -ZBASS(I)
IBASS5(3) = Y§
CONTINUE

RETURN

END

SUBROUTENE PLANE (CFNLoCFN2oCFN39X19Y19Z1oCSNLoCSN2,CSN3,XL1,XL2,
XL3.COOR!,C3GR2,COOR3)

COMPUTES INTERSECVION OF A GIVEN PLANE WITH A LINE

DIMENSION CFN{2) 4CSN{3)4XL(3},CO0R(3)

CFN(Ll) = CFNL
CFN(2) = CFN2

CFNi3) = CFN3
CSN(1) = CSN1
CSM(ZY = CSN2
CSN(3] = CSN3
XL{1) = xtl

XL(2) = XL2

XL{(3) = XL3

I =1

In =1

IN =« 1

suBl = 0.

IF (ABS(CSNI(1))-1.0E-04)
IL =0

SUBL = CFNEl)extL(l)
COORIL1} = XL{1)

IF (ABS{CSNi2))-1.0E~-04)
IN = 0

SUBL = SUB1+TFN{2)#XL{2)
COORI2) = XL12)

IF (ABSI(CSN(3}))-1.0E-04)
IN 20

SUB1 = SUBL+CFNI3)*XL(3)
COCR(3) = XL(3)

1ele2

30394

54546

D = CFNUL)*AL LFENTZ2)0Y1+CFN(3)92]

IF {(IL*IMeIN-2) 10,30,50

IF (IL) 1201ie12
IF (IM) la&,13,14
IP = 1

GO 106 15

17 = 2

GO 10 15

ip =3

COOR(IP) = (D-SUBL)/CFN(IP)

101
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P T .

30
£ §

32
33

34
35

Su

[z XaNalaNalal

10
c

20
c20

C400

OO

30
31

GC 10 90

IF (IL) 32,31,32

IPl = 2

1P2 = 3

60 10 35

IF (In) 34,33.34

1?1 = 1

IP2 = 5

GO 1C 35

IP1 = }

1P2 = 2

SLOPE = CSA.{IP1Y/CSNLIP2)

COORIIP2} = (D~-SUBL14CFN{IPL1)SSLOPESXLIIP2)-CFN(IPLI*XLIIPL))Y/
1 (CFRIIPL)*SLOPE+CFNILIP2))
COGRIIPLY = SLOPES{COOR(IP2)=-XLIIP2)VINL(IPL]}
60 0 sC

COEFXL = 1./CSN(1)

COEFY1 = ~1./CSN(2)

DI = XL{))/CSNIYI=-XL(2)/7CSNL2)

COEFX2 = 1./CSNIY)

COEFI2 = ~1./CSNI3)

D2 = XL(L)/CSN(1)=-XL{3)}/CSN(3) .

CALL SOL (CFN(1),CFN(2),CFNI(3?3D¢COEFX)oCOEFY19009D14COEFX24044
1 COEFZ2.02,CO0R(1},CO0R(2),CO0R(3))

CCCR1 = CCOR(1)

COOR2 = COOR(2)

COOR3 = CGOR(3)

RETURN

END

SUBROUTINE ADANS(Ng*TART.FlNAt'N.PRINYoICOUNT.REIB.AUSB.!SKIP.
1 X0y XPyPAR,CDERIV)

SUBROUTINE ADAMS SOLVES A SYSTEM OF oN* FIRST ORDER DIFFERENTIAL
EQUATIONS BY NMEANS OF A FOURTH ORDER ADAMS PREDIC TOR/CORRECTOR
METHOD. THE STARTING SOLUTION IS BY RUNGE-KUTTA METHOD.
AUTCMATIC ERROR CONTROL IS OPTIONAL.

DIMENSION X(50,5),VK{50+4),F(50,5),E(50)}
DIRENSION XP(1),X0(1),PAR(1)

1800L = 0
IF (PRINT) 20,10,20
IF (ICOUNT) 20:31,20

CONTINUE

WRITE (6,400) ID,N

180CL = 1 .
FORMAT (1THOPROBLEM NUMBER T10,5X12HSOLUYION OF
1 13¢5X35HFIRST ORDER DIFFERENTIAL EQUATIONS.)

SETUP INITIAL VALUES

0O 30 I=],N

Xt1,1) = Xx0t1)
CONTINUE

CONTINUE

IF (ICOUNT) 40,435,40
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2 aEalel

35
40

45

50

1111

2222

60

70

80

85
0

3333

100

ICOUNT = 9999

1TERP = O

BOUKND = START+PRINT
T = STERT

IF (ISKEIP) 45,50,45
IA = 2

I = 4

GO Y0 2222

RLTEST = 1A, 2%KRELS
ABTEST = 14.2%ADSB
FACTICE. = RELB/ABSB
8LB = RLYEST/200.0
H = 2.08%H

FUNGE -KUTTA STARTING METHOD

IA =2
IB = 2

00 919 J=IA,1B

CALL DDERIV (ToX(19J=-1)oF(lyJ-1),PAR)
DO 6) 1=1,N

VK{i,1) = HSF(1,J-1)

X(I¢d) = X(I9J=1)e.58VK(I,1)

CONTINUE

TTESP = Te.5¢H

CAL! DDERIV (TTEMPoX(1,J31,F(1eJ)yPAR)
D0 70 1=]1,N

VK(i{s2) = HESF([,J)

X(I4J) = X(I9J-1)e,.58VK(],2)

CON TINUE

CAI L DDERIV (TTEMPoX(1+J)sF(}5J)yPAR)
00 80 I=1,N

VK. [,3} = HeF{],d)

X{igd) = X{I9Jd=1)¢¥KI(1,3)

CONTINUE

T = TeH

Crit DDE2IV (TS (LoS)eFll,J)yPAR}

D 85 I=1,.%

Vi {Teh) = HIF(!,J]

Xilgdl = X{1gJ=1V4.1566666T8(VKI{I,1)82,0%iVK{I,2}4
1 YK(E¢3))aVK(Iu6i)

CIKTINYE

CONTINUE

IF (18-2) 150,3333.150
€0 100 1=1,N

rPLIY = X(142)
CONTINUE

AP{1)=DCUBLE INTERVAL RESULT TO BE USED IN ERRDR
ANALYSIES

T = 7-H
H = J5¢H

i03
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120
€120
C4l0

125

130
&73

147

150

VOO O

160
44644
170
175
180
185

187
188

199

195

(2 X 2 N ol

200

210

220

9999
€9999
Ca30

™

-

230
240
250

IF (1800L) 120,125,120

CONTINUE

NRITE (64410) H

FORRAT (34HOIN THE FOLLOWING CALCULATIONS M =E14.8)

IF (H#-.0000001) 130,130,140

HRITE {6,420)

FORMAT C1HO,10(1H®),///7

1 ASHOEQUATIONS CAN NOT CE SOLVED FURTHER WITHIN GIVEN
¢ 14H EARCR BOUNDS.)

RETURN

i = 3
G0 Y0 2222

1> (18-3) 2000160,200
IS ACCURALY CRITERION MET

J =3

00 190 I=1,N

E(I)=ABSIXPII) -X$1,J})
IFLELT)-ABSEXUI o J  SRLVESTI)ILTO0,175,.175
ESI)=EL(I)/AB5' ' X{1,0)}

&G 16 190

IF (E(1)-ABTESY) 180,185,185

E(E) = E(T)IFACTOR

60 10 190

T =T-H

1F (J-%) 3333,187,3332
00 188 K=l,N

X{Kel) = X(Kob}

60 Y0 1111

CONTINUE

IF 1J-51195,6666,195
1A = 4

18 = 4

60 10 2222

SHOULD ANY OF THE STARTING VALUES B8€ PRINTED 0OUY

1 s T=3,0%H

00 250 J=2,%

T = TeH

ITEMP = ITENPe}

IF (PRINT) 210,230,210

{F {T-BOUND) 230,220,220

BOUND = BCUND+PRINT

CONTVINUE

WRITE 16,430) T,o(14X(1,J),1=1,N)
FORMAT (4HOT =El4.8/ 5( 2H Xo12,1H=1PE12.5))
ITEMP = 0

IF {ITEMP-ICOURT) 240,9999,240
IF {(T-(FINAL-H/10.0)) 250,999,999
CONTINUE

BEGIK ADANMS METHOOD
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5555 CALL DDERIV (T X{1.,46).F(l.,6).PAR}
00 260 I=1,M
EP(3) = X{14’¢.00166655T7810(55,.COF(1,42-59.0%F(].3)
1 €37.00F(1.2)-9.09F(1,13)
260 CONTINUE
C
¥ = ToH
CALL DDERIV (T, XP(1),F(1,5),PAr)
DC 270 I=l.N
XiI %) = X{146)¢.06166666ToHS(9.08F(1,5)019.0%F(],4)~
1 S.00F{1,3)¢F11,2))
270 CONTINUE
o
IF (ISKIP) 6646,280,6666
2800 J =5

60 IC 4464
c

-

€666 1F (YT-(FINAL-H/10.0)) 295,290,290
290 J =5
GO0 10 999
<
295 DO 360 I=1,N
X(1+6) = X([,5)
DO 300 J=2,5
Filled-1) = Fll,J)
300 CONTINUE

ITENP = JTENP+l

TEST WHETHER COMPUTED VALUES SHOULD BE PPINTED

oMt O

IF (PRINT) 310,330,310
310 IF {T-(B0OUND-H/10.01)330,320,320
320 BOUND = BCUNDePRINY

T J = 4
c UREITE {6,4930) To(IeX(feJ)sI=1sN)
1TEMP = O
c

330 1F (ITEMP-ICOUNT) 340,7777,340
340 1F LISKIP) 5555,350,5555

TEST WHETHER INTERVAL CAN BE DOUSBLED

anem

350 DO 355 I=1,N

IF (E(1)-BLB) 355,355,5555
355 CONTINUE

IF (PRINT) 358,380,358
358 D1 = PRINT/(2.08H)
DIT=ABS(FLOAT(IFIX(D1))}-D1}
3 IF (Dl1-.1) 362,362,360
360 IF (D11-.9) 5555,362+362
362 D2 = (BCUND-T)/{2.08H)
D2I=ABS(FLOAT(IFIXI(DZ)}~-02)
IF (D21-.1) 380,380,365
365 IF (D21-.9) 5555,380,380
380 00N 382 I=l,N
X€1,1) = X(]44)
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co99
C440

3835

(BN o N o Na NN o)

[ I o N o Mg B

CORTINUVE
H = 4.0
&0 10 1111

CORTINUE

WRITE (6,440)

FORPAT (20HOFINAL T AND XP(icee)
0C 385 Isl,N

XPEI) = Xtl,J)

CONTINE

Finag = ¢

BRITE (66430) To(VoX(loJioi=leN)
RETURN

EnD

SUBPCUTINE CFCAL(ALFQ,BETG,CETQ,PHI,PSTILCF)

COFPUTES DIRECTICN COSINES FOK THE LOCAL COORDINATE SYSTEP, X IN
DIRECTION OF FREESTREAM,Y NORMAL TO FREESTREAR AND INITIAL JEY
DIRECTION, Z IS XCROSSY

DISENSICN CF(3,3)

CXJ = SINIPHII3I{CS(PSI)

CvJ = CG3iPHI)

CIJ4 = SIN(PHI)SSINIPST)

CFi{lel) = ALFQ

CF(1,2) = B-TC

CFile3) = 2171

CALL XPROD (CX.:oCYJoCZJoCFUle2)eCF(142)oCF(143),CFI2,13,CF(2,2),
1 CF(2+30)

CALL FPROD (CFU1,10,CF{1e2)oCF(1+3),CF(2410,CF(242),CF(2,3)s
1 CFU3,11,CF(3,2,6CFi3,30)

RETURN

END

SUBROUTINE ROTATE (A,B,CeCFeS,ToU,L)

L=0 ROTATES A,B,C INTC SoT,U, (FIXED COORDINATES TO ROTATED)
L=1 ROTATES SoT,U INTGC A,B,C, (ROTATED COORDINATES TO FIXEOD)

DIMENSION CF(3,3),0(3),VI(3)

IF (L) lels2
pll1) =
0i2) =
Di3) =
GO iC 3
0D(lyr = S

(2 = 1

0D(3) = U
CONTINUE

DG 4 1=1,3
vil) = Q.

D0 5 1=1,3

D0 5 J=1,3

IF (L) 9,%,10

o>




" O e

n

n
c6C 1IC 5
Ns
N s
VII) = V(1) eDIJ)CFiM,N)
5F (L) 646,7

S = V(1)

T = ¥12)

U= v3)

6C 1C 8

A = vil}

8 = v(2})

£ = ¥3)

CONTINE

RETLRY

£ng

SUBRCUTINE XPROD (ALF!,BET1,GETY,ALF2,BET2,GET2,ALF3,BET3,GEV3)
COFPUTES _ROSS PRODUCT OF THWO VECTORS,RETUANS A UNLT VECTOR

ALF3 = ErTISGET2-BET296ET]

BET3 = ALF29GETI-ALF1%GET2

GET3 = ALFLUBET2-ALF2¢BET]

DENCR = SCRT(ALFISALFISBET 3¢BET3¢6GETICCETI)
AcF3 = ALF3/DENCK

BET3 = BETI/0ENCK

GET3 = GET3/DInCH

RETURN

END

SUBROUTINE SOL (A)1,A12,A13,AK1.A21,A22,A23,AK2,A31,A32,A33,AK3,
1L X1,X2,X3)

SOLVES A SET OF THREE EQUATIDNS BY METHOD OF DETEWNMINANTS

DELTA = Al1®(A228%A33-A238A32)+¢A21¢1A328A13-A128%A33)
1 +A318(A128A23-0]138A22)

X1 = (AKLIS'A22%A33-4A238432)+AK2%(A32%A13-A12%A33)
1 +AKIS(A120A23-A139422))/DELTA

X2 = (A1L1S{AK2%A33-4238AR3)¢A218{AK34AL3-AK]1*A33)

i +A31¢(AK19AZ  ~AL13%AK2))/DELTA

X3 = (ALLS(AZ2%AKI-AK23A32}+A216(AJ28AK]1-A12%AK3)

1 +A31S{AL2%AK2-AK]#AR2) ) /DELTA

RETURN

END
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| XY

12
15

25
3C

35

4C
45

e
€95

v

5

uC
85
S0

PRCGRAN PAFFMIINPUT ,CUTPUT TAPES= INPUT, TAPES=JUTPLT)

CIPERSICN ACGY{20) (X (100),Y (1007 XCORI20),YCOR(20 1,DALPHAL20),
1B(55)4C 15 +50) ;ALPHA{1G0)S(100)BETAL20), EXPINI2C),DMEGALLGO),
2RE1COY 4CPIBAAILIL),SALLIT1),EPSLILY),RALLLD,A(50,50),:(500, VELI1CO),
IPi LULCOILUPFNMY(20,2)

CUPVCn APT,XSYF ,NTERK ,KORN,NCOR,RC, DALPHA, PHI, DURNY ,ALPHA, S

RFAG i5:5) NPT KCRNATERN ,NSYP
FIRFAT(201IDY

IF (SCF{5)) 500,»

RLAC (S:1C) (X11),I=1.X%FT)
REATD (S.157 (Y(R},0=),n27)
rCRPAT{BF9,.5)

RFAT (5,1C) DX

GL 12 1=1,NPY

X(I11=X{1}+DX

iF {ANSYF)CG415,20
XiANPTel)=Xi{%PT1-1}
YIAPT+]1)=-YINDT-1}

6. iIC 25

X{APT+1)=xt2)

Y(APT+i)}=Y(2)

If (XCQA) 500.:55,39

REAS (5,5) (NCOR(I),1=1,K0ORN)
€ 35 T=],%XCRA

RTAC (5,12) XCOR{IIYCOR(I),CALPHALL)
Di 46 1=1.,KCR\
XCCRIT)=XCCR{1V+CX

KCR1=KCIN

B 30 [=1,KORL
EXPIN(INI=-DALPHA(I)/(3.141593+DALPHAL(]))}
IF {nSYP) 500,40,50

I (YCCREI)) 45,5045
K{RA=KORN¢]

NLCRI{KORNI=D
YCGAUKORN)=~YCCR(])

X CR{KCRNI=XLORI(T)

EXPONIKCRA) SEXPONT)

CrATINUF

ALPHLIL)=1,5TCT96

AC=1

Kii={

IF INSYVM) S500,65,60

READ (5,1.) ALPHAL(L)

1F (KOrAN) 5C0,9G,70

I+ INCCRI1)-1) BD,75,80
ALPHALL)Y=ALPHA(1)+DALPHALLY/2.
RETA(1)=A1PHAL(])

NC=2

Kiz=}

IF (NG - CrN) 68C430,935

Df 35 7 =N, KCRN

RETALT) =CATANCINCNALTI-Y (L)) (XCOR{EI~X{L1:D))-3.141593
S(l):\‘..

Tl

C"CI,A'Z) ,A'A’\('(]"X‘i)’
R{1Y=5,0T V{1 )s82eX(])63))




NCCL=RTERPE*(NSYF+])
DOC 495 U=]1,NCDL
8{r1)=0.
0C S5 J=1,NCOL
95 Cll,J)=0.
EPSL(11)=ALPHA(]1)-OMEGAIL)-1.570796
IF (KCRM} 500,110,100
IC2 DOC 105 I=1,KORN
105 EPSLIILI=EPSLILL)¢EXPON(IIS(RETA()-ONEGA(]))
11T DC 230 I=?7,NPT
1i=1-1
KA=K8
Ké=C
EPS1(1Y=EPS1(1))
OPEGAALL) =GREGAL T}
RA(1!=R(I1)}
SA[1)=0,
1d=1-12
SA=SIN(ALPHALILI)
CS=CCSIALPHA(I]))
LI=(X(I)-XCILD)SCSHIY(I)~-Y(il)IsSN
Ci2=L1¢92
Cil=Cl2sui
VEi=AY(I)-YUTi D DeCS—(X{I)-X{I1))8SN
17 {1J-1) 500,115,120
115 U2=(XUI+1)-X{LL) )L (Y {I¢Lls=-Y{T1)}ioSN
VZ=IYLI41)-Y(I))I8CS—(X{I41}->(1I1))8SN
G 1C 125
122 L2=(x(I1-1)-X(11))sCS+(V{I1-1)-v{T11))¢SN
Ve=(Ylll-1)-Y{I1) I 8CS~(Xiil-1)-X(11))ssSN
125 C72=02%%2
C21=C22%U2
DrN=C11%£22-C12%C21
AA=(Vv1%(22-v2%C12)/DEN
8=(V2*C11-V13C21)/DEN

-
o

DL=Li/1¢C.
C3=Co
Xei=x(11)
Y=y ([1l)
DC 175 J=2,11
€C2=C3
U=L+LU
XAz X8
YA=YH
V={AASU+BR) SUS*2
XE=X{I1)+L®CS-VsSil
Yi=y{11)eUSSNeVE(S
RA(J)=SCRI{~"8%+24vB%82]}
TH={YB#XA~XBIYA) " {KASXF+Y AsYR)
OFPEGAAL ) =CVEGAA(J-114AT2NITH)
Ci=(3.%ANA®U+2, *88, s
DALP=ATANI(C3)
S 0d)Y=ALPHAL T )+DALP-OMEGAA(JI~-1.5T07596
SAlJY=SA(J-1)+DUSSOR™ {1 . 4.25¢(C2+(3)%%2)
[ (KCRNY 570,175,130

13 I# (J-11) 155,135,500

35 (F (1J-1) 500,159,140
14 Gr 150 k=] ,KLRA
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145

152
155

157

1¢C
1e2

14>

170
175

18
181
182
185
190
195
206
201
202

2C3
205

IF {I-NCCR(K)) 150,145,172

KB=K

GC 1€ 155

CCNTINUE

O 170 K=1,KORN

iF (K-KA) 1600157,260

BETAIK) =ALPHAIIL)+ATANIV/V)

6C 1G 170

IF (K-KB) 165,162,165

BFTALK; =ALPHA(I1)+DAL?-3.141593
GC (C 170
ANUP=(YB-YADS{XA-XCOR(K) )~ (XB-XA)*(YA-CORIK))
OEN={ XB—~XCOR(K) )} #(XA-XCORIX) )+ (VB-YCOR{K ' )*(YA-YCOR(K]})
BETA(K)=BFTA(K)+ATAN{ANUM/DEN)
EPS1(JI=EPS1(J)+EXPONIK)*(BETA(K)-OREGAA(J))
CCNT/NUE

R(II=RA(11)

GMEGA( I ) =OMEGAALL])
SII)=S(I1)+SA(1]1)
ALPHA(] i =ALPHA{I1)+DALP

IF (1J-1) 500,185,189

IF (MSYM) 182,182,181

IF (I-NPT) 182,185,500
BETA(KB)=ALPHA(1)+DALPHA(KB)
ALPHA(T )=BETA(KB)

12=]

[F (KCRN) 500,205,190

DC 200 K=1,KORN

IF (I1+1~-NCOR{K)) 200,195,200
P2=1-1

GC TC 205

CCNTINUE

IF INSYNM) 205,205,201

IF (1+41-NPT) 205,202,205

IF (NCOR{1)-1) 205,203,205
12-1-1

CONTINUE

DC 230 J=z,11 :
DS=SA(J)-SA(J-1)

RKkl=1.

R¥2=1.

D 230 K=1,NTERM

AK=K

OPK1=AKSOMEGAA(J-1)
OVMKZ.=AKSCMEGAA(J)
RY1=RK1$RA{ J-1)

RX2=RK2#RA( J)
SKR1=SIN(CMK]}/RK]
SKR2=SIN(CKK2)/RK2
BIK)=B(K)4,5%(EPSL(J)FSKR2+EPSL1(J-1)%SKR1)*DS
RL1=RK1

RL2=RK2

DC 210 L=K,MNTERM

AtalL
SLRI=SINIALSQMEGAA(J-1))/RLI
SIR2=SIN(AL#CFEGAA(J))/RL2
RLLI=RLLISRA(J-1)

RLZ2=RL27%RALJ)

CUK L) =ClF, L)+ 5S®{SKR2*SLR2+SKRLI*SLR1)*DS
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215

224
225
239

235

240

245
256G

255

260

265
270

215

282

IF (NSYV) 500,230,21%
K1=ATERF4K
CKR1=CLSHS{CMKL)/RK]
CKR2=CCS{CHMK2) /RX2
BIK1)=B(K]1)-.95C(EPSL(J)* KRz:EPSLIJ-1)¢(KEL1)*DS
RLl=1.

RLZ=1.

DC 225 L=1,NTERV

AL=L

LI=NTERVL

RLI=RLI*RA(J-1)
R1Z=RL2*RA( J)
CLRI=COS(ALSCMEGAA(J-1))}/RLL
CiRZ2=COS(AL*CVMEGAA(JII/RL2Z
CVr L) =CUKyL1} =S¢ {SKR2%XCLR2+SKR1*CLR]1 )0,
IF (L-K) 225,220,220
CUX1e1)=CUKI L1} 4+ .S*(CKR2ZECLR2+CERI*CLR])*DS
CONBINUE

Cra(INUE

Or 235 [=2,NCCL

I1=1-1

DC 235 J=1,I11

ClI,Jd)=ClJ,l}

CALL MATINVIC,KRITL,A)

DC 240 I=14NCCL

Di{l)=0.

DC 240 J=1,NCOL
DUI)=D(IV+AlI,J)*B(S)

KAa=Z

PHI(1)=0.

P"‘lA=Oo

IF (KGRN) 50042554285

IF (NCOR{1)-1) 255,250,255
veL(1Y=C.

VF L2=0.

KA=1

Kb=1

Gr 1C 282

VFLZ2=1./R{1)

If (KORN) 500,270,260
DEN=X(1) #4247 (]1) #%2

OC 265 1=1,KORN
AVP=((1.-(XCOR(I}*X(L)+YCOR(I)®Y(1))/DEN)* %2+

1 ((XCOR(IIOY(L)-YCOR(II*X(L))/CEN)*&2 )e%(EXPON(I)/2.)

VHL2=VEL2*ANP

EXPI\:‘Q.

RJ=l.

DC 280 J=1,NTERM

AJ=)

RJ=RJ*R(1)
EXPA=EXPN+D(J)#CCS(AJ*OMEGA(L))/R
1f (NSYNM) 500,280,215

JI=ATERM+ )
EXON=EZPN4DI) | *SIN(AJRCMEGA( L)) /Ry
TONTINLE

Ve L =VFL2%..F 1 XPN)

VEL Y=l

[2=1

DI 4 ) {=, " T
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I1=§-1
Td=1-12
SN=SINCALPHA(IL))
CS=C0S AL PHA(IL))
UL=(R11)=X(11) J#CS+(Y{T)-Y(I1})eSN
Cl2=L1%»2
Cl1=Cl2%y;
Vi={Y(I)=-Y{I1))*CS~{X{I)=~=X(11))*SN
1F (1J-1) 500,285,290
285 U2=(X(I+1)~-X(I1))*CSe(Y(I41)-Y{[1))%SN
V2={Y(I4L)~Y(IL) )eCS—(X(I+1)-X{I1))&SN
G TC 295
293 U2=(X{I1~-1)-XEU1))*CS+{Y(I1-1)-Y{IL))I%SN
V2=(Y{T1-1)-Y (1)) *CS~-{X(I1-1)~X{11))*SN
285 (72=L2#*%2
Czl=C22*L2
DFN=C11%C22~-Cl2#%C2]
AA=(V1%(C22-V2%(12)/DEN
BR=(Vv2«C11-V1*C21)/DEN
U=CQ
Ci=Ce
DL=L1/10.
DC 367 J=2,11
C2=C3
U=L+DU
Ci=(3.*%AASU+2.%0B) %V
V=(AASU+3E) sU*%2
DS=DUSSCRT(].4+.25%(C24.3)%%2)
AP =X(11)+U*CS-V*SN
YE=Y([1)+U*SNeVECS
VELI=VEL2
VFL2=1e /SCRTIXB*%24YB%%2)
If (KCRN) 500,335,300
300 IF (J-11) 325,305,500
305 If (1J-1) 500,325,310
316 DO 320 K=1,K0ORN
IF ("=-NCCR(K)) 323,315,320
315 KA=~-]
K4=K
GC 1G 350
320 CCOCNTINUE
IF (NSYV) 325,325,321

221 IF (1-NPT) 325,322,325
322 If {NCOR{1)-1) 325,323,325
32 Ka=-]

FUES

GC i 350

325 DIN=XR#24YRE%2
D0, 350 V-1 4KORN
AFMP=z({1l. (YCCR(K)I*XB+YCOR(KI*®YB}/CEN)**2+
1 {((XCCRUIK)*YP-YCCRIK)*XB)/CENI**2 ) %% (EXPON(K ) /241
330 VILZ2=VFL2%ANP
335 EXPAN=0.
RK=1,
RU=SCRT{XPx#24+YR%%?2)
AMEG=CATAN(YD.XB)
U, 445 K=]1 NTERV
Ak=K
RK=RK*RL




€

3490
34%
35¢
355

360

365
367

373
375
38¢C
381
382

383
400

402

405

410,
41y

EXPN=EXN+D(K)*CCS {AK*OMEG)/RK
IF {NSYVM) 500,345,340

K1=NTERM+K
EXPN=EXPN+D (K1) *SIN{AK*0OME"~)/RK
CrANTINUE

VEL2=VEL2*EXP(EXPN)

IF (KA) 355,365,360
PHIA=PHTIA+VELL®DS/ (L +EXPONI~ 5y )

KA=]

GC 16 367
PHIA=PHTIA+VEL2*LS5/ (1. +EXPONIKB))
Ka=(

GC 10 367
PHIA=PHIA+.5%(VEL2+VELL1)*DS
CCNTINUFE

PHI(1)=PHIA

VEL(I)=VELZ

17=1

{F {KCRN) 500,400,370

D 380 K=1,KORN

IF {(I1+1-NCOR{K)) 380,375,380
[2=1~-1

GO TC 4CO

CCNTINUE

I[F ANSYM) 400,400,381

IF (1+1~NPT) 400,382,400

IF (NCOR(1)~-1) 400,383,400
17=1-1

CONTINUE

AF=NSYM#]

PHIF=PHI(NPT),/ (180.%AF)
WRITE (6,402)
FHRMAT(43H1ICONPUTATIONS FOR S AND ALPHA VERSUS THETA.)
WRITE (69205)

FCRMAT(BHC Xol2X1IHY g 12X1IHRy 12X 1HS, 1210V LOXSHALPHA, BXS5SHOMFGA,
1 BXSHTHETA/1H )

DU 410 [=1,NPT
PHI(I)=PHI(]1)/PHIF

ALPHA(TL )=57.29578%ALPHA(T)
UMEGALT)=5T.295T8%0MEGA(])
ARTTE (64415) X{IY,YCI)oR{IY4SOT) 4 VELUT ) ALPHA(T ) ,OMEGA( I),PHI(T)
FCRMAT(LIH ,9EL13.5)

CALL MAPPL

CaLL MAPPY

Gl iC 1

sice

ENC

SUBRCUTINF MAPPR]

DIFENSICN ALPHA(LOO) yTHETA{L100)4S{100)¢NCORI2I),A(2042)2Cl2042}0
LOALPHAL20) o SNNTL19) 4 SNN2(19) 3 CSNLIL19),CSN2(19),TH(22),0120,2)

COMMON NPT NSYM o NTERMyKURNyNCCRYRCy DALPHA, THET A, Ay ALPHA, S
DG 15 [=1.NPI

THETA{I)=,01T745329%THETAL(T)
ALPHALL) =.01T7453292ALPHA( L)
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IF INSYVM) 50020425
2¢C THL TAINPT+1)=6.283185-THETALINPT-1)
L PHAINPT41)=9.42647T8-ALPHAINPT-]}
SINPT#1)=2.8S{NPT)=-S{NPT~1)
6LC IC 40
25 THETAINPY>1)264283185¢THETA(2)
IF (NCCR(1)-1) 30,35,30
30 ALPHAINPT+1)=6.283185+ALPHA(2)
GC 1C 38
35 ALPHAINPT+1)=6.283185+ALPHA(2)-CAL PHALL }
39 SINPT+]1)=S{NPT)+S5{2)
40 NTERMLI=NTERM-1
CS2=COS(ALPHALL)~-THETA{L1):
SAN2=SIN(ALPHA(1)-THETA(]1)}
DC 45 I=]1,NTERM]
Al=]
ANG=ALPHA{L )+ AT *THETAL(L)
CSN2 (T ) =COSLANG)
45 SRA2 {1 V=SIN{ANG)
DC 50 U=1NTER¥
D 5C Jd=1.2
5C All-2i=0.
1¥=(
1A=(
IF (KCRN) 500,80,5°
5 IF (NCCRI1)-1) BO,8(,480
69 I1r=1
EXP1=23,141593/(3,151533+DALPHA(L))
$7=S5(1}
THO=THETA(1l)
ALl=0S(2)-S(1)=*EXP]
Al2=(St2)-S(1))*%2
Bl=THETA(2)-THETA(L)
IF INSYVM) 500,465,770
65 A21=z={S11)+S{2))**EXP]
A22=(St1)+S5(2))%*2
872=-THETA(2)-THETA(]1)
G0 1C 15
70 AZ1==(S{L)+S(NPT)-S(NPT-1))%%EXxPl
A22=(SUL1)¢SINPT)-SINPT-1) ) %%2
B2=~THETA(L )~ iHE YL ANPT )+ THETA(NPT-1)
75 DEN=zALLI%A22-A) #2101
Cl=(A22%p.-A12%*B2)/DEN
C2=(Al1#82-A21%8]1)/CEN
d0 DN 203 1=z24NPT
IF {17) 5C0,90,85
85 [ 1=C
GC TC 120
30 IF (KGR} 5004110:95
95 DL 165 J=1,KGRN
IF (NORGGI-T) 105,100,105

160 I¥=i
EXP1=3.141593/713.141593+DALPHA(J))
GC 1C 115

109 CNANTINUC

1i0 EXPl=1l.

115 ALl=(SCI+1}-SC]))exENPi
Arz=(S(1+2)-St1))%%2
Bl=THETA{1¢1)}-THETAI])
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A21=-(S{I)-S{I-1))e¢EXP]
A22=(S{I)-S{I-1) %2
B2=THETA{I-1)-THETA(I)
Se=S(1)

THO=THETAI(L)
DIN=A11#A22-A12%A21
Cl=(:22%B1-A12%B2)/0€EN
C2=(A11»82-A21*81)/DEN

o ARSI RR A R e asa Senhd

ECRCT N W

12¢  1AB=(
IF {1A) S5G0,1306+i2%
125 [a=C :
[ABR=1 N
GO 1C 160 v
135 IF (KCRN) 500,150,135 ;
13> D7 149 J=1,KCRN é

IF INCOR{J)~I~1) 1454140,145 :
140 [a=] R
AL2=ALPHALT #1)=NALPHALJ) i
GC 1C 155 v
145 COGNTINUE
150 AL2=ALPHA(]+])
155 S1=StI)
ALC=ALPHALL)
All=S(T¢1)-5(T)
Al12=A1]1#22
BLl=AL2-ALPHA(I)
A21=S(1-1)=-5(1)
A22=A2]1 %%
B2=ALPHA(i-1)-ALPHA(I}
DEN=ALL#A22-A12#%821
C3=(AZ2481-A12%*B2) /DEN
C4=(AL1#B2-A21%B1)/DEN
160 AL2=ALPHA(I-1)
TH2=THETA(I-1)
SA=S(I-1)
DS={S(1)-S(I-1))/10.
DL 165 J=2,11
TH1=TH2
SA=SA+DS
TH2=THO#SIGN(C1 4SA=5 1 #ABS{SA~SO)®*EXPL4C2%(SA~S0 %%
AL2=ALO+C3I#* (SA-SL)+Cot(SA~S1)#%2
SN1=SN2
CS1=CS2
ANG=AL2-TH2
SNZ=SIN(ANG)
€52=CNS(ANG)
Allyi)=Al1,1)+(SN2+SN1)*DS/2.
Al1,2)=A(1,2)+4(CS2+CS1)*DS/2.
Kl=1
Df, 165 K=1,NTLRM]
Kl=Kl+l
nkK=K
ALG=AL2+4AKXTH?
SNAL(K) =SAN2(K)
CSALIK) =CSN2(K)
SNA2 (K} =SIN(ANG;
CSN2(K)=CCS{ANG)
AUKL L} =A{KL,1)4(SNN2IK)+SNN1(K))*D5/2,
165 A(KL1,2)=A(KL1,2)-1CSN2(K)+CSNL1(K}j)I*CS/ 2.
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IF (IAB) 500,180,170
17C  ANG=ALPHA(T+1)-THETA(I+]1)
C52=CaS(ANG)
SN2=SINLAMG)
DL 175 K=1,NTERH]
AK=K
AMG=ALPHA(T+]1 )¢ AKSTHETA[T4+)
CSN2 (K]} =COS (ANG)
175 SKN2(K)=SI1%{ANG)
180 CCNIINUE
20 COCNTENUE
IF (NSYNM) 500,215,225
215 RC=A(1,1)/3.141593
Allsl)=C.
All,2)=0.
PIR(=3.141593%RC
DG 220 1=2¢NTERM
A{1,1)=A0{,1)/PIRC
220 A(1,21=0.
GC TG 235
225 DRIi=A(1,1)/6.2831H5
All,1)=0.
Al(l,2)=0. '
PIRC=6.283185*RC
DD 230 1=2,NTERN ,
D0 230 J=1,2
23) A(I . Jd)=A(1,J)/PIRC
235 DO 240 I=1,NTERWM
0C 240 J=1,2
D(1,J)=0.
240 ClI*l,d)=¢, .
Ctl,1)=1. )
Ctl,2)=Ce.
IF (KCRN) 50042854245 '
245 OC 280 I=1,KCRN
IF (NCOR(1)) 500,280,250
25C  NSYr1=1
If (NSYVM) 50042554270
255 1F (NCOR{I)-1) 500,270,260
260 IT (NCORUIV-NPT) 265,270,500
265 NSYMLI=2
270 TA=NCOR(I)
ANG=THETA{]A}
SN==SIN{ANG)
CS=CCSTANG)
DC 2715 J=14NSYNM]
Sh=-SN
EXPI=DALPHA(I}/3.141593
CCEFR=]1.
CCEFI=0,
DC 172 K=l 4NTEPM
DC 112 t=1,2
172 CUK41l,L)=0(K,L)
D7 215 K=1,NTERV
Ak =K
CCEF1=C(EFR
CCEFR=~EXPIS(COLFI*(S~CGEFI*®SN)/AK
CLEFI=-FAPI*(COEFI*CS+COEF1*SN)/AK
EXPlocXPl~-1.
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N1=ATERpe1
NA=A1~K
DC 275 A=K NTEXM
Nl=Nl-] -
DIN1,1)=0DINL1,1)¢CINA,L1)SCOEFR-CINA,2)*COEFI
DIN1o2)=D{0i1 2)¢CINALL}SCOEFI+CINA,2) CCEFR
279 NAzAA-1
283 CCANTINLE
285 A(l,1)=-Dil.1)
All1,2)=-D(1,2)
DC 290 I=2,NTERNM
All,1)=A11,1)-0{l,])
All2)=A(1.2)-D(1,2)
D 290 J=2,1
Jiz{-Jd¢l
Al 1)=A0L,41)-N(J-1,1)%A1J]l,1)4D(J~1,2)%A0J]1,2)
290 Al 42)=A(142)-D(J~1,101%A0J1,2)-D0J~1,2)%A(J]1, 1)
WRITE (6,295}
295 FrRPAT(42HLSECTICN MAPPING BY NUMERICAL INTEGRATION./49HO
1 X Y THETA?
RFAD (54305) X,Y,THQ,THF,DTH
309 FLRPMAT(S5F6.2)
DTH=,01745329¢DTH
THC=401745329%THO
THF=,01 745329%THF
NSEG=1
THINSEG)=THO
If (KCRN)} S00,335,310
3., DC 330 I=1,KORN
IF (NCOR(I)) 500,330,315
315 1A=ACOR(I)
I+ (THETA(iA}-THO! 330,500,322
32C IF (THF-THETA{lA)}) 335,500,325
325 NSEG=NSEG+1
ThNSEG)=THETA{TIA)
3390 CCNIINUE
IF (NSYVM) 5003314335
331 Nr 337 1=21,KORN
IF (NCOR(TI)~-1) 337,337,332
332 If (NCOR(I)~NPT) 233,337,500
333 IA=NCORIT)
THT=6.283185-THETA(]A)
IF (THT-THO) 327,500,334
134 1F (THF-THT) 335,500,336
236 NSEG=NSEG+]
THENSEG) =THT
331 CONYINUE
239  TH{NSEG+1)~THF
TH2=THO
DEL = (0.
IF (NSEG-1) 500,350,340
347 DC 345 1=1,N5SEG
DELI={TH(I+1)-TH(1))}/3.
345 DFL=AMIN1(DEL,DELY)
DEL=ANINLI(DELy40342066)
357 Df 385 I=]14NSFG
NPSEG={ THII+1)-THII))/CTH
NPSEG=NPSEG+]
P<EG=NPSEG




355
360
365
370

3is
380

385
399
500

15

20
25

30

35

Af=C.

IF (1-1) 500,360,355

AlzAl+l.

IF {1-NSEG) 365,370,500
AlzAl+1l.
DI=(TH(I+1}-TH{1)~-ATSDEL)/PSEG
DC 385 J=1.,ANPSEG

TH1=TH2

TH2=TH]1+D1

CALL MAPP{TH]L yTH2,,1c0le9XoY,pl}
WRITE (6,39C) X ¥,TH2

IF (J-NPSEG) 385,375,500

1f (I1-NSEG) 380,385,500
Thl=TH2

TH2=TH14+2.%DEL

CALL PAPP{THL ¢TE24leolesXsYy3)
WRITE (64390) X V,TH2

CONTINUE

FORFAT(1IH ,3E17.5)

RCTLRN

END

SUBRCUTINE MAPP(TH1,TH2,R1,R2+X,Y,KODE?

DIFENSICN NCOR(20) ,DALPHA(20) THETALL00},A(20,2),RA(11),THA{LL),
1AFLIIL1) yAMU(LL)

CUMPCN NPT NSYM NTERM, KORNyNCCR, RCo DALPHA, THETA,A

IF (KODE-2) 5420435
0C 10 1=1,11

RA(T)=R1]
DTH=(TK2-TH1)/10.
THA(1)=TH1

OC 15 I=1,10
THA(T1+1)=THA(T)+CTH
GG TG 45

0C 25 1=1,11
THA(T}=TH]

RA(1)=R1l
De={R2-R1)/10.

oC 36 I=1,10
RA{J+1)=RA{1)4DR

Gr 1IC &5
C=2.*SIN({THZ-TH]1)/4.)
DEL={TH1-TH2-6.283185)/4.
UDEL=-DEL/S.
THC={TH1+4TH2)/2.
RA(l)=1.

RA{11)=1.

THA (1) =TH]

THA(L1) =TH2

0C 4C 1-2:i0

Df L=DEL+DREL
CnD=CCSIDEL)
Sn=SIN(CEL)
RA(T)=SCRT(1.+C*(C+2.%C0))
ANG=C*SC/(1.+0%CC)
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4C
45

80
es
9C

125
SCo

THALI ) =THO+ATAN{ ANG)
DC 1CC x=1,11
APLEIK}=RL

‘LK) =0,

If (XCRA)} 500,903,50
Ot 55 [=]1,KCRA

IF IKCCR(1)) 500,85,55
ASYFI=1

IF (ASYP) 500:60:75

IF (ANCCR(I)-1) 500,75,65
IF (IMCOR(1)-KPT) 70,75.500
NSYFL=2

IA=ACOR(])

"z-lo
EXPA=ULLPPAL])/6.283185
Dr 80 J=1.NSYVM]
Al=-Al
CENG=AI$THETA(TA)-THA(K)
SA=SIN{CANG)
C5=CCS(DANG}

SA=~SN/RA(K)
CS=1.-CS/RAIK)
R=(CS5*824SNS22 | $SEXPN

ANG =2, SEXPNSATANISN/CS)
SAN=Re*SIN(ANG)
CS=Rs{OS(ANG)

AV] =ARU(K)
AML{K)=AVF]1*$CS—AKUIK}*SN
ANLIK) =AP] #SACANUCK]) »(S
CCATINUE

RU=zRA(K)$COS(THY (1Y)
ATF=RA{K)SSIN{ThA K;}
Ry=1./RA(K)

ANz=-]1.
DL S5 1=1,NTERM
RN=RNSRA(K)

AN=A“’1.

ANGAN=AN®THA(KX)
CS=CCS{ANGN) /RN
SN=SIN(ANGN) /RN
RE=ZESATL 41 )#CS+A(],2)*SN
AiM=AITM+ALT 42)%CS~-A(T,1)8SN
AVl=ANU(K)

AMLIK) =AM *RE-ANUIK) *ATHM
ANLIK) =AML AT M+ ANU(K)*RE
It (KCDF-2) 105,115,105
Oor 110 1=1,10
DYH=(THALI+1)-THA({TI))/?.
X=X~(ANLIT+1)+AN (1) )*DTH
Y=Y¢(AML(T¢1)+AMU(]I))*DTH
IT (KCDE~-1) 510,500,120
or 125 1=1,10
DR=(RA(LI+1)-RA(I)) /2.
X=X+{AMU(T+]1)/RA(T+]1)+APU(T)/RA(TI))*DR
Y=Y+ (ANL(J*Ll)/RA(I+1)ANU(TI)}/RA(]))*DR
RCTURN

ENC
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SLERCLTINE PAPPS

C
DIFEASICN NCTR{2C) CALPHA(20) ,THETALI100), 4120, 20, A PHALLCC),
1S€1CC),21(21,2)

i CCPPCN NPT NSYP ATERP (KCRUE,WCCR RC, CALPYH-A, THETA,R,ALPHA, S

C

IF (ASYPF) S500.5.,12
S OFf 1GC Izl NTERKF
¥ A(],2)=0.
12 IF {(FCRX) 5£0,60,15
15 Dr 55 [=} ., KCRN
It (NMCCRII)}) 500,55,20
2C Ji=1
IF (NSYF) 5GU.25,40
é5 IF (MCRUI)-1) 30,40,30
p If (NCCR(E)-NPT) 35,40,35
35 Ji=2
4C THET=THETA(NCCR(1]1))
CS=CCS{THFT)
St=~SINITHET)
Dr 56 J=1,J41
SA=-SN\
Bl(l.1)=1.
Bll1,2)=%.
Df 45 K=1 ,NTERP
Dr 45 L=1,2
45 B(Kel L)=A(K, L)
RFE=1.
AbF=C.
CrefF=l.
O 56 K=] ,NTERY¥
AK=K
CCEF=-CCFFS*(DALPHALL)/3.141593-AK+]1,.)/AK
RF]1=RE
RE=RE1*( S-Ar 2SN
; AFz=REL$SN<AMS(CS
; DC 5C L=K,NTERPV
. LKzL-K¢]
' A(L,1)=A(L, 1)+ CEFS{RESBILK,]))-4MsBILK,2))
! 50 AL ¢2)=A(L2)+CCEFS(RESB(L%,2)¢AMNEB(LK, 1))
55 CONTINUE
60 WRITE (6,465) RC
65 FCRFAT{2THLRADIUS CF MAPPING CIRCLE =,El13.5)
NTERMLI=NTERM-1
RA=RC
DC 70 I=1,NITEFY;
I1=1+1
RMzRNSR(
Al=1
Al ,1)=-A(L1l, )%RN/AL
70 A(l2)=-A(11,2)8RN/AI
WRIIE (6,71}
11 FCRFATI2BHOREAL PARYTS CF COEFFICIFNTS.)
WRITE (6975) (A(T41)40=1,NTERV])
IF (NSYM) S500,76474
16 DC 73 1=1,NTERNM]
13 A(1,2)=C.
14 WRATTE (hy12)
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72 FIRPAT (3310 I FAGIAARY PARTS OF CCEFFICIENTS.)
SxIIZ (2,75} (811,2) 0131, NTERM])
15 FCRPAILINS L TEYD.S)
RCAL 15,950 N DTH,THD
<SS F(erl!l3'2F6-21
DIN=.01765329eD1I0
T+C=,01745329*THD
Te= IHO-C T
BRITE (64965
9¢ FORPAT(SINI PAPPING CF SECTION WITH CORMERS RIMGYEC.)
aITC (6,1G0)
1C. FCRPATI2GH X Y)
O 110 t=1.x
TH=TH+DIH
€CS5=TCSHTH)
Sh=SIK(TH)
X=R{L#CS
Y=RC &SN
“‘leo
OF 165 J=1,NTERP}
Ad=J
THA=AJ®TH
Cs=CCSILTHA,
St=SIN{THA)
RA=RAIRC
K=X4+(A{Js1)SCS+A(I,2)85N) /RN
185 Y=YelA(J,2)8CS-A(D,1)8SNI/RN
11 WRITE (6,1i5) 7,Y
115 FCRPFAT(IH ,2F12.5)
5C3 RETLRA
END

SLBRCLTINE MAT{NV(A,N,b)
DIVENSICN 250,500 +8(50+5G),C(5C,50)

pr 1 ,319'\
RO | J’l.\
21 ed)=0.°¢
P I=1,%
Bt I)=1a2
T2 J=lon
2 veJdold=AL S, 1)
0( € I:l'ﬁ
IH(CI1,1))24,50-26
50 Or 21 12=1,N
TFICIT2,18122,21,22
21 CONTINUE
WITE{6,1CD)
100 FORFATIIOHOMATRIY 1S SINGULAR)
G- 1IC 7
22 Ot 23 WPz} ,N
COYLo¥3=CliyMIOCHTIZ,N,
23 BIL,#Y=811,M)eR{1Z2,V/)
26 TL=Clisl)
O7 3 J=]4n
Ctl,=Cc(t1,0)71¢C
3 B{l,J)=8(1,4)/7C
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Of €& KxzioA\

IFIR~-104&,5,4%
1] T=CI(x,1)

D S L=l

ClE L )=CIK,LY-TSC(]I,L)
S5 BiE ,L)=8{(x,1)-Ts(I,L])
[ COATINGE

ReILa

T SICP
EnC

FUACTICR CATAK{ISA,L3)

IF (SN} 45,20,
5 IF (CS? 12,15,60
16 CLIAN=3,.141592+ATAK{SN/CS)
6C 1C 1C0
15 CLIAK=1.570796
6C IC 1¢<¢
2¢ IF {CS) 25,30,4C
25 CATAN=3.147593
GC I€ 1C0
3C WRITE (6,35)
35 FCRMAT (30t OARGLE UNDEFINKEC. SET TQ ZERG.)
40 QATAN=Q.
6C 1C 1Co
45 TF {CS) 13+50+55
5¢ CaTAN=6.712389

GC IC 1C€0

55 CLTAN=6.283185+ATAN(SN/CS)
Gr 1C 106

€0 CATAN=ATAAN{SN/CS)

109 RLTILRN
EnD
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(oK el eRaNaNalaRalkal

101

1c2

1113

1114

601

60
611

602

PRCGRAR TRAASUINPUT ,CUTPUT - APES "NPUT , TAPES=SUTPUT . TAPE 2)

ses PAIA PRCGRAF FCR CCFOINED STRIP nETHOC AND 3DHODIFICATION o93

IGECP = 1 FCR BING, IGEG- = 2 FOR BOOY

POIn = 0 SXIP 3C WGOIFICATION, NCDIM = | PEXFORR 30 ROOIFICATION

JSTCP=NUFBER CF ITERATIONS, I[GIS=NUMBER COF LAYERS I% 3D mONI-iCAT
JPCuER=0, POWER EFFECT; JPOWER=]1, PONER I%.

IKECT=0, RECTANGULAR WINKG; IRECT=1, NOMRECTANGWD. 2t %ING £R 80
{FCRCE=C,N0 FCRCE/NONENT COMPUTED IFORCE=1,FORCE/NJNENT CORPUTED

DIMERSICR UBHX116,40) ,VIHV{16,40) oKIHKI26040), APARTI20)ROHK( T, 102

4 oAHK(12:16) oVXK (126,400 ,VYY(1.16,40),D8(30)

DIFEASICN BHK{12,16)

DIPEASICK CPI16,40),0RDX(16)

DIPIASICR X(%,18+50)+Y(4,18,400,2(4418,40},511(40,20.,CS14C,2C)
CIPEASICN DX(16,40},CY(16,40),02(16,40):AC(150)

CCPYON/BLKHKL/NSTA K NFGUR,NSYN, ITAPE
COMMON/BLEKHK2 7VISHK o ¥ JHK o W JHK o APART ; RBHKy 2
CCPPCN/BLEHK3/3],,CS
COFFON/BLEHKS/CREX

CCPPON/BLKHKS/UJ ALPHA,BETA
COFPON/BLEHKL /S

COMPCN/BLKHKT /X

CCPPON/BLKHKS/Y

CCPPFCN/BLEH9/DZ

CGPFON/BLKH10/0X

COPPCN/BLEHIL/ZUY

COMZCN/BLEHL3 /VXX

CCPPCN/BLKHLS /VYY

CTPPON/BLKH]S /NDOWN, IREPET
COFPCN/BLKH1G /DM

ITAPE = 2

CONTINUE

REAC (5,501) 1GECM MODINLJSTOP,IDIS .JPONER, IRECT, IFORCE
IF (EOF{5)) 999,102

CCNTINUE

DG 1113 K=1,16

£C 1113 J=1,40

V¥X{1:KeJ)=0.0

VYY(I.K.J)=0.0

OC 1114 K=1,30

OwWtK)=0.0

NUC aN=0

IREPET=1]

1F (IGECM~2) 1,2,20!

aRITE (6,601)

FORMAT (1HL ;52X 16HWING CUMPUTATION/SIXN, 20HSs6 6253208868838 880¢)
WRITE (6,610)

IF (MCDINM) 60,60,61

WRITE (6,011)

FCRPMAT {1,i0415X%X922H1. SEGMEAT METYHOD ONLY)

G 10 3

B2 TE (6,602)

FORMAT (1H1 ¢52Xo16HBCDY COMPUTATION/S1IX, 20CHeS4528 224088830888 488)
WRITE (6,4610)
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slcC

61
612

3

62
613

64
614

65
615
10
6l6

617

628

1131

1132
1133

613

620
621
622

12

15
29

FCRPAT (100,/77710Xo34HOPTIONS SPECIFIED FOR THIS RUM ARE/)

1F ("COIN) 60,60,61

RRITE (6,0612) JSYOP

FORPAT (1HO,15%,36H1. THREE DINEMS IONAL MOOIFICATION Ci&,13,3X,
191 TERATICON)

RFAC (5:502) NSTA N, NFOUR,NSYR,RTHET ,UJ, ALPHY,BETA

IF (JPCKER) 62,64,65

WRITE (6,613)

FCRIPAT (150,15X,26H2,. PCHZIR OFF CUNFIGURATY ION)

6C IC 70

WRITE (6,614]

FCR*AT (1HO,15X,20H2, PCMER EFFECT UALY)

6C IC T1C

BRITE (6,615)

FCRPA® (1HO,15X,25H2. PCMER ON CONMFIGURATION)

HRUIE (6,616)

FORPA® (1HO,7/7753X14HSSINPUT DATASS)

WRITE (661 TINSTAS N NFOURSNSYS,NTHET, IRECT,, IFORCE UJ,ALPHA,BETA
FCRFA® [1HOsSXo5HNSTAz 133Ky 2HN=4 {39 3Xe SHNFOUR=, [343X, 5HNSYN=,12,
| 3 IXyOHPTHET 2o [3,3X s 6HIRECT 24 134 3N, THIFORCE=,13,/6X, 3HUJI=,F7
l .3.3!.6“!LPHA=;F8.3.3X.SHBETAS.F8.3)

GG 2G I=1,NSTA

RFAD :54503) APART(1),RBHK(1,]1),DRCXII)

WRITE (6:,628) ATARTI1I),RBHK(L41),CRCX(])

FCRFAY (1HO 92X ,8HSTATION=ToF12.643Xs THRADIUS=9F12. 643X, 6HCER] V=,
1 Fl12.6}

BEAB= RBS(BETA)

IF (NLYF) 2024546

IF (BEAB-C.0C1) 1131,1131,1132

NTHET= PTHET+]

GC TC 1133

NTHET= PTHET

REAL (5,505) (AHK(Jel),J=14N)

WRITE {(6,0618) 1,{AHK{J,1), J=1,N}

FIAPAT(LHC,2X 9 36HGEOMETRY COEFFICIENT ®As FOR STATION;13/(6E15.6))
GC IC 8

NTHET = MINET

REAG 5:505) (AHK({J,1)+BHK(Je1)y J=]1:N)

WRITE (62619) T{AHK(Jo1)oBHK(Jo1)oJr1,N)

FCRMA” (1HO 42X o4 lHGECMETRY COEFFICIENTS SAS,%B% FCR STATION,1Y/
1 (6E15.61}))

IF (JP0OWER) 12411411

READ (59505) (UL K {T9J) e 2=l ,NTHET)

RFAC 15,505) (VJHK(I,J)eJd=1,NTHET?

READ (5,5C5) (WJIHKI{I 2Jt4J=1,NTHET)

WRITE {64620 T,(UJHK(:9J)eJ=Ls NTHET)

WRITE (69621) T,4(VIHKIT,J),J=1NTHET)

WRITE (6¢622) 1,(WIHK{T4J) J=]1yNTHET)

FORMAT (1HC y2X ¢33HVELCLITY COMPONENT *U» AT STATION,I3/(6E15.5))
FORPAT (1HG 42X 933HVELCCITY COMPONENT #Vs AT STATION,I3/(6E15.5))
FCRPFAY (11O 42X 33HVELOCITY COMPONENT sN* AT STATION,I13/(6EL15.5))
GC T1C 20

DC 15 J=1 NTHETY

UJHK(T 4J) = 0.

VIEK T 4J} = 0.

WJHR (I, J) = O,

CCNTINUE

DC 900 k=1 ,NSTA
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DC 905 1=3,1D1S
Al=1-2
AT=ATSRBHK(1,X)
905 RBHKLT oK)=RBHK(2,K; -2}
93¢ CCNTINUE
IF (NFGUR-Ni 800,805,5.'5
830 NFCL= N
G0 10 801
805 NFCL= NFGUR
8CL IF (NSYFM) 202,841,842
841 IF (BEAB-0.001) 837,837, .42
837 MI=2#MTHET
6C TG 843
842 MT=PTHEY
843 AN=6.283185/FLCAT(NT)
0C €35 I=1,MT
Af=1-1
AC(I)=AT®AN
ANG=ANSA]
STCIs1)=SIN(ANG)
CS(151)=CUSIANG}
SIU142)=2.08S1(1,1)%CS(1,1)
835 CSU142)=1.0-2.0¢S1(],1)8s2
NTEST1=NFCU/2
NTEST2={NFOU+1)/2
IF (NTEST1-NTEST2) 1220,1221,7220
1220 NCCFl= NFCU-]
NCCF2= NFCU
GC TO 1222
1221 NCCFl= NFGU
NCCF2= NFCuU~1
1222 0C 840 J=4,NCOF1,2
D71 840 I=1,#7
Sl(an)=Sl(IoZ)‘CS(l-J’Z)OCS(loZ)‘Sl(le*Z)
840 CS(I'J)=CS(loZ)*CS(loJ°2)-Sl(loZ)‘Sl(!vJ‘Z)
OC 845 J=3,NCOF2,2
OC 845 1=1.V7
Sl(l.J)=Sl(l.l)‘CS(I.J-I)*CS(l.l)*Sl(I.J‘l)
845 CS(loJ)=CS(lol)'CS(loJ-l)-Slll'l!*Sl(loJ—ll
IF (IGEOM-2) 810,815,201
810 IF (IRECT) 201,846,847
846 NNN=)
GC TC 848
847 NNA=NSTA
848 DI 850 K=1,ANNN
OC 850 I1=1,1DIS
D0 850 J=1,MTHET
AA=RBHK ([ oK) * (AHK{1,K)*CS (J,1) *BHK{1,K3*ST(J, 1)) +AHK(2,K)
BH=RBHK(T 4K)*(AHK(1,K)*SE(J,1) +BHK(1,K)*CS(J, 1)) +BHK{2,K)
REv=1.0
Or €55 NS=3,N
LL=NS-2
REV=REV/RBHK (1,V.)
AAzAA +REVE{AHK{NS oK} #CS{J,LL) +8HKINS,K)®SI{J,LL))
855 BA=BB +REVH(-AHK(NS,K)*ST{.),LL) +BHXINS K )*CS{J,LL )}
X{I4KyoJ)=AA
850 Z(1,X,J)=88
DO 860 K=]AAN
DC 860 J=1,NTHET
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865

860

857

858
856
710

715

815
920

925
930

940
935

AD=RBHK (1 oK) *(~AHK{1,K)*SI(Jy1) +BHK(1,K)*CS(J,1))
BO=RBHK (1 JK) & {AHK{1¢K)#CS(Js1) -BHX(1eK)®SIlIy 1))
REV=1.0

DC 865 ND=3 N

CD=ND-2

REV=REV/RB:.. {],K)

AD=AD +REVS(—~AHKI{ND,K)SSI(JyND-7) +BHK(ND,K)*(CS{J,ND-2))*CD
BD=BD —REVE{ AHK{ND,K)I*CS(JIyND--2) +BHK(ND,K)*SI(JND-2))%CD
DX{KoJ)=AD

DZ(KysJ)=BD

IF (NAN.NE.1) GC TO 856

DG 857 Kz=2,NSTA

DC 857 1=1,1018

DC 857 J=1,MTHET

XUl oKeJI=X(191,4J)

l(tchJ’=Z‘I'l|J,

DC 858 K=2,NSTA

D0 858 J=1,MTHET

DX(KsJ)=DX(1,J)

DZ(Ke3)=D2(1,J}

NSTA2=0

NSTA1=NSTA2+1

NSTA2=MINOINSTA,MNSTA2+44)

WRITE (6,702)

WRITE (6477°3) (APART(I),I=NSTAL1,NSTA2)
WRITE (6,704)

ATHET= 360.0/FLOAT(MTHET)

DT 715 J=1,NTHET

TEJ=J-1

THEE=TEJ*ATHET

WRITE (69705) THEE (X (1oTpJdloZ{loloJ)e I=NSTAL NSTAZ!
IF INSTA-NSTA2)1041,1041,71C

IF (BEAB-0.001) 920,920,925

[THz MTHET+1

GC 10 930

ITH= L+«MTHET/2

DO 935 K=1,NSTA

DC Q935 1=1,1D1S

DO 935 J=1,ITH

AA=-RBHK (1 oK) *#CS{Jyl) -AHK{(24K)

BAz RBHK(I,K)*SI(J,1)

REV=1.0

DO 940 NS=3,N

LL=NS-2

RLV=REV/ROHK{I 4K)

AAzAA —REVEAHKINS,K)*(S{J,LL)

BR=8BB —REVEKAHK(NS,K)#51(J.LL)
Y{1l4KeJ)=BB

Zil.+KeJ)=AA

DG 945 K=1l,NSTA

DC 845 J=1,{TH

AD= RBHK(1,K)*SI(. y1)

BD= RBHK{1,K)*CS(J,1)

REV=1.0

DC 950 ND=3,N

ClaND-2

LL=ND-2

REV=REV/RRHK (] ,K)

ANzAD +REVEAHK (ND,K)*ST(J,LL)*CC
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- NP o 7

950

945

955

956

120

125
1041

1115
1125

1120
50

22

23
30

1601
1015
40

1020
1025

24
1030
1024

38

1015

BD=BD ~REV*AHK{ND.K)*CS(JsLL)*CD
DY{KyJ) =20

DZ{KsJ)=Al

ITH¥=[TH=~]

DG 955 Kz1,NSTA

00 955 [=1,1IDIS

DC 955 J=2,1THM

LL=2%[ THM+2~)

Y(1 .K.LU=-Y(!.K.J)

(1 ,K'LL,= l‘l'K'J,

D0 $56 X=1,NSTA

DC 956 J=2,ITHM

LL=2%] THM+2~)

DY{ KylL)r DY( KeJ)

D70 KytL)==DI( KyJ)

NSTAZ=0

NSTAL=NSTAZ+:]
NSTA2=MINO(NSTASNSTAZ+4)

WRITE (6,706)

WRITE (64707) (APART{I),I=NSTAL,NSTA2}
WRITE (6,708)

MTHe 72=2% (1 TH-1)

ATHET= 360.0/FLCAT (MTHET2)

D0 725 J=1,MTHET2

TEJ=J-1

THEE= TEJ#ATHET

WRITE (6470%) THEEo(Y{LloIoJ)oeZ(leleJ)e I=NSTALINSTA2)
IF {NSTA-NSTA2) 1041,10%1,720
KOUNT=0

IF (NSYM} 202,1115,1120

IF (BEAB-0.001) 1125,1125,1120
NTH=z 2*VMTHET

60 Y0 50

NTHz MTHET

CALL STRIP (IGECM,KOUNTMTHET ,JPOWER,AC)
IF (MODIN) 90,90,22

IF (JGECM-2) 23,24,201

IF (KJUNT-1) 30,40,90

KCUNT = KCUNT+1

NTH = MTHFEYV

READ (5,501) NBCCL,MEXIT

GC 710 1015

KOUNT=1

TREPET=IREFLET+]

CALL WMCD3 (NTH,IDIS,NBOOL,MEXIT)
GO IC 5S¢

KCUAT = KOUNT+]

IF {(IREPET -1} 1020,1020+1025
READ (5,501) MOD

CALL DNWASH (NTH,MOD)

GC 1C 5¢

IF (TREPET-1) 1024,41024,1030

IF {JREPET-USTOP) 1035,1035,1002
1F (KOUNY) 38,4384+90

KCUNT = KOUNT+1

READ (5,501) NJET

READ (5,504) APART (NSTA+])
CALL BMOD3 (NTHLICISeNJET)
IREPET=IRIPET+I]
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GC IC 50
90 IF (IREPET-3STI0P) 1001,1002,1003
1002 {F C(IGEDNH-2) 1:(5,1310,20)
1305 WRITE (6,731) ZDIS,NBOOL,MEX{T,MOD
6C IC 14C3
1316 WAITE (6,732) IDIS,NJET,APART (NSTA+]1)
1603 IF (IFORLE.EQ.0) &G 10 101
IF tIGETA-2) 91,92,20)
S1 REARD {5,506) WDJDIANMXCG-2C6,CHORD
WRITE (6,734} NDJyDiiMyXIG:2CGoCHORD
CALL FMEING INTH ERECT4NDS¢DIAM,XCGy2ZCGy CHORD)
WRITE (5,660)
660 FCRMAT (1HO /45X :29H**¢END OF WING COMPUTATIONS#%)
G0 10 101
92 READ {5,506} NDJDIAM,XCG,CHORD
READ (5,504) YVIP,ZTIPLAPART(NSTA41),YTAIL ,2TALL
ZERC = (.
WRITE (64737) NDJoDIAMXCGyCHORDy ZERD, YT 1P ZT 1P APART{NSTA+L),
1 YTRIL,ZTAIL
CALL FMEODY (NTH,YTIP,ZTIP,VTAIL,ZTAIL,NDJoDIAM, XCGyCHORD)
WRITE 145,661)
661 FuRPAT (1HO /45X 429H%*%4END OF 8ODY COMPUTATION®*%2)
6C 1C 101
201 MRJTE 15,603)
603 FCRMAT (1HO931HSSERROR IN GEOMEYRY INDICATOR®*«)
STCP
202 WRITE (6,604)
6C4 FCRMAT (1HO,31H**ERROR IN SYMMETRY INDICATORS®)
999 ST1(Q°P
503 FORPAT (12i6)
502 FCRMAT (513 ,4F7.3)
503 FORPAT (3Fl2.61}
504 FCRMAT (6F12.6)
505 FCRMAT {6E12.5)

506 FORFAT (13,4F12.6)

702 FORMAT (1H] ,42%X23HTABLE FOR WING GEQMETRY)

703 FORMAT (1HO 96X 94 (10X 2HY=4F6.2,10X)}

T04 FORMAT (1H 26H THETA,4(5X4HX(T)10X4HZIT)SX))

Tul FORMAT (1H ¢F6.248E14.5)

706 FUPPAT (1H1 ,38X2THTABLE FOR FUSEL AGE GEOMETRY)

707 FORMAT (LHO 46X 94 (10X 2HX=cF6.2¢10X))

708 FORMAT {21 46H THETA,4(S5X4HY(T)10X4HZ(T)ISX))

731 FORMAT (1H1 ,>“HPARAMETERS USED IN 30 MOODIFICATION OF WING CONPUTAT
LICN,3XSHIDIS=913,! X6HNBOOL=¢1 39 IX6HMEXTT=y 134 1 X4HNOD=413}

732 FORFAT (]1H]1 ,58HPARANITERS USED IN 3D MODIFICATION OF FUSELAGE COMP
TUTATION,3XSHIDIS=, 134 1X3!"NJET =513, IX19HLENGTH OF FUSELAGE=,F8.3)

733 FCRFAT (1HO y4THPARAMETERS U3S0 IN FORCE AND MNMENT COMPUTATION,
113,16HJET OF GILPETER=FB8e396H YCG=yFBe3y 15 REFERENCE LENGTH=,
2FBe 14/ S5X:3HCOCORLDINATES OF NOSE X= ,FB8o344H Yz, FBa3¢4H I=x=,F8.3;
325H CCUVRDINATES OF TAIL XzgFB8a394H v=uaF8.3,4H 1I=,F8.3)

734 FCRMAT (LHO,38HPARAMETERS IN FORCE/MOMENT COMPUTATION,13,16HJET OF
L CIAMETEK FB.3,6H XCG=¢FB,396H ICG=4FB.3y19! REFERENCE LENGTH=
29"8.3)

END

SUBRCUTINE THEC(NM,MA,NU,AC,PT4A,B)

DIMENSION NU(1),AC(L},PTIL),A{L),B(1}
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DIMENSICN CZ(37)¢SZA3T),CA(T)oSA(T I 7/AR(10),ARG(21C),CON(1G)

MZ=MAS]

MAE=MASSL

D0 59 M=M],MAE
IF(AC{M)-AC(M=-1)) 58,59,59

58 AC(VM)=AC{M)+6.283184

59 CCNITINUE
DC 110 N=lyNM
FN=FLOAT(N)
DEL=C.17453288/FN
ANGC=AC(1)-DEL
DC 20 1=1,18
ANGC=ANGO+DEL
CZ{1)=COS{FN%ANGC}
SZ{I)=SIN(FN*ANGC)
CZ(i+18)1=~CZ2(1)

20 SZ{1+18)=-SZ2(1)
C7(37)=C2(1)
SZ{37)=SZ1(1)

A(N)=0.0

B{N)=0.0

MC=~-3
ARG(4)=AC(]1)
CALT)I=C2(1L)*PT (1)
SAL7)=SZ(1)*PT(])
ANG=AC(])

DO 1C0 J=l.N

DO Q0 K=1,6
Call)=CAa(1}
SA(1)=SA(7}
LC=(K~1) %6

DC 80 L=2,7
LV=LC+L
ANG=ANG+DEL
IF{ARG(4)-ANG)IS50,70,70

SC MC=MC+3
IFLAC(MC+4)~ANG) 50455455

55 D0 60 M=1,4
Myz=p(+M
ARG (M) =AC (MV)
vAR(M)Y=PTIMY)

60 CONTINUE
CALL SVCCI(VARGARGyCCN,4)

710 ZA=SVIN(ANGARG,CON, 4}
CA{L)=ZAXCZI(LY)
SALL)=ZA*SZ(LY)

80 CUNTINUF
BIN)=BUIN)+SA(L)I+SA(3)+SA(S)I+SA(TI+S0%(SA{2)+SA(6))+6.0%SA4)
AINI=AIN)+CALL)SCA(3)SCA(S)IeCA(T)I+S 0% (CAL2i+¢CA(6))46,0%CA(4)

90 CCNTINUE

100 CCATINUE
HDE=DFL#0.0954930
A{N)=AIN)*HDE
A{N)=B (N)*HDE

116 CCNTINUE
RT TLRN
END
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15

20

25
30

SUBROUYINE SVCC(VAR,ARG,CON,NUNM)
DIMENSICN ARG(1),VAR(1),CON(Y)

DEM=ARG(NUM}~ARG(1)

OC 15 J=1,NUM

DEN=i. »
DO 10 I=1,NUM
DEL=(ARG(J)-ARG(1})/DEH

IF (ABS(DEL)-0.000001) 5,510
DEL=1,

DEN=DEN*DEL
CCN(J)=VAR(J) /DEN

RETLRN

END

FUNCTION SVINUARK,ARGsCONyNUM)

DIMENSITN ARG(1),CON{1)
DIMENSICN DEL{10)

DEN=ARGINUM)~ARG (1)

SL"C’G.

PRCA‘[.

JP=1

DC 20' J=1,NUM
DEL(JY=(ARK-ARG(J))/DEN

IF (ABSICEL(J))-.000001) 10s10,20
SUMC=CON(J)

JpP=2

DEL(J)=1.

CCNTINUE

DC 30 J=1,NUM

GC 10 (254+30),4P )
SUMC=SUMC+CCN{J) /DEL(J)
PROA= PROA*DEL(J)
SVIN=PROA*SUMC

RETURN '

END

SUBROUTINE STRIP (IGEQOM,IPRINT,MTHET,JPONER,AC)

UIMENSICON UJHK{164403 yVIHK(16940) s WIHKA 16,40)9X(20)4RBHK(T416),
1 2(%418440) VXX(1,16440),VYY{]l, 16'40)'0N!30) '

DIMENSION CP(16440),CRDX(16)
DIMENSICN AC(1)
DIMENSION VX(40),VY(40),VZ(40)

COMMON/BLKHKL/NSTAZNoNFOUR,NSYM, ITAPE
CCVMMON/BLKHKZ2/MJIHK 9 VIHK s HIHK 3 X o RBHK, 2

CONMMCN/BLKHK4S /ORDX
CUMNMCN/BLKHKS/UJALPHA,BETA
CCHMNMCN/BLKHKA/CP
COMMCN/BLKHL3 /7VXX
COVMFCN/BLKHIG /VYY
CCMMCN/BLKH1S /NDOWN, IREPET
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CCMMEN/BLKHLG /DWW

BEAB=ABS{BETA)
MIT=MTHET+1
ALPLz 0.0174533%ALPHA
BETR= 0.0174533#BETA
CCAF= CCS(ALPG)
SIAF= SIN(ALPC)
CCBE= CCS(BETR)
SIBE= SIN(BETR)
Q= CCAF*C(CBE
R= SIBE
S= SIAF*(CBE
Uo= 1.0
IF (JPOWER) 442,4
2 U0=C.0
4 Dvx= U0*Q
OVY= UC*R
DVlZ= UQ»S
REWIND ITAPE
DC 920 T=1,NSTA
IF (NSYVM) 200,25,35
25 IF (BEAB-0,001) 26,26+35
26 NTHET= NTHET+]
G0 TC 40
35 MNTHEY = MTHET
4C DO &) J=1,NTHEY
vX{J) UJHKA(T o J)
vy (J) VJHK(T o J)
41 VvZI(J) WJHE(D )
C IHE SIGN CCNVENTICN FCR Z-VELOCITY COMPTS THROUGHOUT HERE IS POSITIVE
C IN PCSITIVE 7-DIKk POINTED UPWARD
OC S0 J=1 4NTHET
VX4 =VX{J)+DVX
VY(Ji=vYLJ)+DVY
59 VZiJ)=VvZIlJy+DVZ
IF (NSYFK)} 200455,65
55 IF (BEAB-0.001) 303,303,65
303 J1= 2%NTHET-1
D0 60 J=2 4NTHET
11=11-1
VX{IL1)=VX(J)
VY(Il)=-vyY(J)
60 vZI(ili=v2(J)
NIHET=2#MTHET
65 IF (IGEQM-2) 66467467
&6 CONTINUE
CALL VLWING (INTHET o1 ,VX4VYVZ,AC)
Gt 1C 68
67 CALL VLBOCY (INTHET,1,VXeVY,VZ,AC)
68 CCNVINUE
I+ (JPOWER) 901,900,901
9C0 DC SC5 J=1,NTHET
935 CPUI ) ==2.0%(VXIIYERGHVY (J)PR4VZ{J)I*S)~VX(JIXX2=-VY(JI¥%2-VI(J)¥%2
GO 1C 921
901 DC 70 J=1,NTHET
1C CPULed)3=2.0-U0%IVXEJ)I=U0)=(VX{J)-UQ)*X2-VY(J)¥x2-V2(J)*¥2
921 IF (IGECM-2) 906,907,907
906 [+ (NDCWN-0) 300,920,300

131




300 OC 908 J=1.MTHET
VIHK(T 9 J)= VIHK(T13)-VYY{141sJ)
RIHK{E2J)= WIHK(I,J)-0W(I)/3.0
908 VYY(1,1,J41=0.0
Dwi1)=0.0
GC TC 920
907 Df 909 J=1,PTT7
SIHK(T e J)= USHK( T+ J)-VXX{1s1yJ)
309 VXx(1l,1,91=0.0
920 CCNTINUE
IPRIN=IPRINT+1
203 FORPAT (47THLIPRESSURE COEFFICIENTS AT WING, SEGMENT METHOD.)
204 FCRMAT (TIHIPRESSURE CCEFFICIENTS AT WING AFTER RESIDUAL SOURCE/S!
INK MODIFICATICN,?
205 FCR*AT (72H1PRESSURE COEFFICIENTS AT WING, END OF THREE OIMENSIONA
1L MCOIFICATION OF9I34+3Xo10HITERATION.)
236 FLRMAT (SIHLIPRESSURE CCEFFICIENTS AT FUSELAGE, SEGMENT METHOD.)
207 FORPAT {(63HIPRESSURE COEFFICIENTS AT FUSELAGE, THREE DIMENSIONAL M
ICDIFICATIC | OF 41343X,10HITERATION. ]
NSTA2=0
80 NSTAL=NSTA2+]
NSTAZ2=rINOINSTA,NSTA2+4T)
IF (IGECNM-2) 85,95,200
85 GC TC (21042154220)4IPRIN
210 WRITE (6,203)
6C TC 225
215 WRITE (65204)
GC 1C 225
220 WRITE (64205)IREPET
225 WRITE (6,110) (X(I},I=NSTAL,NSTA2)
110 FORFAT (1HOy6X o7 14X2HY=yFb6e244X))
WRITE (6,115) (REHK(1,1),1=NSTAL,NSTA2)
RRITE (64121) (DRDX(I),J=NSTA1,NSTA2)
121 FTIRMAT f1H ,6H THETA,7(1X,5HDROY=4Fb6.2,4X))
60 IC 1095
95 GU YC (230,4235),IPRIN
230 WRITE (6,206)
GC 1C 240
235 IRETI= IR-PET-1
WRITE (6,207) IRETY
240 WRITE (641110 (X{I),I=NSTAL,NSTA2)
111 FORNMAT (1HO 46X o TUGX2HX=3Fb6a244X))
WRITE (6,115) (RBHK(1,1),i=NSTA1,NSTA2)
WRITE (64120} (DRDXUI),I=NSTAL,NSTA2)
115 FCRMAT (1H 46X oT(3X3HRB=,Fba2,4X)!
120 FORMAT (1H o6H THETA.TUIX5HDRCX=¢F6.2+4X))
105 CCNTINUE
WRITE (64125)
125 FCRMAT (1H )
ATHET=360./FLCAT(NTHET)
D 130 J=1,NTHET
AJ=J-1
THET=AJ*AIHET
130 WRITE (64135) THET(CPUI+J)oI=NSTAL,NSTA2)
139 FCRFMAT (1H (F64,2,7EL6.5)
IF (NSTA-NSTAZ) 201,201,80
2C0 STCP
2C1  RPTULRN
END




SLBRCUYINE VLBODY (PMTHET K, ,VX,VY,¥Z.AC)

DIFENSICN CRODX(16)

DIPENSICN UJHK(16,40) VIHK(16,40) o WIHK (15,401 XL ( 20)0RB( 7516),
1 1(4418,60),Y(4,18,40),0Y(16+40),D2116,407, 0PSI(40)
DIFENSICN 51(40,20),(5040,20)

DIMEANSICN YX(13:VY{1),VI(1),AC(L)

DIPENSICN AF(30),B8F(30)

DIMEASICN NUI150),PT(150)

CCHPCN/BLKHKL/NSTA, Ny, NFOUR,NSYM, ITAPE
COMPCN/BLKHK2/UJHK o VIHK s WIHK o XL o RB,y Z
CCPPCN/BLKHK3/S],CS
COPPON/ELKHKS /DROX

CCMPCN/BLKHKB/Y

COMMON/RLKHI/C L

COVMPCN/BLKHLL/DY

DC SC [=1,MTHETY
DS2=SQRT{DY (K, I} #%2+4C2{K,[)8%2)
DVY=VX{1)*DRDX(K)*DZ({K,1}/D52
DVZ=-vX(1l I *DRDX(K)*DY(K,I)/DS2
50 DPSI(I)=(yY(1)-DVY)*DZ(Koe1) —(VZII)-DVZ)IEOYI(K, 1)

PT(1)=C.0
J=MIHET+]1
AC(J)=6.2331853
DPSIEI)=D2ST(1}
CALL INTES (4,4J,0PSE,AC,PT)
B0=Ca1591549%PT (J)
AJ=C.0
ZORR=PT{J)/FLOAT(MTHET )
ul 65 1=2,4
Ad=AJ+1.0

65 PT(I)=PT(1)-2AJ%CCRR
or 70 1=2,4
J=J+1
ACtJ)=AC(1)

70 PTLN=PT(1)}
pn 75 1-3,150

15 NLLT =]
CALL THECG (NFOURGMTHET  NU,AC, PT,AF,BF)
KRITE (11APE) BOL(AF(I),BF(I),1=1,NFOUR)
EF (K=NSTA) T7,76,76

16 END FILE [TAPE
77 OC 110 [-=1,PIHET

YCLrP=BOS(I,1)
ICCHP=—ERST(T,1)
BC 1C5 J=1,HFCUR
NANG={1-1)%(J+]1)+1

a0 I[F (NANG) 85,48%5,90

85 NANG=NANG+NMTHET
GC T1C 80

90 1F (NANG-MTHET)} 100,100,95

95 NANG=NANG-MTHET
6 1C 96C

106 AJ=J
YCCMP=Y(CME+AURIBF{UISCSINANG, L) -AF(J)*STINANG, 1)}
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105 ZCCPP=ICCPP-AJS(AF (J)SCS (NANG, 1) *BF(J)SSTINANG, 1))
ORE=DI(Xo1)OCS{I,1)-DYIK,1)8S1(]1,1)
DIP=<-DY(K,I)SCS{I,11-DLIK,1Y%51(1,1)
OEN2=DRE®*824D]IFe92
V1=-{YCCFPSDRE+ICONPILIN) /DEN2
V2= ({ZCCPPSDRE-YCCHPEDINM)/ DEN2
VY(i)=Vr(l) eVl

110 vZ{1)=VI(1)+V2
209 RETLRN
END

SUBRCETINF VLWING (MTHET,K,VX,VY,VZ,AC)

DIVENSICN UJHK {16,400 ,VIHK(16,40),WIHK{16,40), XL{20),RB(7,16),
1 DRDX(156)

DIPENSICN X(4418,40),2(4418,40),0X{16940),02(16,4C),S1(4(C,20),
1 CS140,20) ,DPSI (40)

DIMENSICN VX(1),VvY 1) ,VZ(1},AC(L)

DIFEANSICN AF(30),8F(30)

DIMENSIONR NUL150),PT(150)

CCMPCN/BLKHKL/NSTA N, NFCUR,NSYM, ITAPE
COVMPON/BLKHKZ2 /USHK o VIHK g WIHK o XL o RBy Z
CCPFCN/BLKHKI/SI ,CS
CCMMCN/BLKHKS/DREX

CCVMMCN/BLKHKT/X

COPFPCN/BLKE9/D?

COMMCN/BLKH10/0X

IF (ARS(DRDX(K)).GY0.01) GO T 40
DC 35 1=],MTHEY
i 35 DPS (1) =VX{TI)*DZIK,I)-VZII)*DX{Ko])
6C IC 50
40 DL 45 I=1,MTHET
DS2=SQRT(DX(K.1)*$2+4D2(K,1)%%2)
DVX=VY (1) *DROX(K)*DZ(K,1}/DS2
DVvZ=~VY(I)$DRDX(K'*DX(K,[}/DS2
45 DPSI(I)=(VX{{)-DVX)*DZ{Ky1)-(VZI{I)-DVZ)*DX(K,1)
%0 PT(1)=0.0
J=MTHET+]
AC(J)=6.2831853
DPSI(J)=DPSI(])
CALL INTEG {4+J¢CPST,AC,PT}
BU=20.1591549%PT(J)
AJ=C.0
CCRR=PT{J)/FLCAT (MTHET)
DC 65 1=2,J
AJ’-’AJ’!-O
65 PT(I)=PT{1)-AJ*CCRR
D0 70 1=2,4
J=J+l
AC(JY=AC(I)
1C PT(J)=PT(I])
00 15 I=1,150
75 NL(T) =T
CALL THEQD (NFCURGMTAFT W NUJAC, PT,AF,BF)
Al=C.0
OC 16 I=1,NFOUR
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Al=]

76 AC=AQe+ALI ®4F(])
BRITE (ITAPE) AOD,BO,(AF(1),B8F(1),1=),NFOUR)
OC 110 I=1,MNTHE’
XCCrP=BCCSIE,13vA08SI(1,1)
ZCCPP=-B09S1(i,1,4A08CS(I,1)
DG 105 .i=1 NFCUR
NANG=[[-1)8(J¢1)+]

€0 IF (NANG) 85,85,90

25 NANG= ARG+MHETY
GG 10 80

9C IF (NANG-PTHET) 100,100,95

95 NAKG=NARG-MTHET
GC 1C 90

160 AJ=J
XCCPP=XCCHP +AJS(BF(JI)SCSINANG,1)-AF(J)SST(NANG, 1))

105 ZCCPP=ZCCHMP —-AJ*(AF(JISCSINANG,1)+B7(J)*STINANG, 1))
DRE=DIZ(K,1)8CS(]1,1)-CX{Ko1)®SE(I,1)
DIV=-0OX(K,I)SCS{1,1)-D2(Ko1)®SI(1,1)
DENZ=DRE*$2:DI pes2
V1=-(XCCMPSCRE+ZCOPPSDIN) /DEN?
2= {ZCCHPEDRE-XCCHMPELINY/ CEN2

VX{I)=v¥X(1)eV]

110 VZI(I)=VZIii)+V2

20G RETULRN
END

SUBRUUTINE INTEG(N,NX,FPR,X,FCN)

DIMENSICN CON(10),FPRILDIoXTILD),FCN(L)

[\ ]

NI=1C
XNI=NI
NIV22=NI-2
CO 795 1=2.NX
J=1-1
IF {J=-1, 141,45
1 Jo=1
GC Y0 20
5 IF (NX-J-N#2) T0,10,15
1¢C JO=NX~N+]
G0 1C 20
15 IF (NX-1) 70,70,16
16 IF (J-JC-h+2) T70,18,13
18 JC=J=-1
20 CALL SVCCIFPR{JO) X (JO)4CONe4)
10 SLM=0.0
DELX=(X{1)=-X(J)r/XNI
00 B0 K=2,NIM2,2
DX=K-1
Dx=CX/NNI
XX={1s0-0DX) $X{ I +DX*X (1)
YY=SVIN(XX,X(J0)CCNy4)
XX=XX+DE)L X
YY2=SVIA(XC 4 XUJO) o CONG&)
80 SUM=SUMN44,0¢YY+2,0%YY2
XX=XX+DELX
. SUM=SUMSSVINIX(J) 4 X{JO) yCONe4 I #SVINIXIT Y}y X(JO)4CONy&)
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1 ¢4, 0%SVIAI(XX,X(J0),C0%,4)
SLP=SUF*DELX/3.C
FOR(I)=FCAL J) e SUP

75 CONTINUE

10

405

15C
155

160

4CO

255

415

262

RETLRN
END

SUBRCUTIN® DNKASH (NTHET,RODS

DIiPERSICE UJHK{16,40) ,VIHK(16,%0) oHNIJHK(16,40)s YI2C)RBRK{T,'€),

1 i(4,18440)

DIYEASICN ADHK(16)

Di{PENSICN ST(404,200,C5(40,20) ,NUC150),ECI1503,A(5C).B(50),5AMA(40)
1 +CX(405,CY{40) ,FAL&0),W(30)

COMFCHN/BLXHKL/NSTT NCUM,NFOUR,NSYN, ITAPE
CCPPON/BLKHK2 /UJHI o VIHK g W JHK o Yo RBHK ¢ 2
CCFYCN/BLEKHKS/UJoALPHA,BETF
CCHMVCN/BLKHLS /NDOWN, IREPET
CCFFON/BLKHIG /N

RERIND 1 TAPE

DC 1C I1=1,NSTI

RFAC (ITAPE) AOHK(I)
NRChA=1

B8ETA= ABSI(BETF)

IF (BETA-0.001) 400,400,405
MC=NST1

1SP= (NSTIe+1)22
NSTA= [SP-1

0N 150 I=1,15P

Ci= v{1)y/v(1)

Cxt1) = ACQOS{CTY)

DC 155 1=1,1S°P
CX(ASTI+1-1)= 3.14159-CX(1)
DC 160 [=1,NSTI1
CYINSTI#1-1)= AOHKI(I)
CY(1)=0.0
CYIANSTI}=0.0

GO 1C 420
NSTA=NSTI-1

»C = 28NSTA

DC 7 I=24ASTI

INV = NSTI-[¢}
criIav) = YD)
CYLINV) = ACHK(])
cv(l) = 0.

DC 259 [=22,NSTA
CT=CX{1}/CX{1)

CX{1) = ACQOSICT)
Cx{1)=0.0

D 262 I=1,KSTA
J=rCe2-1

CX{Jd)= 3.14159-CX(I)
CY(Jy= (yi{l}
CX{ANSTI)Y= 11,5708
CY(NSTI)= AOHK(1}
#C=rCe1




420 IF (BETA~G.C01) 421,421:422
422 OC 273 J=2,18
Al=J-
DUP=C. 17453384
OC 272 1=2,%371
I ICX(13-DUP) 272,1320,.1121
1120 GAPAIJII=CY(]}
6C IC 271
1121 GAMALSI=CY({I-1) +(CY(I}-CY{I-1)I(DUR-TXET-103/7(CXL1)-CX{T-1))
6C 1C 211
272 CCKXTINUE
271 CGNTINUE
GAFMA(1)=0.
GAPA(19)=0.
GC 1 423
¥2:¢ DC 265 J=2,9
Al=z=J-3
DLIFr:=C.174533%A1
DC 266 1=2,NST1
IF {(CXIE)-DULM) 266.118C,1181
1180 GArAL{JI)=CY(I])
SC IC 265
1181 GAKATSI=CYLI-1) «ICY(D)-CY{I-1))%{(CUR-CXLI--1})/(CX(L)-CXITI~-1))
6C 1C 265
266 CCNTINUE
265 CONTINUE
GAFA({1)=0.
GAMA{L10)=CYINSTI)
DC 275 1=1,9
J=2C-1
215 GAFA(JI)= GANMA(I}
423 DC 355 1=2.,18
J=38-1
355 GAMA(J)=-GAMAL(I)
MA=36
DC 350 1=1,1%0
350 NU(I)=1
DC 360 !'=1,36
Al=i-1
360 EC(1)=0.174533%A]
EC{37)=6.283185
GAMA{37)= GAMAL(L)
DC 361 I=2,4
Jd= 3641
EC(J)=EC(T)
361 GAMA(J)=GAMA(I])
CALL THEC (NFCUR:MA,NU,EC,GAMA,A,8B)
DC 365 1=1,NFCUR
365 FA(T =811}
NTHET=M{D
NTESTI=NFCUR/2
NIEST2={NFTCUR+]1)/2
IFANTESTL-NTEST2) 1160,1161,1160
1160 NCCFLl=NFCLR-1
NCL:"2=NFCUR
GC TC 1162
1161 NCCi L1=NFCUR
NCCLF2=NFCLR-1
1162 DC 5 I=1,MTHET




» SN

RTINS

1¢5
110

115

oC

65

301
300

4’0
165

16

i70

175

135
1 8.

199

425

435

i 11-1% 110,105,118
ANG=3.1415972.0

6C3IC 115

N=KSTA2-1

ANG=CXI{K)

SItI«1)=SINIANG;
CSU1,13=COS(ANG)
S1112)=2.08ST(1,1)%CS(1¢1)
CS5(12)=1.0-2.0851¢1,1)8%2

DC 60 J=4,HCCF1,2

DC 60 1=1.,MTHET
SENE0d)=S1(1,2)%CSHT,J-204CS(L,2)0S51(2,3-2)
CSUT4J3=CSUT2V%CSIT,0-2)-S1(1,2)%S1(1,J-2})
DC 65 J=3,NCCF2,2

DT 69 I=1,MTHET
SICIoJ)=STUE1)8CSCLJ-104CS(I,1)2S1(],J~1)
CStleJ)=CSIT,1)8CSII,5~-1)-SICI,1)%C1(1,0-1)
FACT = 2.8Y(INSTI)

8C 300 KX=1,r00D

$=0.0

OC 30 I=1,NFCUR

Al=1

S=SeFA(I)sSI (VY ,])ea]

W{K) = 3.14163S/{FACTSST(K,1))
IF (BETA~-0.001' 425,425,430
DL 165 u=]1,#0D

w{iSP-14K)= WK,

MR=ISP+1-20D

OC 166 K=1,¥R

wWiK}=0.0

D 170 J=1,NCCF2,2

DC 170 1=2.%00

M= [SPe]-1

SI{dM. J)= SI(1,J)

DC 175> J=2¢NCCF1,2

DC 17% 1=2,NCD

MMz[SP+]-1

ST (PMB)= -SI(1:J)

MS=[SP-1

BI=1SP-1+M0D

00 180 K=MR,NS

$=C.0

DC 185 1=1,NFCUR

Al=l

S=S+4FAIL)*ST(K,T)*A]

RiK)= 3.1416%S/7(FACT*ST(K,1))
DG 190 K=NMR,MT

DC 19C J=1,NTHETY

WS " Kpd) = WIHK(K, J)+WIK)/3.0
GC T1¢. 435

DC 3 1=1,M0D

DC 3 J=1,NTHET

WJHK(TD  J) = WJHK(D,d)¢n(1)/2.0
RETLRN

ENC

SUBRCUTINE FMWING (MTHET , INDFXosNDJoDEA¥, XCGoI1CGyCHOKD)
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12
13
14

DIMENSICN UMK (16940) ¢ VIHK(16040) o WIHK(16¢40)e Y1201 RF(T416),

1 214,18,40) ,X(%,18,60)

DIPEKSION CPIL16,40)

DIPENSICN AREX(204%0) ,AREY{20940),AREZ:20,40),FX{20,40),FY(20,40)
1 oFZU20,40) 4FXTCT(20),FYTOT(20),FITOT(20)

COPPCN/BLKHKL/LS 4MBoNFOUR/NSY N, ITAPE
CCPVPON/BLKHKZ2/UJHK yVIHK (W JIHK, Y RF ¢ 7
CCPICN/BLKHKS /U S, ALPHA,,BETF
CCPPON/BLKHKS/CP

COVPFON/BLKHKT /X

FGRPAT (1HO9/77/745X,22HH¢*FORCES AND MOMENTSS%)

FCRPAT (1H )

FORFAT (32HOX-FCRCE Y-FORCE L~FORCE)

FORMAT (3E11.3)

FOR®AT (&4THOPITCHING MOMENT COMPUTED ABOUT AXIS THRU CeG.=,1E11.3)
TORFPAT (4SHOYAWING MOMENT CCMPUTED ABOUT AXIS THRU CeGe=y¢1F11.3)
FCRMAT (46HORCLLING MCMENT COMPUTED ABOUT AXIS THRU CeGezo1E11.3)

C INDEX=C RECTANGULAR WING* OTHERWISE, INDEX=]%

20

1125

25

1130

30

BETA= ABS(BETF)

LSi=LS-1

NTHE= MTHET+1

DO 20 K=1,LS

X(l,“'N‘HE‘z X(ch.l)

LU K NTHE)= Z11,K,1)

IF (INDEX) 1125,1125,1130

DC 25 K=1,LS1

DFLY= Y{2)-Y(1)

IF (KoNE,1)DELY=0.5¢({Y(K¢1)-Y{K~1))

0C 25 J=2,MTHET

AREZ(V gJ) = 05%(X(1eKyJ+1)=X{1oKyJ~1)I5CELY
AREY(K,J)=0.0

AREX(KyJ)= 0.5%(2(1oKyJd*1)-2(1oKeJ-1))%DELY
GC TC 1135

OC 30 K=2,LS1

DtLY= 0.5%(Y(K+1)-Y(K~-1))

DC 30 J=2,MTHET

DX1l= 065 (X{1lgK=1gJ#1)-X{1loeK=1pJ~1})

DX2= Q0a5%{X{14KoJ*1l)-X{1,Ke0~1))

DX3= 045%(X(1oK#lodt12-X{1eK+1yvJ-11})
AREZ(KeJd)= 0425%(DX342.0%DX24DX1)*DELY
AREYIKeJ)= 0255 (X {1 oKeJ+1)=X{LoKeJ-1))5(Z{1eK+lyJ)-Z(1,K=19pJ}}
DZ1= 0.5%(Z(1,K~1yJ+1)-2Z¢{1,K~-1yd~1))}

D22= 0.5%#(2() ¢ KyJt1)=Z(1+KoJ=~11})

DZ3= 0.5%(2(1 K+lyJ+1)=-Z{14K+1leJ~1))
AREX{KyJ)= 0425%(D2342.0%0Z2¢L71)%VELY
DELY= Y(2)-Y(1)

DE 25 J=2 MTHET

DX2= DaS*IXUlylyedodl)=Xilylyi-1)}

DX3= 0.5%(X(1y2,J¢1)-X{152,J-1)}

AREZI1,43) = (DX240.5¢%(DX2+4DX3))*DELY
AREY(14J)= 0aS*(X{1loleJtl)=R{1l,1ed=-1))%{Z(1924J)=2(1¢10J)}
D22z 0.5%(Z(1414J41)-2(1y1l,y0-1))

D23= 0.5%(Z(1924J¢1)-2{14240-1})

AREX{1,J)= (D7240.5%(D22+40D23))*DELY

DFLY= 0.5%(VILS)=-Y(LS1))

DO ¢0 J=2 ,MTHET

DX2= 0.5%(X{1oLSLlyd#1)-X{1,LS1e0-1))
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40
1137

50

1136

55
1138

60

65

145

155

1165

1100

DX3= 0.5%(X{1eLSeJ+1)-X{19LSyJ~1))
AREZ{LS¢J)= 0.5%({DX3+0.5%(DX24DX3) }*DELY
AREY(LSyJ)= 0.25%(X{1olSeJ4+L)=X{1oLSeJ=12)%LZ{14LSsJ) -Z(1,LS514J))
DZ2= 0.5%{Z{14LS1eJ41)-211,L514J-1))
D23= 045%{Z(14LSsJ#1)=2(1,LSyJ-1))
AREX{LSyJ)= 0.5%({D23+40.5%(D22+4DZ13) }*DELY
IF {BETA-0.,001) 113641136,41137

DC 45 J=2,MTHET

AREZ(1:J)=0.5%AREZ(1,J)

AREY(L «J)=0.5%AREY(1,J)
AREX(14J)=0.5%AREX(15J)

0C 5C Js2,MTHET

CPBAR= CP(24J)=(CP(24J}-CP(14J))%0.T75
FX{1leJd)=~AREX(1,J)*CPBAR

FY(lyJ)= AREY(1,J)%CPBAR

FZ(1lyJ)= AREZ(1,J)tCPBAR

GC TC 1138

Dr 55 J=2 4MTHET
FX(14J)=-AREX(L,J)*CP(1,J)

FY(lsJd)= C.

FZ{29J)= AREZ(1,J)%*CP(1,J)

CC 60 K=2,LS1

DP 60 J=2 4MTHET

CPBAR= CP{KyJ)+ (CP(KelyJ)~CPI{KyJ))*(0.5%( VY(K=-1)#Y(K)) ¢0.25¢%
1 (YIK+1)=Y(K=-1) )Y (K))/ (Y (Ke1)-Y(K))
FX{KyJ)=-AREX (K, J)*CPBAR

FYiKyJ)= AREY{K,J)*CPBAR

FIL(K,J)= AREZ(K,J)*CPBAR

D0 €65 J=2,4MTHETY

CPBAR= CPILSLyJ)+(CPILS,J)-CPI{LS1,J))*%0.75
FX{LSyJ)=—AREX(LS,J)*CPBAR

FY{LS,J)= AREY(LS,J)*CPBAR

FZ(LSy,J)= AREZ(LS+J)*CPBAR

DC 145 K=1,LS

FXTCT(K)=0.0

FYTOT(K)=0.0

FIICT(K)=0.0

DO 145 J=2,MTHET

FXTCTIK)= FXTOT(K)+FX{KyJ)

FYTOT(K)Y= FYTCT(K)+FY(K,J)

FITCTIK)= FITOT(K)+FZIK,J)

XFORCE=C.0

Y+CRCE=0.0

ZFCRCE=0.0

TRLST= 3.14159*FLOATINDJ)#*(CIAM/UJ)**2/2,0
DO 155 K=2,1S

XFCRCE=XFCRCE <FX)O0OT (K}

VFCRCE=YFCRCE +FYTCT(K)

ZFGRCE=ZFCRCE +FITQT(K)

IF (BETA-C.COL) 1160411604165

XFCRCE= FXTOT(1)+XFQRCE

YFLRCE= FYTCTU1)+YFORCE

IFORCE= F2YCTU1)+ZFORCE

YHCRCE= YFORCE/TRUST

XFCRCE= XFORCT/TRUST

2ECRCE= IFCRCE/TRUST

GT IC 117G

XECRCE= FXTCT{1)42.0¢XFCRCE

YFCRCE= 0.0
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IFCRCE= FITOT{1)+2.0*%ZFORCE
XFCRCE= XFORCE/TRUSY
YFCRCE= YFCRCE/TRUST
LFCRCE= ZFCRCE/TRUST

1170 WRITE (6,5)

WRITE (6,46)

WRITE (649)

WRITE (6+410) XFORCE,YFORCE,ZFORCE
YAW=0.0

PITCH=0.0

ROLL=0.0

IF {BETA-0.001) 1175,1175,1180

1180 DG 161 K=1,LS

161

DG 16l J=2,MHTHETY

PITCH= PITCH +FX(KyJ)#(Z(1,KyJ)=ZCG) +FZ(K,J)*(XCG-X(1eKed))
DC 162 K=2,LS1

162 YAh= YAW+FXTOT(K)*Y{K)

163

le4

166

1175

160

165

1185

YAWz YAWCFXTOTUL)I&(Y(2)40.25%{Y(1)-Y(2)))+FXTOTLILS)*(YILSL)
1 +0.25#(Y(LS)~Y{LS])))

00 163 K=1,LS

DO 163 J=2,MTHET

YAh= YAWtFYIK¢J)#IXCG-X{1sKyJ))

DC 164 K=2,LS1

ROLL= ROLL-FZTCT(K)*Y(K)

ROLL= RCLL-FZTCT(1)*(Y{2)40.25%(Y(1)=Y(2)NI-FLTOT{LS)I*(Y(LS))
1 +Ge25%(Y(LS)-YILSD)))

D0 166 K=1,LS

DO 166 J=24MTHET

ROLL= RCLL +FY(KyJ)*{Z(1,KyJ)-2C6)

PITCH= PITCH/ {TRUS T#CHORD)

YAaz YA/ (TRUST*CHCRC)

RGLL= ROLL/(TRUST*CHCRD)

6L 10 1185

DO 160 K=2,LS

C 160 J=2MTHET

PITCH= PITCH +FX(KyJ)#({ZU1sKyJ)=2C6) +FZIKeJ)*(XCGC-X{14KoJ))
PITCH= 2.0*PITCH

DC 165 J=2,MTHET

PITCH= PITCH +FX(1l4J)%(2(1y14J)-2CG) +FI{1l4J)®(XCC=-XI1s14J))
PITCH= PTITCH/{(TRUST*CHCRD)

WRITE (6,46)

WRITE (6,12) PITCH

WRITE 16,413) YAW

WRITE t6,.14) RCLL

RE TLRN

END

SUBROUTINE FMBCOY {(FTHET o YToZToYTAIL,2ZTAILNDJyDIAM¢XCGy CHORD)

DIMENSTICN UJHK{16940) s VIHK(16,40) s WJHK{16440)y X(2C)sRF{T,416),

1 2(4,18,40),Y(4,18,40)

DIFENSICN CP(16,40)

OIMENSICN AREX(20440)9yAREY(20440)¢AREZ(20440)9 FX{20040)4FY{2C,440)
1 oFZ120,40)FXTCTL20)+FYTOT(20),F2TOT(20)

COMNCN/BLKHKLZLS +MBoNFOURGNSYM, ITAPE

COMPON/ZBLKHKZ /UJHK g VIHK g WJIHK g Xy RF 4 2
CUMMCN/BLKHKS5 /UJ ALPHA,BETA
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CCPIFON/BLKHKG/CP
COPPCN/BLEKHKSB/Y

5 FPRPAT (1HO,///7765X,22HSSFORCES AND MOMENTS%t)
(] FCRIAT (1H )
S FCREAT (32HOX-FCRCE Y-FORCE 1-FORCE)
1¢C FCRPAT(3ELL.3)
12 FORPAY (&THOPITCHIRG MOMENT COMPUTED ABQUT AXIS THRU CeGe=xo1E11.3)
I3 FCRYAT (4SHCYANING MOMENT COMPUTEC ABOUT AXES THRU C.Gexo1El1.3)
NIHE=PTHEL/2 *1
15T7=LS+1
LS1=LS~1
NTH=KTHE+1]
OC 20 X=]1,1S
Yl sKoNTH) = ~Y {1 Ko, NTHE-1)
20 Z(1 KoNTH)I= Z(1,X,NTHE-1;
DC 25 J=1,NTH
Y{l,LSTJd)= YTAIL
25 ZU1,LST %= ZTAfL
OC 3C K=2,LS
DELX= 0.58{X({K+1)~-X(K-1)})
AREXI{KoLl7= 0.5%(Z2(1,K+1,1)-Z011,K~191))%Y{1,K,2)
AREY{iKol)=~ $,0
AREZ(Kol)= 0625%(¥Y(1,K+]1,2)42.0%V(14Kp2) 4V (1,K-1,2))%DEL
DC 3C J=z2.NTHE
DY1= 0.5%(Y({1loK-1,4J¢1)-Y{1K-1y4-1})
DY2= 0.5%{Y(1leKoi+l)=-Y(1,X,J-1))
DY3= 0.5%(Y{l,K+lyJel)-7{l,Kel,pJ-1)"
AREZ(KegJ)= 0.25%1DY342.0¢DY24DYL)*DELX
071= 0.5%(Z2(1sK=14J41)-2(1,K~14J-1))
D72z 0.530Z(1eKoJ#l)-2(14K,5-1))
0732 0.5%(Z11,K¢1loJ+4]1)-2{LyK#+1oJ-1))
APEY(KoJd)= 0.25%{0072342,.0%0224021)%DELX
30 AREXIKgJl= 0258 {2 (1 oKelgd =2 1o K=LloJd))®(Y(1yKoJ+1)-Y(1oKyJ-1))
DELX=0.58X(2)
AREX(1leld= 0.5%2(2( 192,101V )eY(141,42)
AREY(1,1)=0.0
AREZ(L191)= 0425%(Y(192+2142.05Y(Ly1,2)¢YTieDCLX
Or 35 y=2NVHE
DY2= 0.5%{VI lsleJdet]l)-YiieleJt-1))
CV3= J5%(Y(142,J¢1)-Y(1,2,4d~-1))
AREZ(14J)= 0.25%(DY3+v2.0%DY2)*DELX
D72= 05%(Z14l,yd¢1)=21141,0-~1))
DI3= 0458121192041 )-2{192,2-1))
AREY(l4J)= 0.25%(DZ2342.0%0722)#DELX
35 AREX(igJ)= 0s20%(2(1e29J)-2TI%(Y{14]lpJde+1l)~Y{1y1l0d-1))
0 40 K=1,1S
DC 4«0 J=NTH,MTHET
NCN= NTH ~(J-MTHET/2)
AREZitiqu) - AREZ(K,NON)
AREY(KyJ¥=—AREY (K, NCON)
40 AREX{KyJ)= AREX{K.NON)
DC 45 K=2,LS1
DC &5 J=1  MTHET
CPBAR= CPIKyJI+(CP(X+LeJ)-CPIKyJ))2(05%(X{K-1)4X(K}) 40 25%
1 (XIK4LI=X{K~1)}-X(KII/Z(X{K+L)=-X(K))
FXUKyJ)= AREX({K,J)#CPBAR
FY{K,J)=-AREY (K, J)*_PBAR
45 Fl{KeJ)= AREZ{K,J)*CPBAR
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50

145

150

155

175
176

1175
160

1180

165

1145

170

D0 50 J=1,MTHEY

LPBARE CPlloJ)¢ (CPL2,3)-CP(1,J))%(0.5%X(1)40.25¢X(2)}~X(1))

1 7{X(2)-Xt3))

FX(1lyJ)= AREX(1,J)*CPBAR
FY{1.J)= ~AREY(1,J)*CPBAR
FI{'9J)= AREZ(1,J)*CPBAR

CPBAR=: CPILSoUd)¢ {CPILSeII-CP(LSLeJ))*{0.5%{X{LS)+X(LS]1))+0.25%

1 (XELSY)=X{LS1))=-X{LS) I/ (XILSY-XILS1))
FEX{LSeJ)= AREX(LSe J)*CPBAR

FY(LSyJd)x —AREY(LS,J)*CPBAR

FZi{LSeJ)= AREZ(LSeJ)*CPBAR

DO 145 K=1,LS

FXTCT(K)=0.0

FYTCT(K)=0.0

FITCT{K}=0.0

DC 145 J=1.PTHET
FXTCTIK)=FXTOT(K)+FX(KyJ)
FYTCV(K)=FYTOT(K)+FY K,y J)
FZTOT(K)=FZTOTIK)+FZI{K,y.:)

TRUST= 3.14159¢FLOAT(NC))*(DIAM/UG}*%2/2,0
DU 150 K=1,LS

FXTOTIK)= FXTOT(K)/TRUST

FYTCT{K)= FYTOT(K)/TRUST

FEICT(K)= FZTOTIK)/TRUST

XFCRCE=0,0

YFCRCE=0,0

IFCRCE=0.0

N0 155 K=1,LS

XFCRCE=XFCRCE+FXTOT(K)
YFCRCT=YFCRCE+FYTOT(K)

I CRCE=ZFORCE+FZTOT(X)

WRITE (645)

WRITE (6,6)

WRITE (6,9)

WRITE (6,10) XFCRCE,YFORL. “ORCE
YAW=0.0

PITCH=0.0

DC 175 K=l,LS

If {(X(K)=XCG) 175,176,176

CONTINUE

MCFENT =K

XDIS= X{MOMENT)-XCG

IF (PCMENT-1) 1111,1111,1180

DG, 160 K=HOMENT,LS

YAW:YAW+FYTOT(K) #{X{K)=-X{MOMENT ) +XDIS)
PITCH=PITCH-FZTOT{K) * (X (X)X {MOMENT ) +X0IS)
GO IC 1185

MEN [=MOMENT-1

DG 165 K=l ,MENT
YAR=YAW-FYTOT(K)# (X {MOMENT)~X {K)=-XDIS)
PITCH=PITCH+FZTLTIK) *{X (MOMENT )~X(K)-XDIS?
IF (. S-VFOMENT) 1111,1111,117%

DC 170 K=1,L5

D0 170 Jd=1,MTHET
YAW=YAW=-FX(K,J)*Y{1,;%,J)/TRUST

PITCH= PITCH#FX(Ky )Y *Z(1,KyJ}/TRUST
YAw= YAW/CHCRD

PITCH= PITCH/CHCRD

WRITE (6,46)

143

LBRHRT IR

e SN

e ot RO W et e 1

v




1111
601

15

60

1

1

WRITE (6,412) PITCH

WRITE (6,13) YAW .

RETULRN ' : '

WRITE (6,501) )
FCRMAT (1HO,30H*#FRRCR IN MOMENT DATA INPUTS®)

sice

END

SUBRCUTINE KMOD3 (MTHET,101S+NBO0OLMEXIT)

DIVENSIEN UX{164401oUY(16¢4C)oUZ116440),YCOMM(20),RF(7416)

DIMENSICN X(4¢18,40)42(4418440)DNORM(4,16440)yDTANG(4y16440),
DVOL{4 4164400 ¢FLUX 49 16440)}ePHI(4916,40)

DINENSICN VX({14a16¢40),VY(1416440)oVZi1,16440)

DIVENSICN ST(4G920),4CS140,20)4C(30416),0(30,16)

DIMENSICN E(16Y,Y(40)

COMMCN/BLKHKL /LS yMByNFOURGNSY Ko ITAPE
CCFMFCN/BLKHK2/UX yUY ,UZ 4 YCOMM,RF, Z
CCMNMCNZBLKHK3/SI LCS
CrV¥¥CN/BLKHKS/UJ,ALPHA,,BETF
CCFMPON/BLKHKT/X

COMMCN/BLKHLIG /VY

CCMMCN/BLKHLS /NCOWN, IREPET

EGUIVALENCE (FLUX(L) oCNORM{L) )y (PHI (1).D'ANG(1))

REWIND lTAPE

DC 15 K=1,LS

ViK) = YCOMM{K)

READ (ITAPE) DUNMNY, E(K).(C(I.K) 0(I1,K)y I=1,NFOUR)

CCNTINUE ]

BFTA= ABS(BETF)

LSi=LS~-1

MTL=FTHET+] |

DC 60 K=1,151

DC 60 I=1,IDIS

X(IQK'MII)=X1"K'1’

ZAL 4Ky MTL)=Z (T 4K,yl)

DC 6% K=1,LS1

DC 65 1=2,IDIS

D0 65 J=1,MTHEY

DNORM(T 4K, )= SQR\((X([. ed )= XUT-1 Kot ) )e®2 +(Z(1,KeJ)-2(1-19KyJ))
$92)

65 DTANGII 4Ky J)=SQRT{AX(T, Kolfl) X{LeK,y JD)‘*Z I KyJ*1)=20T4KyI))

1145
1145

1ol
1150

1152
1156

i

$52)
pe 10 K=1,L51
pr 1¢ 1=2,1018
DC 70 J=1,MTHET
IF (1-1D1S) 1145,1146,1145
(F (1-2) 115044151,1150
DN=DNCRM(TIDIS, K, J)
GO TC 1152
DN=C.S*DNCRM{3 4K 4 JI+DNORM(2,K,J)
GG IC 1152
DN=CaS*(ONORM{T+L 4Ky J)¢DNCRMIT K,y J 10
IF (J=11 1155,1156,41155
DT=Coah®INTANCIT 4Ky L) +DVANGI{T K5 MTHET})
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1175
1157
1158
1159

1160
10

80
75

85

1205

86

GC 1C 1157
DT*C.S*(DY‘NG(!'KtJ,*DTﬂNG(viQJ‘l)’

IF (K-1) 1159,1158,1159

DY=v(2)

60 TC 41160

DV=Cr5‘(Y(K41)'Y|K‘l))

DVCL(1,K,J)= DNSCT#pY

CCNTINUE

bDC 715 Kk=1,1L$

DG 75 1=2,101S

RLU=ALOGIRF(],K))

DO 75 J=1,MTHET

AA=E(K}*RL

RUV=1,0

DC 80 N=1,NFOUR

REV=REV‘RF(1.K)/RF(10K)
AAtAAtREV*l~D(N,K)‘CS‘J.N)*C(N.K)'SI(J'N’3
PHI(E4K,J)=AA

0C 85 K=2,L$1

0C &5 I=2,1DIS

00 85 J=)1,MTHET

FLUX(T 4Ky J) = DVOL!anyJ)*(PHI(loK'l'J,-Z-O*PH((IoK.J’*PHl(I.K-loJ
1 )-(PH[(lyK01oJ)‘PHl(!vK,J))‘(Y(KO[!-Z.O‘Y(K)*Y(K-I))I(Y(K+1)
2 -Y(K)’)/(lZ-Séb*(Y(K’*V(K“I’)**Z)

SIGN IN FLUX 1% PLUS,DUE TO COMBINATION OF MINUS SIGNS.
IF (BETA-0.001) 1200,1200,1205

OC 86 K=1,LS

DC 86 M=1,MTHET

VX(l,K.P)=O.

VY(1,K,M) =0,

VillsKyM)=0,

£53=45-3

- DO 87 K=4,L%3

87

IH=PMAXO12,K~4)

LB=VMINQ(LSL yK44)

DC 87 LKL=i8,LB

DC 87 M=) ,MTHET

OC 87 1=2.10715§

DC 87 J=1,MIHLT
CBS=((X(I.K.N)-X(!.LKL.J))**ZO(Z(I.K.M)~Z|I,LKL.J))**Z

1 HIYIK) =Y LKLY o2 )88),5

VX(14Ky¥)= VX(I,K,M)QFLUXlIoLKL.J)*(X(I.K,M)—XCI.LKL.J’)/CBS
VY{1leKyMj= VY‘ipKoN)*FLUX(loLKLoJ)*(Y(K)—YILKL))/CBS

VZ{1,KyM)= vzcx,x.n;>FLux¢l.LKL.J)*(Z(1.K.M)~l(l.LxL.J))ICBS
IF {LS.LE.13) 6C TG 1210

LS4=LS~4

LSS=LSe~4

DC 88 KA=4,154,L%S

KHh=KA%]

IF {KAJECL4) KC=5

1F ‘KAAFQOLS“) KC==5

OC A8 X=KA,KB

DU 88 M=] ,KTHET

OC 88 1=2,(D1S

DC 88 J=1,MIHET

CES~- (leloK.V}'Xll,K*KC'J))**Z HIZUL Ko M)=2UL,K4KCyJ ) ) #s)

1 *(Y(K)’Y(K*KC!F**Z!**I.5

VX(14KyV)= VX(IpK.M}iFLUXl],K#KC.’)‘(Xfvile*X(IpKOKCoJ))/CBS
VY{],KyM)= VY(lpKoF)*FLUX(laKOchJ)‘(Y(K)—Y(K0KC!)/CBS
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ga
1200

90

91

92

95

100

105

110
115

120

125

130

VZ{14KeF)z VZ(1oKoMI+FLUX(T¢K4KCo J)E(2{1oKoM)~-Z(1,K+KCpJ))/CBS
GO 1C 1210

DC 90 1=2,10I1S

DC 9C J=1,MTHET
FLUX{T 31 9Jd) 2 DVCLIT gleJd)%2.0%(PHI(1,2,J)~PHI(Iy1eJ))/012.5668Y(2)
] Y(2))

DC 91 K=1,LS1

DC S1 [=2,10D1S

DT 91 J=1 MTHEY

PHI(I ¢KoJ)= FLUX(T9KypJ)
DC 92 K=1.LS1

OC 92 I=2,101S

D 92 J=1 MTHET

FLUX{T oK+4,4J)= PHI(I4K,yJ)
LCCPP= LSH4

DC 95 K=1,LS

OC S5 I=1,IDIS

DN 95 J=1 MTHET
PHI(IOK.J,=X('|K'J)
DVCL(I'K'J)Z Z([pK'J)

DO 100 K=1,LS1

DO 100 1=1,101S

DC 1C0 J=!,MTHET

XD K443 JizPHT{] 4Ky J)
T(1 oKt o J)=DVOL(T 4K, J)
DC 105 K=l,4

N=6-K

DC 105 I=1i,1DIS

DC 105 J=1,MTHET
X(l'K'J)= PHI(!:N.J,
Z{I4KsJd)= DVOL(I¢Npd)
FLLX HAVE SAME SIGNS ON BOTH SICES OF JET,OUE TO SECOND DERIVATIVE
0N 110 K=l,4

N=10-K

DC 110 1=2,101S

Or 110 J=1,MTHET
FLUX(TsKyJ)= FLUX(TI,N,J)
oe 115 K=1,LS1
Y{K#20)=Y (K}

OC 120 K=1,181
Y{K+4)=Y{K+20)

BC 125 K=1,4

N=10-K

Y(K)==Y(N)}

DC 130 K=1l,LCOMP

DC 130 M=1,MTHET
VX(]l4KeV)=0.0
VY“'K'M)=OCO
VZ‘XQK'~,=000
LCCNF3=LCOMP-3

D0 135 K=5,11
IR=VNINO(3,K~4)
LE=MINO{LCOM3+2,K¢4)

DC 135 tKL=1IB,L8

DC 135 M=1,MTHET

OC 135 1=2,10IS

O 135 J=),MTHET
CBS=00XIL sKoMI=X (T LKLy J))*%24(Z(1,K,M)-Z 1yLlXL,J))O%2
1 $(Y(KY-Y(LKL)})®22)%%] .5
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= P VX{Lo¥gWP)= UXK{LoKoyMI4+FLUXEToLRLoJI*IX(L1oKoN)-X(ToLKLoJ})/CBS
: R VY{L1 oK. M)= VY(I ,KoMI+FLUXCTI QLKL J)®IYIK)-Y(LKL})IZCBS
135 VZ({1leKe V)= VZ(L1,KeM)EFLUXTEGLKL9J)I®(Z(1oKoM)=Z (T eLKLoJ))/CBS
IF (LCOCP3.LELLY) GO TC 1210
DC 140 ¥=]12,LCCH3
[RzK~4
LR=FMINO(LCON342,Ke )
OC 140 LKL=18,LB
DU 140 P=]1,MTHET
DG 140 [=2,101S
OC 140 J=1,MTHET
CRS={IX{LgKoM)=X{1oLKLsd))B%24(Z{LoKoM)=Z11,LKLoJ))*s2
1 #(Y(K)=Y(LKL))*$2)%%] .5
VXU1aKoM)= VX{L o KoMIGFLUX{T oL KLpJI* (X {1y KyM)=X{TI,LKLyJ))/CBS
VYUl oKoVM)= VY(L o KeMISFLUX({I LKL, J)®{Y(K)}~YILKL})/CBS
140 VZU14KoM)= V21 oKoM)+FLUXIToLKLoJ)® (211, KoMI-ZET1,LKLoJ))}/CBS
1210 1F (NBCCL-1) 1181,1180,1181
1180 IF (BETA-0.001) 1183,1163,1184
1183 M3=3
M6z 6
M727
MRz g
DC 149 J=1,MTHET
VX{103:J)=VXI1,74d)
VY‘1'3|J)=VY(IQ7'J3
149 VZi143,4J)=V2I1,47,4J)
GO 1C 1185
1184 M2=XEX]T-3
¥Miz=p2+l
Mozp2+42
M5zp243
M6=M244
Mizp245
MBzN246
YNL= (Y(MG)=Y(M3))®(Y(ML)=Y(MT))/ (Y (M2)-Y(MI))/LV{M2)-YIMNT))
YN2= (Y(MG)=Y{MZ))R(V{ML)~Y(MT))I/LY(M3)=-Y(M2))/7(Y{M3I)-Y(MT)}
YNA= (Y(MO)=Y(M2)) (Y {MA)=Y(MI))/IYIRTI-YIM2})/LY(MT)~-Y(M3))
DC .51 J=1.MTHET
VX(EL1oMa,0)= 0.5%(VX(LgMeyJ)+YNLIRVX(:oM2,J)4YN2EYX{1oM2,01)
| +YNISYX{L,MT7,J))
VY{1gMegd)= 0aS¥(VY(LgMagJ)¢YNLIRVY (14M2,J)¢YN2EVY(14M34J)

I +YNIRVY (1,MT74J))
150 VZ{14May0)= 05¢(VZI14MayJ)eYNLRVZ(19M2,J)¢YN2EVI{LiM3,4)
1 +YN3ISVZ(L,MT.4))

1185 YNL= (Y(MO)=Y(MT)) (Y (M6)=-Y(MB))/(Y(M3)-Y{MT)}/(Y(M3)-Y(M8))
YNZ2= (Y(ME)=Y(M3))&(Y(ME)-Y(MBII/(Y(MT)=-Y(MI))/LY(MT)I=-Y{MB))
YN3 =2 (Y(ME)=Y(FI))e(Y(ME)-Y(MT7))/(YIMB)-Y(M3I)}/(Y(MB)=-Y(MT))
DC 152 J=1,MTHET
VX{1oM64J)= 0.5 (VXILoM64J) ¢YNLEVX(LoM3I,J)EYN2EVX(L1,MT7,J)
! 4YN3*VYX(1,M8,J) )

g VY(LoM643J)= 05%(VY(L1yM6,J) +YNLEVY(L1,M3,0)0YN2%RVY(1,MT,J)

F 4 l +YN3I*VY(1,M8,3))

é . 152 VZUIL1eME4J)= 05¢(VZIL14ME4d) +YNLEVZ(LoM3,J)4YN2RV2(1,M74J)

. I SYN3I®VZ(1,MB,J))

- 1181 IF (BETA-0.001) 1182,1182,1190

g 1182 DC 160 K=5,LC0M)

{ . N=K-4

DC 160 L=l ,MTHET

GEKINGL) SUXENL)eVX (L Kyl
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UY(AGL) =UYIN L) +VY (1 ,K4l)
160 UZ(N,L)= UZIN,LI+VI(1,K,L)
OC 153 K=5,LCC¥M3
0C 153 J=1,NTHET
N=K-4
153 VY(1,NyJ)=VY(1,Ked)
LCCM6=LCOM3-3
DC 155 K=LCCM6,LCOMP
DO 155 J=1,PTHET
155 VV(l.K.J)=O.
D0 154 K=1,LS
DC 154 1=1,I101S
NGO 154 Jsl,FTHET
X(I.K.J)=PH1(I.K.J)
154 Z(I4Ky3)=DVCLIT,K,yJ)
GO 1C 1195
1790 DC 161 K= 4,LCCMF)
DC 161 L=1,NMTHET
UX{Keb) = UX(KoL)+VX{1,4K,L)
UY(KeL)= UY(KoL)+VY(1,K,L)
161 UZUKsLY= UZ(KoL)+VZ{14Kyl)
1195 NLECwN=0
RETLRN
ENC

SUBRCUTINE HBMOD3 (MTHET,IDIS,NJET)

DIMENSICN UX{16940),UY(16440)4U2(16440)sX(20),RF(T7416),

1 Y(4918440),Z(4y18940)+E(16)oCNORM (49 16440)sDTANG(4,16440),
2 CVOL(4416,40) FLUX(4916540),PHTI(4416,40)

DIMENSICN VX(1416440) oVY{Ll916+40)9VI{1416,40)

DINMENSICN S1{40,20)4CS5(40,20),C(30,16),D130,16)

CCMMCN/BLKHKL/LS 4MByNFOUR,NSYM, ITAPE
CCMMCN/BLKHK2/UXsUY o UZ X 9RFy2
CCVMMCN/BLKHK3/SI,CS
COMMON/BLKHKS7UJ o ALPHA, JETF
CCOMMCN/BLKHKE/ZY

CCPNMCN/BLKHL3 /VX

ECUTVALENCE (FLUX(1)oONORM(L)), (PHI(1)sDYANG(1))

REY IND ITAPE
D7, 20 K=1,LS
READ {ITAPE) EUK) o (C(I4K)yDUI,K)yI=1,NFOUR)
2C UCNTVINUE
g LS1=LS-1
MT1=FMTHET+]
DP 40 K=2,LS1
DC 40 I=1,I01S
Y(vi.M‘l’=Y‘l’K'l’
ZU] JKyMTL)=2(19Kyl)
Y‘I'KQHY1’1'=Y(I'KQZ)
4C ZU1,KyMT141)=201,K,2)
DC 45 K=2,LS1
00 45 1=2,10D1S
Or 45 J=],.MT1
DNCRM{T oKy J)=SCRT(CUY LTIy Ko d)=Y(I-19Ked)I®%2 +{Z{14KyJ)=2(1-1,KyJd})
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1 *92)
45 DTIARG(T oK2J)=SCRYU(VII KoJ#1)-Y(1:K,J3)882 ¢{Z(1oXKoJe1)~20(1,KcJ!)
1 322)
DC 50 K=2,LS1
DO 50 1=2,101S
DC 50 J=1,rTHET
IF (I-TCIS) 1145,1146,1145
1145 IF (I-2) 1150,1151,1150
1146 DN=DAORPMIIDIS Ko J)
G0 TC 1152
1151 DN=C.S*DNCRNM(3,K,J)+DNORN(2,K,J)
GC TC 1152
1150 ON=0G.SH{OMORKE(I+19Ko J)+DNCRM(I,KyJ))
11592 IF (J~-1) 115%,1156,1155
1156 DT=C.5¢(DVANG (I Kol ) +DTANG{I oK, MTHET})
6C TC 1157
1155 DT=0.5%{DTANG(I ¢ Ky J)4DTANG (I 4KeJ~1))
1157 DX=CaS*(X{K~1)24X(K#+1))
506 DVCL{I,K,J)= DNsDT#DX
DC 70 K=1,L$
D0 70 1=2,101S
DC 70 J=1,MTHET
AAz-E(K)*RF {1 ,K)} /RF{I,K)}
REV=1.0
DC 75 N=1,NFOUR
REV=REV*RF{! K)/RF({1,K)
15 AA=AASREVH{-D(NyK)SCS(JoNIS+CINyK)ES1 (JsN})
70 PHI{I ,KoJ)=AA
iL52=1%-2
C SIGM IN FLUX IS PLUX,DUE TO COMBINATION OF TWD MINUS SIGNS.
DC 80 K=2,LS1
WX1l= X({K=1)~-X{K)
wWX2= X(K=1)-X{K+})
WX3= X(K)-X{Ke])
pC 8C 1=2,IDIS
0C 80 J=1,MTHET
RO FLUX(I,Ked)= (PHI(T,K=14J)/WXL/WX2 =PHI(I,Ked)} HX1/WX3 +PHI{IyK+1,
1 JI/WX2/WX3 -0.5%ELK)I®RFILsKI/RF(T K)*%3)aDVr. [T,Ky9l}76,2832
DC B8l Kzl,LS
D0 61 M=) ,MTHET
VX(Ll,K,M)=0.0
VY{1:Ke¥)=0.0
81 VZ2(1,K:F)=0.u
LS3=LS~2
NTHE=MTHEY/2 +1
1F (ABS(BETF)oGT.0.001) NTHE=MTHET
NJL=NJET-2
NJR=NJET+3
DC 85 K=3,AJL
IB=NVAXO(2,K-4)
DC 85 LKL=I8B,4NJR
DC 85 M=]1,NTHE
OC 85 [1=2,101S
DC 85 J=1,MTHET
CBS= ((XUIK)=XILKL)I)I*#2 (Y {2oeKyM)-Y (T ,LKLyJ)}I®&2 +{Z{]1yK,M)
1 =Z{l,LKLsJ))2%2)%%],.5
VX{1eKoeM)= VXI14KoM) ¢FLUX{ToLKLy I)I®(XI(K)-XILKL))/CBS
VY({1eKoMl= VY(1yKogM) 4FLUX(TohKLoJ)I*(Y(1oKoM)-Y({I,LKLoJ))/CBS
BS V2{14KeM)s VZIULoKeM) +FLUXUIZ LKLy II*(Z11,KyM)-2(],LKLyJ))/CRBS
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NJI=NJET-!

NJ2=NJETe2

DC 90 A=NJl N .2

IRz K~&

LB=Kes

DU S50 LKL=IB,L8B

DC SC M=]1 ,NTHE

o S0 1=22,IDIS

0C SO0 J=1,MTHETY

CBS= (UXIKI=X{LKL))*22 (VY 1 eXoM'=V (I ,0KL,J))E%2 +{7(1eKoN)

1 ~Z(1.LKL,J))®52)8%],.5

VX{1eKeVMi= VX(LoKeM) $FLUX(ZoLKL, J)IS®IXI(K)I-X{LKL)}/CBS

VY{LloXoM)= VV(1oKeM) #FLUX{T LKLy I)N(Y(1oKoM)-Y(IoLKL,J))/CBS
SC VZ(1leKoM)z= VZ{1oKe¥) +FLUX{T o LKLo SI*IZ(1eKoM)-ZT1)oLKLoJ))V/CBS

DC 95 K=NJR4LS2

LE=PINO(LS]L K¢+&)

DC 95 LKL=NJL,LSB

D" 95 M=} (NTHE

DC 95 1=2,101S

DC 95 J=] JMTHET

CBS= (IXIK)-ZILKL)I®*32 +(Y{LeKoM)-V{IoLKL,J))$&2 {28 ,KoN)

1 ~Z01 LKLy 2))8%2)22],.5

VX{1gKoM)z= VX(1oKeM} *FLUX(TI LKL oJ)®(X(K)=-X{ XL )})/CBS

VY{1oKoP)= VYLl oKoH) SFLUXCI oKL JI®{Y (L1 oKoM)-Y{I LKL eJ))/CBS
35 VZ(1oKoM)= VI(14KeM) +FLUX{ToLKLeJ)®{Z(LyKot)-2(T1,LKL¢J))/CHS

N=ANJET-1

N2=h-2

N3=pn-1

Nizh+]

XhL= (XIN)=XIN3)I®(X{N)=-XINT)IZIXIN2)=-XINIII/(X{N2)=-XINT))

XN2= {XIN)=XIN2))S(X(N)=-XINT))I/(XIN3)=X(N2)})I/{XIN3)=-XINT))

XN3= (X(N)-XIN2))I®(X{N)=-X(NI) I/ I(XINTI=-XIN2))I/{XINT)=XIN3))

D0 110 J=1,NTHE

VX{LlgNod)= OS5 {VXIL14NoJ) ¢XNISVX ({1 oN2y32¢XN2&VX(1,N3,J)

1 +XN3ISYX (L N7,3))

VY(1oNgJ)= CaS5%{VY{14NgJ) +XNIEVY (1 4N2y,J)EXN2EVY({ 14N3pJ)

1 +XN3*VY (1 ,N7,4d1})
110 VZU1eNgJ)= 0.5%{VZ{14NeJ) #XNISVZ(LyN2,J)¢XN2&VZI(14N3eJ)

1 +XNISVI(1,NT7,J))
180 OC 100 K=1,4LS

DC 100 L=1,N7THE

UX({KelL) = UX!KeL)+VXIileKol)

UY(Kel) = UYIKGL)#VY (1 ,KyL
100 LZ4Kel)= UZ{K L)V (leKyL)

RETLRN

END
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10
20

30

501
601

[aRaN e

1

2

PROGRAN LFYSR{INPUTY ,DUTPUT (PINCH, TAPES= INPUT, TAPEG=DUTPUT,
L1TAPET=PUNCHTAPE2,TAPE3)

READ (5,501) ISTART,ISTOP
IF LISTART~2) 10,20,30
CALL CHAINI

IF (ISTOP-1) 50,50,20
CALL CHAING

IF (ISTOP-2) 50,50+30
CALL CHAINT

CONTINUE

MRITE ?16,601)

siop

FORMAT (215)

FORMAT (1HO /777%8X 24H*SSEND OF COMPUTAT ION&S*)
END

SUBROUTINE CHAIN]
THIS PROGRAM CALCULATES THE DOWNWASH CONTROL POINY MATRIX

OIMENSION GAUSS(50),0LDDNI16),DLDDO{16), FROWR{ 364 50), THETB{20,4),
1THETAA(30,16) 4FORR{30016) ¢NOMB(20,3)4NQ(3),THETA(4),ETA( 20), YOWASH
2{150) FLPOS(10)4NSEC(20) ,XDWASH(150),YSTAT(50),NCP(50),

BARRAY 12« TITLE(6) ¢GAUFFA(50)4Y(10),NSQU10),AMLE(30),AMTE(30),
AYLEAD{31) «XLEAD(31)YTRAIL(3L),XTRAIL(3])

COMMON GAUSSyTHETB, THETAA o FORRyNONBoNQy THETA,ETAo YDWASH, FLPOS,NSEC

CATA PIEXLEAD(L)¢VJ/2..415926590.916./
DATA ¥(1),NSQ(1),NSQ(2),NSQ(3)/-1.0,16y16,7/
DATA TITLE/6HDOWNWA,6HSH CONy6HTROL Py 6HOINT M,y 6HATRIXs96H D /

REWIND 3

THETA(1)=0.0

READ (5,123) ARRAY

READ (59121} NYSTAT,MSPAN,NCHORD¢NEED, HFLAP,NODE1,NDDE3, NAY1 ,NOLED
1,NOTED

READ {5,122) SPACE.FMACH, FBOD

READ (5,122) (YSTATUI),I=1,NYSTAT)

READ (54122) (FLPOS(I),I=1,NFLAP)

NOL =NOLED~-).

NOT=NOTED-1

READ (5,122) (AMLE(1),I=1,NOL)

RFAD (5,122) {AMTE{I),1=1,NOT)

READ (5+122) (YLEAD(1),1=1,NOLED}

READ (S54122) (YTYRAIL(I),I=1,NOTED)
XTRAIL(1)=2,0%FBO

DC 1 1=2,NOLED
XLEAD(I)=XLEAD(I-1)¢AMLE(I~-1)*(YLEAD{TI)-YLEAD(I-1})
CONTINUE

00 2 =2 4NOTED

XTRAIL(E) =XTRARL(I=-1)+AMTE(I-1)* (YTRAIL(T)-YVRAIL(I-1))
CONTINVE

$=1.0/F80

MCBS=MSPANSNCHORD

15.




B80F=2.0%FB0
WRITE (6,124) ARRAY
WRITE 16570 MSPAN,NCHORD,NFLAP,NEED
D0 3 [=]l,NFLAP
MRITE (6,98) 1,FLPOS(])
FLPCSUI)=ACOS(1.0-2.08FLPOS (1))
3 CONTINUE
c SET UP CONTROL POINT LOCATIONS
IF (SPACE) 64,7
4 READ (501210 (NCPET) I=L,NYSTAT)
NCUASH=0
LC2=0
DO 5 I=1,NYSTAT
NONASH=NOWASH+NCP(I)
LCl=tT2+1
LC2=LC2+NCP(])
READ (5,99) (XDWASHM(L) L=LCl,LC2)
5 CONTINUE
60 10 10
6 WRITE (6+100)
60 TO 96
7 AXSTAT=1.0/SPACE
IF (NEED.EQ.0) NXSTAT=NXSTAT+]
D0 9 Is=1,NYSTAT
L=NEED
DO 8 J=]l NXSTAT
Xi=L
K=(1-1) #NXSTAT+J
XOWASH{K) =XL*SPACE
L=lel
8 CONTINUE
9 CONTINUE
NOWASH=NXSTATSWYSTAT
10 IF (NDWASH-150" 12,12,11
11 WRITE (6,4101)
GO TG 96
12 K=1
00 16 1=1,NYSTAT
IF (SPACE) 14,13,14
13 NXSTAT=NCP(I)
14 DO 15 J=1,NXSTAT
YDWASH{KI=YSTATII)
K=K+l
15 CONTINUE
16 CONTINUE
WRITE (6,102) NOWASH,FMACH
BETA=SQRT (1 .0-FMACHS®FMACH)
NAY3=0
NAY4=0
NAYS5=0
NAY6=0
TF (NAYL.NE.O) READ (54121) NAY3I,NAY4,MAYS5,NAYS
N1l=l
N2=NCP(1)
IF (SPACE.GE..02) N2=NXSTA{
00 95 IVYSTAT=1,NYSTAT
NXPTS=N2-N1+1
C
C*s¢% CONVERTY XDWASH FROM PERCENT CHORD TO X
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0C 17 J=2,NOLED
IF (YSTATUIYSTAT)LLE.YLEAD(J)) GO TO 18
17 CONTINUE
18 XLE=XLEAD( 2-2) ¢+ (YSTAT(IYSTATI-YLEAD(i-1) )*sAMLE(J-1)
D0 19 J=2,NCGTED
IF {YSTATC(IVSTAT).LE.YTRAIL(J)) GO TO 20
19 CONTINUE
20 XYCE=XTRAIL(J-1)+(YSTAT(IVSTAT )=YTRAIL(J-1) I*ANTE( 4-1)
CHORD=XTE-XLE
0O 21 I=Ni,N2
21 XDOWASH{ I ) =XLE+XDWASH(T)*CHORD
IF (NAY1.NE.O! WRIVE (6,1C4)
WRITE {6,103} N1,N2,YSTATIIVSTAT)

Cesee SET UP SPANWISE INTEGRATION INTERVALS

AULT=YSTATUIYSTAY)
NRAS=4
IF (AULT.LT..59) GO TO 22
NRAS=3
H=1.0-2ULT
E 60 710 23
g IF (AULT.LE-..85) H=,1
. IF (AULT.i.2e57) NRAS=S
IF (AULT.(T.e8) NSQ(4)=10
IF (AULT.GE..57) GO TO 23
E: Y{5)=AULT+H¢.3
! NSQ(5)=10
2 IF (AULT.GT.e%) NSQUS)=7
IF (AULT.LE..3) N5GI3)=16
23 Y{2)=AULT-H-.3
Y{3)=AULT-H
Y{4)=AULT+H
Y{NRAS+1)=1.0
IF INAY3) 24,27,24
24 WRITE (6,105}
JR2=1+NRAS
00 25 JR=1,JR2
WRITE (6106) JR,Y{JR)
25 CONTINUE
DO 26 JR=l,NRAS
WRITE (64107) JR¢NSQ(JR)
CONTINUE
START BIG REGION LOOP
CLEAR ROWS OF D MATRIX
DO 28 K=L NXPTS
DO 28 J=1,MCBS
FROWR(JyK)=0.0
LAP=0Q
IFL=0
D0 90 J=1,NRAS
NOW SET UP SPANWISE AND CHORDMISE QUADRATURE STATIONS
FOR REGULAR AND SINGULAR REGIONS
NSTAT=]
IF (J.EQe.3}) GO TOQ 33
ESTABLISH SPAMWISE QUADRATURE FOR A REGULAR REGION
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29
30

31
32

33
35

40
41

42
«3

.4

FOPTS=NSQ( )}

MNUMB=FOPTS

IF (NAY4) 29430429

WRITE (6,108} .

WRITE 16,109)

CONTINUE

NONSNG=1

INDEX=FOPTS

GAUSS{1)=FOPTS

CALL FNUD (FOPTS,GAUSS(2),GAUSS (INDEX+2))
NCOHW=MNKUMB+2

ETAJL=Y{J)

ETAJK=Y(J+1)
PHIJL=ACOS{-ETAJL)

PHI JK=ACOS(-ETAJK)

PHI L= S*{PHIJLSPHI JK)
PHI2=, 5% (PHIIK-PHI JL)

D0 32 K=1,MNUMB

PHI J=PHI1+PHI2*GAUSS (K21)
ETA(K)==COS (PHIJ)

IF (NAY4Y} 31,32,31

WRITE (64125) GAUSSIK+1) gPHIJGETAIK )y GAUSS (NCOWNW)
NCOnYaNCOWLe ]

CONTINUE

60 TO 39

ESTABLISH SPANWISE QUADRATURE FOR THE SINGULAR REGIDN
IF (NAY4) 34,35,34

WRITE (6,110)

CONTINLUE

MNUMB=NSQ( J)

DEL=H/3.0

ETALL)=YL))
ETAL2)=ETA(1)+0DEL
ETA(3)=ETA(2)¢DEL
ETAL4)=AULY
ETAIS)=ETA(4)+UEL
ETA(6)=ETA(5) +DEL

ETALTI=Y( J¢i)

IF (NAY&) 36,438,36

D0 37 K=],7

WRITE {6,111) ETA(KI
CONTINUE

NONSNG=0

CONTINUE

D0 49 L=],HNUMB

MNUMB = MO OF SPANWISE STATIONS IN A REGION
CALC. X CIDINATE AT L.E. AND T.E. FOR ATA
ATA=ETA(L)

K2=NOLED-1

IF (ATA) 40441441

ATA=ABS (ATA)

00 42 K=1,K2

IF (YLEAD(K#1)-ATA) 42,43,44
CONTINUE

GO 10 96

DLOUN(L) =XLEAM (Ke])

GO YO 45

DLODN(L)=XLTAD(K)Y* (XLEAD(K+L)-XLEAD(K) )® (ATA-YLEAD(K) )/ (YLEAD(K+1)

1-YLEAD{K))
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45

46
47
48

49

63
64

65
66

67

68
69

KZ2=NOTED~1

DD 46 K=} ,.K2

IF (YTRAILIKe1)-ATA) 46,47,48
CONTINUE

GO T0 96

DLDODO(L) =XTRAIL(K+1)

GO 1O 49

DLODOLL)=XTRAIL{K) #iXTRAIL(K+]1)~-XTRAIL(K))*(ATA-YTRAILI(K))/CYTRAIL
1(K+1)-YTRAJL(K)}

CONTINUE

DO 89 I=N1,N2

IXst-Nl¢]

IF (NCHORD~-NFLAP) 96,83,50
DO 82 L=1,MNUNB

MNUMB=NUMBER OF SPANNISE STATIONS IN A REGION
YO=YSTATIEYSTAY)-ETALL)
COMP=ABS (BETA*S*YD)
DLON=(DLOON(L) «DLDOO{L ) )/ BOF
DLENJ=(DLDDO(LY~-DLODNIL) ) /BOF
DULDNJ=DLON~SEXDNASH{]}
STEVEN=DLONJ/DLENJ
DLFNJ=ABS(STEVEN)
XSD<=XDWASH(I)%3~DLDN

IF (LAP)} 51,52,51
THETFL=FLPOS(IFL)
XFL=COSITHETFL)
XFLAP=({DLON-XFL*DLENJ) *FBO

IF (NAY4) 53,54,53

WRITE (6¢112) LJETAIL),YO
B8ODN=FBO*DLON

WRITE (64120) DLODN(L),DLDDOtL),BODN
CONTINUE

IF (DLENJ) 55,55,56

NSEC(L)=0

GO TO 82

IF (COMP~10.0) 57,57,58

IF (DLFMJ-1.0) 60,58,58

IF (LAP) 59,67,59
THETA(2)=THETFL

GO TO 66

IF (LAP) 61,65,61

IF (XDWASH{I)}-XFLAP) 63,65,62
THETA(2)=THETFL
THETA(3)=ACOS(STEVEN)

GO TD 64
THETA{2)=ACOS{STEVEN)
THETA(3)=THETFL

NQI =3

GO TO 68
THETA{Z)=ACOSISTEVEN)

NQI =2

GO0 70 69

NOT=1

NCIL1)sVy

GO0 TO 70

NQ(3)=10

NO(2)=10

NQ(1)=10

NUMBER CF CHORDWISE SECTIONS, QUADRATURE POINTS, AND
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I s

OV sy

14

75

76
17

18
19

80

82

83

84

85

86

87

88

89
90

LINITS HAVE ESEN ESTABLISHED

NSECILY=NQS

KONB(L,1)=NQ:7

NOGMB(L,27=N0(2)

NOMBIL,3)=NQ(3)

THETAINQL 41 )=PIT

THETBIL , 1 )=YHETALL]?

THETBIL y2 )=THETALZ?

THETBIL,31=THETAL3)

THETB(L ,4)=THET (&)

IF (MAY4) T1,22.71

WRITE (6,113) QI

CONTINUE

N0 SET UP QUADRATURE POINTS ANC INTEGRANDS
FCR CHORDW]I SE QUADRATURE

DC 81 1CQ=1,NQI

NC=RQ(1CQ)

IF (KAY4) 73,764,773

MRITE (6,114) ICCQaTHEYA{ICTQ),THETA(ICQ+1),MQ
WRITE (6,115}

CONTINUE

NEEL=NQ2

FGPTS=NQ(I1CO)

GAUFFA(1)=FOPTS

I1aD< X=FOPTS

CALL FNUD (FOPTS,GAUFFA(2),GAUFFA{ INDEX+2))
PTIL=(THETA(ICQ+1)¢THETA(ICQ)}/2.0
PY2={THETA{ICQ+]1)-THETA(ICQ))/2.0

DG 80 K=1,MQ

IF (THETA(ICQ)) 96,76,75

PHI J=PT1+PT25GAUFFA(K+!? )

GC 10 717

2HI =PT18(1.0¢+GAUFFA(K+]1))
X0=XSD+ULENISCOS (PHI J)

FRXER=FKERNL {X0,Y0,S,FMACH]}
THETAA(NSTAT L )=PHIJ

FORRINSTAT L L) =FKERSGAUFFA(NFEL )SS IN(PHIJ)
IF (NAY4) T78,79,73

WRITE (6,116) GAUFFAIK#+1) ,GAUFFAINFEL)sPHIJoXDoeFLER FORRINSTAT,L
CCONTINUE

NFTL=NFEL+]

NSTAT=NSTAT ]

CCONTINUE

CONTINUE

NSTAT=1

CONTINUE

CALL MATROW (MSPAN,NCHORD,NONSNGyHy [oNAYS,NEED,NFLAP, PHI JK,PHiJL,
1LAPIFL,IX,FROWR)

IF (NFLAP) 87,87,84

Lar=1

1F (JFL-NFLAP) 85,86,96

1Fe=1FL+1

GO 1C¢ SO

tFL=0

LAP=0

IF (NAYb) 88,89,°8

WRITE (6,117) (Fr: I(ND,IX).NDx=1l,M(CBS)
CONTINUE

CONTINUE



91
92
33

9%
97

98

99

100
101
102
103
104
105

106
107
108
109
110

111
112

113
114

115

116
117

118
119
120

121
122
123
124

125

MATRIX ROMS FOR ALL CONTROL POINTS ON A CHORD ARE COMPLETED
DO 94 IX=1,NXPTS

WRITE (3) (FRONR(NDeIX)oND=1,H4CBS?

IF (NODE3) 91,92,91

WRITE (7,4118) (FROWR(ND,IX),ND=1,MCBS)

IF (NAY6) 92494,93

WRITE (64119 (FRONRI(ND,IX),ND=1,MCBS)

CONTINUE

IF (IYSTAT.EQ.NYSTAT) 60 TO 95

Nl=h2e1l

IF (SPACE.LT..02) N23N2+NCP(IYSTAT+1)

IF (SPACE.GE..02) N2=N2+NXSTAT

CONTINUE

ALL MATRIX ROW CALCULATED

GO TO MATRIX PRINT SUBPROGRAM

IF (NODE1.NE.O) CALL MPRINT (TITLE,b643 " .DWASH,MCBS)
RETURN

star

FORMAT (26HING. OF SPANWISE MODES = [3/26HONO. OF CHORDWISE MODES
1 = 13/26HONO. OF FLAP MODES = 13/26HOCOTANGENT MODE, NEED =
2 13)

FORMAT (1THOPOSITION OF FLAPI3,3H = FB8.6)

FORMAT (12F6.0)

FORMAT (25HO0THIS OPTION DISCONTINUED)

FORMAT (1H1SOHNUMBER OF DOWNWASH CONTROL PDINTS GREATER THAN 150)
FORMAT (LlHL119XI4¢1X23HDOWNWASH CONTROL POINTSe 5Xe 9HMACH NC.=[14.8)
FORMAT (24HODOWNWASH CONTROL POINTS14,5H TOl49 5X2HY=E15.8)
FORMAT (1H1)

FORMAT {7SHOSPANWISE JUADRATURE INTERVALS AND NUMBER OF QUADRATURE
1 POINTS PER INTERVAL)

FORMAY (3HOY(I2,4H} = Fl0.7)

FORMAT (SHONSQUI2,4H) = 13)

FORMAT (1H115X,15HREGULAR REGION 12,12H INTEGRATION)

FORMAT (46HOSTATIONS AND WEIGHTS FOR SPANWISE INVEGRATION/I1H )
FORMAT (1HL1S5X,2THSINGULAR REGION INTEGRATION/33HOSPANWISE STATION
1S FOR QUADRATURE)

FORMAT (6HOETA= E15.8)

FONMAT (4BHLISTATIONS, WEIGHTS, AND INTEGRANDS FOR CHORDWISE/32H QU
LADRATURE AT SOANWISE STATION, 15/6HOETA= E15.845X, 4HYU= E15.8/1H0)
FORVAT {30HONO. OF CHORDWISE INTERVALS = 13)

FORMAT (24HOCHORDWISE INTERVAL NO. [3/13H LIMITS FROM FLl1.845Ke3HT
10 F1i.8,8H RADIANS/28H NO. OF QUADRATURE POINTS = 13)

FORMAT (1HO,BX10HGAUSS STAL, 10Xy 9IHGAUSS WT .9 13Xy SHTHETA,16X42HXO,
116X 6HKERNEL ¢ 13X 99HGAUSS FN./1HO)

FORMAT (6€£20.8)

FORMAT (LHO10X,39HPARTIAL ACCUMULATED SUM OF ROW ELEMENVS/1HO
16E20.8/(1H 6€20.8))

FORMAT (1PSEL14.T)

FORMAT (LHOL10X,13HCOMPLETED ROW/1H /{1H 6E20.8))

FORMAT (25HOLEADING EDGE AT ETA, X= F7.6/26H TRAILING EDGE AT ETA,
1 X= F9,6/22H NID-CHORD AT ETA, Y= F9.6/1H0)

FORMAT (1415)

FORMAT {(TFL0.0)

FORMAT (12A6)

FORMAT {1HL54X;11HCHAIN (1,8)/50HOCALCULATION OF DOWMNWASH CONTROL
IPOINY RATRIX FOR ,12A5)

FORMAT (1HOLOXTHGAUSS= F14.8,2X6HPHIJ= FléoB8e2XySHETA= F14,8,2X4H4
17= Fl4,8)




(2] OGO O

L E- N Xl ]

OO0

END : !

SUBROUTINE CHAING . “ 3

THIS LINK CALCULATES THE LEAST SQUARES INVERSE OF O
D MATRIX IS ON TAPE 3 OR READ FROM CAKDS
INVERSE IS STORED ON TAPE 2, POSIYION ZERO

DIMENSION ARRAY(12),TITLE(S)

READ (546) ARRAY

READ (5¢5) NROW9NCULoNODEI¢NODES o NNDEG. NAY

WRITE {647) ARRAY

CALL PINVRS(3,2,NAYNGDE3, NODEboNRORoNCUL)

IF (NODES) 3,4,3 '

DATA QOOOHL/6HINVERS/

TITLE(1Y=QCOO0HL

DATA JOOLIHL/G6HE OF 0/

TITLE(2)=Q001HL

OATA QOO2HL/6L0ONNWAS/ i o
TITLE!3)=Q002HL

DATA QOU3HL/6HH CONT/
TITLE(4)=Q003HL

DATA QOO4HL/6HRUL PO/
TITLE(S)=Q004HL !

DATA QOOSHL/ZHINT MA/
TITLE(6)=0005HL '
DATA QOO6HL/GHTRIX /
TITLE(T)=Q006HL \ :
CALL MPRINT (TITVLE,7,+2,NCOL,NROW)
RETURN

FORMAT {1015)

FORMAT (12A6) ‘

FORMAT {LH150X,11HCHAIN {6,8)/42H0 INVERT DOWNWASH CONTROL POINT MA
LTRIX FOR ,1246)

END :

v

SUBROUTINE CHAINT
CALCULATES PRESSURE DISTRIBUTION

DIMENSION W{le150) oANM{L475),ETA(SO)4CNP(TS),CUNPTS)oGEE(TS5),BENI
E50) yARM(50) +CLLOC(20) +CMLOCC20) 4 ALLOCL20),COLOCE20),EEDEL (10D,
2EPSLNILO) yCK(6910) 4CALL2)+CKAIL2)yDINVRS(14150),CEE(150436),P(1,
3150) yCHORD(51 ) 4WHY {51} ,FTHETA{20),PST(50),CP(50,5C),0ELTA{S1),A(50
4) 48(50) 4C(501 +DI50) ¢ ALFA(ZO)yDELFL(10)oWW (1,150, FLPOS(10),BETAL20
5)2YP{20)NXDP(20) 4 ARRAY {12}

COMMON W, ANM,ETA,CNP,CLNF ¢GEC 9 BEN, ARMy CLLOC,CMLOC o ALLOC,CDLOC,
LEEDEL ¢EPSLNoCKyCAyCKAGCLyCMoCOL Ny M, NUvNONoNFLAP'Pl.PLBA NETA,BO,
2BA,BBAR,PIRCNPSI

READ (5:166) ARRAY

READ (5+¢164) NyM NYPoNROWS ¢ NETA,NCHIRDy NFLAP¢NAY,NPST
READ (5,164) NALFA,NBETA,NEED,NODE6,NODET,N¥

RE'D (54165) BO,SPACE,YF,DPSI
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READ (59167) (YP(I)oI=1,NYP)
READ (54167) (ETA(I),I=1,NETA)
READ 15,167} (BETA(1),ix1,NBETA)
RFAD (5416T7) (ALFALI)I=]1,NALFA)
READ (5,167) (FLPOS(I),I=]l¢NFLAF)
READ (5,167) (CHORDI(I),Ix=1,NCHORD)
READ (5,167) (WHY(I),1=1,NCHORD)
READ (5,167) (DELTA(L)I=],NCHORD)
WRITE (6,168) ARRAY
IF (YF) 243,2
WRITE (6,162) YF
60 710 &
WRITE (6,163}
CONTINUE
IF (SPACE) 5,6,5
NXDDP=NROKS/NYP
GO 70 7
READ (5,169) (NXOP(1),I=1,NYP}
NCNsN*M
RAD=57.29578
PIz3,14159265
1F (NFLAP) 158,13,8
8 DO 12 1=1,NFLAP
DELFL(1)=DELFL(I)/RAD
IF (FLPOS(I)-0.5) 10,9,11
9 FLPOS(1)=0.5%P]
GO 10 12
10 FLPDOS(I)=ACOS(1.0-2.0*FLPOS(1))
GO 10 12
11 FLPOS(I i =0.5%P1+ASIN(2.0*%FLPOS(I)-1.0)
12 CONTINLE
c CALCULAYE CO-ORDINATE. OF PRESSURE POINTS
13 IF (DPSI) 14,16,15
14 READ (5,167) (PSI(I) I=1oNPSI)
| G0 TQ 19
15 NPSI=1.0/DPSI
IF (50-NPSI) 16,417,117
16 WRITE (69171)

N WM rw N

60 T0 159
17 J=)
18 XJ=J
PS1(J)=XJ*DPSI
J=J+l
; IF {J=-NPSI) 18,418,19
C NOW CALCULATE ELEMENTS OF C MATRIX
19 1=1

20 ETTA=ETALL)
ROCT=SQRT (1. 0~-ETTA®%2)
I+ (NCHORD-1) 158,421,422
21 CC=CHORD( 1)
G0 10 27
22 NESS=2
23 IF (EVTA-WHYINESS)) 26,25,24
24 NESSSNESS+1
GO Y0 23
25 CC=CHORD(NESS)
<0 70 271
26 CC=CHOROINESS-1)~(CHORDINESS=-1)-CHORD(NESS } )¢ {ETTA~-WHY(NLSS-1)) /¢
TWHY (NESS)-WHY (NESS-1))
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34

3s
36
37

38

39
40
41
42

43
a4

45
46
47

48

49

50

PIRC=(16.0%PI*RO0T)/CC

J=1

PS11=PSI(J)

KR={1-~-1)&NPSI+J

IF (PSI[=0.5) 30,429,331

THETA=P[ /2,0

GO T0 32
THETA=ACOS(1.0-2.0*PSI1)

GG YO 32
THETA=P]/2.0¢ASIN(2.0%PSTI-1.0)
NU=N-NFLAP

IF (NEED) 33,34,33

Nl=2

NX=(C

GO T0 35

Ni=]

NX=}

60 Y10 36
FTIHETA(1)=COS(THETA/2.0)/SINITHETA/Z2.0)
DO 37 KNN=N1,NU

ANN=NN-1¢NX
FTHETA(NN)=(4 ., 06SIN(ANNSTHETA))/2,0%%( ANN®2,0)
CONTINUE

IF (NFLAP) 15P,40,38

NUU=NU+1

NFR=]

DO 39 NN=NUU,N
AUX=SIN({(FLPOS(NFR)+THETA)/2.0}
AUY=SINI{FLPOSINFR)~THETA)/2.0)
AUXY=ABS{AUX/AUY)
FTHETA(NN)={ALOG LAUXY))/P1
NFR=NFR+1

CONTINUE

EMM=zp

K=1

NN=}

EM20.0

IF (ETTA) 158,942,443

ETEr=1,0

GO TO 44

CETEM=ETTA®SEN

CET (KR oK) =PIRC*FTHETA(NN)*ETEM
EM3EMe 2,0

K=X+1

1F (EM/2.041.0-EMM) 43,43,45
NN=NN+1}

IF {NN-N) 4l,41,46

J=Jd+l

IF¥ (J-NPSI} 28,428,447

I=1¢]

TE (I=-NETA)} 20,20448
NPOINT=NPSTI#NETA

REWIND 2

IF (NODE®&) 49,51 ,49

D0 50 I=1,NON

READ (5,170) {(DINVRS(1lyJd, =l ,NROWS i
MRITE (2) (DINVPS(lyJ)eJ=Ll,NROKWS)
CONTINUE

RFEFRIND 2
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51
52

53

201
202

538

59
60
200
61
204

203
205

IF (NAY) 52,55,52

PRINT C AND D MATRICES

WRITE (6,172)

DO 53 I=1,NON

READ (2) (DINVRS{1yJ),J=1,NROWS)

WRITE (6,173} (DINVRS(14J),J=19NRONS)
CONTINUE

REWIND 2

WRITE (6,174)

DO 54 1=1,NPOINT

WRITE (64173) (CEE(I+K)K=1,NON)

CONTINUE

NI=NCHORD-1

NORMALTZE X DIRECTION

DO 55 I=1,NCHORD

DELTA{I)=DELTA(])/8B0

CONTINUE

CALCULATE A AND FOR WING REGIONS

DC 57 1=1,NI

ETAA=WHY (1¢1*~WHY(I)
BII)=05%(L..JRO( 1415 ~CHORD(1)}/ETAA

IF (ABS{(B(I})-1.0E~0S) 201,201,202

BlI) = 0.0

CONTINUE

A(I)=0.5¢CHORD(I)=-B(I)*NHY(])

CONTINUE

NOW CALCULATE AVERAGE AND MEAN CHORDS
BA=0.0

8AR=0.0

DO 58 I=1,NI

BAzBACA(I I ®{WHY [ I41)=HHY (1)) 40.5B( 1)« (RHY(T+L %% 2~WHY{] )*42)
BAR=BAR+ (A(I)#52)# (WHY {1+ 1)-WHY (1)) 4A(T)®BIIIS (WHY(T+1)%%2-WHY( L) *
162)+(B(I)*02)x{WHY ([ ¢1)#+3-WHV(])#+3)/3,0
CONTINUE

CHA=2.0%BA

B8BAR=BAR/BA

CBAR=2,0%BBAR

CALCULATE LOCATION OF MEAN CHORD AND MOMENT AXIS
I=1

1F (CBAR~CHORD{"+i)) 60,61,61

IF (1+1-NCHORD) 200,61+61

I = [}

60 70 59

CONTINUE

IF (B{I)) 203,204,203

YBAR = 0.0

60 TO 205

YBAR = (BBAR-A(I))/B(1)

CONTINUE
PSIO=DELTALL)+(DELYA(I+L)-DELTACI) ) (YBAR-WHY( 1)) /(WHY(T¢1)=uHYLI])
1)+8BAR/(2.0%B0)

PS1080=PSIO*BO

NOW CALCULATE C . D FuUR RiGIONS

00 62 I=1,NI

ETAA=NHY({I+]1)~WHY(L!
DUI)=(DELTA(I«L)-DELTALI)) EI A
COI)=DELTALI)-PSIO-D(I)*WHY(] )

CONTINUE

CALLULATE LOCAL MOMENT ARMS AND SEMiICHORDS
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83
64
65

66

&7

68

63
70

11

18
19
80
8l

82

83

=1

J=2

IF (ETA(LI)~-NHY(JS)) 66,66,65
J= el

GO 10 64

Ji=J-1
BENII)=A{JL)+BlJLI*ETA(]L)
ARMITI)I=C(JIL)+DULIL)ISETALL)
i=1+¢]1

IF (NEYA-1) £7,03463
WRITE (64175) CHA,CBAR,PSi0OBO,YBAR
CON={PI#%%2)/(BAXBBAR)

00 68 1=1,75

CNP(1)=0.0

CLNP(1)=0.0

L=0

IF (NEED) 69,73,69

L=l¢l

MM= ]

DO 71 I=l,NI

ETAO=WHY!(1)

ETAL=MHY(1I+])

MP=2%{MM-1)

RMI=FRM] (ETAQOLETAL,NP)
PMI=FPMI(ETAOLETAL JMP)
CNPIL)=CNPIL)S*((ALI)*2,.0%BG*C(I))*RMI+(B(1)42.0%80%D!( ) )%*PMI )*CON
CONTINUE

MM= MM+ )

IF (MM=M) T2,72,72

L=L+]}

60 TO 70

IF (NU-1) 158,74,75

IF (NEED) 85+75,85

L=L+1

MM=]

DO 77 I=1,NI1

ETAOsHNHY (1)

ETAL=$HY(1+1)

MP=2t MM-1)
RMI=FRMI(ETAOLETAL,MP)
PMI=FPMI(ETAOLETAL,MP)
CNPIL)=CNPIL)+C((A(TI)+BOSC(TI))*RMI+(B(T1)+30%D(1))*PMI)I*CON
CONYINUE

MM=MMe ]

TF (MM-M) 78,78,79

L=L+]

GO 10 76

IF (NU-2) 85,8(,81

IF (NEED) 85,81,85

L=L¢]

MM=]

00 83 I=1,NI

ETAO=WHY (1)

ETAL=WHY(1¢])

MPz2%(MM-1)
RMI=FRMI(ETAQ,ETAL,NP)
PMI=FPMI(ETAQETAL ,MP)
CNPUL)Y=CNPIL)~0. 125%(A(1)*RMI+B(I)*PMI)SCON
CONYINUE
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MMxpMe |
IF (MN-M) 83,84,85
84 L=t+]l
GO 10 82
85 IF (NFLAP) 158,92,86
86 DO 87 1=1,NFLAP
SN=SINIFLPOSI(I}))
CSN=COS(FLPOS(I))
EPSLN(1)=SN
EEDEL{1)=SN*(1.0-.5%CSN)
87 CONTINUE
Ll=Lel
L2=NU*M
00 88 L=L1,L2
CNP(L)=0.0
88 CONTINUE
L=L2
DC 91 IR=1,NFLAP
DO 90 MM=1,M
L=zlL+l
CNP(L)=0.0
MP=22%{MM-1)
DO 89 1I=1,NI
ETAO=WHY(I)
ETAl=WHY{I+]1)
RMI=FRMI(ETAQL,ETAL,MP)
PMI=FPMI(ETAQLETAL,MP)
CNP(L)I=CNPIL)4+(2.0CON/PTY*®((EEDEL LIR)*A{ T} +BD*EPSLNCIR)®C( 1)) *RMI]
L1¢(EEDEL{IRISB(1)+BO*EPSLN(IRISD(I} )EPMI)
89 CONTINUE
90 CONTINUE
91 CONTINUE

c CNP COEFFICIENTS HAVE BEEN CALCULATED FOR MOMENT EQN
C NCw CALCULATE COEFFICIENTS OF LIFT €QN - CLNP
92 CONST={PI$%3)/(4.0%BA)

L=0

IF (NEED) 93,98,93
93 L=L+]

CLNP{L)=4.0%CONSY

lF (N‘l) 98'98'94
94 L=L+1

CUNP(L)=CONST

If (M~2) 98,98,95
95 L=i+]

CLNP(L)=0.5%CONST

IF (M-3) 98,98,96
96 00 97 MM=z4,M
L=L+]
PM=21(MM=~1;
CLNPIL) = (PM=) V) *CLNP(L-1)/(PM+2.0}
97 CUNTINUE
98 IF (NU-1) 158,95 100
99 IF (NZED) 105,100,105

1co L=L+1
CUNP(L)=2.0%CONST
IF (M-1) 105,105,101
101 L=L+1

CLNP(L)=0.5*CONST
IF (M=-2) 105,105,102
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02 L=t+]
CLNP{L)=C.5%0.5%CONST
IF (M=3) 105,105,103
103 DO 104 MM=4,M
L=Lel
PM=2%({NM-1)
CLNP(L)=(PN-1.0)*CLNP{L-1)/(PN+2.0)
104  CONTINUE
105 IF (NFLAP) 158,113,106
106 Li=tL+]
00 107 L=t1,L2
CLNPIL)=0.0
10T  CONTINUE
Lt=L2
COST=CONST/PI
DN 112 IR=14NFLAP
EPSLON=EPSLN(IR)
L=1+1
CLNPIL)=4.0*COST*EPSLON
IF (M-1) 158,112,108

108 L=L+1
CUNP(L)=COST*EPSLON
IF (M-2) 112,112,109
109 L=L+1

CLNP{L)=0.5%COST*EPSLON
IF (M-3) 11241124110
110 DO 111 MM=4 M
L=L+1
PM=2%(MM-~]1)
CUNPIL)={PM-1.0)*CLNP(L-1)/(PM+2.0)
111 CUNTINUE
tl2 CONTINUE
c CLNP HAVE BEEN CALCULATED ~ NOW PRINY COEFFS
113 IF (NAY) 114,115,114
114 WRITE (46,176)
WRITE (64173) (CLNPIL)i=1,NON}
WRITE (6,177)
WRITE (6,173) (CNP{L)oL=1,NON)

c SET UP A TABLE OF GEE FOR CD CALCULATION
115  PLBA=(2.0%PI1*%5)/BA

GEE(1)=0.5

GEE(2)20.1i25

J=6(M=1)

IF (2-J) 116,126,126
116 LO 117 Jd=hed.2

Jdd=(JJ+21/2

(R NENN]

COE=:EJJS~..0}/71EJI+2.0)

GEE(JUJI=CCCHGEELSII-1)
111 CONTINUE
c START CAMBER LOOP

DO 157 TW=l,NW

IF (NODE7) 118,123,118
118 Iwl=1

DO 122 1Y=1,NYP

IF {(SPACE) 120,119,120
119 TR2=NXDPLIY)+IWl-1

60 10 121
120 IW2=NXDDP+IWL-1
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121 READ (5:170) (Wil IWX) IWUX=IWi,IN2)

Isl=Iw2el}

* 122 CONTINUE
60 10 124

123 CONTINUE

C123 CALL CAPBER (NXDP,NEED,SPACE,NYP)

Cc THIS SUSROUTINE WILL CALCUMLATE W HATRIX

124 WRITE (6,178) 1W
WRITE (6,179}

WRITE (64173} (Wil,o0),0=1yNRUNWS)
DO 125 Kh=1 ¢NRONS
WO KH)=ATAN(WI]1,KNW})

125 CONRTINYE
WRITE (6,180}

WRITE (64173) (Wll,I),%=1,NROKS)

C STARY BETA LOOP - (INCIDEWRCE ANGLES)

126 D0 156 KK=} ¢NBETA

¢ NCW START ALFA LOOP
DD 155 K=l ,NALFA
RALFA=ALFALK)/RAD
ANGLESBETA(KK)#ALFA(K)
RANGLE=ANGLE/RAD
IF (YF) 158,127,129

127 D0 128 1I=]1,NROWS

| ARG=W{1 oI )-RANGLE
! WWil;1)=SINCARG)/COS (ARG}
! 128 CONTINUE
. WRITE {6,181) BETA{KK) ,ALFA(K)
! WRITE (64173) (WWi(lyJ)eJd=1,NRONWS)
| GC T0 138
! 129 SYL=S5iN(2.0%RALFA) /2.0
L=1
DO 137 I=1,NYP
IF (YPLI)~-YF) 130,131,131

130 ATSLP=0.0
G0 T0 132

131 SLOOP=SYL*(YF/YP(])) %22
ATSLP=ATAN(SLOUP)

132 IF (SPACZ) 133,134,133

133 NXP=NXDDP
GO T0 135

134 NXP=NXDP (1)

135 DC 1346 J=] (NXP
ARG=Y(1 L) =RANGLE-ATSLP
WH(lel.}=SINUARG) /COS (ARG)

L=L+]

136 CONTINUE

137 CONTINUE
WRITE (6,182)

WRITE {(6+1T73) (WH(leJ}oeJ=L o NROWS)

138 DO 139 I=1,75
ANM(]1,1)=0.0

139 CONTINUE
DO 140 I=1,150
P(ly1)=0.0

140 CONTINUE

G NOW CALCULATE A MATRIX
DO 142 1=x1,NON
READ (2) (DINVRS{1,J),Jd=1,NROWS)
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142
142

143

144

‘ 145
146

147

148

149

130

151

152

206

153
207

154
155

156
157

DO 141 J=1,MHRONS
ANM{LoT)=ANR{L 1 )¢DINVRS(1,J)*WW{1,J?
COXTINUE

CONTINUE

REWIND 2

IF (NAY) 14341444143

WRITE 16,183)

WRITE (6,173) (ANM{1,1),I=1,NON)

NOW CALCULATE P MATRIX

DO 146 1=1,NPOINT

GO 145 J=1,NON
Pllo1)=P{1oI)¢CEE(],J)%ANN{]1,J)
CONTINUE

CONTINUE

NOW STORE P IN A TWG DIMENSIONAL ARRAY
DO 147 L=1,MPOINTY

Is(L=1)/NPSI+¢]

J=L-(I-1)*NPSI

CPIT d)=P(l,4L)

CONTINUE

CALL AERQ (NEED)

NOw PRINT CLy CM AND PRESSURE DISTRIBUTION
WRITE (6,184) ALFA(K)BETA(KK)

WRITE (6,185) CL,CM,CDL

L=l

WRITE (64186)

IF (NETA-11%L) 149,149,150
NCOLL=1+(L-1)%*11

NCOL2=NETA

G0 10 151

NCOL1=1+(L-1)*11

NCOL2=L*11

WRITE (64187) (ETALI),1=NCOL1,KCOL2)
WRITE (6,188)

DO 152 J=1,NP51

WRITE (6+194) PSI(J)4(CP{I+J)eI=NCOL1,NCOL2)
CONTINUE

WRITE (6,189)

WRITE (64193) (BENI{T),1=NCOL1,NCOL2)
WRITE (64190}

WRETE (64193) (CLLOCUI),I=NCOLL1,NCOLZ2)
WRITE (64192)

WRITE (6,4193) (CMLOCUI),InaNCOLL4NCOL2)
WRITE (6,160)

WRITE (6,193) (CDLOCU1),I=NCOLL,NCOL2)
IF (NAY) 206,207,206

WRITE {64161)

WRITE (6,193) (ALLOC(I)},I=NCOLI,NCOL2)
00 153 JC=1,N

WRITE (64191) JCo(CK{JC, 1) T=NCOLL,NCOL2)
SONTINUE

CONT!NUE

I/ (NETA-11%L) 155,155,154

L=L+1

60 70 148

NOW CONSIGER NEXT ALFA

CONTINUE

CONTINUE

CONTINUE
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158
159

160
lel
162
163
164
165
166
167
168

169
170
171
172
173
174
175

176
117
178
179
180
18l
182

183
184
185

186
187
188
189
190
191
192
193
194
195

60 10 159
WRITE (£:195)
RETURN

FORMAT (1h0,20X,10HCO®C/CAVE )

FORMAT (1H( 20X 23HALPHA INDUCED {DECREES))

FORMAT (1H0/24H FUSELAGE EDGE AT ETA = FS5.6)

FORMAT (1HO/8H NC BOOY)

FORMAT (1015)

FORMAT (4F10.0)

FORMAT (12A6)

FORMAT (10F7.0)

FORMAT (1HL156X,11HCHAIN (T,8)/50H0CALCULATION DF PRESSURE LOADING
1DISTRIBUTION FOR o12A6)

FORMAT {2012)

FORMAT(5E14.T)

FCRMAT (1H110X,26H ERROR-FLAG LESS THAN 0.02)

FORMAT (1HL20X,43HINVERSE OF OOWNWASH CONTROL POINT MATRIX, D)
FORMAT (1HO6E20.87(1H 6E20.8))

FORMATY (1H120X,32HPRESSURE CONTROL POINT MATRIX, C)

FORMAT (1HOL1O0X+20HGEORETRIC PARAMETERS/ 1HO22HAVERAGE CHDRD, CAVE =
1 F10.6/1HO31HMEAN AERODYHAMIC CHORDy CBAR = F10.6/1H029HLOCATION O
2F 1/4 CBAR, XBAR = F10.6/1HO34HSPANWISE LOCATION OF CBAR, YBAR =
JF10.6)

FORMAT (LH110X42THCOEFFICIENTS OF CL EQUATION)

FORMAT (1HO/LHOLOX,2THCOEFFICIENTS OF CH EQUATION)

FORMAT (1H131X,20HCAMBER SHAPE NUMBER ,12)

FORMAT (1HO25X46HSPECIFIED DOWNWASH OR SLOPE (DZ/DX) MATRIX, W)
FORMAT (1HO/40HOSPECIFIED SLOPE DISTRIBUTION IN RADIANS)

FORMAT (1HL10X21HW MATRIX WITH BETA = F9.4412H AND ALFA = F9.4)
FORMAT (1H110X,48HTOTAL DOWNWASH MATRIX - INCLUDES THE BODY EFFECT
1)

FORMAT (1HO/1HOLO0X58HA MATRIX, I.E. COEFFICIENTS OF THE PRESSURE
LILOADING SERIES)

FORMAT (1HL10X,LB8HRESULTS FOR ALFA= F9.4¢15H, AND EPSILON= F9.4,3H
1 DEGREES)

FORMAT {(1HO23HLIFT COEFFICIENT, CL = F10.5/1H025HMOMENY COEFFICIEN
1Ty CM = F10.5/1H032HINDUCED DRAG COEFFICIENT, CDI = F10.5)

FORMAT (1HO20X,33HPRESSURE LOADING DISTRIBUTION, PR)

FORNAT (1HOGHSPAN =,11F10.4)

FORMAT (9HOFRACTION/9H OF CHORD)

FORMAT (1HO020X,20HLOCAL SEMICHORD, C/2)

FORMAT (1HO20X,9HCL C/CAVE)

FORMAT (2HOKI1elH 41PTELS.T/(4H 1PTELS.7))

FORMAT (1HO20Xy1THCM C3%2/CAVE CBAR)

FORMAT (1HO6X911F10.4)

FORMAT (1H F6e4,11F10.4)

FORMAT (1H113HERROR IN DATA)

END

SUBROUTINE AERD (NEED)

DIMENSION W(lo150) yANKIL+7S)+ETAI50)+CNPLTS)oCLNPLT5)GEE(TS],
IBEN{50) ;ARM(50),CLLOC (207 4CMLOCi20) o ALLOC{2044CDLOC(20), EEDEL(10Y,
2EPSLN(10) ,CKI6410),CALL2),CKALL2)

COMMON Wy ANMJETA,CNPyCLNP,GEE 4 BEN, ARM, CLLOC,CMLOC,ALLOC,COLOC,
LEEDEL sEPSLNGCKyCA:CKAGCLoCMyCOL Ny MyNUJNONGNFLAP,PI,PLBANETA,80,
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2BA,8BAR,PIRC,NPSI
NOW CALCULATE CL AND CHM

(222N e

CL=0,0
DO 1 1=1,NON
CL=CL+CLNP{I)*ANN(1,1)
| § CONTINUE
CM=0.0
DO 2 I=1,NON
CHM=CMeCNP (T ) *ANMIL, 1)
CONTINUE
CHu=-—-CHM

CALCULATE INDUCED DRAG

[ X2 X o B N

SUM=0.0
DO 16 [S=l,M
1¥M=2#%({1S~-1)
DO 15 L=1,1S$
IK=2%({~-1)
SQM=FSQMIIM,IK)
DO 14 IR=l,M
I1P=2%{ JR-1)
MRP=(IK-IKeIPe2) /2
AMP=0.0
NCA=NFLAP+2
IF (NEED) 5,3,5
3 CA{1)=0.0
CKA(1)=0.0
IF (NU} 54,8,4
4 CA12)=0.5*ANN{1,1S)
CKA(2)=0.5%ANM{]1,IR)
GO 70 8
5 CA(L1)=ANM(1,IS)
CKA(l)=ANM(1,]IR)
IF (NU-1) 646,7
[ CA(2)=0.0
CKA(2)=0.0
GO 1o ¢
7 MIR=M+IR
MIS=M+1S
CAL2)=0.5%ANM{]1,MIS)
CKA(2)=0.5%ANM(]1 ,MIR)
8 IF INFLAP) 54,11,9
9 00 10 IFL=]1 4NFLAP
MFL=(NU-1+IFLY®*M
MFR=MFL*IR
MFS=MFL+1S
CAUIFLS2)=EPSUN(IFL)SANM{L,MFS)/PI
CKRCIFLe2)=EPSLN(IFLY®ANM(]1,MFR)/P]
10 CONTINUE
it 90 13 IFL=1,yNCA
CIFL=CA{IFL}
0T 12 [ML=1,4NCA
AMP=ARP+CIFLSCKA{THML)
12 CONTINUE
13 CONTINUE
SUM=SUMeAMPSGEE ( MRP) *SQM
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14 CONTINUVE
15 CONTINUE
18 CONTINUE

COL=PLBAASUN
c
c NOW CALCULATE LOCAL LIFT AND MOMENT COEFFICIEK 'S
C

CO=4.0%(P]%+2)

CO0=P[ *#2

DO 43 Is=]l,NETA
ROOT=SQRT(1.0-ETA{I)#%2)
SERES1=0.0
VERES=20.0
SERS=0.0
00 42 J=]l,M
SERES=0.0
LP=2%(J-1)
IF (LP) 54,17,19
17 1F (ETA(I)) S54,18,19
18 ETTA=1.0
G0 YO 20
19 ETTA=ETA(I %L P
20 IF (NU) 54,27,21
21 IF (NEED) 24,22,24
22 MI=pe Y
i SERES=SERES+0.5%ANM(1,4)
’ SERS=SERS+(BEN{I;¢+BO*ARM(I))&ANMI1,J)%ETTA
IF {NU-1) 27,27,23
23 SERS=SERS~0.L25%BEN(T)*ANM{L,MJIIEETTA
GO 710 27
24 MIi=Me )
MMI=MeNe)
SERES=SERES+ANM{]1,J)
SERS=SERS+(BEN(1)+2.04BOSARMIT) I=ANM(]L,J )*ETTA
IF (NU-1) 27,27,25
25 SERES=SERES+0.5%ANM(1,MJ)
SERSaSERS+{BEN(I 1 ¢BO®ARM(I)I®ANM{ L1, MJI*ETTA
IF (NU-2) 27,2726
26 SERS=SERS~0.125*BEN{ T *ANM{1, MMJI*ETTA
217 IF (NFLAP) 28,30,28
28 EYPISEYTA/PI
D0 29 IFL=1,NFLAP
MFL=(NU+IFL-1)*N
MIP=NFL+J
SERSxSERS*+2.OSETPIA{BEN{I)¥EEDEL( TFL ) ¢BD*ARM( I Y*EPSLN(TFL) I*ANM(],
1MIP)
SERES=SERES+EPSLNIIFL)*ANM{L,MIP}/PL
29 CONTIMUE
30 AYE1=0e 4
DO 41 NG=l,
NGM=2&(NG~1)
IF (ETALL)) 32,31,32
3i ETAG=1.0
G0 TO 33
32 ETAG=ETA(]) %4 ({LP~NGM)
33 IF (NG~2) 34,35.,36
34 AYE={P+]
GO T0 40
35 AYE=1-~LP
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36

3t

38
39

40
41

42

aAOO

44

45
46

47
48

49

50
51

52
53

54
55

56

AYE=0.5¢AYE

GO YO 40

NUMs]

LOW=2

IF (NGM-4) ¢1,39,37
I1G2=NGM-2

00 38 I1G=4,162,42
NUM=NUM*(IG-1)

LOW=LOW21G

UNMaNUMS (NGM-LP-1)
ELW=LOW*NGM

AYE=UNM/ELW
AYE1=AYE1+AYE®ETAG
CONTINUE
VERES=VERES+SERES*AYEL
SERES1=SERES]1+SERES®ETTA
CONTINUE

CLLOC (I ) =COSROOT+SERESL/BA
ALLOC(I)¥=COQ*VERES
cotactr)=CcLroc(l)i*AaLLOC(])
ALLOC(T)=180.0*%ALLOCI{I}/PI
CMLOC(T) =~COO*ROCT*SERS/ (BA*BBAR)
CONTINUE

CALCULATE CK{N,ETA)

DO 53 [T=],NETA
ETTA=ETA(IT)
PIRC=8.0%PI*SQRT(L.O-ETTA®ETTA)/BEN(IT)
DO 52 JC=1,¢N

IF (l0-1) 45,44,45
EL=1.0

GO 1O 48
EL=4.0/(2.0%%{2%JC~-2))
GO TO 48

EL=1.0/P1

SIGMA=0.0

NEL=(JC~-1)*M

DO 51 JS=1l.M

MEL=NEL¢JS

IF (JS-1) 50,49,50
SIGMA=STIGMA+ANM{ 1, MEL)
GO 710 51
SIGMA=SIGMA+ANM( L, MEL)&ETTA®% (2% (JS~1))
CONTINUE
CKUJCoIT)=SIGMASEL*PIRC
CONTINUE

CONTINUE

GO 10U 55

WRITE (6,56)

RETURN

FORMAT (1H113HERRGR IN DATA)
END

SUBROUTINE PINVRSININ,NOUT,NAY,NODE3,NODES,NROW,NCOL)
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CALCULATES THE LEAST SQUARE INVERSE OF Do A IS EQUIVALENT OF D

INVERTED MATRIX 1S PLACED ON TAPE 2 FOR CHAINT
DIMENSTION A(120+48)B(48448)4Cl1,120),DUM(120)

NOM=]1

JMAX=NROW

IF (JMAX-120) 1,1,33

KMAX=NCOL

IF (KMAX=48) 24,2433

REWIND NIN

D0 3 J=l,JRAX

00 3 K=1,KMAX

AlJK)=0,0

CONTINUE

IF (NAY) 4,5,4

WRITE (5434)

DO 11 I=1,JMAX

IF (NDDE3) T7,6,7

READ (NIN) (DUM(K) 4K=1,KMAX)
60 10 8

REAI' (5435) (DUMIK) K=1,KMAX)
00 ' K=]1,KMAX

AUl K} =DUM{K)

IF (NAY) 10,11,10

WRITE (6¢36) (A(T,K)Kx]l,KMAX)
CONTINUE

ORTAIN PRUODUCY OF A AND A TRANSPOSE
IF INAY) 12,13,12

WRITE (6437}

DO l¢ J=1,KMAX

DO 14 K=]1 ,KMAX

3(JK)=0.0

DO 14 I=1,JMAX
BtJyK)=B(JeK)+A(I,J)S*ALI,LK)
CONTINUE

IF (NAY) 15,116,415

WRITE (6936) (BlJeK) K=]l,KMAX)
CONTINUE

DO 17 J=1,120

Cll,yJ)=0.0

CONTINUE

DETER=0.,0

CALL MATINV (BoKMAX,Cy0OoDETER)
IF (NAY) 18,20.18

WRITE (6,438)

DO 19 N=i,KMAX

WRITE (65936) (BI(Ny¥X)¢Kn]l,KMAX)
CUNTINUE

CALCe (INERSE OF A TRANSPOSE%®A)®A TRANSPOSE
WRITE {64+39)

REWIND NOUTY

REWIND NiN

DO 27 I=] .Y MAX

DO 2?2 J=]l,JMAX

Ctl,eJ/=0.0

DO 21 X=]1,KMAX
C(leJd)=Cll,J)¢B(I,K)2ALJ,K)
CONTINUE
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22 CONTINUE
D0 23 J=1,JMAX
23 DUM{J)=C(1,J) i ‘
IF (NAY} 24,25,24 ’ , i
24 WRITE (6436) (CUL,d)9J=]1yJIMAX]) ‘ :
25 WRITE (NOUT) (DUM(J) 4J=1,yJIMAX) ; ’ , i
WRITE (NIN) (C(l,J)eJ=1,JMAX)
IF (NCDES) 2627426 ’
26 WRITE (T7435) (DUM(J),4J=1,JRAX) .
27 CONTINUE '

C LEAST SQUARES INVERSE COMPLETED
c EVALUATE DETERMINANT: OF (A !NVERSE)‘(A)
REWIND NIN

DC 29 J=1 ,KMAX ) ' , .
READ (NIN) (C(1, JN)oJN'loJHAX) !
DO 28 K=l ¢KMAX |
B(J.K)'O. | ! : '
DO 28 I=],JMAX :
B(J'K,'B(J’K)’C(lol)*“(l'K)
28 CONTINUE - \
29 CONTINUE . o . !
IF (NAY) 30,32+30 ‘ ' !
30 WRITE (6940} ‘
00 31 I=1,KMAX’ .
WRITE (6,436} (Bll'J)onl KNAX)
31 CONTINUE
32 CALL MATINV (B,KMAX,C,0,DETER)
WRITE (6441) DETER
RETURN ' . !
33 WRITE (6,442) : A _
STOP ' | . ' N ' 1

34 FORMAT (25HOMATRIX TO BE INVERTED, A)
35 FORMAT (1PSELl4.T)
36 FORMAT(1HO6E20.8/(1H 6E20.8))
37 FORMAT (1H113HA TRANSPOSE®A) .
38 FORMAT (1H125H INVERSE OF A TRANSPOSE*A)
39 FORMAT (1H120HINVERTED MATRIX AINM)
40 FORMAT (1H120X40HUNIT MATRIX = (INVERTED MATRIX)‘(HATR[X))
41 FORMAT (1HO,29HDETERMINANT OF UNIT MATRIX = ,E15.8)
42 FORMAT (1H116HMATRIX YOO LARGE)
END

SUBROUTINE MATROW (MSPAN,NCHORDyNONSNGyHy T¢NAYyNEEDsNFLAP 4PHIK,
IPHILLAPLIFL,IXFROWR)

c . : ‘ :

c THIS ROUTINE PERFORMS THE QUADRATURE AFTER THE STATIOWNS

c AND WEIGHTS HAVE BEEN ESTABLISHED. : |

o ! i |
DIMENSION GAUSS{50),FROWR(36950), THEYU(2044), THETAA(30,163,FORR(30
1016)oNOMBUL2043) 4NQU3),THETA(4),ETA(20) . YDWASH{150)FLPOS(10),NSEC!
220) oANSHR(50) ¢ SGUWT (10} s FNNNN(20),FNT20)

C \ ) i H N
COMMON GAUSS'THETB.THETAA.FORR.NOMB,NQ.THETA,ETA.YDH{SH.FLPOS.NSEC.

c ' L * | -

IF (LAP) 24142
1 NELZ2=NCHORD-NFLAP
NEWA3SH=1



10

11

12
13

14

15

16
17

19

20
21

GO 10 3

NELZ2=]

NEWASH=MSPAN® (NCHORD-NFLAP+[FL-1]+¢1
MNUMB=GAUSS (1)

IF (NONSNG) S,4,5
DELA=1.0/(100.0%H)
SGWT(1)=13.0%DELA

SGHT(2)=T7T2.0¢DELA
SGHT(3)=495.0¢%DELA
SGHT(4)=-1360.0*DELA

SGHT(5) =SGWT(3)

SGHT(6)=SGHNT(2)

SGHRT(T)=SGWHT(1)

MNUMB=T

ﬂKL=|PHlK-PH!L)/2.0

DO CHORDWISE INTEGRATION AT SPAWISE STATIONS
DO 30 NEL=] ,NEL2

NSTAT=]

IF (NAY) 6,746

" WRITE (6+31) NEL

CONTINUE

DO 19 L=1,MNUMB

NQT=NSEC(L)

FNNNN(L)}=0.0

IF (NQI) 8,11,8

00 19 ICQ=1,NQI

FN(ICQ)=0.0

MM=NOMB(L,ICQ)

CALL PRESSR (MM¢NELoNSTAT,ANSWR,FLPOS,NEED,LAP, IFL,THETAA,L)
DO 9 LM¥Msl, MM

FN(ICQ)=FORRINSTAT,L)*ANSWR{LNM)+FN(ICQ)

NSTAT=NSTAT+1

CONTINUE
FN{ICQ)=(THETB(L,ICQ+1)-THETB(L,ICQ)})*FN(ICQ)/2.0
FNNNNUL)=FNNNN{L)}+FR{ICQ)

CONTINUE

NSTAT=1

SPHI=1.0-ETA(L)*ETA(L)

IF: (NAY]) 12,13,12

- WRITE (6,32) ETA(L),FNNNN(L)

CONTINUE
IF (NONSNG) 15,144,415
FNNNN(L)}=FNNNN(L)*SGRT (L) *SQRT(SPHI)

- GO TO 16

YOO={YOWASH({!)-ETA(L))}

- Y0O=Y0OO*YCO

NGAUS=L+MNUMB+1
FNNNN(L)=FNNNN (L) *GAUSS (NGAUS }$SPHI/Y00
IF (NAY) 17,18,17

NRITE (6433) FANNN(L)

CONTINUE

CONTINUE

DO 29 MEL=1,MSPAN

MELL=Z®(MEL~-])

AUX=0.0

DO 24 K=1,MNUMB

IF (MELL) 22,20,22

IF (ETALIK)) 22,21,22

PANER=140
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GO T0 23
PONER=ETA(K)$OMELL
AUX=AUX+FNNNN(K) SPOMER
CONTYINUE

IF (NONSNG) 25,426,425
AUX=AUX*PKL
FROWRINEWASH, IX)aFROWRINEWASH, IX)+AUX
IF (NAY) 27,28,27 .
WRITE (6434) MELL,AUX
CONTINUE

NEWASH=NEWASH+1

CONTINUE

CONTINUE

RETURN

FORMAT (42HLCHOROWISE INTEGRALS FOR PRESSURE MODE, N=]3)

FORMAT (THOETA = E15.8/1H 421X,THIC 1 = E15.8)

FORMAT (1H 421X,THIC 2 = E15.8)

FORMAT (40HOSPANWISE INTEGRAL FOR PRESSURE MDDE, M=I3,3H = E15.8)
END

SUBROUTINE MATINV (A,NyByK,DETERM)
MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS

DIMENSICON IPIVOT(48),INDEX(48,2)
DIMENSION A(48,48)48(48,41),PIVOT(48)

INITIALIZATION

DETERM=1.0
DO 2 J=1,N
IPIVOTLJ)=0
D0 21 I=1,N

SEARCH FOR PIVOT ELEMENTY

T=0.0

00 7 J=1,N

IF (IPIVOTULJ)I-1) 3,743

DO 6 K=l ,N

IF (IPIVOV(K)=1) 446,425

IF (ABS(T)~ABS(A(J4K))) 546,48
IRQu=J

ICOLUM=K

T=A{J,K)

CONTINUE

CONTINUE
IPIVOT{ICOLUM) =1 PIVOT (ICOLUM) +)

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF (IROW-ICCLUM) 8,12,8
DETERM=-DETERM

00 9 L=1,N

T=A({IROW,L)

ACTROW,L) =ALICOLUM,L)
ALICOLUM, L) =T
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IF (M) 12,412,110

00 11 L=1,M

T=8(IROW,L)
B{IROW,L)=B(ICOLUM,L)
B(ICOLUM,L)=T
INDEX(1,1)=IROW
INDEX(1+2)=1COLUNM
PIVOT(I)=A{ICOLUM, ICOLUM)
OETERM=DETERN*PIVOT(I)

DIVIDE PIVOT ROW BY PIVOY ELEMENT

A(ICOLUM, ICOLUM)=1.0

00 13 L=1,N
A(LTCOLUM,L)=A(ICOLUN,L)/PIVOT(I)
IF (M) 16,16414

DO 15 L=1+M

B(ICOLUM,L) =0{ICOLUM,L)/PIVOT(I)

REDUCE NON-PIVOT ROWS

DO 21 Ll=]l,N

IF (LL1-ICOLUN) 17,21,17
T=A{LLl,ICOLUM)
A(L1,ICOLUM)=0.0

DO 18 L=1,N
A(LLoL)=A(LL1,,L)}~A(ICOLUM,L)*T
IF (M) 21,21,19

00 20 L=1,M
BILL,L)Y=B{L1+L)-BUICOLUM,L)*T
CONTINUE

INTERCHANGE COLUMNS

DO 24 1=1,N

L=N+1-1

IF (INDEX(Ls1)-INDEX(Ly2)) 22,24922
IROW=INDEX(Lel)
I1COLUM=INDEX(L,2)

DO 23 K=1,N
T=A (Ko IROW)
A(K,TROW)=A (K, ICOLUM)
A(K,ICOLUM) =T
CONTINUE

CONTINUE

RETURN

END

SUBROUTINE PRESSR (MMoNELyNSTAT o ANSWR FLPOS¢NEEDyLAPy IFL s THETT,LL)

DIMENSION THETT(3041)9ANSWR(L1),FLPOS(1)

LAC=NSTAT

1F (LAP) 9,19
IF (NEED) 243,2
KEL=NE!.~]

GO 10 ¢

KEL=NEL
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IF (KEL) 595,17

DO 6 LNM=L,MM
AUY=THETTILAC,LL)/2.0
ANSWRILNM)=COS(AUY)/SIN{AUY)
LAC=LAC+]

CONTINUE

RETURN

FNEL=KEL

DO 8 LNM=], MM
AUY=THETT(LAC,LL)

ANSWR(LNM) =24 ,0%SIN(AUYSFNEL)/ (2.0%%(2¢KEL))
LAC=LAC+1

CONTINUE

RETURN

AUFL=FLPOS(IFL)

DO 10 LNM=] MM
AUY=THETT{LAC,LL)
UNUM=SIN(O. S*{AUFL+AUY))
DENCM=SIN(O.5%(AUFL-AUY))
ANSWR{LNM)={ALOG (ABS (UNUM/DENOM))1/3.14159265
LAC=LAC+]

CONTINUE

RETURN

END

SUBROUTINE MPRINT (TEXTMyNW,MTAPE,MAT2,MAT3)
THIS ROUTINE IS USED TO PRINY A MATRIX
DIMENSION QOOOFL{(150),A(S5),TEXTM(9)

NROWS=MAT2
NCOLS=MAT3

REWIND MTAPE

NOW BEGIN PRINT LOQOP
LINES=0D

DO 6 J=1,NRONKS

READ (MTAPE) (QOOOFL(I),I=1,NCOLS)
K=1

A(l1)=0.0

Al2)=0.0

A(3)=0.0

A(4)=20,0

A(S5)=0.0
A(1)=QO000FL (K}
A(2)=QO00NFL(K+}1)
A(3)=Q000FL(K+2)
A(4)=Q000FL(K¢3)
A{5)=QO00FL (K+4)
N1l=K

N2=Ke1

N3sKe2

N4=Ke3

NoxK4+4

K=K+5

IF (LINES) 243,42

IF (44-LINES) 34,4
START NEW PAGE
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WRITE (649) (TEXTM(I),I=1,NW)
KRITE (647) NROWS,NCOLS

WRITE (6,48)

LINES=S

WRITE (6911) JyNLoA(L)oN2,A(2)oN3I,A(3) N&yA(L),NS,A(S)
LINES=LINES+]

IF (NCOLS-K) 541,41

WRITE (6,410)

LINES=LINES+1

CONTINUE

RETURN

FORMAT (1HO30X,14¢9H ROWS BY 14,8H COLUMNS)

FORMAT (1HO2XBHROW COL,18Xo3HCOL»19Xy3HCOLs19Xe 3HCOL» 19X, 3HCOL)
FGRMAT (1H129X,9A6)

FORMAT (1H )

FORMAT (1H 2X 9134154 1X0E15e8¢2Xe1392X0E15.8¢2X91392X9E15.892X913,
12X9E15892X91342XyEL5.8)

END

SUBROUTINE FNUD (FENyGAUSS,WTGS)
DIMENSION NLOC(14) o TABLE(TO) 9y TWGTS{TO)s GAUSSIL1)yWTGSIL)

DATA NLOC/2¢4¢T910914418,23,28¢93%440447¢5%4462,70/

DATA TWGTS/.888888888,.555555555 652145154, .347854845,.568888888,
1.478628670942369268859.467913934,.360761573,.171324492,.417959183,
2.3818300504+279705391,.1294849664+362683783,.3137C6645,.222381034, °
3.10122853694330239355¢.312347077¢.2606106964.1806481609.812743884E
4-19029552422490269266T199.2190863624.149451349,.666713443E-1,
502729250864 +262804544¢:2331937649 186290210, .1255803699+556685671¢E
6=149.249147045¢02334925369.203167426,.160078328,.106939326,
Te4T1753364E~14.232551553,4.2262831804.2078160474.178145980,
8.1388735109921214998E~1,.404040048E-1,.215263853,.205198463,
9,185538397,.157203167,.121518570,.801580872E~1,.351194603E~1,
A.2025782419.1984314859.1861610009¢1662692059.139570677+107159220
Be 7T03660475E~-149¢307532420E-19.1894506109.182603415,.169156519, ’
Ce149595988,.124628971,4.95158511TE~1,.622535239E~1,.2T71524594E-1/

DATA TABLE/0e0,077459666944339981043,.861136311,0.09.538469310,
19061798459 .2386191869.66120938649.93246951490.00.405845151,
2¢74153118590949107912,183434642,.5255324099796666477,.960289856,
30.09.324253423,.613371432,.836031107,.968160239,.148874339,
4¢433395394¢.679409568.86506336649.973906528,10.049.269543156,
5¢519096129,4.730152005,.887062599, .978228658,.125333408,.367831498,
665873179549¢76990267449.9041172569.98156063440.0,4230458316,
Te44849275194642349339,.8015780904.917598399,.984183054, 108054948,
8¢319112368+.5152486369.687292904y «627201315,.9284348839.986283808,
90.04¢201194094,43941513474.5709721724.724417731,.848206583,
Ae9372732924.987992518+.950125098E-1,.281603550,.458016777,
Be61787624494755406408¢.8656312024.944575023,4.,989400935/

N=FEN+1.0

INDEX=NLOC(N-3)

N2=N/2

J=N-1

DO 1 I=1,N2 "
GAUSS(1)=-TABLE( INDEX) :
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GAUSS(J)=TABLE (INDEX)
WTIGS{I)=TWGTS{INDEX)
HTGS(J)=THWGTS ( INDEX)
J=J-1

INDEX=INDEX~1

RETURN

END

FUNCTION FSQM (MM, IR)

GMM=MM

I=(IR+2})/2

IF (I-1) 1,1,2
FSQMxGMM+1,.0

GO T0 8

IF (1-2) 3,3,4
FSQM=0,5%(GMM+1.0)-GMM
GO TO 8

11=3
EML=0.5%(GMM+1.0)
EM2=GMM

ENUM1=3.0
DEM1=4,0
ENUN1=1.0
DEN1=2.0

F31=ENUML /DEM]
FS2=ENUN1/DENL

IF (I-11) T.746
ENUK1I=ENUML+2.0
DEM1=DEM1+2.0
ENUNISENUNL1+2,0
DEN1=DEN1+2.0
FS1=FS1*ENUM]/DEML
FS2=FS2%ENUN1/DEN1
[I=11+]

GO 10 5
FSQMsEML*FS1-EM2#%FS2
CONTINUE

RETURN

END

FUNCTICN FKERNL (XOyY0ySyFMACH)

BETASQ=1,0-FMACHSFMACH
COMP=X0*XO0+BETASQ*S4S*YO%YQ
SQCCMP=SQRT (COMP)
FKERNL=1,.04XQ/75QCOMP
IF (SQCOMP) 1.1,2

1 WRITE (64691)

STOP
2 CONTINUE
RETURN
601 FORMATY (LHO,///10X,32He*%SQCOMP=0, EXIT FROM FKERNL*®#}
END

FUNCTION FPMI (ETAO,ETALoNM)
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PHI=ACOSIETAO)

PHI1=ACOS(ETAL)

FPMI={ (SIN(PHI))*83,0~(SIN(PHIL1))®®3,0)/3.0
IF (MH=2) 3,1,1

M2

GM=|IM

FPMI=( (ETAOSSGM)S(SIN(PHI))**53,0-(ETALSSGM)*(SIN(PHIL))**3,0)/(GM+
13.0)+(GM*FPMI)/(GMe3,.0)

IM=IMe2

IF (IM=MM) 2,2,3

RETURN

END

FUNCTION FRMI (ETAO.ETAL,MM)

PHI=ACOS(ETAQ)

PHI1=ACOS(ETAL)

IF (MM=-2) 142,2
FRMI=0S5%(PHI-PHIL)-0.25%(SIN(2.0%PHI)~SIN(2.0%PHI1))

GO 70 6
FRMI=0o125¢((PHI-PHIL)~0.25%(SIN{4.0¢PHI)-SIN(4,0%PHI1)))
IF (MM=2) 3,3,4

GO 70 &

IM=4

GM=]IM

FRMI=(ETAO*®(GM~1.0)%{SIN(PHI})*%3 ,0-ETAL*&(CM=1.0)%{SIN(PHIL))*»
13.0¢(GM-1.0)*FRMI)/(GM+2.0)

IM=lMe2

IF (IM=-MM) 5,5,6

RETURN

END
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PROGRAM NLBODY(INPUT,0UTPUT,TAPES=INPUT,TAPE6=0UTPUT)

DIMENSION ALPHAL{18)4PHIL1{9),QL(9)4R1{9),COMNT(18),C(10)
DIMENSION CYS(4) ,CNS(4),CMS{4)4CES(4)4RLSIL0),CYSV(3),CNSV(3)

COMMON DX1 DXy ISTART ¢NEXIT o LREFSREFyCGyCYSeCNSsCHSoCESsRLS,CYSV,

LCNSV.PHI
REAL LREF

CALL DATA

READ (5,5) COMNT

WRITE (6425) COMNT

FORMAT(18A%)

READ (5,10) LREF,SREF,CG,0X1

FORMAT(4F10.4)

READ (54915) NALPHAJNPHI NQsNR

FORMAT(S512)

READ (5,20) (ALPHAL(1),I=1,NALPHA)

READ (5,20) (PHIL(!)oI=LyNPHI)

READ (5420) {QL{I),I=1,4NQ)

READ (5,20) (RL(1),1=1,NR)

FORMAT(9F8.4)

FORMAT{1Hl,18A4)

DO S0 I=1,NPH]

PHI=,0174533%PHIL(I)

CP=COS(PHI)

SP=SIN{(PHI)

CALL COEFF

DC 50 J=1,NR

DO 50 K=1,NQ

ClzR1{JI*CP+QL{K)I*SP

C2=Ql(K)*lP-R1(2)*SP

WRITE (6430) PHILUI}4QLIK)4RL(Y)
FOR"AT(SHOPHI"F803.5H Q='F704'SH R’.F-'.l'I

18HO ALPKAJ3OXZHCN)L15X2HCM,; 1SX3HCY 4 14X3HCEM, 14X3HCRM)
DO 50 L::1,NAl PHA

ALPHA=,01745353#ALPHAL (L)

CA=COS{ALPHA)

SA=SINCALPI L)

Cl(l)=Cl*CA

Cl2)=SA*CA

C(3)=C2%CA

C{4)=CA*%2 :
CYSPOT=~(C{1)SCYS(L)+L(2)*CYS(2)+4C(2V)2CYS(3I4C(4)I%CYS(4))/SREF
CESPOT=~(C(L)*CES(L)+C{2)#CES(2)+C(3)*LES(3)+C(4)*CES(4&))/
1 (SREF*LREF)
CNSPOT=~(CI1)*CNS(1)+4C(2,*CNS{2)+C(3)*CNS(3)¢L(4I*CNS(&))/SREF
CMSPOT=~(C(LI®CHSUL)I+C(2V*CMS(2)+C(I)*CMUS(3)4C(4)+CMS(4) )/
1 {SREF*LREF)

cYSPL=CYSPQT

CYSPOT=CYSPLACP-CNSPOT*SP

CNSPOT=CYSPLESP+CNSPOT*(CP

CYSP1=CESPOT

CESPOT=CYSPL1*CP~CMSPOT*SP

CMSPOT=CYSPL2SP+CMSPOTHCP

C(10)=C (4}

180



35

40

45
50

C(9)=2.,%C(1)%CA

Cl8)=2,#C(1)%C1

C(T7)=2.%C(3)*CA

Clo)=2,9C(3)%C2

C(5)=C(2)+CA

Cl4)=C(2)%SA

C(3)=C(3)%Cl

Cl2)=Cl2)+C2

C(l)=C(1)%SA

CLSPOT=0.

CLSVIS=0.

00 35 M=1,10

CLSPOT=CLSPOT+C (M) *RLS (M)

CLSPOT=CLSPOT/ (SREF*LREF)

WRITE (6,40) ALPHAL(L),CNSPOT,CMSPOT,CYSPOT,CESPOT,CLSPOTY
FORMAT(IH ¢FT7.4910X9HPOTENTIAL,5X5(3X1PEL2.442X))
CALL VISC(SA4QLIK) yR1{J)4CNSVIS,CMSVIS,CYSVIS,CESVIS,CLSVIS)
WRITE (6445) CNSVIS,CHSVIS,CYSVIS,CESVIS,CLSVIS
FORMAT(LH 41TX9HVISCOUS ,S5XS(3X1PEL12.4,2X)/1H )
CONTINUE

sSTOP

END

SUBROUTINE FORCE

DIMENSION CY(4)4CN(4)4RLIF),CYO(4)oCNO(4)4RLOII)(KPLRE(LL),

1 KPLIM(11)

DIMENSION CYS{4) 4CNS(4),CHS14),CES(4),RLS{10),CYIVI3),LNSVI3)
DIMENSION Al{12),81(12),APR1{12),BPR1(12),C(2)

COMMON DX1ysDXoISTART ¢yNEXIT LREF,SREF,CGoCYSyCNSyCMS,CES,ALS,CYSV,
LCNSV,PHI
COMMON X oRBeRD-ReRB2+S9DSDX,COCY,COCLoINyALyBLly APRLyBPR1,C

REAL LREF,KPLRE,KPLIM

Cl={X-CG) /LREF
CY{1)=25,132T4*(AL(3)-RR)*NB%C1
CY{(2)1=12.5663T7+B1(3)*RB
CY(3)=2.%C1#CY(2)

CN(1)=CY (3}
CN(2)==12.5663T7*(A1L(3)+RB)*RB
CN{3)=2.%C1%CN(2)
CY(4)=12.5663T7%C(1)~2.¢5¢APR]1 (2}
CN(4)=12.5663T¢C(2)-2.%5%BPR1(2)
RL/1)=CY(1)-CNI(3)
AlL{2)=2,¢CY(3)
RL(3)=C1#*(CY(1)-CN(3))
RL{4)=CY(2)

RL{S)=CY(4)

RL(6)=CLleCY(3)

RLIT)=CleCY(4)

RL(B)=-CLl*CNI(1)

RLIG)=~CL2*CNI4)
CY(1)=CY(1)+4.%C1%S
CN(3)=CN(3)+44,%C1*S
CN(2)=CN(2)+42.%S

IF (ISTART) 200,5+10
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DO 6 I=1,4

CYsSti)=0.

CNS(1)=0.

CMS{1)=0.

CES‘["O.

CYO({E)=CVY(I)

CNO(I)=CN{])

DO 7 I=1,9

RLS(1)=0.

RLO(SI=RL(I)

ISTART =}

G0 10 200

XA=X=,5%DX~C6

DO 15 1I=l,4

CYS(IY=CYS(LI+CYL(® . ~-CYOLI])

CNSU{I)SCNS(I)+CN(T)I-CNO(I)

CHS(1)=CMS(I)-XA®{CN{I)-CNO(I))}

CES(IN=CES(TI)-XAS(CY(I)-CYOL(I))

00 20 [=1,9

RLS(I)=RLSII)«(RLEII+RLO(I)I*DX/2.

IF INEXIT} 200,25,35

D0 27 I=l,4

CYoti)=Cvil)

CNO{I$=CNI(1)

DO 30 1=1,9

RLO(I)=RLI(I)

60 10 200

RLS{S5)=RLS(5)¢12,5663T¢(AL(2)%(A1(3)+RB)+B1L(2)&B1(3))*R8B

RLSITI=RLS(T)I#12.5663T7¢(AL(2)%{AL(3)¢RB)I+BL(2)8B1(3))eRB%C]

RLS{II=RLS(9)+12.5663T¢(BL(2)%{AL(3)-RB)I+AL(2)%B1{3))*RB*C]

RLS(10)==12,.5663T%(AL(2)*((A1(3)+RBI*BPR1{2)-APR1(2)*B1(3})
+B1(2)%({AL(3)-RB)ISAPR]1'2)+BPR1(2)%B1(3]))*REB

N1laN-1

IF (N1) 200,200,337

DC 40 I=]1,N1

KPLRE(I)=0.

KPLIM(I)=0.0

00 50 M=x=] Nl

N3=N1-Me¢]

IF (M=2) 42,50,42

RBI=1.

DO 45 I=1,N3

Mix=Pe]

RBI=zRBI *RB

IF (M]-2) 200,445,643

D=A1l . M)SAL(M])+BLl(M)SBLl(NM])

E=AL(F)*B1IN])-BlIM)SAL(NM])

KPLRE{T)=KPLRE(1)¢D*RBI

KPLIM{T)=KPLIN(]) . EsRBT

CONTINUE

CONTINUE

wzNlel

D=BLl{3)SKPLREIL1I¢(ALI{3)-Rua)IsKPLIM(])

E-Bl(318KPLIN([1)+ AlI30-RBISKOPLRE(])

IF (N1-3) 65,465,55

Rty =08

oC 6C Ix&,u]

REJzRE} R

hi=zt1-2
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D=D+AT*(AL(T)*KPLIM(1)-BL(1)*KPLRE(I))/RBI]
E«E+ATI*(ALITI)*KPLRE(T)+BLUI)*KPLIM(]))/RBI
RLS(5)=RLS(5)¢6.283185%E
RLS(T7)=RLS{T)+¢£.283185%E*C]
RLS(9)=RLS(9)46.283185%D%C1
RLS(10)=RLS(10)~6.283185%(D*APR1(2)+E*BPR1(2)!}
RETURN

END

SUBROUTINE DATA

DIMENSION COMAIN(4N) ,COMFOR(59)
DIMENSION X1(40)4RUL(40)4DROXL(42),S1(40),DSDX1(40),CNCY1(40),COCL
11(40)¢M(40) yREALL(11+40),IMAGL(11,40),REPRL1(11,40),IMPR1(11,40)}

COFMON COMAIN,CONFOR
COMMON NXoX14RB! yDRDXL¢S19DSDX19COCY1oCDCLEyMyREALL, IMAGLyREPRL,
LIMPR]

REAL IMAGL,IMPRI]

READ 15,5) MAXZET,NX
FORMAT(2413)

DO 7 I=1,4NX

DO 7 4=1l,11

REALL{J,;1'=0.

IMAGL(J,.]I)=0.

REPR1(Jy1)=0.

TMPR1(Js1) =20,

READ (5,30} (X1(X)oI=LyNX)
READ (5430) (RBL(IV,Ix] NX)
READ (5,30) (DRDX1(I1),I=1,NX)
READ (5430) (S1(1),I=]14NX)
READ (5430) (DSDXL{1)oI=14NX)
READ (5,30) {(COCYL(I)yI=1,NX)
READ (5,30) (CDCLLI(I)eIm1,NX)
FORMAT(6EL124.5)

IF (MAXZET-1) 4%,10,45

DO 15 I=1,NX

H{l)=]

GO 10 300

DO 110 I=1l,NX

READ (5+5) NLETA,ISYHM

IF (NZETA) 55,55,60

Ni=MAXZET

M) =N1

GO TO 65

N1=NZETA

M(I)=NL

IF (N1-1) 300,110,70

N1l=N1-1

IF (ISYM) 300,475,495

READ (5,30) (REALL(J, IVeJd=]letl)
READ (5,30) (REPRLUJyI)oJdm]lyNl)
00 90 JU=]1,N1,2
IMAGL(JsI)=REALL(J,I)
IMPRLI(J1)=REPRLY(JyI)
REALL1(J,1)=0,
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REPRLI{J,1}=0.0

GQ 10 110

READ (5¢30) (REALL(Jo1)oIMAGL{Je1)oJ=1,4N1)
RFAD (5,430) (REPRLUJTIY,IMPRL{J(T)oJ=1,N1)
CINTINUE

RETURN

END

SUBROUTINE ViSCSA,Ql,R1,CNSVIS,CNSVIS,CYSVIS,CESVIS,CLSVIS)

DIMENSION DUM1(3)4DUN2(32)4DUM3(59),X1(40),DUM4{160),COCYLI40),
1C0CLL{40)

COMMON Dxl.DUHlolREFoSREFpCG.DUhZ.PHl.DUH3'NX.Xl.DUﬂQeCDCYIoCDQLl
REAL LREF

SP=SIN(PHI)

CP=COS(PHI)

CLSVIS=0.

CNSVIS=0.

CHSVIS=Q,

CYSV1S=0,

CESVIS=D.
ARM=(X1(1)-CG)/LREF
V=-SA%SP+2, *R1 *ARM
W=SA®CP+2.2Q1 SARM
CYVO=_DCYL(1)sVeABS(V)
CNVO=COCLL (1) #W*ABS (W)
CEVO=-ARM*CYVO
CMVO=—ARMSCNVO

X=xX1(1)

XOm=X i
XzAMINL (X+DX1,X1{NX))
COCY=AINTRP (X1 ,COCYLoNX X&)
COCL=AINTRP (X1 4COCLYLoMX X4} i
ARM={X~CG) /LREF
V=-SA®SP¢+2, $R]1 *ARM
VuSASCP+2.%Ql SARM
CYv=CDCY*VEABSLY)
CNV=COCL*W~ABS (W)
CEV=~ARMRCYYV

CHY==ARMECHY

"X2=(Y=-X0)/2.

CNSVIS=CNSVIS+ {CNV+CNVO)*DX2
CYSVIS=CYSVIS+ (CYV+CYVO)I®DX2
CMSVISSCMIVIS+{CMV+CMVO)*DX2
CESVISaCESVIS+{CEV+CEVO)*DX2
X0=Xx

CNVQeCNY

CYVU=CYVY

CMVO=CMNY

CEVQo=CEYV

IF (X-X1(NX)}) 10,20,20
CYSVIS=CYSVIS/SREF
CNSVIS=CNSVIS/SREF
CESVIS=CESVIS/SREF
CVSVISaCMSVYIS/SREF
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RETURN
END

SUBROUTINE LOCVAL

DIMENSION FCN(40),COMAING39)

DIMENSION AL(12),81(12),APR1{12),8PR1A(12),C(2)

DIMENSION X1(40),RB1(40),DROX1(40),1(4%01,DSDX1(40},COCY1(40),COCL
11(40) oM(40) JREALL(11+40),IMAGLI11,40),REPRL(11,40), IMPRYI(11,40)

CONMUN COMAIN,PHI

COMMON X o+RB¢RBPRyRB2+SsDSDXyCDCY 4 COCLgNL, AL Bl APRI,BPR],C
COMMON NXoX19RB1sDRDX19S140SOX1,CDCYL,CDCLLoM, REALL, INAGL,REPR],
11MPR1L

REAL IMAGI,IMNPRLoIMAG, INPR

RBSAINTRTIX1RBL (NXoXo &)
RB2=RB*#*2
RBPR=AINTRP (X1 4DROXLoNXosX,4)
SzAINTRPUX]L ¢S1oNXyX,4)
OSDX=AINTRP (X1 (DSOX]1 sNXoXy4)
DO 10 IL=]1,NX
IF (X=-X1(IL)) 20,15,10

10 CONTINUE

15 Nl1sM{ILY
GO 10 25

20 NisMUIL-1)

25 Al{1l)=RB
B81(1)=0.
APR1(1}=RBPR
BPR1(1)=0.
Ct1)=0,
c(2)=0,
Al(2)=0.
Bl{2)=20.
LPR1(2)=0C,
B8PR1(2)=0.
Al(3i=0.
Bl1{3)=0.
IF (N1-1) 100,100,30

30 00 55 J=2,N1
Jl=J-1
AJd= i
PHI J=A JSPHI
DO 35 K=],NX

35 FON(K)=REALL(J1,K)
REAL=AY G TRPIX] oFCNoNX X o 4)
DO 40 K=1,NX

40 FON(K)=TNAGL{J1,K)
IMAG=AINTRP (X1 oFCNoNX X o &)
DO 45 K*I.NX

45 FCHIK)=REPRL{ J1,,K)
REPRSAINTRP XL +FCNNX X o4)
00 50 K=l ¢(NX

59 FONIK)STMPRL( JL X0
IMPREAINTRP(XE 4FCNoNX X&)
SN=SIN(PHIJ)
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CS=CCS(PHLY)
AlL(J)=REALSCS+INMAGSSN
BL{J)=IMAGSCS-REALSSN
APRL(JY=REPRICS+IMPRO*SN
55 BPRL(JI=IMPRSCS-REPRESN
C(1)=RB2*APR]1(2)
C(2)=RB2%8PR1(2)
IF (N1-2) 100,10046C
60  N2=N1-1
DO 65 N=2,N2

ANxN~-2

J=N¢l

A= -2

ClL)=CU1)-LAS*(ALIIISAPRLI(N)+BL{S)*BPRL(N) )+

1 ANS(AL(N)*APRI (J)+Bi(N)*BPR1{J)))I*RB
65 C(2)=CL2)¢(AJS(ALUJ)*BPRL(N)-BL{J)I*APRLI{NR) )+

1 ANS(BLIN)*APRL{J)I-AL(NI*BPR1I(J)}I*RB
100 RETURN

END

FUNCTION AINTRP (X,YoNyX1,NM)
DIMENSION X{(40),Y(40)

=0
5 I=1+]
IF (N-1) 70,10,10
Lo IF (X(I)-X1} 5,20415
15 iIF {i1~1) 100,70,25
20 AINTRP=Y({])
60 T0 100
25 N2=p/2¢1
IF (I-M2) 30,30,435
30 I1=1
12=#
60 10 50
35 IF (N-1-M2) 40445,45
40 12aN
Il=12-Me}
60 70 S0
45 11=1-M2
12=11eM-]
50 AINTRP=0.0
DO 65 I=I1,i2
FON=Y(T)
DO 60 J=11,12
IF (J-1) 55,60,55
55 FONsFONS(X1=XLJ))2(X(T)=~XT(.0))
60 CONTINUE
65 AINTRPsAINTRP+FCN
GO 710 100
19 WRITE (6,75) Y{1)sY(N)X1
75 FORMAT (53H AINTRP CUT OF RANGE FOR FUNCTION WITH END VALUES OF ,
LEL2.5+8H ANDEL2.5,5H X12,E12.5)
100 RETURN
END
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SUBROUTVINE COEFF
DIMENSION COMAIN(36),CONFOR(58),X1(40)
COMMON DX1,D0XoISTART ¢NEXTIT o COMAING Xy COMFORyNXo A1

NEXIT=0

ISTART=(

DX=0.

X=X1{1)
10 X=X+DX

CAl L LOCVAL

CALL FORCE

OX=0X1

IF (NEXIT) 500:12.500
12 IF (XeDX-X1{NX}) 10,15,15
15 NEXIT=»]1

DX=aXL{NX)-X

GO 10 10
500 RETURN

END
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PROGRAM NLWING(INPUT,0UTPUT .1 APES=INPUT,TAPES=IUTPUT)

DIMENSION XI1(2),XI0(3),ETA(20; ETADW(80)4TN{3},
1.4{40)+Y(40),CI{80},CF(80),W(201},

2041204205 4C6120520)yCIRCLN(20)DWASH{20),TRVQU(20,20), L£5(20,20),
3C470020420) 4C570(20,20",TRVT70(20,20}

49ALPHEF (20) +WT(20) ySINAEF (20),GAM(20)
5¢COEF(10,10),CHORD{10),XL1120)+XL2(20),XPMOM(20),CIRCL1{20)
6,CIRCL2(20) yALI10) ,WGHT(10),SPAN(201},ALPH{20)

READ (5+60) ALPHA.BETA,DALPHA
READ (5¢60) ETAO cTAB.TR,TNLE
READ (5¢60) P,Q4R

READ (5+60) REFL,XCG,2CG

READ (5+60) CG,CDXPQOS

READ (5,55) NSTANDWSH

READ (S5¢55) NALPHAGNIT

READ (%455) NSYM

READ (5460) (ETAL(I),I=1,NSTA)
READ (5460) (ETADW(I),I=1,NDHSH)
00 5 I=1,3

READ (5,60) XIO(I},TNI(I)

READ (5+60) (ALPHEF{I),1=1,NDKSH)
READ (5,60) (AL{I),I=1,10)
READ (5¢60) (WGHT{I),I=1,10)
ALPHA=ALPHA*,.0174533
BETA=BETA*.0174533

DAL PHA=DALPHA*,0174533

00 7 I=1,10
ALIT)=AL(1)*.,0174533
P=P*2./REFL

Q=Q#%2./REFL

R=R*2./REFL

CBETA=COS(BETA)

CALCULATE COORDINATES OF DOWNWASH CONTROL POINTS

NROW=0

D0 26 J=1,NOWSH
ALPHEF(J)=ALPHEF(J)*,0174533
X1-=X10(3)

YI=ETAO

YF=ETAB

IF (ETADW{J)-YI) 25,10,10

IF (ETADW(J)-YF) 15,1525
NROW=NRON+1

Y(NROW) =ETADNWI( J)
XINROWY=XT1+(Y(NROW)-YI)2TNI(3)
GO0 10 26

WRITE (6+65) ETAOLETADW(J),ETAB
S1op

CONTINUE

N=NSTA

NCOL=N-1

NO® CALCULATE LAGRANGIAN COEFFICIENTS
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CALL LGRANG(ETA,COEF.N)
CALCULATE LOCAL CHORDS

00 1T 1=) NCOL

IN=NCOL+]

EJALINI=ETALL)
SPANCI}=ETA(T)/{ETAB-ETAO)
SPAN(UIN) =-SPAN(])
CHORD(J)=1.¢({¥R~1.)*ETAII )/ (ETAB-ETAD)
CHORD (NI =CHORD( 1)
NROW2=NROW+1
NROW1 =2 *NROW

J1=0

00 110 J=NROW2,NRO¥1
Jl=J1+l
ALPHEF( J) =ALPHEF {J1)
X(J3)=X(I1)

vi{d)=-yY{J1}
X11¢1)=XI0(L)+ETABSTNLL)
X11(2)=X10(2)+ET2B*TN(2)
DO 172 M=1,NALPHA
ALPHD=ALPHA$57.2958
BETD=BETA$57.2958

WRITE (6,300) ALPHD,BETD
SALPHA=SIN(ALPHA)
CALPHA=COS(ALPHA)

DO 170 L=1,NITY
NCOL=NSTA-]1

NROW=NDMSH

DETERMINE DOWNWASH ZONTRIBUTION FROW LEADING LIFTING LINE

DO 40 J=1,NROW1

CALL LLINE(ZIJ).Y(J)o0.0cXIO(l)oXli(l)vETAOcETAE.IN(llo
1ALPHEF (J) yBETA,COEF,CI N}

CALL TRVORI(X(J).Y(J).0.0'XIO(l)oXIl(l)oETAOoETAS'TN(1).
LALPHEF (J) ¢ 3ETA,COEF4CFyN)

DO 29 I=1«N

TRVQU(T ¢ J)=CF (1)

DO 30 I=l.N

CalI,J)=CItE)+CFLI)

CONTIHUE

TEST FOR SYMMETRICAL LOADINGIN5YM=0)
IF{NSYM-1145,56,45

D0 50 J=1,NROW

J2=J¢NROW

D0 70 I=1,NCOL

TRVQUIT ¢ J)=TRVQU (T, J)+TKVQULT,J2)
CS(T,3)mClllyJ)+Cal14J2)

CONTINUE

GO 70 59

00 73 1=NRDM2,NROW1

IN=1-NCOL

00 73 J=1,NROM

JN= JENRONW

TRVQUUT ¢ J)=TRVQU (INy IN?
TAVQUIUT y JN) 2 TRVQU( IN, J)
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53

46

71
51

el

82

83

85

52

L gdiT ol T 4N
CS Is NIz %(TNyu.
SO ¢ lwe N0
MY T2 de)l g 4RUNK}
TR,V TCA LT, )

DETERMING .. " ~SH TS Ut IanN Feat A 0 Y < T LN”

D0 41 J=1,NROW}

CALL LEINEIX(J) oV(J) 300 X100c)oXtn e . Yon T ’ "‘\‘_
LALPHEF{J) 4BETA,COEF,CI,N)

CALL TRVORTUIX{J) oY (JU)90.0eXI0(2)eXT1(2),ETAQ,ETABgINI_ .,
LALPHEF(J) 4BETA,COEF,CFyN)

D0 32 I=]1,N

TRV70(1,4J)=CF(])

D0 31 I=1,N

C4T0(T,0)=CIC(I)+CFLT)

CONTINUE

TEST FOR SYMMETRICAL LOADING(NSYM=0)

TF{NSYM-1146,81,46

DG 51 J=1+NROW

J2=J+NROW

DO 71 1=1,NCOL

TRVTO(T ¢ J}=TRVTO(I, J)+TRVTO(I,J2)
C570(T¢J)=CoTOLX4J)+C4T0(1,J2)
CONTINUE

GO T0 85

D0 82 I=NROW2,NROW1

IN=1-NCOL

D0 82 J=1,NROW

JN= J+NROW
TRVTO{I 9 J)=TYRVTO4{N,INI
TRVTO(T ¢ IN)=TRVTO(IN,J)
CSTOtL4J)=CeTOLIN, IN)
CSTO(I,JN)=C4TO(IN, J)

DO 83 1=1,NCOL

D0 83 J=1,NROW!
CST0(L,J)=CaT0ll )

REDEFINE NUMBER OF ROWS AND COL'MNS OF CIRCULATION SAVRIX
FOR ASYMMETRICAL CASE

NCOL=NROMWI
NROW=NRON1

DETERMINE WEIGHYING OF CIRCULATION BETWEEN THE LEAODI'G AND
AFT LIFTING LiINES

CALL WGTUALPHEF ,WT AL WGHY ,NROW)

DO 52 1=1,NCOL

00 52 .J=1,NROW

TRVQU(T ) =TRVQU T ¢ JI*KHT(T)+TRVTO(T1,J)*(1-WT([))
COUT+J)=CSU o disnTIII+CSTOLTyJ)* {1 ~WT (1))

DO 80 I=1,NCOL

DO 80 J=1,NCOL

Cellyd)=0.

D0 80 K=1,NROW
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80 CO6{XsJ)=COHIILI)+CS{IKI*C5(d,K)
0C 120 I=1,NCOL
D0 120 J=1,NRON

120 CalloN=C5(1,)

c
f DETERMINE INVERSE OF CIRCULATION MATRIX
c
CALL MATINVIC64NCOL,C5)
DO 100 I=1,NCOL
DO 100 J=1,NROW
Co6{1,J)=0.
DO 100 K=14NCOL
100 CO(14J)=COLToJ)+CS(TKI*CHIK,yJ)
DO 150 I=1,NCOL
CIRCULN{T)=0,
DO 150 J=1,NROW
c
c TEST FCR SYMMETRICAL LOADINGINSYM=0)
C
IF(NSYM-11125,4130,125
125 W(JI=SALPHA®CBETA+Q* (X (J)-XCG)
GO TO 145
120 W(J)=SALPHASCBETA+P*Y ()
145 CONTYINUE
156 CIRCLN{I}=CIRCLNI(I)-CotI,J)*H(J)
00 160 J=14NROW
DWASH(J)=0.
DO 160 X=1,NCOL
160 DWASH(J)=DWASH(J)-C4 (Ko J)*CIRCLN(K)
DO 161 J=1,NROW
DWASH(J)=0.
DO 161 K=1,NCOL
161 DWASH(J)=DWASHIJ)-TRVQUIK,J)*CIRCLN(K)
D0 162 J=1,NROW
ALFHEF (J)=ATAN( { SALPHASCBETA+Q* (X (J)-XCG)+PSY(J)-DWASH(J))/
L{CALPHA®CBETA-ZCG*Q-R*Y(J)))
IF(ALPHEF(J)-ALPHA) 185,185,180
180 ALPHEF(J)=ALPHA
135 CONTINUE
162 SINAEF(J)=SIN{ALPHEF(J))
c
c CALCULATE SPANWISE LOADING
c
DO 171 I=1,NCOL
171 GAM(I}=CIRCLN(I)} 2.« {CBETA+R*Y(]))+CD*SINAEF(1)*SIMAEF(T)
1%CHORD(1)
c
c CALCULATE NORMAL FCRCE
C
CALL FMINT{GAM,COEF,ETAB,N,XINT,NSYM,0)
CN=(1.+TR)*(ETAB-ETAO) /2,
CN=XINT/CN
c
c CALCULATE PITCHING MOMENT
c

D0 210 [=1,NCOL
CIRCLLUIT)=CIRCLN(T)*WT ()
CIRCL2(T)=CIRCLN(I)*{1.-WT{I))
XL1(T)=XIO0CL)+ETACI)*TN(])

191




sr em T ST S A, A e e o o

\

XL2(I)=XI0(2)+ETALI)*TN(2)
210 XPMOMUI)=(CIRCLL(I)*ALL(I)+CIRCL2{II*XL2(T1)i%2. ¢ (CBETA+R*Y(]))

1 +COD*SINAEF(I)*SINAEF (1) *CHORD(I)*(ETA{T)*TNLE+CDXPOS*CHORDI(I))
CALL FMINT{XPMOM,COEF,ETAByNyXINTyNSYM,0)
CM=(1.+TRI*{ETAB-ETAO)*REFL/2.

CM=XINT/CM

TEST FOR SYMMETRICAL LOADINGINSYM=0)
IFINSYM-1)211,2124211

CALCULATE ROLLING MOMENT

(g EaKal [z RaKul

212 CALL FMINT(GAM,COEF,ET2BsNoXINT,NSYM,1)
CMX={1.+TR)*{ETAB-ETAQ}*REFL/ 2.
CMX=XINT/CMX
60 T1C 213

211 CMX=0.0

213 CONTIHUE
DO 214 I=1,NCOL

214  ALPH(Y; =ALPHEF{[)#57.2958
WRITE (6,174) P,Q¢R
WRITE (0,186)

WRITE (6,175) (SPAN(I),1=1,NCOL)

WRITE (6,1T76) (GAM{1),I=1,NCOL)

WRITE (6,177) (ALPH{I)},»I=1,NCOL)
170 WRITE (64220) CnyCMeCMX

C
C NCW ADJUST ALPHEFFECTIVE FOR NEXT ITERATION ON ALPHA
c
IF(ALPHA-0.0))1i92,4190,190
190 DO 191 I=1,NCUL
191 ALPHEF(T)=ALPHEF (1)*{ALPHA+DALPHA)/ALPHA
192 CONTINUE
172 ALPHA=ALPHA+CALPHA
55 FORMAT(1216)
60 FORMAT(8F9.5)
65 FORMAT(4THODOWNWASH CONTROL POINY OUTSIDE OF END PDINTS.,3F13.5)
174 FORMAT (LHOSX42HP=F9.542HQ=F9.5,2HR=F9.5)
175 FORMAT (1HOL1S5HSPAN 10F10.4/(16X10F10.,4)}
176 FORMAT {1HO15HLOADING 10F10.4/(16X10F10.4))
177 FORMAT (1HOL1SHEFFECTIVE ALPHALI0F10.4/(16X10F10.4))
186 €NRMAT (1HO20X,)36HSPANWISE LOADING AND EFFECTIVE ALPHA)
300 FORMAT (LHL10X,18HRESULTS FOR ALFA= F9.4412Hy AND BETA= F9.4,10H
1 DEGREES)
220 TORMAT (1HO31HNORMAL FORCE C(OEFFICIENTy CN = F9.5/1H0
L4OHMOMENT COEFFICIENT ABOUY 7 -AXIS o CMY = F9.5/1HO40HMOMENT COEFF
2ICIENT ABOUT Y~AXIS o CMX = F9.5)
sige
END
SUBROUTINE WGT (ALPHEF ¢WT, AL, WGHT,N!
c
ODIMENSIEN ALPHEF(20),WT(20),AL{10),WGHT(10)
C

DO 100 (=1.N
IF (ALPHEF(I)-AL(2)) 5,10410
50 IF (ALPHEF(1)-AL(3))15,20,20
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45
55
65
15

80
100

{F (ALPHEF(T)-AL(4&))25,30,30

IF (ALPHEF({I)-AL(5))35,40¢40

IF (ALPHEF{I)-AL(6))45,50,50

IF (ALPHEF(IV-AL(T))155,60,460

IF (ALPHEF(I)-AL(8))65,70,70

IF (ALFHEF{I)~-AL19))75,80,80

WT(I)=WGHT (1) - (ALPHEF(I)-AL(1) ) (WGHT {1 )-WGHT (21 ) /(AL(2)-AL(1))
GO 10 100
HT(I’=HGHT(2)-(ALPHEF(l)-AL(Zl)‘(HGHT(Z)-HGHT(3))I(AL(3)-AL(2))
G0 T0 100

WT(I)=WGHT (3)—(ALPHEF(T)~AL(3) )% (WGHT (3)-WGHT (4) ) /(AL (4)-AL(3))
G0 T0 100
HT(l)=HGHT%4)‘(ALPHEF(l)-AL(#))*lHGHT(#)-HGHT(S))/(AL(S)-AL(%))
GO TO 100
Hi\I)=HGHT(S)-(ALPHEF(!)—AL(S))*(HGHT(S!—HGHY(b))/(AL(b)-AL(5))
6C 70 100
HT(l)=HGHT(6)—(ALPHEF(l)—AL(bl)‘(ﬂGHT(b)-HGHT(?))I(AL(T’-AL(b))
G0 TO 100
HT(I)=HGHT(7)-(ALPHEF(I)-AL(?))*(HGHT(7)-HGHT(B))/(AL(B)*AL(?))
G0 70 100
HTlI)=MGHT(8)—(ALPHEF(I)-AL(B))t(HGHT(Bi-HGHT(9))/(AL(9)-AL(8))
G0 T0 1vd
HT(l)=HGH7(9)—(ALPHEF(I)-AL(9))*(HGHT(9)-HGHY(10))l(AL(lO)-AL(9))
CONTINUE

RETURN

END

SUBROUTINE GAUSS (FUNCTNyAsB,C,DsEsNeX1yX29ANTEG)
DIMENSION X(16),W(16)

IF(K-1968)142,41
K=1968
X(11=0.005299533
X{2)=0.027712488
X(3)=0.067184399
X{4)=0.122297796
X(5)=0.191061878
A(6)=0.270961611
X(7)=0.359198225
X{8)=0.452493745
Xt191=0.547506255
Xi10)1=0.64080L775
X:11)=0.7290G8389
X(12)=0.808938122
X{13)=0.877702204
X(14)=0.932815601
X(15)=0.972287512
Xt116)=0.99470046R
W{1)=0.013576230
W(2)=0.031126762
W(3)=0.047579256
W{4)=«0.062314486
W(5)=0.074797994
W{6)=0.084578260
W(7)=0.091301708
W(8)=0.094725305
W(9):20.094725305
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DI DA i ettt e

500

10

15

20
25

#{10)=0.091301708
Wil1)=0.084578260
Wil2)=0,074797994
W(13)=0.062314486
%l14)=0.047579256
W{l5)=0.031126762
H(16)=0.013576230
SUM=0.

DO 3 I=1,16

CALL FUNCTNUIX2-XL)*X(I)+X19A9BsColly EyNyF)
SUM=SUM+W (1) *F
ANTEG=SUM*({X2-X1)
FORMAT(8F9.9)
RETURN

END

SUBROUTINE FORML(XoA¢BeCyDyEyN,F)

F=(D*X*EN+ESXE¥(N-1) ) /SQRT (ASX*%24B%X+C)
RETURN
END

SUBROUTINE FORM2{X,A4ByCyDyE4NyF)

F=X*eN/ ((A®X*X+B*X+C ) *SQRT (X *X+D%X+E) )
RETURN
END

SUBROQUTINE FORM3(X4A,8,CsDUMY1,0UMY2,NyF)

F=X%aN/ (A*X*X+B%X+()
RETURN
END

SUBRGUTINE LGRANG(X,CyN)
DIMENSION X{(10)4C(10,10),X1(9),C2(10)

DO 35 I=1,N

DO 5 J=l4N
c2tJi=l1.

Cl=1.

M1=0

DO 15 J=1,N

IF (1-J) 10,15,10
Mi=M]1+1
Cl=Cl/7{(X(1)-X{J)}}
XLEML) =X{D)
CONTINUE
Cit,1)=Cl

Nl=N

Ti-1

Ni=N1-1

IF (N1) 35,135,25
Il=11+1

194

PR ko]

raaniudd

.t



D0 30 J=1,4N1
C2{J)=0,
L0 30 K=J,Ni
30 C2(J)1=C2(M-C2(K+1)*X]1(K)
C(I.Il)=C2(1)#C1
60 10 20
35 CONTINUE
RETURN
END

SUBROUTINE LLINE(X oY sZoXILoX12,EVYALLETA2,TN,ALPHEF,BETA, COEF,CI4N)
DIMENSION COEF{10,10),CI{80)
EXTERNAL FORM1

Al=ABS(ETAZ)
Al=A1*TN/ETA2
TN2=TN*TN
Cl=(X-X11)*Al
C2=(Y-LTAl) *A1-X+XI1
C3=(X-XI1)*AL-(ETA2-ETAL)*TN2-ETA2+Y
Ca=(Y-ETA2)®A1l-X+X]2
A=1.4TN2
B=-2.%(Y+ETAL*TN2+Cl)
C(X-XI1) %424V *%24 28k24+TN2*ET AL %242 %ETAL1%C]
DEN=12.56637%(A%2%324(C2%%2)
UM1 =C2*A/DEN
UMO=~C2*(Y+ETAL*TN2+C1)/DEN
Cl=Cle¢Y-ETAL
SQR1=SORT{(X-XI1)*%2+(Y~-ETAL) *%24+2%%2)
SQR2=SQRTI(X-XT2)*%2+ (Y-ETA2) *¥%2+7%%2)
V1=-C1*%C2/(DEN*SQR1)
V2=-C3%C4/ (DEN*SQR2)
N2=N-1
D0 10 I=1,N
Clil)=0.
DO 5 J=1.N2
+l=N=-)
4 AJL=J1
E: CALL GAUSS(FORM1,A,B,CoUM1,UMO,J1,ETALl,ETA2,FCN)
3 5 CIui'=Cl{1)-AJL*FCUN*COEF(1,J)
: K ETA2N=1.
N1=N+1
DO 10 J=1,N
Nl=Nl-1
CI{I)=CI(I)+COEF (T oyNL)*(V2*ETA2N-VI¢ETAIN)}
ETAIN=ETAIN®*ETAL
10 ETAZN=ETA2N*ETA2
RETURN
END

SUBROUTINE TRVORT{X,Y,ZyXT114X12,EVAL4ETA2, TN, ALPHEF,\BETA,COEF
14CFyN)

DIMENSION COEF(10,10),CF(80),ALL(3)
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ECTERNAL FORM2,FORM3

TN2=IN*TN
AA=/BS(ETA2)
AA=AASTN/ETAL
BEFCOS=COS(BETA)
BEFSIN=SIN(BETA)
ALFCOS=COS ( ALPHEF)
ALFSIN=SIN(ALPHEF)
C1=BEFSIN/(BEFCOS*ALFCOS)
C2=ALFSIN/ALFCOS
DO 22 K=l N
22 CF{K)=0.
ETAA=ETAL
“TAB=ETA2
Al=le tC*%2
A2=CL*%24C2%%2
A3=2.%C1
AG=~-2.%VSAL-AIR(X+C23%7"
AS==2, % iC1*Y-02¢7+A2%Y
AC=ALAY RS20 A2RXX22 4 (L +CL1 542 ) KTk 24 ATRY R (X 4L2% 7 ) -2, %X ¥ *(2
A=AL1+AZ2%TN2+AH%AA
C3-Xil—-ETALl *AA
B=A4+2, 33 +AAN2+05%C 3+ A5 KA
C={A42%C3+A5)%C3+A6
D=2.%#( (L2 -X)®AA-Y)/(1.4TN2)
E={X*224Y2¥24 2832~ (2. %X~-C3}%C3)/ {1.4TN2)
F=AA-(
6=C3-X+ClaY-(C2%7
SAR=SQRT (1. +C1l**¥2+C2%%2)/12.556637
DEN=SQRT{1.+TN2)*12.56637%SQR
=~ {l.+C14AL)ESQR
Al=(Y+CL*(X-C3))=SQR
All(1)=Al
All(2)=H
DO 10 i=14N
J1=N-1
ETAA=ETAL
1F(YYL1,2,3
2 ETAA=.005
GO 10 1
3 ETAB=Y-,005
CALL GAUSSIFORM3,A,B8,Ce0).Eyi1,ETAR,ETAB, ANTEG)
ETAA=Y+,005
GO TG 13
[} ANTEG=0.
13 ETAU=ETA2
CALL GAUSSUFORMI ¢A9ByCoDoEs 1L ETAA,ETABy BTEG)
ANTEG=ANTEG+ETEG
INO=MAXO(1,3-1)
INL=MINO{2,N+1-1]
DC 10 J=INO,INL
Ji=f+¢y-2
AJ=N-il
DO 10 ¥.1.N
10 CHF(K)=CF(KY AJ=ALL (J)*#ANTEG*(COET <, J1)
All(1)=A!%G/DEN
ALL{2) = (H*G+F*AT}/DEN
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All {3)=H*F/DEN
N1l=N+¢l
D0 20 I=1,Nl
I1=N1-1
ETAA=CTAL
IF(Y)a 5,06
5 ETAA=.005
S0 10 4
6 ETAB=Y-,005
CALL GAUSS(FORMZ (A,B,C,DyEy11,ETAALETAB, ANTEG)
ETAA=Y+,005
GO 10 16
ANTEG=0.
ETAB=ETA2
CALL GAUSS(FORM2,4A¢B,CoDyE,I1,ETAALETAB,BTEG)
ANTEG=ANTZG+BTEG
INO=RAXO({l44-1)
INL=MINO(3,N1+1-1)
DO 20 J=INO.INL
Jizle¢J-3
AJ=M-Jg1
DO 20 K=1,N
20 CFH{K)=CF{K)+AJ*AlLl (J)®ANTEG*COEF{K,J1)
¥ TURN
END

-~

[

SUBROUTINE FMINT(FX COEF,ETAB,Ne XINT,NSYM, IMX)
DIMENSION FX(20),C0EF(10,10),C(20)

NCOL=N-1

DO 10 I=1,NCLCL

Ci1)=0.

TESY WHETHER NORMAL FCRCE(O),PITCHING(O} OR ROLL ING(1) MOMENT

STOO

IFIIMX)} 155415
5 X=1,

60 TQ 25
15 X=ETAB
25 DO {0 J=1,.N

TEST WHETHER NORMAL FORCE(O)oPITCHING{O) OR ROLLING(1) MDMENT

OO

IF(1HX)80,75,80
7% XN=J
GO T0 85
80 NNz J+l
85 NM=N+i-J
L=X*ETAB
10 C(E)=ClI)+f0EF(],K)=*X/XN
X'NT=0a

TEST FOR SYMMETRICAL LOADIMGINSYM=(}

[z NN e

IFINSYM-1}40,50,40
40 D0 20 I=1,NCOL
20 XINV=XINTY+C(1)*FX(])
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60 10 60
50 CONTINUE

TEST WHETHER NORMAL FCRCE(O),PITCHING(O) OR ROLLING(1) MOMENT

(s X a X ol

IFLINX)S51.52,51
51 DO 94 I=1,MCOL
IN=T+NCOL
9% XINT=XINT-(FX{ID-FXUEND)®C(1})/2.0
G0 70 60
52 DO 95 I=1,NCOL
IN=I+NCOL
95 XINT=XINT+{FX(I)+FX(IN))SC(I)/2.0
60 CONTINUE
! RETURN
END

SUBROUTINE HATINVIA,N,B)

DIMENSION A(20,20),8(20,20),C(20,20F

L

100 FORMAT({19HOMATRIX IS SINGULAR)
DO 1 J=1.N
00 1 I=1:N
1 B(1,J)=0.0
DO 2 I=1,N
5(‘0!)*‘00
DO 2 J=1,N
2 Cldel)=A(4,1)
| DO 6 I=1,N
; IF(CII,11)24,50,24
50 DO 21 12=f,N
IF(CIIZ,1))22,21,22
21 CONTINUE
WRITE(6,100)
Go 10 7
22 DO 23 ¥=].N
CllMI=CUIoMI+TH{TLI M)
23 BlIM)=Bil,M+E(12,4)
24 TL=C(I,I)
DG 3 J=1,N
CtloJ)=CIlI,J3/TC
3 Bl J)=Bl1,J}/TC
DC 6 K=1 'N
IF{K-1)446,44
4 T=C(K.1})
DO 5 L=i{,N
CUKoL)=CUK,L)-T*C(T,L}
S BIK,L)=B(K,L)-T*B(I,L)
6 CONTINUE
RETURN
7 s1ge
END

[t LR R,

S g
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