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FOREWORD

This report summarizes the work accomplished by the Aircraft Division of

Northrop Corporation, Hawthorne, California, for the Air Force Flight Dynamics
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No. 233615-69-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 issista; e in monitoring

the work and providing data is greatly appreciated.

This technical report has been reviewed and is approved.

B.Westbroo&
Chief, Control Criteria Branch
Flight Control Division
Air Force 'light 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 and sideslip, and changes in aircraft 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 evalht,oi. of V/STOL aircraft 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 ,heoretical

development of 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 sur-ley are presented in Volume IV.

iii



TABLE OF CONTENTS

Section Page

I INTRODUCTION ................................................... 1

H JET FLOW FIELD PROGRAM ................................. 2

III MAPPING FUNCTION PROGRAM ............................. 14

IV TRANO,"FORMATTON METHOD PROGRAM ..................... 26

V LIFTING SURFACE PROGRAM ....................... 37

VI NONLINEAR BODY PROGRAM ....................... 52

VII NONLINEAR WING PROGRAM ....................... 62

APPENDIX COMPUTER PROGRAM LISTINGS .................... 71

1. Jet Flow Field .............................................. 72

2. Map.ping Function ............................................ 108

3. Transformation Method .................................... 123

4. Lifting Surface .............................................. 151

5. Nonlinear Body .............................................. 180

6. Nonlinear Wing ............................................... 188

Preceding page blank
v



LIST OF ILLUSTRATIONS

Figure Page

1 Coordinate System for Typical Wing ....................................... 10

2 Coordinate System for Typical Fuselage .................................... 10

3 Input Data for Jet Flow Field Program ................................... 11

4 Logical Flow Chart for Jet Flow Field Program .......................... 12

Calling-Called Matrix for Jet Flow Field Program ....................... 13
6 Coordinate System for Section and Circle Planes .......................... 19

7 r•put Data for Mapping Function Program ................................. 20

8 Sam.ple Output for Mapping Function Program ............................. 21

9 Logical Flow Chart for Mapping Function Program ....................... 24

10 Calling-Called Matrix for Mapping Function Program ................... 25

11 Input Data for Transformation Method Program ........................... 34
12 Logical Flow Chart for Transformation Method Program ................ 35

13 Calling-Called Matrix for Transformation Method Program ............. 36
14 Coordinate System for Lifting Surface Program ........................... 47

15 Input Data for 7,.fting Surface Program .................................... 48

16 1 3gical Flow Chvirt for Lifting Su,-face Program .......................... 50

17 Calling-Called Matrix for Lifting Surface Program ....................... 51
18 Input Data for Nonlinear Body Aerodynamics Program ................... 58
19 Sample Output for Nonlinear Body Aerodynamics Program ............. 59

20 Logical Flow Chart for Nonlinear Body
Aerodynamics Program ............ . ......................... 60

21 Calling-Called Matrix for Nonlinear Body
Aerodynamics Program ............ ......................... 61

22 Input Data for Nonlinear Wing Aerodynamics Program ................... 67
23 Logical Flow Chart for Nonlinear Wing

Aerodynamics Program ......................... 68
24 Calling-Called Matrix fzr Nonlinear Wing

Aerodynamics Program ....................................................... 69

vi



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,

lift fan and vectored thrust V/STOL aircraft. Where appropriate, the methods devel-

* oped might use high speed computers to permit solutions 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 calculatioas with test date are made.

Volume Hl 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 ani 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

programs is appended.

r



SECTION I1

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 tbe ellipse which represents the

jet cross section in the mathematical model. The set of first order Iquations is

integrated by means of a fourth order Adams predictor/corrector routine with a

Runge-Kutta starting solution.

The induced velocity components due to each jet at a given control point are then

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 con'onents 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

continuity and momentum considerations. The coalesced jet is treated as another

indeoendent jet in the computations for tUe induced velocity field.

a. Restrictions

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

ection may not coincide with the frecstream 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 restrictions apply to a three-jet configuration. Additiunally 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 evaluated
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 from the center of the jet exit should be avoided.

b. Options

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

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

e Tabulation Option: Coordinates of t.he 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 progran 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

Core and Time Requirements.

Computer: CDC 6600
Core: 100K8 to load

62K8 to execute
Time: Approximately 0.6 minutes for a typical 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 relative to this coordinate
system.

3



The itput cards required by the program are shown In Figere 3. The cards of
Group A are. always required. They are followed by the cards of Group B or Group C

or Group D depending on which of the geometry options discussed above is being

executed. The input cards are grouped -'- this manmer and discussed in detail below.

Card
No. Variable Format Iascription

GROUP A. RequLred for all runs

MULT 16 Specifies number of jets in configuration
MULT=1, 2 or3

IGCQiM 16 Specifies option of program being exercised
= I control points computed on wing
= 2 control points computed on fuselage
= 3 control points are provided as

(•) If TGEOM input
= 4 same as 3, but flat plate pressure

coefficient is also computed at
every control point

IPUNCH 16 Punch control
= 0 no punched output

"-If MPUNCH I= 1 punched output

ALFA F12. 0 Angle of attack a (defined in Figure 2) in degrees

BETA F12. 0 Angle of sideslip 0 (defined in Figure 2)

N 16 Number of steps to be used in numerical
integration of jet centerline

Limit: N• -100

U F12. 0 Step size in numerical integration of jet
centerline, in fraction of jet exit diameter

XJET F12. 0 X-coordinate of center of jet exit

YJET F12. 0 Y-coordinate of ceaiter of jet exit

Z ZJ.T F12. 0 Z-coordinate of center of jet exit

PHI F12. 0 Jet exhaust angle 0 (defined in Figure 1) i
in degrees

PSI F12. 0 Jet exhaust angle ip (defined in Figure 1) )
DJET F12. 0 Jet diameter

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

4



Card
No. Vartable Format Descripion

SCards of the type 4 d 5, descrildag the other jets, follow
at this point if MULT'I. For multiple jet cnfig 'low,
upstream jets are listed ahead of downstream jets.

SIMA FV 0 Empirical factor contr~lin initial cross section

of a coalesced jet Functiem of jet orientation0•) angtie . (See Vol L. p. 56 for deft"i

I <2DIA =1.0
If >70'DIA = 0.5

May be left blank for a single-jet coutlguratie.

GROUP B: Cards provide data to generate control points on wing

NTHT 16 Number of control points at each spanwise
station or number of equal increments A into
which the mapping circle is divided

NS 16 Number of spanwise locations where control
points are located

Limit: NS<25

NCOEF 16 Number of terms used in the mapping
expansion

Limit: NCOEF <15

ERECT 16 Indicates whether or not wing is rectangular
I=0 wing is rectangular
IfEI 1 wing ts not rectangular

Y( F12. 0 Spanwise location of control station

R(1) F12. 0 Radius of mapping circle

DRDY(I) F12. 0 Rate of change of R with Y

A) r (JI) E12.5 Real part of mapping cc* Mccent. }J--, NCOEFI B(J, I) E12.5 Imaginary part of mapping coefficient I

* Sets of cards now follow to describe the other wing stations,
I =2, NS.

* 1f IRECT = 0, cards listing the real and imaginary parts of
the coefficients are omitted.

5



Card
144. Variable Format 4601m

GROUP C: Cards provide "d b tO rae cotrol poIAI o( ftselgW

IS6 Nmnber of cowrol poiMs at ea&h sation, if
MYM = 1. If 1NYM =0, number of cotrol
poits genermed wiil be XMhT + 1.

S16 Numbn er of fuselage stations where control
points are located

NCOEF 16 See definitioa, card 1, Group B

NSYM 16 Flow symmetry indicatr
if • NY 0Ocompeteonly starboard side

I compute entire cross section

XOl) F12. 0 X-coordlri"t Of contral station

IRl) See definition, carZ 2, Group B

DRDX(1) Rate of change of R with X

@ E A(J, 1) E12.5 Real paxt of mapping coefficient J 1, NC0EF

0 gets of cards now follow to describ the other fuselage

stations, I 6= 2, oS

No.e: For procedure of obtaining mapping coefficients and
radii, refer to Volume H, Section I and to Section 113
of this volume.

I ~ GROUP D-. Cards provide control points as direct input

NC 16 Number of control points at each station

XO(l) F12. 0 X-coordinate of control pointK YO F12.0 Y-coordinate of control point I -- 1, NC x NS

ZO(1) F12. 0 Z-coordinate of control point



CAIdbimd Limits: Grouqp & NS x NTIT S 690

GroupC: ff EYM I

I = M x.H 600

Group D: NCx M S600

3. OUTITr

Both prineld and pnchelo t ntay be obtained

a. Printed Otput

lIme jet cSgrtion' being treated is identified both by appropriate e ad ndg m!

by printout of perinent imit inrmatio.. Jet Aem information on all the jets

In Ae configuration includes the ceueriine coodnmtes, the " - " mean

jet speed and !he " - - major diameter of the ellipse repzesentiag the

jet cross section. Points of intersection of jets are ideuified.

"The imlnced velocity compounets U, V, W, all noedimensiomalized by V. are

printed out at each control pc4nL AdditionalI if IGEOM = 4 was specified, the flat plate

prer..ire coefficient, computed by using an wage system, is printed out at each coMrol

b. Puncbed OuIput

For the first two optinos discussed in subsection 1. b, pahed cards may be

generated which form a cau. icus input data block for the Transformaton Method

program. Data are punched in se•s for X- or Y-ýtazions. Data consist of station,

radius of mapping circle, rate of change of the raiius, mapping coefficients and

induced velocides at the control points. For conveme,'e, the punched cards are

identified and sequenced in cols 73-80.

For the third option discussed in subsectiott I.b, punched cards may be genor "ed

which can be utilized as part of the input to the I ifting Surface program. The non-

dimensionalized velocity component W is punche I out for every control point. This

can serve as an approxiination for the tangent of the jet-induced downwasb angle for

small angles of attack. Thus the punched output from this option can serve as the

dow-nwash matrix XW in the input to the Lifting Surface program.

7



A. Logical Structure

The• loiclBow chart ter the program is shqwn in Pgure 4C

i. Purpose of Subroutines

BITEST - Tests for blockage and irtersecima of jets for multiple- et

N-1TEG - Integrates equatiaos of mnion for the jet path

CONP - Computes estent of ore rlip between the jets a mul.-eet

BAL4NC - Establishes initial conditiom for a coalesced jet frxn a
monmemiz sbalane

OUTPT - Transforms local coordinates to program coordinates

VEL4C - Evaliates inumced velocities at one control point

DERIV - Ccmputes derivatives for ADANS

TUWIN - Computes comtrol points on

TRBODY - Computes control points on fuselage

ADAPT - Punches output for Transformation Method program

PRTOUT - Prints out computed answers

TRA I -o I
TRAM2 - Transforms input cood to progam coorinates

VELl - Comptes effective velocity ratios for downstream jets in a

multiple jet configuration

TRANS3 - Transforms program coordinates wo output coordinates

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

given Hine

ADAMS - Adams predictor/corrector routine

CFCAL - Computes direction cosines for the jet-ce;tered coordinate

system



ROTATE - Trmorms; program wordites to jet-ceuiered coordmates

XPROD - Compwues cr pnrodutof bo vectors

SOL - Solves a system of Zbne simkulaeous equatio

c. dez Iloer11 of Subrd ies

""me aiUng-Carzed matrix for the proram is show In Figure 5.

i9
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SECTIOI I

MAPPING FUNCTION PROGRAM

1. DESCRIPIrION

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

kIown potential for a vortex flow about the circle. Points where the two potentials are

equal are known to map into each other in a conformal transformation. Knowing the

point-to-point correspondence between points on the section and points on the mapping

circle, it is 'hen possible to 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 also takes the derivative of the mapping and removes the corners

which are contained explicitly by expanding the expressions specifying the corners.

The expression thus -btained can be integrated analytically to obtain the mapping func-

tion. The mapping function is obtained in this manner and the coefficients of the map-

ping functiou obtained 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 As.

2. OPERATING INFORMATION

Core and Time Requirements:

Coriputer: CDC 660C

C'nre. 56,, to load

4 to execute

14



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;,%: None

3. INPUT DATA

Figure r defines the coordinates in the section and circle planes.

Tlhe input data cards required are shown in Figure 7. They are described in

detail below.

Card
No. Variable Format Description

NPT 13 Number of coordinate points desci ibing the section to
be read

Limit: NPT < 90

KORN 13 Number of corners or psew iocrnerE on section

LimitP: KORN< 20

(•) NTERM 13 Number oi terms in potntin, expansion and mapping
series to be computed

Limit: NTERM < 50

NSYM 13 Symmetry indicator

If NSYMI= 0 symmetric section

LS 1 asymmetric section

X(l) F9.15 X-coordinates of points describing the section, listed
in sequential order starting at the positive X-axis and
going counterclockwise. I = 1,NPT

If NSYM = 0 last point is on negative X,-axis
If NSYM = 1 last point is same as first point

SY(I) F9.5 Y-coordinates of points describing the section.
E I = 1,NPT

® DX F9.5 Shift of coordinate system along X-axis desired tuE.. center section.

0 If KORN - 0, cards 5, 6 are omitted.



Card
No. Variable Format Description

NCOR(I) 13 For a true corner, this is the sequence number of the
corner point in the X(I) tabulation. For a pseudccor-
ner, NC0R(I) = 0. I = 1,KORN

LimiL: Second point in tabulation may not be a
corner point. Adjac,'nt points in tabula-
tion may not be corner points.

XCOR(1) F9.." X-coordinate of corner point or pseudocorner point.

YCOR(1) F9.5 Y-coordinate of corner point or pseudocorner point.

DALPHA(I) F9.5 Angle da turned through at the corner, specified i,,
radians. (I DALPHA(I) Isr, sign convention is shown

L in Figure 6 ; see also Figure 47, Vol I, p. 79)

"* There would now follow cards for I 2, KORN.

"* If NSYM = 0, card 7 is omitted.

ALPHA(1) F9.5 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.

X1 F6.2 X-coordinate for first point of numerical integration
of mapping

Y1 F6.2 Y-coordinate for first point of numerical integration
of mapping

THO F6.2 Angle 0 about mapping circle, corresponding to the
first point to be mapped (in degrees).

THF F6.2 Angle 0 about mapping circle, corresponding to the
last point to be mapped (in degrees).

DTH F6.2 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-
ally integrated mapping function . (See Eqs. 58, 59 Vol I, p.83)

N 13 Nuraber of points at which mapping is to he computed.

® I DTH F6.2 Angular spacing about mapping circle at which mapped
points are to be located, specified in degrees.

Tim F6.2 See definition, c'ard 8.

16



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 tWn
sections such as airfoils.

4. OUTPUT

Figure 8 shows an example of the output obtained from the mapping program.

This example 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 Rb 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 mLkes with the X-axis. Column 7 gives the position

angle w for each point in degrees. Column 8 gives the angle 0 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

section, 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 8(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 is one less than the NTERM specified in the input.

Figure 8(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.

5. PROGRAMMING INFORMATION

a. Logical StructUre

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

MAPP1 -T This subroutine computes the coefficients of the derivative of the

mapping function without the corners explicitly expressed. The sub-

routine 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 whdch points of %he mapping are to be computed. It then calls

MAPP which computes points on the section. The points on the sec-

tiou are then printed out.

MAPP5 This subroutine removes the corners from the derivatives of the

mapping function and evaluates the coefficients for this form of the

j 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 4f the mapping circle, the coefficients of the mapping

function and the points computed from the mapping representing the

section.

MAPP This wibroutine is used to compute a point on the section after an

incremental distance about the mapping circle has been traveled.

Tlhee 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

second 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

semicircular palh about the corner point is followed external to the

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

MATINV - Inverts a matrix

QATAN - Computes tan-1 (y/x) given y and x. The angle computed is not the

principal angle but ranges from 0 to 360 degiees, depending on the

signs of x and y.

c. Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 10.
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FIGURE 6. COORDINATE SYSTEM FOR SECTK)N AND CIRCLE PLANES
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SKTMi *"vi ST NWICAL lNTS11I1l6

9-Z93Sf if 0.362 01 a664966141
e.zftm ife 0.7065 0: 4161644 09
&.295%E if 0-ZSM2E 02 2-2547M 03

0.296" i 0.13133F 02 0. 33963E 0S
*.9393E if c.152E 02 0.424644E 00

"=TYE95 02 0.14181' 02 0.L*94iW "
"0269W1 af 0.196351 62 4L& iav.3M

"s24m5 4 M4if 0.234 2 IL 6411 iDoS
6.23701 f 82 .235WE 82 0.S4906189
0-216M if 0.24*344 S2 0ý.933991 00
0.19196 Oz 0.24647" Q2 a. @1.01 21
0.1641wi 02 0.251531 02 *.1I123SE C1
O.132U1D 42 0.252Z01 *2 4611871 01
0.9787M 01 6.252331E 02 J612""4 01
6.6017111at 0.251491 02 0. 1 355Sx- 01
6.203M3 61 0.Z5109E Oz 0. 14434PE 01

-0.24682E 01 @.Zscu.Z 02 0.152431- 01
-0.41746f 01 O.25094 02 0. 16132f 01
40.1O0E2o 02 0.251W0 02 0. 14%2E 01
-0. 14112M 02 2.251601 02 O.i17431 01
-0.171821 02 0.25141F 02 C.14 I 01s 01
-0.211M 02 0.2502a1 02 0..ILZ95 01
-0.2426491 02 0. 24 742 E 32 0.2037SE 01
-0.270411 02 0. 24#253E c2 O.212211 01
-0.Z9S03F 02 0.235121 02 0.22076E 01
-0.31676E 02 Q.22494c1 02 0.224251 a1
-0.33599E 02 G.21196E 02 0.23774LE 01
-0. 352411 02 0. 1963 3E 02 0.24623f 01

-0.36704E 02 0.176281 02 0.25472E 01
-0.37917E 22 0.1SSG7E 02 0.26321E 01
-0.3"96E 02 0.135851E 02 0.27170E 01
-0.39643E 02 0.I11 17E 02 t. 28062 0 01

0210 7FQ 0.E53606E 01 0. 297131 01
-0.405173 02 O.5S06&E 01 0.297biE 01

-0.&0OIE0. O.W#7E01 0.33567E 01
-0.40760E 02 -0.103616-)2 0.314161 01

LL
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SECTWK IV

"TRAMWORMATION METOD PROGRAM

This programr comzpcies Mhe pressue on~lttcii a 'v.ing or a fuselage. By
i-lerhtug the preswre on the surfa, the force and umo caa be obtained.

The prmcial input data are the nixina velocity field and the mapping coefri -

clets given by Sectios U and UlL The former is, however, calculated with no

obstacle present in the flow. Thus, the main ction of the t form on metbod

is to insert a wing or a fuselage in this given feld and to move the obstade momen-

tardly in each a manner that the boundary condition is satisfied- This induces a

velocity potential from wvich, along with the potential caused by the exhausting jet,

the surface pressure can be determined.

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 sstem

utilized is that of Figures I and 2 of Section H.

Wing Geometry:

Wing and jet configuration are symmetric about the midsoan.

Midspan is located at Y = 0.

For zero sideslip, the first control station is located at Y = 0 and the last

control station must be located at the starboard wingtip.

For sideslip other than zero, the first contrrl station is located at the port

wingtip and the last control station is located at the starb' ard wingtip.

FuEelage Geometry:

The fuselage nose must be located at X = 0.

The plane of symmetry of the fuselage must be situated at Y 0.

No control stations may cut through an exhausting jet.
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b. OOtis

0 Geemet~ry: W-Ing or 6%Ial

• Plw-r Conzwicratim Power effect, per -a or poweT of

o*Co•lutatial Melo: Segment rw*4-s ak•e or segment metkxo plus three-

Smodi-iar
0 Force 21 Momnt: Compsauia of iategrated force mid mome nay be

exercisted emr 9unressed

2. OPERATING BiF0R3MATK.'

Core and Time Regl:iremefs:

CoQmputer: CDC G60

Core: 21Z- KS to load

200 KS to execute

Time: Approximately 3 miwmies for a typical run with NSTA 11 and

MTHET = 36

Additional Requirements: The program requires one intermediate
storage tape unit-

3. LNPUT DATA

The program requires the input data cards shown in Figure IL Cards 1 and 2

are required for all computations. Some of the cards of Group A may be omitted

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

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

cards are added from Group B depending on the Geometry option.

Card
No. Variable Format Description

IGE16M Is Geometry index

if~~ =GO I wing,
if IGE0M -2 fuselage

M0DINI 16 Modification index0
if NM IN - 0 segment method (only

1 e,,ment retL-.dt p'o 3-D)niod1 ficat, on
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Card

No. Vzriible Ilortud Descriptzo

J P 16 Number of iterations

I=0 sepmt metbod only
'f ~rf = n iteraten times

MRS 16 Number of layers in the parallelepiped network
residual sources and sinks

iUmit: IDIS<4

if MDIN = 0. IDS = 1

JPOWER 16 Aower index

-1 power off
if JIPWER 0 power effect

1 power e on

IRECT 16 C. nfiguration index

if MECT 0= rectngula:- wingI= nonrectangular wing or fuselage

IIFtRCE 16 Force index

if IFRCE 0 no force and moment computed
SI force and moment computed

NSTA 13 Number of control stations

Limit: 8< NSTA 16 for fuselage
8 < NSTA _ 12 for wing with no sideslip
8 :1NSTA <16 for wing with sideslip

N 13 Number of terms used in mapping expansion

Limit: N < 12

NFOUR 13 Number of terms used in Fourier analysis for bound-
ary functions in segment method and also for down-
wash correction in 3-.) wing modification

Limit:. NFOUR <20

0 NSYM 13 Computation index

i { I NSYM- 1
ifIE' - 2 NSYM 0
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CardNo. Varitbla Format Description

MTHET 13 When NSYM = 0 and BETA = 0, MTHET is the num-
ber of equal increments he on the mapping semi-
circle. When NSYM = 1 or BETA * 0, MTHET is
the number of equal increments hG on the full map-

to-% ping circle.

Limit: MTIIET<18 when NSYM = 0
and BETA = 0

MTHET< 36 when NSYM = 1
or BETA * 0

UJ F7. 3 Freestream to jet exit velocity ratio

ALPHA F7. 3 Angle of attack in degrees

BETA F7. 3 Angle of sideslip in degrees

GROUP A:

APART (I) F12.6 Coordinate of control station. APART (I) Y (I) for
Ying; APART (I) = X (I) for fuselage

TI (I) F12.6 Radius of mapping circle

DRDX (1) F12.6 Gradient of R

0 if NSYM = 0, only A's appear on the next cardL A(J,I) E12.5 Real part of mapping coefficient I
B (J,l) E12.5 Imaginary part of mapping coefficient

* If IJPWER =-1, omit cards 3, 4, 5

) 7 U (I,J• E12.5 Induced velocity component in X-direction.E.. J = 1, NTHET

® [ V(I,J) E12.5 Induced velocity component in Y-direction.E__ J = 1, NTHET

S[ W(I,J) E12.5 Induced velocity component in Z-direction.
J - 1,NTIIET

[ NTHFT = MTET+I if NSYM - 0 and BETA 0where NTIIET = MTHET if NSYM 1 or BETA • 0

* There would now follow sets of cards for I ý 2, NSTA

29



Note: For all Power Configuration options other than JPV(WER = -1, all the
data cards of Group A are generated for stations I = 1, NSTA by the
Jet Flow Field program.

For the Power-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 computotions

Geometry Option- IGE0M .- 1

= 0 and IFARCE 0 no further computations
= 11 card w3 required

If MODIN
and IFRCE 0 cards wl and w2 required

=1 cards wl-*w3 required

Card
No. Variable Format Description

NgBOL 16 NB•OL = 0, no modification is imposed on any of the
computed velocity components.

NBOL = 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.

MOD 16 Number of stations where downwash modification is
to be effected.

Generally: MOD = NSTA-3 if BETA = 0
MOD = NSTA/2-3 if BETA 0

NDJ 13 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

L CHfORD F12.6 Reference length for nondimensionalizing moment
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Geometry Option: IGE&M = 2

=-0 and IF,10RCE [-" 0 no further computations

if MODIN 1 cards fM and fM are required{ and IF6RCE 0 c f are required
~I = 1 cards fl-.* f4 are required

Card
No. Variable Format Description

• NJET 16 NJET = I when the upstream jet is located betweenE_ stations I and I+ 1

© EAPART(NSTA+1) F12.6 X-coordinate of fuselage tailINDJ 13 See definition card w3

DJET F12.6 See definition, card w3

I XCG F12.6 See definition, card w3

CHORD F12.6 See definition, card w3

YTIP F12.6 Y-coordinate of fuselage nose

ZTIP F1 2.6 Z-coordinate of fuselage nose

APART(NSTA+I) F12.6 X-coordinate of fuselage tail

YTAIL F12.6 Y-coordinat3 of fuselage tail

L ZTAIL F12 6 Z-coordinate of fuselage tail

The optimum manner of choosing control stations along the fuselage or across

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 location.

4. OUTPUT

There are, in g•.neral, 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 correspondence betveen the angular increments

on the mapping circle and the rectangular coordinates of each station is

listed.
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c. 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.

5. PROGRAMMING INFORMATION

a. Logical Structure

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

b. Purpose of Subroutines

STRIP - Estabhshes the appropriate induced velocity field for subroutines

VLBDY or VLWING, calculates pressure coefficients from the

output arguments of VLWING or VLB0DY and prints out pressure

distribution tables.

VLBODY - 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 VLBIDY but for the wing configuration.

WMOD3 - Determines the strength of residual sources and sinks and modifies

SLhe original induced velocity field for the wing configuration.

BM0D3 - Similar to WM0D3, but for the fuselage configuration.

DNWASh - Uses lifting line theory to modify the downwash field.

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

wing.

FMB)DY - Similar to FMWING, but for the fuselage configuration.

TVHEO - Expands a given function into a Fourier scries,
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IWTEG - Performs integration of a given hmcmtion.

SVCO - Fits a cubic curve through four points.

SVIN - Interpolates this cubic curve.

c. Interdependeuice cf Subr-ti•nes

The Calling-Called matrix for the program is shown in Figure 13.
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Lrra SURFACE PROGRAM

JIM Surface p is a umodkfi rersim ofibe a3mputer program

devekpedb57 Xeruihz Ceg~rpwirm a-vinr Th WEps onft-axt _KOw-0-#T26- for desige-

itg md =jb ding swic itming r.ates-. dTe seign optios bae been eliminaed

and We capity to h time d& was disr• on doe to a given camber distribe-

tio r has bm eleminted. The discussio m this sectio will be restricted to dwe

areas affeced by the etifflioms, pnmafltte sequemce f insmt cards. While It

is intemled to provide adequate ihormaion to permk utit ation of the Lii Suface

program, in conjuaction with time Jet Flow FIeld program, to evaluate power effecs on

wtngs. the authoitaive ona the prog remains Northrop Technical

Repcr NOR C4-L% prepared for Bureau of Naval •eapons, Department of Niavy,

April 1965.

1. DESCRIPTION

The program calculates the pr-.ssure loadirg on a wing due to a specified down-

wash distribution. It includes proviions for body effect. The pr-ogram consists of

three main components (CHAIN1, CHAIN6, CHAIX7) which may be used together in one

continuous operation, or indepenidently.

The first titep in the analysis is the calculation of the downwash control point

matrix rD', i CHAINI. The next step is to calculate the least squares inverse of

the iownwash control point matrix, rDv0 in CHALN6. This may be done in a continuous

operation following the computation of [D1, in which case [D] will be read off inter-

mecdate storagc tape. CHAIN6 may also be used independently in which case the down-

wash control point matrix [D] is supplied te the program on punched cards. However,

it is preferable to compute VD] and [D-'10 in a continuous operation, in order to main-

tain maximum accuracy.

The downwash control point matrix Di and its least squares inverse LDI",

depend on the planform, the location of the downwas, control points, and the number

of terms in the loading series. Once calculated, D-/' forms an input to the third
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nedMMS ceto p*Mg su strmlx,. and Ns ka **re ,wfme- '' aumwe rewmu

10~ on me sme wng.r

Thr s the dird eiant of The prog . CHAE anTe may be cled di •rc,) by

the iwerskm priqra or used separately. The pIacipl hlafrmda re~dred is:

tSe least Spaes hoer tdhe e u•nws&rd point tatrx tD"he odeg Oaensorm howmet
an The cwmwa* d~istalme . Isa cotmnsi operation, the least wa~res inverted

diowwash cdonrois matrix will be read off te rmaate loragV tae w he

CEAfse7 is usad b -- - - y- D is al Ie to emie pr%,or an -•n meed claos.

CBAfTe7 calculates the overall atd local aerodruamic coefficients pan the pressre

loading distrieneeie at as of pecifird pressure cnts, ae poihts. Thge overall momat

coefficints are referred to an aus located ad oe qrter of the mean 2ed*geince

chrd. 1tngent eeam is odesignoed to analyze an unlimited umder of minwaste dintrhbe -

tionrs for the re duwarecorol point matrix DA . he body effect on the &wwash

distrid-nt will be inuiie by the program if the spapmise lociic. of the edge of the

ftuseiage is specified. If the body effect is to be omitted, the spanuise lcicatiom is made
zero.

a. Restrtions

The program is applicable to coitinuous surfaces of arbitrary planform and no

interferen~ce effects such as blots, ground effects, large dihedral angles or end plates

are included.

etwnwash comnrol points must nt be located at cr near the leading edge, since

the cotangent elements of TDe would become excessively large ind dominate in the

solution for the pressure coefficient matrix A-.

Due 0 the computing techni-ques utilized, downwash contrc! points must not be-

located --Lt discontinuities int the planforni and at flap hinge lines.

b. Options

*Execute CHANIN to obtain the dou-nwash control point matrix D-

*Execute CHAIN6 indcpenriently to obtain the least square inverse of the dowrnwash
control point -natrix, D L



0 Eksae CRAM1b a Isib t daan fe lezdmmc t eefts Md ds

*ravme nlo g dwstraaUM

e Emee CRA3is mCHAD96 i a eALsr 132 a u to dlitaim 9-

-c - i dewas and dw pr bl in t l ig rdie n-in

Tme xapb to dXtn DE or in c-d foia, rwem ius wn in a

coibm nainir are avafalae md uf be discused 2s part of The bqjt

2. OPERATAG MMMAT1ON

Care d Time m eodreemts:-

C~oiiqwr: CDC 6W0
Cor: 124w ine to ed

I0"% to eitecute

Time: 2- 5arownin minte for a typb i run rith a da-- t olwhihA

cetrlpontMzri -- =100 X36

Athel e r•1 op--ents: The programn•u ed ures two artermediate
storage tape arits-

3. INPUT DATA

A typical wing with two geometric regions is shovii. in Figure 14. The wing dimeni-

Sims must be normalized by the wing semis.-vn before specifying data. Only data for

the starboard wing are specified since the rwIng is cons-idere'I to be symmetric.

Thie input data required are s~mn in Figure 15. The first card controls Maiich of

the three main components are to be "xcecuted. The other cards, sequentiallv, form

the input to CHAINL, CHAIN6 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 whei execution of the program is to
begin

I start %ith CHAIN1
If ISTART 2 star* wifti CHAIN6

start %itjh CHAIN7
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Cod
lb Variable Ffrwat

15 sese where e o tthe piveraw is to

""o= - I s ft-er CRA MX
K ISTOP = sW after CRAMKS

= st afer CI.EDt7

CHAlM : Ca =ut of i t Ikut matriu

E ARRy izAS Mhe card for CHADEý

15 K�uNiuer of statims on seaspax where &dwuash
cemrol joins are lcated

M 15 .ramber of spanvise mwies to be used in presse
oadig series

a 15 N-•mer of elwrdwis modes, nucluing the flap

amodes, to be used in pressure leading series

Li3ftao.- Mx N36

NEED 15 Indcates whether or not cotG/2 mide Is to be
used

SNEED = 0 don't use cot&/2 m ode
- I use cot#/2 mode

NFLAP 15 Number of leading and trailing edge flaps

N.PR 15 Print control for ýD]

I NPR 0 don't printIf NPR I 1 print

NPU 15 Punch control for 'DJ

If NPU =0 don't punch
I =1punch

NAY 15 Intermediate print control

If NAY 0, no intermediate printout

I N 1, intermediate printout

NOLED 15 Number of leading edge discontinuities (including
root and tip positions)

NOTED I5 Number of trailing edge discontinuities (including
root and tip positions)
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MIL VarbbLI Fomat DiAio

SPACE I0. 0 •catc bow dauuwa* ai-rol pawm are
locaied bordwise a the Mpawise csttr

IfSACE I points eupid~nt~1 0 ,inst qpeciy chorfrivlocations

FMACH FI0.0 Mach umber

F F10.0 Root seemicord

Y E ra' 4 wi. 0• .' t ;se omfs &my==aqsh a'ol Dormns.

F P0S(I) F10. 0 drdwise locatm of the flap hige line in__ L•,Wcent ofchord. I=1, NFLAP

AML- (• ) FIO. 0 Tangents of the sweepback angles of the leadingL edges of the geomtric regions. I = 1,, VLED-1

&AMTE () F10.9 Tangents of the sweepback angles of the trailirgE edges of the geometric regions. I = 1, NOTLD-1

F•I YLEAD(I) FO. 0 Spanwise locations of leading edge discontinuities.

L_ I = 1, NOLED

YTRAIL(I) F10. 0 Spanwise locations of trailing edge discontinuities.E I=1., NOTED

* If SPACE 0, omit cards 10, 1

F NCP(I) 15 Number of downwash control points at each
0 F spanwise station. I = 1, NSt.

XDWASH(J, 1) F6.0 Chordwise locations of dow.wash coiitrol point,;
[D A J at each spanwise station, in f,-action of chord.

J = 1, NCP(I).

* There now follow sets, I = 2. NS.
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Card
No. Vr-iable Frrorest Descr

N KNAY 0, omit card 12

NAY3 15 Additiomal prit controls

El N&Y4 15 0f no1=D additional printout
NAY5 15 =Iadditinal printoutL AY6 15

CHAIN6: Conputatian of least squares inverse of dckuwash control point matrix

ri ARRAY 12AS Mite card for CHAJN6

NRW 15 Number of rows in downwash control point
matrix, or number of control points contamied
in[D]

NC0L 15 Number of colunms in downwash control point
matrix [D]. This is the product of chordwise
and spamwise pressure modes.

NREAD I5 indicates ff [Di is to be read from intermediate
storage tape as in a continuous operation or
from card input

20 Hf NREAD {=0 read from tape

1= read card input

NPR Is Print control for [D]d'

If NP =0 don't print

I print

NPU 15 Punch control for [D]40

If NPU = 0 don't punch
= 1 punch

NAY 15 See definition, card 2, CHAIN1

If NREAD =1, the punched matrix D,. ] is inserted at this

point. This is the output obtained frorn CHAINI when
[ operating in a noncontinuous manner.

CHAIN7: Computation of aerodynamic coefficients

E o ARRAY 12A6 Title card for CHAIN7
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CardNo. Variable Format Description

N Is See definition, card 2, CHAINI

M 15 See definition, card 2, CHAIN1

NS ;5 See definition, card 2, CHAIN1

NR0W 15 See definition, card 2, CHAIN6

NETA 15 Number of spanwise locations where chordwise
pressure loadings are to be calculated

NDISC 15 Number of wing discontinuities (including root
and tip points).

NFLAP I5 See definition, card 2, CHAINI

NAY 15 See definition, card 2, CHAIN!.

NPSI 15 Number of chordwise points at which pressure
loaiIng is computed

Limit: NPSI 5 50

NALFA 15 Number of angles of attack treated

Limit: NALFA-5 20

NEPSLN 15 Indicates number of EPSLN's to be read on card

NEED 15 See definition, card 2, CHAIN1

NREAD1 15 Indicates if [D]O' is to be read from intermediate
storage tape as in a continuous operation or
Iorom card input

If NREADI =0 read from tape
i = 1 read from cards

NREAD2 15 Indicates if the downwash matrix [W] is read
from cards. Due to the modifications, eliminating
the capability co compute the downwash distribu-
tion from the t amber distribution, NREAD2 MUST
BE>ZERO.

NW 15 Number of downwasb distributions to be
considered.
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flard

11o. Variable Format Description

F FlO. 0 See definition, card 3, CHAIN1

SPACE FlO. 0 See definition, card 3, CHAINM

YF F10. 0 Spanwise location of edge of fuselage

DPSI Flo. 0 Indicates how points, where pressure loading
is to be computed, are located chordwise at
all the ETA's

[ _5 .02 the value is used to space the

If DPSI points equidistant
DP< 0 must specify chordwise

locations

® [ YSTAT(I) F7.0 See definition, card 4, CHAINM

SETA(I) F7.0 S-anwise locations where pressure loading
® ... distributions are calculated I = 1, NETA

EPSLN(I) F7.0 Angles of incidence between q. of fuselage andE_ vwing root chord in degrees. I = 1, NEPSLN

ALFA(1) F7.0 Angles of attack of fusclage in degreesE I = 1, NALFA

S-FLPOS(I) F7.0 See definition, card 5, CHAIM

O [-" CHORD(I) FM.0 Chord at spanwise discontinuities. I = 1, NDISC

S-"WHY(I) F7.0 Location of spanwise discontinuities. I = 1, NDISC

DELTA(I) F7.0 Chordwise distance from root leading edge to

@ E leadhig edge at spanwise discontinuities

* If SPACE ;d0, orrit card 13

@ [: NCP(I) 12 See definition, card 10, CHAINM

* If DPSI > 0, omit card 14
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Card
No. Variable Format Description

g[ PSI(I) F7.0 Chordwise locations of points where pressureE loading is to be computed in fraction of chord

IF If NREADI= 1, the punched matrix [D]4is inserted at

this point,. This is the output obtained from CHAIN6
when operating in a noncontinuous manner. I

* W(I, 3) E14.7 Tangent of the downwash angle at the downwash
"E control points. J = 1, NCP(I)I There now follow sets, I = 2, NS.

4. OUTPUT

Depending on the options specified both printed and punched output may be obtained.

a. Printed Output

CHAIN1 prints pertinent input Information to identify the problem. CHAIN6,

which inverts the matrix [Di 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

CHAINI may generate the downwash control point matrix [D] in punched form

to serve as input to CHAIN6 when the components of the program are nct

exmecuted in a continuous manner.

CHAIN6 may generate the least squares inverse of the downwash control mat,.x

[D]0 to serve as input to CHAIN7 when fhat component of the program is being

executed independently.

5. PROGRAMMING INFORMATION

a. Logical Stmucture

The logical flow chart for the modified version of the program is show i

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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ISTAR'r, MOrP

WS!rART=1 ISTART-3

ITsART-2

CHAIMI CHAIN6 CHADIN1- 1 - -- -- -- '-
[Read Data.4CHA.1 IRead Data C , I Read DataT HI -'

1Iii- d... I
Compute Dowuwash CýJmpute Least i Compute

trol Point I Sqares I Aerodynamic
MaMatrixID Ceffic

11 Iiand
INPU=O I NPU=O Prssr Loain

Punch IPunch I
Matrix [ D) Inversej(D~IO

I I'IST0P>1 ISTOP2

ERMINATE

FIGURE 16. LOGICAL FLOW CHART FOR LIFTING SURFACE PROGRAM
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Calling

MAIN ejee
CHAJINI

CHAIN6 j

CHAIN7 I @0 0

IMATROW ------- I- -

FIGU.RE 17. CALLING-CALLED MATRIX FOR LIFTING SURFACE PROGRAM
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SEC'I1ON VI

NMONLDIEAR BODY AERODYNAMS PROGRAM

1. DECRIPTX)N

The nonlinear body aerodynamics computer Program combines slender body theory

and viscous cross flow theory to obtain the aerodynamic coefficients for an arbitrary

body. The program computes the coefficients CN, Cm, Cy, C,!, and C, in body axes

as funetims of resultant angle of attack a, roll angle 0, pitching velocity q and yawing

velocity r. The coefficients are printed out with the slender body contribution man the

viscous conribution listed separately. The rolling moment coefficient C1 does not

have a viscous contribution calculited for it, since it is not possible to formulate a

satisfactory model for it. Zero is printed o,•t for the viscous contribution.

It is assumee that a mapping is known for the sections along the body and that the

coefficients of the mapping are continuous fmu.tions of axial distance along the body.

The method of obtaining the m-pping is described in Volumes I and H. An approximate

method has also been described and is preferred where simplicity and ease of use are

desired.

2. OPERATING INFORMATION

Core and Time Requirements:

Computer: CDC 6600

Core: 35.5 K8 to load

22. ! K3 to execute

Time: Approximately . 1 minutes for a run with nine angles of attack

and one set of 0,, q and r.

Additional Requirements: None

3. INPUT DATA

"Tne coordinate system utilized by the program is that shown in Figure 2 of

Section II.



?be hup da cards requird by Se p-- ran are sm Fiure f. %e l nput
1-U& of GToW A describe te bo*y. TIhe wrdg of GryW P giw The Eig comdibgM
IMu rUfereuce dimmIoe hr the commtalxzc cif A rrodymamic ceffeieiknt. rw
hkt •-- are Mdmpu ZmtU th mamer and discsed in detail betw.

Caum

No Variable Format Descripitio

GROUP A- Input data describing the body.

MZT 13 The maximum number cf maping coefficients of
any station input to the prog.Am

(• Limit: MZT ig 12

NX 13 Number of inmput data stat ions along body

Limit: YX -9 40

C Fla (1 E12.5 Station alon body_. I=1,N

RB 1 (1) E12.5 Radius of mapping circle re at input station.
E.I -1,NX

® F'DDXI (II E12.5 Derivative of the mapping circle radius vkith respect
E D_ x to X, at input station. I = 1, NIX

[-Ist (I) E12. 5 Cross sectioital area S at input station. I - 1, NX

® IDSDXI (1) E12. 5 Derivative of cross sectional area with respect to
X az input station. I = 1, NX

(j) [CDCYI (1) E12.5 Cross sectional drag area per unit length in the
vertical direction, CDc3,. I=1,NX

CDCL1 (1) E12.5 Cross sectional drag area per unit length in theE__ lateral direction, CDCz. I=1,NX

1NZ 3 Number of terms in mapping function at station 1.
{, NZ - 0, MZT will he used.

Limit- NZ _ 12
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end
ft. Vartabie Format noripi

13 ~Syinmry bflcsbr at stabas L

rim~ e0 ~Dtdc CroSS

L nsyiniutrical crs sedkas

0 iflMZT>I ifS 51 =0, t md&& card s 10,11
t1. icl, cards 1a, I a

REALI 4 , 1) El2.5 Ate ing real ad imaginary coefficients of
mUapPin ftwetion for symmetrical section.

I =0, J = 1, MZT-1
NZ >1;, J =1, NZ-!

REPRI (J, I1) E12.5 Derivatives of mapping function coefficients
with respect to X for symmetrical sectionsI@

N 0, J=1, MZT-1

REAL1 (J, I) E12.5 Real component of coefficient of mrapping function
for unsymmetrical section.

=0, J=I, MZT-1
(Tf NZ 1> J=1, NZ-1

XMAG1 (J, I) E12.5 Imagin;ry component of coefficient of ir.apping
functio i for imsymmetrical section.

REPRI (J, I) El2. 5 Derivative of real component of coefficient of
mapping function foi unsymmetrical section.

0, J= ,MZT-1
aIf NZ >1, J=1,NZ-l

XMPR1 (J, I) E12.5 Derivative of imaginary component of coefficient

of mapping function for unsymrmetrical section.

T ire now follow sets of cards, I= 2, NX
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Card
No. Varile Format

GROUP B: & iput data qsecifyig flight cdiftions d reference 4n for tLIe

E) Lc Su I BMI Commet card

F REF FI0. 4 Reference lengt 4-

:F FiC. 4 Reference area

) CF 1l0. 4 X-coordinale of the eter of gravity and moment
eter

DXI F10. 4 Incremental step size for integrating along the
X-axIs

FNA 12 Number of angles of attack at which coefficients

are to be computed

Limit: M A_ 18

NP 12 Number of roll angles for which coefficients are
to be computed.

Limit: NP 9 9

NQ 12 Number of pitching velocities for which coefficients
are to be co.aputed

Limit: NQ69

NR 12 Number of yawing veloci'ies for which coefficients
are to be computed.

Limit: NR _ 9

( F) LALPHAI(I) F8.4 Angle of attack, indegrees. I=!,NA

0 [PHI1 (i) F8. 4 Roll angle. in degrees. I=1, NP

F8. 4 Pitching velocity, 9 m radlanS. I=1,NQ
LQ,',' 2Uao

F8.4 Yawig velocity, rr in radians. I= 1, NR
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4. OUTPUr

Aigare 19 shows sane 11tmt for the nonlinea~r bodyý aerodynamics program.

The tide card is nreprducad on the fir--t line. The second line shows the roil angle
PMI (jo, i degrees), the pitching velocity Q ( , in rds) and yawing velocity

SR ( r in rads) at which the aerodynamic coefficients are to be computed.
M2w.
"The program then tabulakes the computed coefficients. The table is beaded to

idenfy the anle of attack ALFA, and the aerodynamic coefficients being computed,
CN (CN), CM (Cm), CY (Cy), CEM (Cn) and CRM (CI). For each angle of attack

specified in degrees, a potential set of coefficients and a viscous set of coefficents

is listed. The complete coefficients can be obtained by adding the two parts.

N more than one PHI, Q or R has been specified as part of the input, the program

will repeat the tabulation.

5. PiIUGRAMMING INFORMATION

a. Logical Structure

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

b. Purpose of Subroutines

DATA - Reads and stores the portion of the input data dealing with the

description of the body

C0EFF - This routine sets a s' -p size for integrating iorces arn moments

along the body. It calls L0CVAL 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 program to compute the potential coefficients.

L0CVAL - Obtains interpolated b-iy data at the station required by COEFF

AINTRP - Interpolation routine. Determinets a body par.ecter as a function

of the axial distance.

FORCE - Computes parts of the potential force and momenE coefficients

up to the station at which ii is called. When it is called at the rear

end of the body, it ý ermines the paravi.t'rs needed for com-

puting the rolling moment
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VISC - Computes the viscous contributions to CN, Cm, Cy and Cn 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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i MAIN PROGRAMI-
,Di mension Arrays DATA

Raead Body

Description

AINTRI
Determine Loc I Read Ref Dims.ntrpolation-' 'Vah-es of I l and]

-Body Flight Conds.
I I

C0E FFI I
Set Step Size [[I

for Integration •
andDetermine X [
[ f ' Complete I

I/RCE Calculation of
Compute Parts Potential

of PotentialCoe Coefficients I
Independent ofa•q, r [ I

PrintI
SI Potential
SI Coefficients

, IS

-• I IComputee

Viscous Part
L of Coefficients

Coefficients I

FIGURE 20. LOGICAL FLOW CHART FOR NONLINEAR BODY
AERODYNAMICS PROGRAM
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FIGURE 21. CALLInG-CALLED MATRIX FOR
NONLINEAR BODY AER~ODYNAMICS PROGRAM
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SECTION VII

NONLINEAR WING AERODYNAMICS PROGRAM

1. DESCRIPTION

The nonlinear wing aerodynamics program determines the aerodynamic coeffi-

ciente CN, Cm, and C, in a body axis coordinate system as functions of angle of attack

a, sideslip angle (3, 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 K8 to load

30.2 K8 to execute

Time: Approximately .3 minutes for a run with two angles of attack and

two iterativiis 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 the data for the starboard panel of the wing are specified, since the

wing Is assumed to be geometrically symmetric.

The input data cards required by the program are shown in Figure 22 and are

described in detail below.
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Card
No. Variable Format Description

ALPHA F9.5 Initial value for the wing angle of attack a,
in degrees

0 BETA F9.5 Angle of sideslip 6, in degrees

DALPHA F9.5 Step size of alpha, in degrees

FETAO F9.5 Y-coordinate of wing root chord

ETAB F9. 5 Y-coordinate of wing tip chord

TR F9.5 Wing taper ratio

TNLE F9.5 Tangent of sweepback angle of wing leading edge

P F9.5 Rolling velocity, _pgr in radians2Uo'

F9.5 Pitching velocity, q1r, in radians

F9.5 Yawing Velocity, "Ir in radians2U o '

REFL F9. 5 Reference length, 1r, in percent of root chord

XCG F9. 5 X-coordinate of pitching velocity axis

ZCG F9. 5 Z-coordinate of yawing velocity axis

CD F9. 5 Drag coefficient of wing section at a = 900

© CDXPOS F9. 5 X-coordinate of line of action of section drag
at a =900, in percent of root chord

NSTA 16 Number of circulation control stations on one

wing panel

Limit: NSTA : 10

NDWSH 16 Number of downwash control stations on one
wing panel
NDWASH must be set equal to NSTA-L.;
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Card

No. Variable Format Descriptiom

NALPHA M6 Number of angles of attack

NIT 16 Number of iterations on the effective angle off
attack for each a

SNSYM 16 Symmetry indicatorF1y ifN1ey =0, symmetrical wing loading
1, asymmetrical wing loading

@ F ETA (I) F9.5 Y-coordinate of circulation control station, in
L' fraction of root chord. I = 1, NSTA

6 r ETADW(I) F9.5 Y-coordinate of downwash control station, in

fraction of root chord. I = 1, NDWASH
Use same values as ETA(1)

MIO () F9.5 X-coordinate of the inboard extremity of the
leading lifting line, in fraction of root chord

TN (1) F9.5 Tangent of the sweepback angle of the leading
lifting line

XIO (2) F9. 5 X-coordinate of the inboard extremity of the
aft lifting line

TN (2) F9. 5 Tangent of the sweepback angle of the aft
lifting line

IUO (3) F9.5 X-coordinate of the inboard extremity of the
downwash control line

TN (3) F9. 5 Tangent of the sweepback angle of the downwash
control line

E ALPHEF (I) F9.5 Estimate of the effective angle of attack for each

K dowmwash control station. I= 1, NDWSH

AL (1) F9. 5 Angles of attack for which the weighting of theLcirculation between the two lifting lines is to be

input. I = 1, 10 (See Vol II, p. 167)

SWGHT (I) n' F Values of the weighting function at the a's givenE incard15. I=1,10
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4. OUTPUT

The angles of attack and sideslip are printed out, followed by P min radians),

Q(qr in radians), and R r2U' i radians). The spanwise loading and effective

angle of attack are then printed out.

The normal force coefficieet (normalized by wing area and freestream dynamic

pressure) and body axis moment coefficients (normalized by the reference length 1r)

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 out ut is repeated for the number of angles of attack specified.

5. PROGRAMMING INFORM WTION

a. Logical Structuro

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

b. Purpose of Subroutines

WGT - Determines weghting of circulation between the two lifting lines

GAUSS - Performs numerical integration, using 16 point Gaussian

quadrature

LGRANG - DetWermines expression for the total circulation as a function

of vwlues at the circulation control points, using Lagrange's

method.

LLINE - Determines the influence coefficients matrix for the downwash

due to the bcond vorticity

TRVORT - 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 momtonts

0R1Ml - Evaluates the integrand required in LLINE

6i
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FORM2 - Evalu•aes integrand required in TRV0RT

FOM3 - Evalbues integrand required in TRV0RT

c. Interdependence of Subroutines

The Calling-Called matrix for the program is shown in Figure 24

I
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MAIN PROGRAM

r-- - I

SIInput DataI RANG

* ' Coefficients for
LLIE !Circulation Functioni

Calculate Circulation
Coefficients for TRVRT

Leading Lifting Line: I I - Calculate Circulation
BounJ Vorticity 1 Coefficients for

! ___I Leading Lifting Line-,

I r Trailing VorticityS" 'Determine ... I

I Bound and Trailing
Vorticity Matrices for

LLINE Leading Lifting Line I

Calculate Circulation I
Coefficients for I TRVORT
Aft Lifting Line-, _ __ _ _ Calculate Circulation
Bound Vorticity i ! Coefficients for

I I Aft Lifting Line*,I • I [Trailing. Vorticity

I Dtermine

I Bound and Trailing
I Vorticity Matrices for

WGT I Aft Lifting Line

Determine Weighting I I
of Vorticity between

Leading and Aft I
Lifting Lines

Determine
FreCirculationn

I Coefficient Matrix I MATINV

S i LoadingDetermineI i• I "[ Inverse of !
Copt Efetv [Circulation Matrix

Angles of Attack

I I
l [ Calculat I

FMINT Spanwise LoadingR[ Calculate • '_]'

Body Axis I
Forces, M oments ]I

I [ Print
I Spanwlse Loadig, I

I Forces, M~oments

L -

FIGURE 23. LOGICAL FLOW CHART FOR NONLINEAR WING
AE RODYNAMICS PROGRAM

68



MAIN0 @0 0

LLINE l 0

iRVORT I Ii I0

FIGURE 24. CALLING-CALLED MATRIX FOR
NONLINEAR WING AERODYNAMICS PROGRAM
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APPENDIX

COMPUTER PROGRAM LISTINGS

Preceding page blank
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PROGRAM JET3 I INUTCUTPUT,PUP4C~iITAPE5-INPUTTAPE6nOUTPUT,
ITAPEiuPUNCH I

C
C EVALUATION OF JET-INDUCED VELOCITY FIELD (MAXIMUM OF 3 JETS)
C INITIAL JET E!LHAUST DIRECTION MUST Of THE SAME FOR ALL THREE JETS
C FOR 3-JET COMPUTATIONSt JET EXITS MUST ALL BE III THE SAME XY PLANE
C

DIMENSION COEFRfI5t25),COEFIl15t2S1
DIMeNSIOtg STAYN(25eRADIUS125)*SLP3D(2S)
DIMENSION4 XIgl003.Z1IIOOIUJIIIOOIDI(100).DXDZI(I 100
DIMENSION XZ(100I,22(1001,UJZ(10O).DZ(100),DXBl2I 1001
DIMENSION X3(100IZ31100),UJ3I100),03(100),0X013( 100)
DIMENSION XA(100),14(100bUJ4(1001.041100),DXDZ4( 100)
DIMENSION X5I1O0),Z5(1OO),UJ5(1O),D5Cl001,DXDl5( 100)
DIMENSION XBASIIIOO) ,YBAS1(100IZBASI(10OI
DIMENSION XBAS2II.00),YBAS2(100),!ZDAS2(100)
DIMENSION XBAS3(100).VBAS3(100),ZflAS3(1O3)
DIMENSION XBAS4I100),YBAS4(100),ZBAS4(100)
DIMENSION X8AS5(IOObYBAS5(t00),ZBAS5(1001
DIMENSION CF1(3,3),CF213,3).CF3(3,3),CF4(3,3),CF5(3,3)
DIMENSION UUE11100),UUE2(100),UUE3(100),UUE4( 100),UUE5( 100)
DIMENSION PAR(1O)
DIMENSION SDXDZ1(100),SDXDZ2(100),SDXD!3(100),SDXDZ4( 100),

I SOXDZ5(100)

COMPON/BLKI/STATN, RADIUS ,SLP3D, COEFRe COEF K
COPI'ON/BLKZICF1,*CF2 .CF3,CF4,CF5.IJUEIUUE2,UUE3, UUE4,UUE5,PAR
CoMMCN/BLK3/X1 ,ZlUJlDl,0XDZlX2,Z2,UJ2.O2,DXDZ2
COMMON/BLK4/X3 ,Z3,UJ3,D3, XDXZ3,X4, Z4,UJ'4, 04DXDZ4
CON1MON/BLK5/X5 ,15*UJ5,05, DXOZ5
CIJMMON/8LK6/XDASjYBAS1,ZBASIXBAS~,YBAS2,ZBASZ, XOAS3,YBAS3,ZBAS3
COMIPON/BLK7IXSAS4,Y8AS4, ZBAS4,XBAS5,YBAS5, ZBASS
COPMON/BLK8/A.FQ,BETQGETQ,F1, F2, F3,F4, F5,VKONST
COMMC4N/8LK9/MULTIHOLOI.,IhOLD2.IHOLO3,KOUNT.,:KOUNT2
COMPON/BLKIO/IONEITWOITHR*IFOURIFlVNlN2.N3,N'sN5
COMPON/BLKIL/IFIX191FIX291FIX3
COMMCN/BLK12/XJ1,YJ1,ZJI.OJET1,VELJ1,XJ2,YJ2,ZJ2,DJET2,VELJ2
COMMON/BLK13/XJ3 .YJ3 ,1J3,OJET3.VELJ)3,XJ4,YJ4, ZJ4,OJET4.VELJ4
COMMON/BLKI4/XJ5,YJ5,ZJ5, D.ET5,VELJ5
CCMMCN/BLKI5/GG2,G3,G4.G5,STEP1,STEP12,STEPI3,STEPI4,STEPIS
CCOMMN/BLKI6/V2XlV2YlV2ZlV2X2,V2Y2,V2Z2,V2X3,V2Y3,V2L 3
C0PPON/0LKIT/V2X4vV2Y4*Y2 V.
CCOMION/BL!jL8/0R3 ,DRA ,0R5
CIJ#4ON/BLKI9ISDXIJZ1,SDXOZ2.SOXDZ3,SDXDZ4, SDXDZ5
CCMMON/eLK2O/DI ARAT ,DREF

C
DIMENSION XO(600),YO(600),Z01600),U(600),V(600)tW(600)
OIPENSICN CP(600)
OIMENSICN PHID(31,PS1O(3)

C
C SET PARAMETERS
C

El - .45
E2 -. 08
E3 a 30.
P1 a 3.1416
CI 2.24
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C READ IN JET DATA

READ (505011 MULT,1GE0OM,1PUNCH
READ (5,5021 ALFA9BETA
READ (59503) NG

501 FORMAT (12161
502 FORMAT 16F12.01I503 FORMAT (169FI2.01

READ (5,502) XJIYJ1,ZJ1,PHID(1),PSID(1),DJET1,VELJI
IF (NULl-2) 4,2,2

2 READ 15,502) XJ2,YJ2,ZJ2,PHID(2),PSID(2),DJET2,VELJ2
IF IMULT-2) 49493

3 READ (5,502) XJ3,YJ3tZJ3,PHID(3),PSID(3),DJET3,VELJ3
4 CONTINUE

READ (5,502) DIARAT
WRITE (6,690)
IF (MULT-2) 14915916

14 WRITE (6.603)
603 FORMAT (IH0944X,32H*** SINGLE JET CONFIGURATION *)

NI = N~l
GO TO 17

15 WRITE 16,604)
604 FORMAT 41HO,45X,29H*** TWO-JET CONFIGURATION */

GO TO 17
16 WRITE (6,605)

605 FORMAT (lHO,44X*31H*** THREE-JET CONFIGURATION**/
17 CONTINUE

WRITE 16,606) XJ1,YJIZJ1,PHIC(1),PSID(1I.VELJ1
606 FORPAT IIHO,22X,4HXJET,11X,4HYJET,1IX,4HZJET,12X,3HPHI,12X,3HPSI,

112X45HU/UJO/15XFl5.4,LXF14.4,IXF14.4,IXF14.4,1XFl4.4,1X,
2F 14.4)
IF (MULT-2) 20,18,18

18 WRITE (6,60?) XJ2,YJ2,ZJ2,PHIID(2),PSIDI2),VELJ2
607 FCRMAT(15XF15.4,IXFl4.4,1XF14.4,1X,F14.4,IX.F14.4,1X,'F14.4)

IF (PULT-21 20,20,19
19 WRITE (6,607) XJ3gYJ3,ZJ3,PHIC(3),PSID(3)gPVELJ3
20 CONTINUE

W4RITE (6,608) ALFA98ETA

608 FORPAT(lHO9/22X*19HANGLE OF ATTACK aIXF7.2/22XI9HANGLE OF SIDI LESLIP =,IXF7.2)
WRITE (6,609) NG

609 FORMAT(IH0,/22X932HNUMBER OF STEPS IN INTEGRATION r-,IXt13v/A'2Xt22H
lINTEGRATION INTERVAL w,1XvF5*2,1Xv18HJET EXIT DIAMETERS)
CALL TRANSI (MULTtALFAtSETAPSID).1 DO 8 IaIPULT
PHI a PHID(I)*.0174533
PSI a PSIO(I)*.0174533
IF (1-2) 5,6,7

5 CONTINUE
CALL CFCAL fALFQBETQGETQ9PHIPS II',!l)
V2XI z SINIPHI)*COS(PSI)
V2YI. - COSIPHI)
V2ZI * S1NiPHI)*SJN(PSII
CALL ROTATE (V2XlV2YlV2Z1,tCF1,VXT,VYTVZT,0)
UJI~l) 1 .
0111) 1.
XIII) -0.

ZiI11) 0.
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DXUZISI)I VXT/VZT
WIRASIM1 a XJI

ZBASL(l1 * 1.11
STEMI - .2*G
D a ATAN(VXTIVZT)
IF (VXTl 901,902.902

901 Ftl .3*CCS(D)
GO TO 903

902 Fl a .3ICCS(D)
903 CONTINUE

GC To aI6 CONTINUE
CALL CFCAL (Aa.FQPBETQ#GETgPHI*PSICF2$
VZX2 a SIN(PHil*CCS(PSI)
V2V2 COS(PHI)
Vd2?2 a SINMPHI)*SINiPSI)
C ALL eKOTATE (V2X2,VZY2,V2Z2,CFZVXTVYTVZT,0)

D2(1) =1.

X2(11 0.
Z2(1) 0.
DX0Z2(t) = VXT/VZT
XSAS2f1) a XJ2
VBAS2(Il = V.12
ZBAS2(11 a 1.12
G2 a G*DJETt/DJET?
STEP12 a .2*G2
D0 ATAN(VXT/VZT)
IF (VXTI 9049905,905

904 F2 2z .3*CtSIO)
GO TO 906

905 F2 - .3/CVSIDI
906 CONTINUE

GO TO 8
7 CONTINUE

CALL CFCAL (ALFQvflETOGETQ9PHIPSI,CF3)
V2X3 -SJN(PHI)*CfOS(PSI)
V2Y3 - COS(PHI)

V213 m SIN(PHI)4SIN(PSI)
CALL ROTATE 1V2X3,V2Y3,V2Z3,CF3.VXTVYTVZT,0)
UJ3111 a 1
D341) - 1.
x3id) a0.
Z3(I) a 0.
DXDZ3(1) - VXT/VZT
XBAS3(l) - XJ3
YBASMf 1) YJ3
ZBA5341) * MJ
63 - *OJETI/rJJET3
STEP13 *.2*G3
o - ATAN(VXJ/VZT)

9C 3IF (VXT) 90799'8,908

GO TO 909
908 F3 = .3/COSID)
q90 CCNTINUE

8 crPrTINUE
c



c TEST INITIAL JET EXHAUST DIRECTION IMUST BE THE SAME FOR ALL JETS)

9 CALL XPROD IALFQBETQGEV~vV2X3,V2Y3,V213,XT3,Yy3,2T3)
10 CALL XPROD IALFQBETQGETQV2X2,V2Y2,V2Z2,XT2,YT2,ZT2I

CALL XPROO tALFQSETQGETOV2XlV2YlV2ZIXT1,YT1,ZTII
'F (ABS(XTI-XT2I-*0001) 7f0,#700v799

700 IF (ABSIYT1-YT2)-.00011 7ultI01,799
iGI IF (ABSIZTI-ZT2)-.O001) 702,702,799
702 IF INIJLT-2) 11,11,12
12 IF (ASSIXTI-XT3)-.0001) 703,703,799

703 IF (ABSfY11-YT3l-*0001) 704,704,799
704 IF (A8S(ZTI-ZT3l-.0O01) 11,11,799
199 WRITE (6,620)
620 FCROAT (JHO#71HJETS 0O NOT EXHAUST IN PARALLEL PLANES, CONFIGURATI

ION CANN0T BE TREATED)

11 CONTINUE
CALL VELl (PULTvALFAtVKlVK2)

PAR1) -E2
PAR(1 aE3

PA~tg) v1.
C
C TESTS FOR BLOCKAGE AND INTERSECTION,PART OF INTEGRATION LOOP

N4 =0
N5?

IHCLDL a 0
IHOLD2 z 0
IHCLO3 a0
KCUK.TI w 0
KOLNT2 a 0
TNEG = BETQ*V2Yt
OREF x OJETI
D0 50 lxl,N
TONE a I

ITHR a I
[FOUR a

VCAL BTET - INGV1V2 MOINFRTEJTPH

IF (NULl-2) 21,22,23

23 IF (IHCLDI-1) 25925,21

2? IF (IHOLO3-1) 25925921VEOIESWL BECPUD



IF (IGEOP-21 61,62963
61 READ (5,5011 NTHTNSPA'19NCOEFIRECT

CALL TRWING (N'IHT#NSIAXNCOEFJRECTXOYOZONK)
NSYI' z I
GO TO 65

62 READ 15,5011 NTHTNSMAXoNCOEFtNSYM
CALL IRBCOY INTHT,NSMAX,NCOEF,NSYN,XO,YO,ZONK I
GO 70 65

63 READ (5,5011 NSMAXqNC
NI(a NSPAX*NC
READ 15,502) (XO(IIYOII),lO(I3, 11.#NK)

65 CON71NUE
CALL TRANS2 (YOZO,NK)

C
C EViALUATE INDUCED VELOCITIES AT EACH POINT
c

DV? 80 JzlvNI(
U(J) = 0.
V(J) z 0.
11(Ji - 0.
PARW6 - VELJ1
PARM5 a Fl
PARM9 z 1.
CALL VELCC (1,NlZlXlOXCZ1,UJ1,C1,UE1,XJ1,YJi, J1,DJET1,CFI,'
1 PARXO(J),YO(J),ZO(J.),uIlNC.VIN0,WINDtSDXDZII
WJJ) - UIJlsUIND
VIJ) z V(J)*VIND
11(J) a 11(J)+WIND
IF (DMULT-2) 80051951

51 PARW a VELJ2
PARM5 z F2
PARM9 = 1.
CALL VELOC tl,N2,Z2)X~,DXDZ2,UJ?.02,UUE2.XJ2,YJ2,ZJ2,DJIE12,CF2#
1 PARXO(J?,Y0(J),ZOlJ),UINn,vINC.WIN~oSCXDZZ)

UI) J (J)+UIND
V(J) a V(J)eVINC
11(J) z W(J).111N0
IF IIAULT-2) 80952953

52 IF IIHOLDI-11 80#80934'
54. N3 aITHR'1

PARM9 * R3
GO TO 55

53 PAR19) = 1.
55 PAR16) z VELJ3

PAR(S) F3
CALL VELOC (jN3,l3,X3@DXDZ3,UJ3,D)3,UUE3tXJ3,YJ3;ZJ3tDJET3,CF3I
1 PAR.X0(J),Y0(J),Z0(J),UIINO,VIND,WIND,SVX0L3)
U(J) xUIJ)+UINb
V(J) x V(J)+VENt)
11(J) a W(J)+WJNO
IF (PAUL!-?) 80,80,56

56 IF IIHOL~l-1) 57,57,58
51 IF (IHOLD2-1) 80,80,58
58 PARM6 - VELJ4

PAR(S) -±

CAL ELOC ltIN4:Z 4,X 4 ,DXDZ4 ,UJ4 ,04 ,JUE4 ,XJ4 ,YJ4 ,. 4DE4C4I AtOJOJoOJUNiICWNtC04



WE)) u VCj).VIND
bEJI a ld(J)*WIND
IF (IHOLD3-1) 80,80,59

59 N45 alFIV+1
PAR(61 a VELJ5
PAR(5) a F5
PAN(9) a 0115
CALL VELOC (1.145 ,15,X5,XDZ5,UJ5,05,UUE5,XJ5,YJ5, ZJ5,DJET5,CF5,
1 PARXOIJ),YO(J),lOIJ),UINDYIND.WINDSOXDZ5)

* IUJ) a U(J)+UIND
V(J) - V(JI*VUEO
U(J) a Id(JJ4+dIND

80 CONTINUE
C

* C COnIPUTE FLAT PLATE PRESSURE COEFFICIENT
C

IF (IGE094-3) 90.90,81
81 DO 85 J-1,NK

CPT a4.*(U)(J)*(ALFQU(J)),W(J)*(GETQ.W(J)))
85 CP(J) - I.-fALFQ*ALFQ *GEIQ*GETQ *C'T)

*90 CONTINUE
CALL TRANS3 (YO,ZO,VW,NK)

C
C PRIhT OUT CCMPUTED RESULTS

1 bWRITE (69690)
690 FORMAT 11lIi)

CALL PRTOUT (IGECMXOYOZOUVWCPNK,',.kýT)
C
C PUNCH OUT DATA FOR TRANSFORMATION METHOD OR LIFTING SURFACE PRnG.
C.

IF (IGECM-2) 96,96#97
96 IF (IPUNCH) 95,999,95
95 CALL ADAPT(UVtWNTHThNS#4AXNCOEFIGEOM)

GO 10 99
97 IF (IPUNCH) 98,999,98
98 DO 101 IwlNK
101 WEI)a W)

J1 = 1
DO 102 IzlvNSPAX
J2 aJI+NC-1
WRITE (7,710) (W(J), JaJl9J2)

102 J1 a 12+1
110 FCRPAT 15EI4.7)
99 CONTINUE

S TOP
END

SUBROUTINE BITEST 1ITNEGtVK1,VK2)
C
C TESTS FOR BLOCKAGE AND I~trERSECTION,CALLED AS PART OF 14TEGRATION
C .r
C

DIMENSICN COEFRI 15,25) .COE)1 (l5t25)
DIP'ENSICN STATN(25),RADIUSf25),SLP3C125)
DJNENSION Xl(100)4711100),UJI'100),OlI100),DXOZI( ICO)
DIPENSICN X2(1O),Z2(100),L'J2(100),D2(lC0),DXDZ2( 100)
DIPENSION X3(jO0),Z3f1OO),Uj3(100),C3(ICO~hDX013( 100)
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DIMENSION X~(1O0),Z4I1O0IUJ4(1O0)9D4(1O0),OXDZ4( 100)
DIMENSION X5(I00),Z5(1O0),UJ5(10O),05(100),DXDZ5( 100)
DIMENSION XBAS1(100),YBASI(100),ZSASJ(100)
DIPENSION XOAS2IIOO),YBAS2(100),ZBAS2(100)
DIMENSICN XBAS3(10O)bYBAS3t100),Z8AS3(100)
DIPENSICN XBAS4I100),YBAS4dIOO),ZOAS4(100)
DIPENSICN X8AS5t1OO1,YBAS54100),ZBAS5I100)
DIPENSION CF1 (3,3),CFZ d3,3).CF3t3,3),CF4(3,3),CF5I 3,31
DIMENSION UUEIIIOO),UUE2IIOO),UUE3(00)O)UUE4IIOO),UUES( IcC)
DIPENSICN PAR(1O)

c
COMIFCN/8LKI/STATN,RAOIUS, SLP3DCOEFRCOEF I
COPPON/BLK2/CFI ,CFZCF3,CF4,CFStUUE1,UUE2,UUE3,IJUE4,UUE5,PAR
COMI'CN/BLK3IXI*ZlUJIDICXL3ZlX2, 12,lJ2,02,0X012
COMPONI8LK4/X3,Z3,UJ3~,D3,0DXZ3,X4, Z4,UJ4,04,DXDZ4
COPPCN/BLK5/X5vZ5gUJ5tD0oXoZ5
COPMON/BLK65/XBAS1,YBAS1,Z6AS1,XB3AS2,YBAS2,ZBAS2,XBAS3,YBAS3,LBAS3
COPPON/SLKI/XSAS4,YBAS4,zaAS4,XBAS5,YBAS5, ZBAS5
CCMMON/8LK8/ALFQDETQGETgFlF2, F3, F4,F5,VKONST
COMNON/BLK9/HULTIHOLDiltiOLD2, IHOLD3,KOUNT1,KQUNTZ
COMPOcN/BLK1O/ IONE#I TWO* ITHR I FOUR i IF IV9N ItN2,N3,N4N5
COPPONIBLKII/IFIX91IFIX2, IFIX3
CCPPCN/BLK12/XJ1,9YJ I ZJ19DJET I VELJ ItXJ29YJ29 ZJ2sDJET29VELJ2
CCPPCN/RLK13/XJ3 9YJ3#ZJ3, OJET3*VELJ3,XJ49YJ49 ZJ49 DJET49VELJ4
CCPPON/BLK14/XJ5 ,YJ5 ,ZJ5,OJET5,VELJ5
COIMCON/8LK15/GG2.63,G4.G5,STEP1,STEP12tSTEPI3,STEPI4,STEPI5
COPMON/BLK16/V2XlV2YlV2ZlV2X2tV2Y2,V2Z2,V2X3,V2Y3.'V2Z3
COP'MON/8LK17/V2X4,V2Y4, V214
CCMPCNI8LKI8/0R3 ,OR'.,DR5

C
DE a.OOO1*OJETI
IF (PULI-2) 21,200,300

200 IF (IHOLOI-1) 201,202921
201 IF ITNEG) 203,203,204
203 CALL XPROD (V2X1,VzYlV2ZIALFQBETQGETQXTI.YT1,!T1)

CAL.L XPROO (XTItYTI#zTIALFO,8ETQGETgPCFNXCFNYtCFNZ)
CALL PLANE (CFNXCFNYCFNZXBAS1EI),YSASI(I),ZBASIII).VZX2,V2y2,
1 V2Z2,XJ2,YJ2,ZJ2,XINTYINTZINT)
IF IYINT-YJ2-DE) 205,205,22

204 UUE2(I) -1.
CALL XPRCD (V2X2,V2Y2,V2Z2tALFQLETQGETQXT2tYT2,lT2)
CALL XPRCD (XT2tYT2,zT2,ALFQBETQGETgvCFNXIFNYCFNZ)
CALL PLANE ICFNXCFNYtCFNZXBAS2(I),YBAS2tI),LBAS2(I),V2'XIV2Y1,
1 V211,XJ1,YJI19J1,XINTYINT,ZINT)
IF IYINT-YJl-DE? 205t2099.22

205 IHCLDl - 1
202 IF (TNEG) 206,206.207
206 ITbC - I-KOIJNTI

GO IC 208
201 ICNE s 1-KCUNTI
208 ITI - lONE

I12 - [TC
NI =111+1
N2 =112.1
CALL COPP (V2XI,V2YIV2ZIV2X2.V2Y2,V2Z2,X8AS1ITIIT,YBASI(I 1W,
I ZBASI(IT1),XBAS24IT2),YBAS.ý(1TZ),ZBAS2(lT2),lL(ITI),12f11T2),
2 oI(!TT),OJETI,02(IT2),DJET2,VELJl,VELJ2,!0XDZI(ITI),UUE2( IT?),
3 4l,A2vDR3,F1, INT)
IF (INTl 21o219209



209 IHCLDI s 2
NI x ITI

* N2 x 1T2
* PARM9 D R3

IFIXI I
CALL BALANC (KOASI (ITIJY8ASI(1T1),ZBASIIIT1).XBAS2(1T2),
1 YBAS2IIT2) ,ZBAS2( IT2),UJ1(IT1),UJ2(IT2),VELJ1,VELJ2,A1,A?,V2XI,
2 V2YIV2ZlI V2X2tV2Y2,V2Z20DR3,XJ3,YJ3,ZJ3,DJET3,V2X3tViv3,V2Z3,
3 VELJ31
PHI 2ACOS(V2Y3)
PST ATANd(V2Z3/V2X3)
CALL CFCAL (ALFQt8E`ICGETQ*PHIvPSIvCF3)
CALL ROTATE (V2X3,v2Y3,V2Z3,CF3,VXrVYTVZT,0)
UJ311) a1.j &0341) 1.4
X3(1) 80.

Z3(0) 0.
DXMZ3I) z VXT/VZT
XBAS3fl) = XJ3
Yt3ASM(1= YJ3
ZBASM() = 1J3
PARW6 a VELJ3
o a ATANIVXT/VZT)
If IVXT) 901,902,902

901 F3 =.3*CCSIO)
GC TO 903

902 F3 =.3/CCSID)
903 PARM5 = F3

G3 z G*DJETl/DJET3
STEP13 x .2*G3

GC TC 21
300 IF (IHCLO3-1) 301,301,21
301 IF (TNEG) 302,302,303
303 NRITE (69680)
680 FORPAT (1HO97CHNEGATIVE ANGLE OF ATTACK FOR THREE-JET CONFIGURATID

IN CANNOT BE TREATED)
STUP

302 IF (IHOLDI-lI 320,321,322
320 CALL XPROD (V2XlV2Y1,V2ZIALFQBETQGETQXT1,YT1,ZT1I

CALL XPRCO (XT1,YTI,ZT1,ALFOeETQ,GETQCFNXCFNY,CFNZ)
CALL PLANE (CFNX,CFNYtCFNZ.X8*S1(1),YBASIUI),ZBASI(I),V2XZV2Y2,
I V212,XJ2,YJ2,ZJ2,XINTYINT,ZINT)
IF (YINT-YJ2-DE) 323#323922

323 IHOLDI -1
321 IF (1110102-i) 324,324,325
324 IlbC 1-KOUNTI

Ill - ICNE
IT2 a ITuC
NI a ITI.1
N2 -IT2+I

V90T VI
CALL CCP'P (V2XlV2YtV2ZlV2X2,VY2,V2Z2.XBASI(ITl),YBASI(ITI),
I ZSASl(ITI),XeAS2UIT2)tYBAS2(1T2)dZBAS2'1T2),ZI(ITI)4121 1T2),
2 O1(ITI),DJET1.1J2(1T2),UJET2.VELJlVELJ2,OXOZI( ITI),UUE2( 1T2)-
3 Al,A2v0R4 FloINT)
IF (INT) 330,330,331

331 IHCLDI 2
NI= ITI
N2 = IT2
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IFIXI * I
VKCFIST a VIK2
CALL BALANC (XBAS1I(ITI),YeAsI (IT1),ZBASI( ITI),XBAS2(1T2),
I YSAS2( IT2) ,ZBAS2(1IT2)tUJI(ITI),UJ2(1T2),VELJIVELJ2,AlA2,V2XI.
2 V2YL,V2ZlV2X2,V2Y2tV2Z2,0R4,XJ4,YJ4, ZJ4tCJET4,V2X4,V2Y4,V2Z4t
3 VELM4

340 PHI - ACOS(V2Y4)
PSI a ATAN(V2Z4/V2X4)
CALL CFCAL (ALFQ,BETC,GET0,PHI#PS19CF4)
CALL ROTATE (V2X4tV2Y4,V2Z4,CF4,VXT,VYTVZT,0)
LJJ411) 1.
04(l) 1.
X4s(1) a0.

Z41I 0.
DXDZ4(1) = VXT/VZT
X9AS411) =XJ4
YBAS4(l) zYJ4
ZPAS4(1) z ZJ4
D - ATAN(VXT/VZT)
IF (VXT) 904,905,905

904 F4 - .3*CrJS(OI
GC T0 906

q05 F4 -. 3/CCS(D)
906 CMNINUE

G4 = GSOJETI/DJET4
STEP14 z .2*G4
IF (IHCLD2-IHCLO1) 322,322,325

330 IF IIHOLD2-1) 3329333,325
332 CALL XPRCO (V2X2tV2Y2tV2Z2,ALFQBETQGET~tXT2tYT2tZT2)

CALL XPRCO (XT2,YT2,ZT2#ALFC,BETQGETQCFNXCFNYtCFNZ)
CALL PLANE ICFNX,CFNY,CFNZXBAS2(IT2),YBAS2(IT2JZBAS2UIT21,tVX39
I V2Y3,V2Z3,XJ3,YJ3,ZJ3,XINT,YINTZINTI
IF IVINI-YJ3-DE) 334,334o23

334 IHCLD2 =
333 IIHR a -KOUNT2

I13 =I1HR
N43 =IT3i'1
VKONST vVK2
CALL COP~P (V2X2,V2Y2.V212,V2X3,V2Y3tV213.XB5AS2(112)eYBAS2(IT2),
1 Z8AS2(112),XBAS3(IT3)tY8AS3(1T31,ZBAS3UIT3'1,Z2(1T2),Z3( 1131,
2 021!12),0.JET2tC3(1T3),OJET3,VFLJ2,VELJ3,OXDZ2( 1T2),UUE3( 1T3),
3 A2,A3t0R4tF2,INT)
IF IINI) 21,21,335

335 IHCLD2 = 2
N3 = 113
N2 = 112
1F1X2 I
VKChST VKI
CALL BALANC IXBAS2(!T2),YBAS2(112),ZBAS2(IT2).,XBAS31IT3)t
1 YSAS3( 1T31,ZBAS3(113),UJ2(112),UJ3(113)tVELJ2,VELJ3,A2,A3,V2X2,
2 V~2Y2,V2Z2tV2X3,V2Y3,V213,OR4,XJ4,YJ4, 1J4.CJET4,V2X4tV2y4,V2Z4,
3 VELJ4)
GC TO 340

322 IFCLR 2 -IFIXI1+
ITI4R =I-KOUNT2
1T4 - FCLR
173 =I THR
N4 =114+1
N3 =113.1



UtIE4(1T4) a 1.
CALL COPP (V2X4,v2Y4,v2Z4,V2X3,V2Y3,v2l3,X8AS4(IT'dYBAS4(IT4),
1 ZBAS41IT4hXBAS3(1T3),YBAS3(1T3),ZBAS3IT3),Z4(1T4),13(1T3),
2 0411T4),0JE:T4,031IT3),OJET3vVELJ4,VELJ3,DXOZ4fIT'4),UUE3(JT3),
3 A49A3,0R59F:49INTI
IF (INT) 21,,219341

341 IHCLO3 z 2
N43 = 1T3
N44 - 1T4
IFIX3 aI
CALL BALANC (XBAS4(IT'dYBA5ý411T4),ZBAS4(!T4),XBAS3(1T3)t
1 YBAS3(IT3),Z8AS3I!T3),UJ4(JT4,tUJ3l1T3$,VELJ4,VELJ3,A4,A3,V2X4,
2 V2Y4,V2Z4,V2X3,V2Y3,V2Z3tDFL5,XJ5,YJS, zJ5,DJEr5,V2X5.V2Y5.v2z5,
3 VELJ5)

350 PHI a ACOSIV2Y5)
PSI a ATAN(V215/VZX5)
CALL CFCAL (ALFOBETQGETQv;'H1PS ICF5)
CALL ROTATE (V2X5,V2Y5,V2Z5I,LF5.VXTVYT,VZT,0)
UJ5(1) =I.
D511) a 1.
X5(1) -0.
Z5(13 az0
ODXIZ5I1) -VXT/VZT
XBAS5(t) -XJ5
YBAS5(1) = J5
ZIAS5(1= ZJ5
Do ATAN(VXT/VZT:
IF (VXT) 90709089906

907 i;5 .3*CCS(D)
GO TC 909

908 F5 = .3/CCS(DJ
909 PARM5 = F5

G5 = G*OJET1/CJET5
STEP15 - .2*G5
PAR(g) - DR5
PAR16) - VELJ5
GC TO 21

325 'FCUR -I-IFIX2+1
;71 - ONE
IT4 - FOUR
HI 1T1I+
N44 = T4*1
CALL COPP (V2XlV2Y1,V2ZltVZX4.V2Y4tV2Z4,XBASIIITIIYBAS1IIITI),
I Z8sA~llT),XDAS41IT4),YBAS41IT4),LBAS4(!T4),z~lITl),Z4( 1T4),
2 D1(IT1),OJETlD4lIT4btDJET4@VELJIVELJ4,P"DZ1l ITI),UUE4(1T4),
3 AL,A4.12R59FIvINT)
IF (INT) 21,219342

342 IHCLD3 = 2
HI = ITI
N4 = 1T4
IFIX3 =I
CALL SALANC (X13,IS(!TI),YBASIIITI),ZEIAS(ITTL),XBAS4U114),
I YBAS4(IT4hZB8AS4IIT4),UJI(ITI~hUJ41I T4),VELJ1,VELJ4,Al.A4,V2Xl,
2 V2YI ,V2Zl.V2X4,V2Y4,V2Z4 .OR5,XJ5Y,Y5, ZJ5,OJET5,V2XSV2YSV?15,
3 VELJ5)
GC 7C 350

22 KCLNTL = K0LNTltl
23 KCLKTZ2 KOUNT2+1
21 CrplINUE



RETURN
END

SUBROUTINE INTEG (ITNEG)
C
C INTEGRATION OF THE EQUATICNS, OF MOTION FOR THE JET PATH
C

EXTERNAL DERIV
C

DIMENSION COEFR(15925),COEFII15,25)
DIPENSIGN fTATN(25)vRADIUSf253,SLP30(Z5)
DIMENSION X1I100).11(I.OO),UJI(100ID1I100).DXDZII 100)
DIMENSION X2(l00),Z2(100),UJ2IIOOI,02(100),CXDZ2E 100)
DIMENSION X3(l00),Z3(100),UJ3(IO0),1J3(100JDXDZ3( 100)
UItiENSICN X4(l00),Z4(100),UJ4(100),04I100),DXDZ4(tICO)
DIMENSION X5(lO0),Z5I10O),UJ5Il003,O5(I0C),DXDZ5I1OOJ
0I9'ENSION4 )BASI(100).YBASI1(00),ZBASI(100)
OIMENSICN XBAS2(100),YBAS2(100),ZBAS2(100)
DIMENSION X8AS3(100JYBAS3(100),ZBAS3IIOO)
DII'rNSION XBAS4I106),YBAS4(10O)hZBAS4(100)
DIPENSICN XBAS5(100),YBAS5IIOO),ZBAS5(100)
DIMENSION CF1(393) ,CF2(3,3).CF3(3931,CF4(3t3),CF5(3,3)
D19PENSICN UUE1IIIOO),UUE2(100),UUE3tIOO),UUE'.C100),UUES(ICCJ
DIVENSICN PARIIO)
DIPENSION SDXDZ1(1O0),SOXDZ2f100),SOXDZ3I1OO),SDXDZ41100l,
I SDXOZ5(1CO;

COMMON/BLKI/STATNRADIUSSLP3OCOCEFRCDEFI
COOjPCN/BLK2/CF1,CF2,CF3.CF4,CF5,UUEIUUE2,UUE3,UUE',.UUE5,PAR
CCOPONIBLK3/XI ,ZlUJ1,D1,DXOZlX2,Z2,UJ2,02,DXDZ2
CCMMON/81K4/X3,13,UJ3,D3.0X013.X4,Z4.UJ4,o4,DXDZ'.
COI4PCN/BLK5IX5 ,Z5,UJ5tD5#DXDZS
CCPMON/BLK6/XBASJYBASIZBAS1,XBAS2,YBAS2,ZtiAS2,XBAS3,YBAS3,ZBAS3
COMPON/BLK7/XBAS4.YBAS4, ZBAS'.,XBAS5,YBAS5, ZBASS
CCJMNCN/BLX8/ALFOBETCCETQFI ,F2, F3,F'.F5,VKONST
CCMMCN/BLK9/MULIIHOL0l, IHOLD2, IH0L03,KOUNT1,KOUNT2
CO#MPON/OLKIO/IONEITWOITHRIFOUR, IFIVNlN2,N3,N4,N5
CCPPMON/8LKI1/IFIXI.IFIX2v1F1X3
CCM'PENIBLK12/XJ1,YJ1 ,ZJICJETIVE-LJJXJ2,YJ2,1J2,OJET2,VELJ2
COMOCN/BLK13/XJ3,YJ3, ZJ3,DJET3,VELJ3,XJ4,YJ4,1J4, DJET'.,VELJ4
COMP'ON/BLK14/XJ5,YJ5,ZJ5.LDJET5,,VELJ5
COMMCN/BLK15/G ,G2,G3 ,G4 ,G5,STEPI, STEP 12.STEP13, STEP 14 STEP 15
CiJPNON(81K16/V2AIV2YlV2ZlV2X2,V2Y2,V212,V2X3,V2Y.,.V2Z3
COMMCN/BLKI1/V2X49V2Y4tV214
CCPPON/BLI~i8/OR3 ,DR4,OR5
CMIPON/BLK19/S0XDZ1,SDXD!2,SDXDZ3, SOXDZ4,SDXDZ5

DIPENSICN FIN14)tFCUT (4)

IF IMULT-2) 53051952
51 IF (IHCLDI-2) 5330,930
52 IF IIHCLD3-2) 53940940
5) IF (PULT-2) 24#25926
25 IF (TNEG) 24,24927
27 IF (IHOLDl) 28*28,24
26 IF (IHOLDI-1) 24924931
24. PAR46) = VEIJI

PARI5) = Fl



PAR19) a 1.
UUE1(I0PE) =1.
ZlIICNE41) = ZI(I0INE)+G
FINdII = U111IONE)
FIN(2) = DII lNE)
FINI3 a I IE

FIM= DXDZ1I(IONE).1 CALL ADAI'S14,ZI(IONEl1Z(IONE+t),STEPJG,999,I.OE-04,1.*OE-059
I 0,FINvFOUTqPARqCERIV')
UjI(IONE.1) FCIJT(I)I DI(I INEe1) =FUUT(2)
XMCiNE+1) =FOUT13)
DXD11(ICNE+l) FOUTI4)
SOXDZ1IIGNE+l) PARIIO)
CALL OUTP1IXlICKNE+I-) 1IlIONE+l),DXDZLI l0NE+t),CF1,DJETIXJIYJI,
I ZJ1,XBAS1IIIONE+lbYBASI(IONE.I),ZBAS1IONE+l),V2X1,V2YtV2Zl)

IF (MULT-2) 50:41:42

42IF (IHOLD2-1) 50,28946,
28 PAR16) = YFLJ2*UUE2(ITWO)

PARIS = F2
PARM9 = 1,
Z2(ITWO.1) =Z211TWO)+G2
FIN~l) = UJZ(I1'hC)
FIN12) = 02(ITWC)
FIN13) -X2117WC)
FIN(4) = DXDZ2(ITWO)
CALL ADANS(4tZ2(!TW~ihZ2(ITWO.I),STEPI2,G2,999991.OE-0,4v
I l.CE-05v0*FIHFCUTPARDERIV)
UJ2(ITWC.1) FOUTIl)
D21IThO4I1) =FOUTM2

X21ITbdO+1) FOUTM3
OXDZ2(ITWC+I) =FOUT(4
SDXDZ2(ITWO+1) =PAR(1O)
CALL OUTPT 1X2(ITWO+I),Z2(ITWO.I),0X012(ITWO+l)sCF2,OJET2,XJ2,YJ2v
1 1J2,XBAS2(KTWO,1),YBAS2I11'WO*l),ZBAS2(ITW04-I).V2X2tV2Y2,V2Z2)
IF (MULI-2) 50;50,31

31. IF I!HULD2-1) 50,02,46
32 PARW6 = VELJ3*UUE3UiTHR)

PARMS = F3
PARM = 1
GO TO 35

30 ITHR -I-IFIXI+I
tlUE3(ITHR) -1.

35 Z3(ITHR+1) =Z3(ITHR)+G3
FINfI) =UJ311THRI
FIN(2) = D3(ITHR)
-INM3 =3IITHR)
FIN(4) = XOZ311THR)
CALL ADA E,4,Z3(ITHR),Z3(ITtHR41).STEP13P~G3.999,1.0E-0'i
I I.CE-05,O.F1NvFCUTqPA',DEIRIV)
UJ3(ITHR.1) FOUTII)
D3(ITHR*l) F01JT12)
X3117HR.13 FUUT(3
DYC13(ITHeR.I) =FCUT (4)
SDXCZ3(ITHR4I) PAR(IO)
CALL CLAP! (X3(ITHR+I),13(ITHR+1 ),CXDZ3(ITI-Fk~1),CF3,OJFT3,,XJ3,'"J3,
I 1J3,XBAS3(IrHP I),YBAS3(il1HR.I)vBAS3( ITHR+flV2X3,v2Y3,d213)
IF MULLT-2) 5C150,47



'.7 IF IIHIJLOI-1) 50950,46
46 PAR16) - VELJ4*UUE411FIJUR)

PAR(51 2 F4
PAR19) a DR4
Z4IIFOUR41) z Z4(IFOUR)+G4
FINII) z UJ441FOUR)

* ~FIN(2) - 0441FOUIJR
FIN13) = X4(IFOUR)
FINM v DXDZ4([FOUR)
CALL ADAMSI4,Z4(IFOUR),Z4IIFOUR*1JSTEPI4,G4,999,1.OE-04,
I 1.OE-05t0,FINvFOUTvPARDERIV)
UJ4(IFOLIR+l) FOUTII)
D4(IFOUR+l) FOUT (2)
X4(IFOUR+1) =FOUT(3)
DXOZ41IFOUR*1) =FIJUT14)

SDXDZ4(IFOUR.1) =PAR(1O)
CALL OUTPT (X4(IFOUR4I3,Z4(IFOUR+1),DXDZ'dIFOUR41),CF',,DJET4,XJ4t
I YJ4tZJ4,XBAS4(IFOUR+l),YBAS4(IFOUR*1),ZBAS4(IFOUR+1iV2X4,V2Y4t
2 V2Z4)
GO TO 50

40 IFIV - I-IFIX3+1
UUE5(IF!V) z 1.
Z5(IFIV+1) aZ5lIFlV).G5
FINII) x UJ5lIFIV)
FIN(2) - D5(IFIV)
FINM3 = X5IIFIV)
FIN(4) = DXDZ51IFIV)
CALL ADAMSI4,Z5(IFIV),Z5(IFIV.I),STEPI5,G5,999, 1.CE-049
1 .o0E-05vOFINF0UT,PAROERIV)
UJ5([FIV+l = FOUT 11)
D5(IFKV+1) FOUT(2)
X5(IFIV+1) =FOUT!3)

DXDZ51IFIV+1) =FOUT(4)
SDXDZSIIFIV+I) PAR11O)
CALL OUTPT (X5(1IFV+l),Z5(IFIV.1),OXDZ5( !FIViI),CF5tDJETSXJ5,YJ5,
1 1J5,XBAS5(IFIV41bYYBAS5(IFIV.1),ZBAS5( IFIV+lIhDUPMMYDUMM#4YDUMMY)

50 CONTINUE
RETURN
END

SUBROUTINE COMP(VXl,V'fl JZ1.VX2,VY2,VZ2,XIY1,ZlX2,Y?,pZ2,ZlLZ2L.
I DIOJ1,4)2,D.J2,VlV2,SL1,UUEFFA1,A2,DRAT,F, IND)

C
C COMPUTES U/UEFFECTJVE AND TESTS FOR INTERSECTION OF CENTERLINES
C

COMMON/BLKC/AI.FQ,BETQ,GETQFI,F2,F3,F4,F5,VKO0JST
C0MP4CN/BLK20/DI ARATtDREF

I ND -2
P1 = 3.1#16
CALL XPRO(J %VXIyYI,VZ1,ALFQdPETQ,GETQCFNXCFNY.CFNZI
CALL XPRCO (VX2,VY2 ,VZ2,ALFO, BETQGETQXT2,YT2,ZI2)
CALL PLANt (CFNX,CFNY,CFNZXI *V , ll,XT2,YT2,ZT2,A2.Y2,72,XJ YI,Z!)
0151 SQR'( (XI-X2)**2+(Y1-Y?)**2.IZI-l2)**2)

C
C COMIPUTE LIUEFFECTIVE



FACT a 11.0+R/(02*DJ2*.5fl*.5
IF IFACT-I.) 10,10,11

11 UUEFF a VKONST
GO 10 15

10 IF (FACT) 13,13,12
13 UUEFF = 1

GO TO 15
'2 UEFU - lo+l./vKONST-1.)*FACT

UUEFF a1./UEFU
15 CONTINUE

C
C TEST FOR INTERSECTION OF CENTERLINES
C

COST a l.ISQRTII.+SLI*SLI)
SUMO z OJ1*DI*.5
IF (DIST-SUMO) 22,99,99

22 015114 SQRTI(XI-Xl)**2+(YI-Y!)**2,(11-ZI)**21
ZOVM -ZIL/Vl
IF IZOVM-F) 24,24,25

24 FACfl = l.-.75*ZOVM/F
GO TO 26

25 FAClT .25
26 ZOVM Z2L/(V2*UUEFF)

IF IZOVM-F) 27,27,28
27 FACT2 a 1.-.75*ZOVM/F

GO TO 29
28 FACT2 .25
29 SUMD D JI*D1*FACT1*COST*.5

IF IDISTN-SUMD) 30930v40
30 IND =

GC TO 45
40 IF (X2-XI) 30,30,99
45 Al =P!--FACT1*DIJ*D1*DJ1*DJ1s.25

A2 =PI*FACT2*02*02*DJ2*DJ2*.25
DRAT -, DIARAT

99 CONTINUE
RET URN
END

SUBROUTINE BALANC (X1,YIlh~lX2,y2, 12,UJ1,UJ2,VI, V2,AJ ,A2,VXI .VYI,
I VZ ItVX2#VY2tVZzFACT I, X39Y3,Z3,1JJ3tVX3*VY3,VZ39
2 VELJ31

C
C ESTABLISHES INITIAL CONDITIONS FOR NEW JET FROM MOMENTUM BALANCE
C

P1 = 3.1416
X3 -(Xl+X2)*.5
Y3 =(Yl+Y2)*.5
Z3 = (Z1+Z2)*.5
XPIl a UJ1*VI*Al
XM2 = UJ2*V2*A2
DEN =X141*XM2
UJX = f~kMl*U~jI*V1*VXI+XM2*Uj2*V2$VX2)/OEN
UJY =(XM1*UJI*V)*VYIg-XMý.*UJi*q2*VY2)/DEN
UJZ =(XPI*UJI*Vl*VZI+XM2*UJ2*V2*V72)/DEN
VFLJ3 =SCRT (UJX*UJA+LIJY*UJY+U 'Z*UJZ)
VX3 =UtJX/4Et.JJ
VY3 = jJYfý.ELJ3



V13 a UJZIVELJ3
A3 x DEN/VELj3
DJ3 = SORT (4.*A3/IPI*FACTI)l
RETIURN
END

SUBROUTINE OUTPT (XLZLDXDZCFDJXiYJ, ZJXBYBZBVXtVYVZ)
C,
C TRANSFORMS LOCAL COORDINATES TO PROGRAM4 COOR~DINATES iFIXED)
C,

DIMENSION CF4393)
C,

PHI -ATAN(DXDZ)
VXT a SIN(PHI)
VYT a 0.
Vii a COS(PHI)
CALL ROTATE (VXtVY#VZ*CF.VXToVYT#VZT91)
CALL ROTATE (FXtFY@FZgCFvXL90.#ZL,1)
Xe z FkXWDJ~x
Y8 - FY*DJ.YJ
ZB -FZ*DJ.ZJ
RETURN
END

SUBROUTINE VELOC ININ2,ZXDXOZUJDUUEXJYJZJDJETCFPAR,
1, XOYOZOoUIFtVIF*WIFPD2X012)

C, EVALUATES INDUCED VELOCITIES AT ONE CONTROL POINT IXOYOZO IN
C FIXED COORDINATE SYSTEM) FOR A GIVEN JET
C

COMMON/BLKZO/DIARAT, DREF
C

DIMENSION Z(1),X(1),OXDZ(1),UJ(1),O(l),UUEII),PAR(Il)
DIMENSION CF1393)
DIMENSION D2X012(l)

E2 z PAR(2)
E3 xPAR(3)
F = PAR(5)
VELJ=PAR 16)
P1 PAR(7)
Cl= PAR(8)

DR -PARE9)
N aN2-NIl+
IF (Nf2-(N*l)I2) 19292

1 M (N-1)/2
GO TO 3

2 V0 IN-2)/2
3 XPT - 1XO-XJ)/OJT

YPT a YO-YJ)/CJET
ZPT - IZO-lJ)/DJET
CALL ROTATE (XPT#YPT#ZPTCFAgBsCtO)
UT 0.
Vi 0.

WiI 0.
141 M+ 1.
00 21 K=NL,MI
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El *PAR1l)

IF (K-H) 11911,10
10 IF (N/2-(N+1J12) 22,12912
12 1 2*K-1

ZINCR a 1(1+1)-ilt
60 TO 14

Ll I a 2*K
ZJNCR = (1.13-1(1-1H

1.4 CCST lo/.SQRTI1.+DXOZ(I)*DXb#!(Ill
SINT SIGN(l.,0)CDz(I))*SQRT(.--CCST*COST)
SEE - -(IZ(I)-C)*COST+tX(I)-A)*SINT)
ETA - 8
ZETA= (ZiI)-C)*SIN7u-(Xti)-A)*C 1ST
DI z S5*D(1l
DOU01 w SIE*SIE+ETA*ETAIZETA*ZETA
DO0132 = SQRT(DOUSI)

UBLOCK a.5*DI*DI*ZINCR*COST*!l.-3.*ZETA*ZETA/DOUBI)/(DOU8I*00LJ821
I-SINT*1.5*SIE*ZETA*D1*D1*ZINCR/(OOUBI*DOUBI*00U62)
ViILCCK =-1.5*ZETA*ETA*01*01*ZINCR/(DOUB1*D0U81*DOUB2)
WBLOCK a-.5*DI*Dl*ZINCR*SJNT*( 1.-3.*ZETA*ZETA/DOUjB1)/(0Dr81*

DOUB21-COST*1.5*SIE*ZETA*O1*D1*lINCR/(DOUBI*DOUBI*DOUB2)
VELJE UVELJ*UIJE(I)

CURV = 2X012(1)/141..VXDZiI)*OXDZ(J)3**1.5)
CURV a 3.*CURV*DREF/DJET

V El aEI-CURV/COST

E -E2/(1.,E3*CIST/IVELJE*UJ(I)))
IF (VEI.JE*UJUI)-SINT) 51952952

51 E 0.
52 ZSO (I.-DR)*VELJE*F/*75

lp ZfI)+ZSo
IF (ZP-VELJE*Fl 41,60,60

41 IF (ZP-lO.) 40,60*60
40 IF EZP-*6*VELJE*F) 42943,43

43 IFIP.$VLEF 44,45,45

44EzE*. 12/.32
GO TO 60

45 E a E*.21/.32
60 10V14 - ZP/VELJE

IF lZnVM-F) 31932,32
31 VARB =(I.-*375*ZOVM/F3

WAR xSQRT((1.+(l.-.15*ZOVM/F)**2)/2.)
HT3 m 25*ZINCR*(E1,E*PI*VAR*(VELJE*UJII)-SINT,/COST)

32 VARI3 x .625
HT3 x .25*ZINCR*(fl+eE*(VELJE*UJII)-SII41)*CI/COST)

33 UBLCCK m BLOCK*VARB
VSLOCK a VBLCCK*VARB
WBLOCCK - W810.CM*ARS
11 = (C-Z(i)3*(C-Z(Ifl.(A-X(I ))*(A-X(iI)
Z2 =SQ;(-DIB-i.1
Z3 =SQRTUBDI1)*(B+01)+Zl)
USINK -- HT3*IX( I)-A)*I( (-DIJ/(ZI*Z2)-fB+ett/(ZI*Z3))/Pt
VSINK =-HT3*(l./Z2--1./3)/PI

IF (UUEMi-1.) 6,596
6 FACT - ./UUEUl)

UBLOCK =U8LCCK*FACT
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VBLOCK - VBLOCK*FACT
WIBLCCK a WSLOCK*FACT
USINK - IJSINK*FACT
VSIt4K a VSINK*FACT
WSINK w WSINK*FACT

5 UK a UI*UISINK*UBLOCK
VI a VI*VSINK*V8LOCK

21 WI 2' WI*WSINK.WBLOCK
22 CALL ROTATE IUIFVIFtWlFwCFeult~vIWJ.1)

691 FORMAT (6FI2.5)
RET URN
END

SUBROUTINE DEftlY (ZFNFPR#PAR)
C
C COMPUTES DERIVATIVES FOR ADAMS PREDICTOR/COftRECTOR METHOD
C

DIMENSION FNtI)oFPR(I)*)PAR(l)
C

El a PARMI
E2 x PAR(21
E3 a PAR13)
F =PARIS)
VELJzPAR 16)

PIs PAR17)
Cl - PARM8
Di s PAR(9)
UJ = FN(1)
D = FN(2)
DXDZaFN14)
COST a I./SQRT(1.+OXDZ*OXOL)
SINT - SIGN(1.,DxbZ)*SQRTl1.-CPST*COST)
E a E2/tl..E3*COST/(VELJ*UJ))
IF IVELJ*UJ-SINT) 11,12912,

11 E a 0.
12 ZSO * (I.-DR)*VELJ*F/.75

Zp w Z+Zso
IF #'#-VCLJ*F) 47,60,60

47 IF QP-10.) 40,60,60
40 IF (ZP-o6*VELJ*F) 42,43044
42 E a E*.1/.32

GO TO 60
43 IF (ZP-*8*VELJ*F) 44t45,45
44. E a E*.12/.32

GC TO 60
4.5 E a E*.21/.32
60 ZCVM a ZP/VELJ

IF (ZOVP-F) 22,23,23
22 VAR a SORTI(1.+11.-.75t7OVM/F)**2)12.)

XY = 1.-.?5*ZOVP/F
XT - ./XT
CD (-Xl*XT,6.6*XT+.4)/6.
VARI EI*COST+eE*(VELJ*UJ-SINT)*PI*VAR
VAR2 VELJ*VELJ*COST
VAR3 m .25*Plt(l.-.7',*ZOVM/FJ*UJ*C
DUJ x VAR1*IINT/VAR2-VARI*UJ/(VFLJ*COST))/VAR3
DD - VAR1*O/(VELJ*COST)+3.*P1*fl*D*UJ/(16.*FOVE3LJ)-VAR3*0*DUJ/

I UJ) !(2. *VAR3)



VAR4 - El+.5*CD)*COST*E*IVELJ*UJ-SIN!'I*PI*VAR
DDXDlZ VAR4/IVAR2*CCST*VAR3*UJ)
GO TO 15

ki VARI a El*COSTE*IVELJ*UJ-SINTI*Cl

DIJJ a 16.*VAR1*(SINT/IVELJ*VELJ*CýOST)-UJJIVELJ*COSTJ I/(PI*D*UJ)
OD a 8.*(VARI/IVELJ*COST)-P'*O*OUJII6.)IIPI*UJ)
VAR'. = IEI,.5*CD)*COST4E*(VELJ*UJ-SINT)*CI
DDXDZ= 16.*VAR4/ IPI*VELJ*VELJ*D*UJ*UJ*COST*COS4T)

15 CONTINUE
PARIIO) =IDOXDZ
FPR(1) OUJ
FPP(2) O D
FPR(31 DXOZ
FPR(4) 0DOXDZ
RETURN
END

SUBROUTINE TRWING (NTHTNSMAXPNCOEF, IRECT.XO,YO,lO,NKI
C
C ESTABLISHES CONTROL POINTS IN THE BODY FIXED COORDINATES FOR WING
C *A* IS THE REAL PART OF EACH COMPLEX COEFFICIEN

c *B* IS THE IMAGINARY PART OF EACH COMPLEX COEFFICIENT
C MAPPING AROUND 3600EG IS SPECIFIED
C IRECT-0,RECTANGULAR WING, IRECT-1,NON-RECTANGULAR WING
C

DIMENSION COEFR(15,25)*COEFI(15#25)
DIMENSION Y(25),RADIUS12519DROZ(25)

COI4ION/BLKI/Y.RADIUSDRDZCOEFRCCEFI
C

DIMENSION X0(1),'VOE1),ZO(1)
DIMENSION A(15),0(15)

XN -NTHT
D7HT z 6.2832/XN
DC 30 I=I,NSMAX
READ (5,5031 VII ),RADIUS( I)tDRDZ(I)
IF (1-1) 2v293

3 IF (IRECT) 49492
2 READ 09,502) (AlKlvBIKltK=1,NCOEF)

GC 10 10
4 DO 8 Jul,t4THT

JG = I!-1)*NFT~-J
NSI z JG-NTHT
XO( J') = xo(NSI)
YOLJGI - Y(I)

8 ZO(JC) = ZO(NSI)
Gr TO 25

10 RW ýýRADIUSMI
DC 20 Ja1,NTH!

I'XJI a -
THETA = XJI*D1 IT

-'TERMl a R%*C0,S ITHETA) +A(?)
TýRP2 - RW*SIN4(THETA)+fi(21
RkJ = 1.
DC 15 K=3tNCOfF
XK= K-2
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COSIN - COS(XK*THETA)
SINT4H a SIN(XK*THETAI
RWdJ a RWJ/RWi
TERRI w TERN1,(AIK)*CGSTfr4BIKI*SINTHJ*Rwj

15 TERP2 a TERN2.I-AIKS*SINrH.BhK).COSTH).Rwj
JG = It-I)ONTHT.j

20 OZ0JGl a TERN2

303 CONTINUE .O

rSUBROUTINE TRBODY (NTHTNSMAXNCOEFNSYMXObYOZG,NKi

c ESTABLISHES CONTROL POINTS IN BODY-FIXED COORDINATES FOR BODY
C *A* IS THE REAL PART OF EACH COMPLEX COEFFICIENT

C BODY MUST BE SYMMETRIC
C NAPPING DONE FOR 1GODEG IF FLOW IS SYMMFTRICtFOR 3600EG IF FLOW
C IS NOi SYPMETRIC

DIMN~lSION COEFR(15*25)*COEFI(15925)
DIMENSION X425)*RADIUS(25),flRCX425)

CCI4NONIBLKI /XRADIUSDRDX ,COEFR.COEFI
C

DIPENSION XO(1),YO(1IgZO(1
DIMENSION A(15)

C
XN - NTHT
XSYP' a NSYM.1
OTHT a XSYM*3.I.416/XN
IF (NSYN) 19192

1 NTH7 - NTHTe1
7 CONTINUE

DO 30 1=19NSMAX
READ (5,503) XlII3RAUIUS(I)vDRDX(I)
READ (5,502) (A(K),Kal*NCOEFI
RB - RADIUSMI
DO 20 J=19NTHT
XJI aJ1
THETA x XJI*DTHT
TERPL s RB*SIN(THETA)
IERP2 u-RB*C0SfTHETA)-A(21
Roj -1.
DC 15 K=3,NCOEF
XK - K-2
CCSTH - COS(XK*THiETA)
SINTH SIN(XKOTHETA)
"PfJ a RBJ/R8
TERPI = TERMI-A(K)*SINTH*RBJ

15 TFRP2 = TERI4Z-A(K)*CCSTH*RBJ



JG I-i)-1*NTHT.J
XOfJGl XMI
YOIJG) a TERMI,

20 lOIJG) a TERM2

Z2DO 22 K=19NCOEF
22COEFRIKI) a AMK

30 CONTINUE
NK aNTHT*MSMAX
RETURN

S02 FORMAT 16E12*5)
503 FORMAT16FIZ.0)

END

SUBROUTINE ADAPT qUvVtWtNT~iT#NSMAXtNCOEF*IGEDWI
C
C PUNCHES OUT DATA TO SERVE AS INPUT TO T14E TRAW~oRNATION PETHOD
C DATA IN SETS BY X OR V STATIONS. DATA CONSISTS OF STATION,
C RADIUS OF MAPPING CIRCLE, SLOPE, COEFFICIENTS AND VELOCI1iES
C

DIPENSION COEFAI11525)eCOEFI(15,251
DIPENSION STATNfZ53,RADIUS(25)*SLP3Df2S)

C
COMPONI'BLK1I/STATN, qAOIUS,51P3V, COEFR, COEFI

C
DIMENSION Ult),Vfll),WfI

C
DIPEI4SION WRTV(31

C
DATA WRTV/LHU91HV*IHW/

C
DO 5C IlI,NSNAX
WRITE (7,701) STATNII),RADIUS(IJ.51P30(I1,I
IF (IGEOM-1) 3,3,2

2 NP -- NCOEF/6
IND -NP*6-K.OEF
JPS =I
DOn 4 Jz1,NP
JPF -JPS45
WRITE (79702) (COEFRIK,!) ,K=JPSJPF), IJ

4 JPS aJPS+6
IF (IND) 5,10,L0

5 NPI NP.1
JPF aNCOEF
NOP - JPF-JPS.1
GO TO !61,62963964,65),NOP

61 WRITE 179711) (CCEFR(KpI),KmJPSvJPF),I,NPl
GO TO 70

62 WRITE (7r712) fCCEFR(KvI)qKZJPS,JPF),INPl
GC TO 70

63 WRITE 17,113) (CCEFRlKI),K=JPS,JPF),I-NPl
GO TO TO

6'. WRITE (7@7!4) (COEFR(KI),K=JPS*JPF)tINPl
GC TO T0

65 WRITE (7,115) (COEFR(K,I)qK-JPSvJPF)vINPl
70 CONTINUE

Go Ic 10
3 NP =NCCEFI3

INr NP*3-NCCEF



Jps a I
DO 6 Jo1.NP
JPF - JPS.2
WRITE (7.7021 £COIFFR(KlihCOEFI(KI),K-JPSJPF),Ij

6 JPS a JPS.3
IF 4I"01 7,10910

1 NPI. NP.1
JPF aNCOEF
H4OP aJPF-JPS41
GO TO ITl,72)9NOP

71 WRITE 17.112) £COEFR(K.I).COEF;(1,I),K=JPSJPF),INPI
Go TO s0

72 WRITE (7,7141 lCOEFR(KqIlqCOEFI1A,Il9KaJF? ,JPF),I.NPI
80 CONTINUE
10 (COUNT a 1

NP a NTH7/6
IWD - NP*6-NTHT

11 JPS a II-1)*NTHT.1
DO 12 J=19NP
JFF a JPS45
WRITE (7,103) (U(L).LaJPS.JPF),WRTV(KOUNT)IIJ

12 JPS - JPS*6
IF (IND) 14,15915

14 NPI a NP.1
JPF a I*NTHI
N a JPF-JPS~l

GO TO 181982983984985)vNOP
81 WRITE (7,721) (UIL),L=JPSJPF).WRTV(KOUJNT)IINPI

GU TO 90
82 WRITE (1,7221 IU(L),LaJPS.JPF),WRTV(KOUNT),I.NPI

Go TO 90
83 WRITE (7,723) (U(L),AaJPSJPF),WRTV(KOUJNT),ZNPI

GO TO 90
84 WR TE 17.0241 (U(L),LaJPSJPF)dIORTV(KOUJNT),I1t4PI

GO TO 90
05 WRITE 17,725) (U(LSLaI'OSJPF),WRTV(KOtJNT),lINPI
90 CONTINUE
15 IF 1)MUtT-2) 20925#50
20 NSTART - (1-1)*NiHT,1

NFIN a I*NTHT
DO 21 !OmNSTAR1,NFIN

21 U(IO) a VIM0
(COUNT a KOUJNT.1
GO TO It

25 Dt~ 26 IDz NSTARToNFP4
26 UIID) - WlIl)

(COUNT a KOU4T*I
GO TO 11

50 CONTINUE
RETURN

101 FORPAI (3FL2.69141)
702 FCRPAT 16E12.5915913)
II1 FCRPAT (LE12*59165913)
112 FORMIAT 42E12.59153913)
713 FKORPAT 43E12.59141,13)
714 FORI'AT (4E12.59129#131

703 FCRPIAT (6E12.5,1X,A1,213)
121 FIJRPAT (1El2".5,61XAL,213)
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722 FORMAT £ZElZ.5v49XvAI,2I3l
123 FORMAT f3E12.5937X*AI,2I13
724 FORMAT (4E12.5925X@A),213)
?25 FORP1AY (5E12.5913X#AI,2131

END

SUBSROUTINE PRTOUT (IGEOM,XO,YOZO.UVW,ýPNlKNTHT)
C
C PRINTS OUT COMPUTED ANSWERS. INFORMATION INCIA2DES .!ET CENTERLINE
c DATA AND INDUCED VELOCITIES AT CONTROL POINTS
C

DIMENSION XI(100),ZL(1O0),UJ).(100).D1(100JDXDZI( 1001
DIM~ENSION XZII00IZ2(100),UJ2(100),02(100IDXDI2( 100)
DIPENSION X31100),Z3(100),UJ3(100),D3(100),0X073( 100)
DIMENSION X4(l00),141100),UJ4(100).04(100),OXOZ4( 100)
CTAMENSION X5(100),Z5(100),UJ5(1OO5,D5(100),OXDZ5( 100)
D IMENSION X8AS1(iO1.tYBAS1(100),ZBASlOO0)
DIMENSION XSAS2(100),VBAS2(iOO),18AS2(100)
DIMENSION XSAS3(100),YflAS3(100)g16AS3(100)
DIMENSION XBAS4(100),YCAS4(100),lflAS4(100)
DIMENSION XDAS5(100),YBAS5(100),ZBAS5(100)

c
CONMPN/1BLK3/Xl 9.11,UJI vDI 9CXDZ toX2,p Z2tUJ2, 029DXDi 2
COMI4ON/BLK4/X3,Z3,UJ3,D3,DXDZ-I,X4, Z4,LIJ4,04,DXDZ4
COMMON/BL.K5/X5,Z5tUJ5tG5, 0XDI5
CIJPPCN/BLK6/XBASI,YBAS1,lBAS1.XBAS2,VB'AS2,ZBAS2,)BAS3,YBAS3tZBAS3
COPPON/OLKIXBAS4,YBAS4, Z8AS4.XBAS5, YBASS, ZBAS5
COMP'ON/BLK9/MULTIHOLO1, IHIJL02,I10L03,KOUNT1,KOUNT2
COPMON/BLKIO/Jli41EITWO,ITHR,IFOUR,IFIV,Nl,N2,N3,.N4t,N5
COMMONI8LK13fXJ3,YJ3,ZJ3,DJET3,VELJ3,XJ4,YJ4,ZJ4,OJf:T4.VELJ4
CCMPONI8LK14/XJ5 ,YJ5,ZJ5,DJETSVELJ5

C
CIPENSION X01IiY0(l),Z0(1),u(1),VI1,(1PtlCP( 1)

C
WRITE 46#601)

601 FOJRMAT 111109///)
IF IPULT-2) L093

1 WRITE (6.602)
602 FORMAT (1l10946Xt2?H** S~ltGLE JET CENTERLINE *

GO TO 20
2 WRITE (6,603)

603 FORMAT 11H0.43X,331I** CENI'ERLIfIES OF JETS 1 AND 2 *
GO TO 4

3 WRITE 16,604)
604 FORPAT 11H0,42X#35H** CENTERLINES OF JETS 1.2 AND 3 )

4 IF (PULT-2) 50#,6
5 IF (INOLOI-2) 20,?7,
7 WRITE (6,605)

605 FORMAT 41H ,51X#I1I4ANO COALESCED JET)
GO TO 20

6 IF (IHOIDI-2) #0e8,8
8 WRITE (6,606)

606 F('ROAT !IH ,3?X,46HTHE JET RESULTING FROM COALESCENCE OF JETS 1,21
GO TO 16

10 IF (IIOLD2-2) 1599 9
9 WRITE 16,607)

C.0O7 FORINAT (IH 937Xt46HTHE JET RESULTING F~ROM COALESCENCE Or JETS 2,3)
15 Ir- (lHCiD3-2) 20,11,11

9:1



11 WRITE (6,608)
608 FORMAT (IH ,26X,7OHTHE JET RESULTING FROM COALESCENCE OF JET I AND

ITHE JET DESCRIBED ABOVE)
GO TO 20

16 IF (IHOLD3-21 20.12.12
I? WPITE (6,609)

609 FORMAT (Ih ,26X*?OHTHE JET RESULTING FROM COALESCENCE OF THE ABOVE
IDESCRIBED JET AND JET 3)

20 CONTINUE
WRITE £6,630)

630 FORMAT (IHO,45X,32H********************************II)
IF IMULT.GE.11 WRITE (6,610)
IF (PULT*GEo2) WRITE (6,6111
IF (MULT.GE.3) WRITE (6#6173

610 FORMAT (lHO,3X,6HXCOGRD,3X,6HVCOORD,3E,6HZCOORD,3X.2HUJ,4X,3HOIA)
611 FORMAT (1HG,42X,6HXCOCRD,3X,6HYCOORD,3X,6HZCOORD, 3X,2HUJ,41, 3HDIA)
617 FORMAT (1H.,B1X,6HXCCn1RO,3X,6HYCOORD,3X,6HZCODRD, 2E,2HUJt4X,3HDIA)

WRITE (6,6121
612 FORMAT (IHO)

IF (MULT-2) 30,40,60
30 CONTINUE

WRITE (6,616) (XBAS1(I),YBASilflZBAS1(I),UJ~Ih')Cl(I), 11,:IN1)
616 FORMAT 11H ,IEF8.2,1XF8.2,1XF8.2,1XF5.3,i((-FS.21

GO TO 90
40 IF (NI-N2) 41.42,42
41 IPI a Mi

1P2 xN2
GO TO 43

42 IP1 - N2
1P2 x NI

43 CONTINUE
00 47 Iml*IPl

47 WRITE (6,613) XFAS1(1),Y8ASI(I),Z8AS1(IiU'J1( ),D1II),X8AS2(I),
I YSAS2(I ),aB..S2(l,,UJ2(l),02I I)

613 FORMAT 4IH ,I'o',F8.2,IX.F8.2,1X,F8.2,1y,,F5.3,1X,F5.Z,IXF8.2, 1X,

2 F5.2)
IF (NI-N2) 48r50944

48 IPP x IPI.1
00 45 IwIPPv1P2

45 WRITE (6,614) XBAS2(1),YBAS2(1),lBAS2(I),UJ21V)902(I)
614 FORMAT (IH 940YtF8.29lXtF8.29]X,F8.2tlXtF5.391XFS.2,1X*FS.2tlx,

I F8.2v1X*FS.2,kXvF5.39IXvF5.2)
GC TO 50

44 IPP sIPI+l
DO 46 I-IPP*1P2

46 WRITE (6,613) XBASl(I),YBASI(I).ZBAS1(I),U'J1(I ),fI(1)
50 CONTINUE

IF (IHOLDI-21 909S1,51
51 CONTINUE

V3 = ./VELJ3
ZP -YJ3
YP = -ZJ3
WRITE (6,615) XJ39YPvZPPV39DJET3

615 FORMAT (IHO,3X,2?HPROPER7IES OF COALESCED JEt,3X,2HX-,F9.2#',X92HY=
1.F8.2,3X,2HlxF8.2.3X,6HU/UJOs,F5.2,3X,5H0/00=,F5.2)
WRITE (6@610)
WRITE (69616) (XBAS31IkYBAS3(1).ZBAS3(J),UJ3(I).03(1i) iv1,3)
GG O 90
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60 CONTINUE
IF (NI-N2) 61,72,62

61 IF (N1-N3) 63980,64
63 IP= NI

INDI I 1
!P IN2-N3) 65t76966

65 IP2 - N2
IP3 - N3
IND2 - 2
GO TO 70

66 IP2 a N3
IP3 - N2
IND2 * 3
GO To 70

64 IPI a N3
IP2 * 41
IP3 - N2
INI z" 3
SNO2* I

GO TO 70
62 IF IN2-N3) 67,76t68
67 IPI N2

INDI * 2
IF INI-N31 69,80.71

69 !P2 - Ni
IP3 - N3
INDZ a I
GO TO 70

71 IP2 = N3
IP3 a N2
INOZ 0 3
GO TO 70

68 IPI x N3
IP? a N2
IP3 a NJ
INDim 3
INOD2 2
GO TO 70

72 INOI =-I
IF 1N1-N3) 73.74,15

73 IPI= NI
MeP3 N3

IND2 = 3
GO TO 70

74 IND. - 0
NPI a NI
GO 10 70

75 IP! a N3
IP3 - NI
IN02 v I

GO TO 70
76 lN~t , -2

IF Ihl-N2) 77,74,78
71 IPI a NI

IP3 x N3
IND2 a 3
GO TO 70

78 IPI a N2
IP3 - NI

95



9 0 1 ND1 u-3
IF 1N1-N2) 61974,NZ

81 IPI -NI
1P3 = N2
P402 a2

GO 1070O
82 IPI N2

IP3 NI
INDZ 1

T0 CONTINUEI ~00 85 Istigipi
85 WRIIZ 16,613) XB*S1IJPYBAS1(I),ZBAS1(I),UJ1IIItD1II.XSAS2(I).

t V8A42(1),ZBAS2tU)*UJ2(I),02(l),X8AS3(1),YBAS3(I),ZBAS3( l),UJ?'1I),

2 D3(11
IF (INDI) 120,150,100

100 IF (IND1-21 101,102,103
101 IPP a P*

DO Ill I=IPP,1P2
1ll WRITE (6,614) XBAS2(1lY8AS2(1),ZBAS2(1),UJ2(lID2411,XBAS31I),

1 Y9AS3fIIJ Z8AS3(I1#UJ31I)v03(11
IF (IN02-2) 104,104,105

104 IPP a 1P2+1
DO 106 ImIPP,1P3

106 WRITE (69618) XDAS3(I),Y8AS3(I),ZBAS3(1),UJ3II),03(I)
618 FORM~AT lIth 979XF~O2,IXF8.2,IXFB.2,1XF5.3,1X.FS.2)

60 10 1'50
105 IPP a 1P2+1

DO 107 I=IPP9IP3
L07 WR4ITE (6,614) XBAS2(I),YBASZ( I),LBAS2( I),UJZ( I),D2(I)

GO TO 150
102 CONTINUE

IPP = Ip1+1
DO 110 IZIPP,1P2

110 WRITE (6,620) X8AS1(I),YSASI(I),ZBASI(I,*UJI(I),D1(I),XBAS3( I),
I Y8AS3(1) ,ZBAS3(1),UJ3(I),D3( I)

620 FORMAT (1H ,1XFB.Z,1XFa.2,1X,FB.2,1X,F5.3, IXF5.2,40XFB.2,1X,
I F8.2v1XvF8.Z,1XF5.3,1XvF5.2)
IF IIND2-2) 104,104,108

108 IPP a 1P2*1
DO H12 Iu!PP,1P3

112 WRITE 169613; XBAS1(i),YBS1(I),l8AS1(I),UIJI(( 1,0(11
GO TO 150

:.3 CONTINUE
'PPa P+

IF (IND2-2) 1059108,108
150 CnNTINUE

IF IIHOLDI-21 151,152,152
151 IF IIHOLD2-ZI 9091539153
152 IF (N4) 170,110,154
k54 V4 m 1.IVELJ4

ZP - VJ4
VP a -J
WRITE (6e621) XJ'.,YP9ZPV4#OJET4

621 FORMAT fIHO93X,41HJET FCRMEO BY COALESCENCE OF JETS I AND 2,3X,



I 2HXsF9.2,3X,2HYaF8.2,3X,2HZa.F8.2,3X,6HU/UJ~uF5.2,3)X,5HD/O0',
2 F5.2)
GO TO 158

153 IF (N41 170,170,155
155 V4 u l./VELJ4

ZP a YJ4
YP a -ZJ4
WRITE (6,6Z21 XJ4tYP9zP9Vv4DJEr4

622 FORMAT (IHO,3X,41HJET FORMED BY COALESCENCE OF JETS 2 AND 3,3X,
1 2HXaF9.2,3X,2HY-,F8.2,3X,2HZuFG.2,3X,6HU/UJO=.F5.2,3XSHO/00,9
2 F5*2)

158 WRITE (6,6101
WRITE 16,616) IXBAS41I),YBAS4(I),Z8AS4(I),UJ4(I),04(I), I=1,PN41

170 CUNTINUE
IF IIHOtD3-21 90,171,171

171 V5 a leIVELJ5
Lp' a Yj5
vp a -ZJ5
WRIVE (6,6151 XJ59YPtZPtV5,OJETS
WRITE (6,610)
WRITE 169616) (XBAS5(I),YBAS5IK),ZBAS5(I),UJ5II),D5(I). I-105S)
GO TO 9n~

120 CONTINUE
IF (IASS(INDIP-2) 130,135,140

130 IF (IN02-2) 121,121,123
121 IPP a !P1Il

DO 122 IaIPP,1P3
122 WRITE (69613) XSASIEIIYBAS1II),ZBASI(I),UJI(I),Dl(l),XBAS2( I),

1 YBAS21I)tZ8AS211)*UJ21I)vD2(I)
GO TO 150

123 1P2 a IPI
GO TO 104

135 IF (IN02-2) 124911#,4126~
124 IP2 a IPI

Go TO 108
126 IPP a IP1.1

DO 127 I=IPPv1P3
127 WRITE (6,614) XBAS2(I),YSAS21I),ZBASZ(I),UJ2(l),D2(I),X8AS3(1),

I YBAS3(I) ,ZBAS3(I),UJ311)#03(I)
GO 70 150

140 IF IIN02-2) 142,1419142
141 1P2 - IPI

GO TO 105
142 (PP * IP1.1

00 143 IwIPPg1P3
143 WRITE (6,620) XBASI(I),YsASI(I),ZBASI(IIUJI(I),D1(l),XBAS3II),

I YDAS3(1),ZBAS3(1)vUJ3(1' iO3lI)
GO TO 150

90 CONTINUE
IF (IGEOM) 200,999,200

200 WRITE 16,640)
640 FORMAT (IHI)

IF (IGECM-21 201,202,203
201 CONIINUr

WRITE ;,%p631)
631 FORMAT IIHOs44X,34H*** INDU('UD VELOCITIES ON WING **
6~32 FORMAT (1HO,21XIHX,8X,1HY,8AvIHZ,12XIHU,14)C.IHV,1'XIHW/)

GOJ TO 205
102 CONTINUE
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WRITE (696331
633 FORMAT 11HO,44Xt3414*** INDUCED VELOCITIES ON BODY **
205 CONTINUE

WRITE (696301
WRITE (69632)
KOUNT aI
DO 210 IwlNK
WRITE 16,634) X0(I),Y0(I1,l0(I1,U(I),V(ItW;I)

634 FORMAT (194 ,2lXF9.3,1XF9.3,IX.F9.3,3E15,5)
IF (I-KOUNT*NTHT1 21092069210

206 KOUNT a KOUNT41
WRITE 16,4301
WRITE 16,6401
IF (I-NK! 214,210,210

214 CONTINUE
IF (IGEOM-21 211,2129212

211 WRITE (6,631)
GO TO 213

212 WRITE (6,633)
213 WRITE (6,6301

WRITE (6,632)
210 CONTINUE

Go TO) 99
203 CONTINUE

WRITE (6,635)
635 FORMAT (lH0,38X,4494*** INDUCED VELOCITIES AT CONTROL POINTS **

IF 41GEOP-31 221,221,222
221 WRITE (6,6321

WRITE (6,634) (XO(IIY0(11,Z0(IlU(I),V(I),W(I), I-19NK)
GO TO 99

222 WRITE (6,636)
636 FORMAT (1H94 40X939HPRESSURE COEFFICIENTS AT C!'NTROL POINTS)

WRITE (6,637)
631 FORMAT (1HO,20X,194K,8E#lHY,8X,1HZ,14X,2HCP,14X,1H94U14X,194V,14X#

WRITE (60638) CXO(I1,YO(I),l0(I),CP(I ),U(I),V( I),'*i(1) ImlvNK)
638 FORPAT (194 ,14XF9.3,lXF9.3,1XcýF9.3,4EI5.5)
99 COkTINUE

RETURN
END

SUBROUTINE TRANSI (MULTALFASETAvPSID)
C
C TRANSFORMS INPUT COORDINATES TO PROGRAM4 COORDINATES (FIXED)
C CONVEkTS ANGLE OF ATTACK AND SIDESLIP TO FRSTRN DIRECT13N COS.
C

COMMON4IBLK6/ALFQBET~sGETQ,F'iF2,F3tF4,F5,VKONST
COMMON/BLK12/XJ1,YJ1aZJICJETlVELJIXJ2,YJ2,ZJ2,CJET2,VELJ2
COMMON/BLK1 3/XJ3.YJ3, ZJ3, DJET3,VELJ3, XJ4, YJ~, 1J4, DJET4, VELJ4

C
DIMENSION PSIDII)

C
A a ALFA*.0174533
B a BETA*.0174533
ALFO m CCS(A)*COStSi
BETC = SIN(A)*COS(B)
GE7C v SIN(S)
YS - YJ1
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YJ a ZJ1

P5I1011 a -SDI
IF (MULT-21 594,0

3 YS YJ3
YJ3 ZJ3
ZJ3 a-YS
PS10131 s -PSID(3)

4 YS YJ2
YJ2 10'
ZJ2 a-Vs
PS10121 - -PS10(2)

5 CONTINUE
RETUJRN
END

SUBROUTINE VELIlM(ULý7vALFA*VKlvVK2)

C COMPUTES EFFECTIVE VELOCITY RATIO FOR DOWNSTREAM JET AT EXIT
C

CO4NCN/6LKB/ALFQBETgGETQFlp2,F3,F4,F5,VKoMST
CONPON/BLK12/XJIYJ1,ZJ1,DJET1,VELJ1,XJ2,YJ2,ZJ2,DJET2,VELJ2
COMPtON/fLU(13/X J3,Y J3, ZJ3, OJET 3,VELJ 3,XJ4, YJ4, U 4, JET4, VELJ4
CO)4MON/BLK16/V21,v2Y1,V2ZlV2XztV2Y2,V2Z2,V2X3,V2Y3iV2Z3

C
VELA - I* /VELJI
IF lIMULT-2) 5,1,1

I VELJ2 a I./VELJ2
DOTP * IXJ2-XJ1 ) ALFQ.(YJ2-YJ1 )*BETQ+(ZJ2-ZJI)*GETQ
DEN a SORT(IXJZ-XJIJ**2,(YJ2-YJ1)*02,(ZJ2-zJ1)**2)
DOIP a COTP/DEN
IF (ABSIDCTPI-.O2) 10.10911

10 VKI a I
GO TO 15

11 CONTINUE
A u ALFA*90174533
ALF a COS(A)
BET a SIN(A)
GET a 0.
CALL XPROO (V2XI ,V2YlV2ZI.ALFBETGETXT1,YTIZT1)
CALL XPROD (XT1,VTIZTIALFBET.GETtCFNXCFNYCFNZ)
CALL PLANE ICFNX#tFIYCFNZXJ1,YJI, ZJ1,V2X2,V2Y2,V2Z2,XJ2cYJ2.ZJ2v
I XIqYI#ZI)
S = SORT (IXJI-Xl)**2 *IYJI-YI)**2 *~iJ1-ZI)#*2)/DJETI
VKI a IS+*75)/IS-1.)

15 CONTINUE
[F IMULT-2) ,59S9

2 VELJ3 a 1,/VELJ3
IF (ABSIDOTP)-.OZ) 12,12,14

12 VK2 - 1.
GO 10 5

14 CONTINUE
CALL PLANE (CFNX ,CFNYCFNZXJ1,YJ1, Ut, V2X3, V2Y3, V213,XJ 3,YJ3,ZJ3,
I XIIYI#ZI)
S a SQRT (IXJI-XIl**2 *tYJI-Yl1**2 *(UJI-ZI)**2)/OJETI
VK2 a (5+.15)/(S-1.)
CALL XPROD (V2XZV2YkV2Z2,ALF,8ETGETvXTIYTIlTI)
CALL XPROD IXT1,YrI,1TT1ALFBET,GETCFNX.CFNYCFNZ)
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CALL PLANE (CFNXCFNYCFNZXJZYJ2,ZJ2,V2X3,V2Y3,vV2Z3,XJ3,YJ3,ZJ3,
1 XIVYIZII
S a SORT £4XJ2-XII**2 +1YJ2-Y1)**2 *4ZJ2-1I1**2)IDJETl
VK2 m (S+.75)/IS-l.I*VK2

C TRNF RMS ANPUCORIYZNATE TO PROGRAM COORDIN&TES IFIXEDI

31PENSION '1).1Z(1)

DO I Iig9NO

VII) - Z(II
I ZiII a Y

RE T tIRN
END

SUBROUTINE TRANS3 *%YZ@VtWvNO)'I C
C TRANSFORMS PROGRAM COORDINATES (FIXED) TO OUTPUT COORDINATES9
C JET CERTERLINE AND CONTROL POINT COORDINATES ARE AFFECTED
C

DIAENSION XBASII100),YI3ASI(lOOJZBASI10IIO
DIMENSION )3AS2(1OQ),YUAS2(100).,18AS2(lO00
DIMENSION XBAS3(100),YBAS3(100h*ZBAS3IIOO)

DIMENSION X9A341100),YBAS4(100),ZBAS4(100J

C DIMENSION XBAS5IIOO) ,Y8AS5(1OO),ZBASS(1OO)
COMNON/BL^.'!ýXBAS1,Y8ASlZBAS1,X8AS2,YBAS.2,ZBAS2,xd3.S3,VBAS3,ZBAS3
COMMON/BLK7/XbAS4,YBAS4,ZBAS4,X3AS'jY8AS5, ZBAS5
COMMON/BLK1O/IONEiT~VJ, ITHR, IF0YsR& !FIV.N1N2.N3,N4,NS

C
DIMENSION YiI) ,Z(1)vVII)9W(I)

c
DO 1 l1,1NOYS a 8AYi(I

Z(AS1(I i a

VS YaS(I.I.

YBAS1(1) a -ZF'AS2I!)
2 ZHAS2II) a VS
10IF (IN)391,0,5

YS- YBAS2(li
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YSAS3111 a -ZBAS3111
6 ZOAS3111 w VS
eO IF 4104) 7,30,7
7 DO 8 1=11944

YS a YBAS4(II
YDAS4(t) a -ZOAS4(IR

8 ZOAS4111 m YS
30 IF INS5$ 9#40v9

9 D0 11 Iu1l145
VS a VBASISM
YBASSM % -ZBAS51I)

11 ZOAS5(I) a VS,
40 CONTINUE

RETURN
END

SUBROUTINE PLANE (CFN1,CFN2,CFN3,X1,Y1,Z1,CSN1,CSN2,CSN3,PXL1,XL2#
I XL39COOR1,CDJOR29CDOR3)

C COMPUTES INTERSECTION OF A GIVEN PLANE WITH A LINE

C DIMEN4SION CFN(319CSN(339XL13),COOR(3)

C
CFNIID a CFNl
CFI4(21 - CFN2
CFNI3) - CFN3
CSN(I? - CSNI
CSNIZ) x CSN2
LShW1 - CSN3
XLMI a XLI
XL(42) = XL2
XI.43) a XL3
IL 1

I N 1
SUBI a 0.
IF (ABS(CSNIII))-1.OE-041 1#192

1 IL aO
StJB1 aCFN(11*XL(l)
COORM a XLIl)34

2 IF (ABS(CSN(2)1-I*0E-O4)39t
3 IN aO

SUBI a SUB1+.Z-FN(21*XLIZ)
COORM2 a XLtZ)

4 IF (ABS(CSN(3))-1.OE-04) 5,5,6
5 INa 0

S06j1 a SUB1+CFN13)*XL(3)
COOR13) a XLM3

6 D a CFtkIl)*X~i..FN(2)*Y1,CFNf3)*Zl
IF (IL+IP.IN-2) 10,30#50

10 IF (IL)1 12911,12
11 IF (1M4 14913914
12 IP a I

GO TO 15
14 IP -2

GO TO 1S
13IP a 3

15 COORIIP) =(D-SUB1)/CVNIIP)
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$G TO1090
30 IF (It) 32931932
31 IPI =Z

IP2 a 3
GO TO 35

32 IF 4IN1 34933*34
33 IPI 1

IP2 x 31
GO TO 35

34 IPI a I
1P2 a 2

3S SLOPE a CS0,IPll-lCS#6(IP2l
COOR(IPZ) - ID-SUB1.CFN(IP13*SSLPEfXLgIP2)-CFNggIP1)*XLqIIp))/
I ICFI4(IPlI*SLOPE.CPN(1P2)1
COORIIPXI a SLOPE*ICOOR(1P2)-XL(1P2) ).XL( IPlI
GO TO 90

50 COEFXI. u 1./CSN(IP
COEFYl - .I*CSN(2)
DI a XL.(I)/CSN(l3-XLf2)/CSN(21
COEFXZ a 1./CSN411
COEF12 = -I./CSN(3)
02 a XL(ll/CSN(II-XL(3)/CSN(3J
CALL SOL (CFN(1) ,CFN(2),CFN(3tDCOEFX1,COEFY1,O.,Dl.COEFX2,0.#
t. COEFZ2.D2,COOR(lICOOR(2),COORI3)I

9,j COOKI - COORCl)
COOR2 a CCOR(2)
COOR3 - CGOR13)
RETIURN
END

SUBROUTIN4E ADAN4S(N,$TARTFINALHPRINT, ICOUNTREI8,eABSB, ISKIP,
1 X0vXPvPAR90DERIVl

C
C SUBROUTINE ADAMS SOLVES A SYSTEM OF *N* FIRST ORDER DIFFERENTIAL
C EQUATIONS BY MEANS OF A FOURTH ORDER ADAM4S PREDICTOR/CORRECTOR
C METHOD* THE STARTING SOLUTION IS BY ftUNGE-KUTTA METHOD.
C AU7CMATIC ERROR CONTROL IS OPTIONAL.
C

DIMENSION X(50 ,5),VK(50,4l#F(50s5l,EA50l
DIMENSION XP(I)oXO(1)sPAR4I)

IBOOL a 0
IF IPRINT) 20,10920

10 IF 4ICOUNT) 20,31,20
C
20 CONTINUE

C20 WRITE (6,400) 10,N
IBCCL = 1

C400 FORMAT 117HOPROBLEM NUMBER II0t5Xl2HSOLUTIONl OF
C I l3,5X35HFIRST ORDER DIFFERENTIAL EQUATIONS*)
C
C SETUP INITIAL VALUES
C

00 30 IwlvN
X(191) a XO(II

30 CONTINUE
31 CONTINUE

IF (ICOUNT) 40935,40
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35 ICO~hT s99
40 ITEPPa 0

BOUNDQ x START.PRINT
T - STP.RT
IF (ISRIP) 45,50,45

45 TA 2

GO TO U222
50 RUTES? m 14.2*KELB

ASTEST a 14.2*ABSB
FACIDE - RELB/AUSB
SLB m RLTEST/200.0
H a 2.- 0 *H

C
C rz*'NGE-KUTTA STARTINEG METHOD
C
111IA 2

C
2222 DO 90 J-IAIB

CALL DOERIV (T,X( 19J-l)*F( 19J-I)*PAR)
DO 6,J la1,N
VK(lol) aH*F(I*J-1)
X(ItJ) X(I,J-1)..5*VK(Iol)

60 COJNTINUE
TTE#P -T,.S*H

C
CALF DOEREY (TTENPX(1,j',E(1.j),PAR)
DO '?O 1=1,N
VW9i2) -' H*F(IIJl
X(IvJ) -X(I*J-1)#.5*VKII,2)

* 70 CONTIINUE
C

CAIL DDERIV (TTEXPqXlILJ),F(I7JIPAR)
00 80 [*ION
VgC,,131 s H*F~iltj)
X(ivJ) - X(1,J-L)+VK(193)

80 CMITINUE
T x T+H

CtLL DDEP.JV (ToJIJ),F(IJ),PAR3
DF) 85 I=1,N
V'.(194) 4FI~

1 .'JI,3))*V(I,4-11+t1666(V1,)20ýVl2)

85 COWNT!N.
90 CONTINIUE

C
IF (18-2) 150#3333v150

3333 CC 100 Iz1,N

100 LONTININF

C ,AP(JI-DCUOLf INTERVAL RESULT TO BE USED IN ERROR
C ANALYSIS
C

T aT-H
4 v5*H

C
i03



IF 1180OL 1 120,125o.120
120 CONTINUE

C120 WRITE 16,4101 H
C410 FORMAT 434011 I THE FOLLOWING CALCULATIONS HN El4081

125 IF I.-oOeOON0l1 130o130,140
130 WRITE 16.4201
673 FORPAT 4IHOIOIIH.oI/III

I 49HOEQUAT'IOS CAN NOT CE SOLVED F'JRTHER WITHIN GIVEN
. 14H ERtCR BOUNDS.)
RETURN

C

14:, Io - 3
GO 10 2222

C
150 IV I61-3) 2009160.200

C
C IS ACCURACY CRITERION NET
C

160 J a 3
4444 00 190 IsIqN

E(II"ABSIXP!II -XI ,JI)
IF (E1I3)-AS1SCIIJ *RLTEST3I) l77St 15

170 E I !),E(I/IA6$XXv eJ| I

Go To 190
15 IF IEIl)-ABTEST) 180,165,185
160 Ell) z E013*FACTOR

GO TO 190
C

185 7 -T-H
IF I1-51 3333.187,3333

187 0O 186 KsloN
1#8 X19911 x X(9#41

GO To 1111
190 CONTINUE

C
IF (J-5)19596666,o95

195 IA 4

GO TO 2222
C
C SHOULD ANY OF THE STARTING VALUES BE PRINTED OUT
C

200 1 a T-3.0*H
00 250 J=2,4
T a TeH
ITEMP - ITEMP.1
iF (PRINT) 210,230,210

210 IF (T-SOUND) 230,220#220
220 bOUND = SOUND4PRINT
9999 CONTINUE

C9999 WRITE 16,430) T.II1X(IJ).I-IN1
C430 FORMAT (4HOT -E14.81 51 2H X12,lHzIPE12.5))

ITEMP - 0

230 IF (ITEPP-ICOUNT) 240,9999,240
240 IF (T-IFINAL-H/1O.0O) 250999,9999
250 CONTINUE

C
C BEGIN ADAPS PETHOO
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555S CALL SOERNI lT.111.4l*FlIZ.'1,PA*
DO Z60 laIte*
xPjII s XII.4'.0o41&6W6?*(P155.*F(1.41-59.0OFII,31
1 +37.00UII,2-9.001Iloill

260 CONTINUE
C

CALL DOERIV £TXP1Il,FlI,,5l,PArl
DC 270 I-seft
M10,51 ZII.41..041666667*m19.0*FSI.51.19.O*FII.41-

I 5o0*FEi,3).FtI.211
970 CONTINUE
C

IF (ISPIP) "66#628096666

666GO TC 4444

66IF IT-EFIUAL-N/10.0) 29592909Z90
290 J-S5

GO TO 999

295 00 300 1-1.3
M90,4 - X(I,)
DO 300 J-2,5
F(IJ-11 a F(1.J)

300 CONTINUE
C

ITEMP - ITENP.I
C
C TEST WHETHER COMPUTED VALUES SHOULD 81E MPINTED
C

IF MPINT) 31093309310
310 IF IT-(SOUND-H/10.011330#3209320
320 BOUND - BOtUED.RIN)
7777 J a4
C WRITE 16,4301 T,t1,X(IJltIsINI

ITEPP - 0
C
330 IF (ITEMP-ICOUNT) 340,7?771,340
340 IF IISKIP) 5555,35095555

c
C TEST WHETHER INTERVAL CAN BE DOUBLED
C

350 00 355 IsI,M
IF 1EMI-OL81 355,355,5555

355 CONTINUE
C

IF (PRINT) 358,380,358
358 01 - PRINT/(2.0*H)

DIzA4SS(FLOAT(IFIXlD~l 1-01)
IF 1011-o1) 362,362,360

360 IF I011-.91 5S55503629362
362 02 -(BCUhiD-T)/f2..O*M

D2IzABSIFLOAT(IFIXCO2) -02)
IF (DZ1-.1) 380,380,365

365 IF (021-.91 5S55,380,380
380 DO) 382 Is=,9N

XII ,1) z X(I#4)
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392 CONK! MW
Ii * 4.0604

C
9" CONTIUIW

C440 FORMAT 420140FINAL T LAES XPI ioe.)
04) 3415 Isleft

385 CONIOAU
FINAL s

C bRITE (694301 T9(7.X1II.Jiv1I*N1
RE TWlE
Elio

SISUBCIUT I E CFCAL(£AiLFQ, SETS. GEKQ. PIllPSI, CFI
C
C COPPUTES DIRECTION COSINES FOR THE LOCAL COOROINATE SYSTEP', X [if
C DIRECTION OF FREESTREAHIPY NORMAL TO FREESTREMR AND INITIAL JET
C DIRECTION. Z IS ICROSSY
C

DIWENSICII CF13931
C

CXJ - SINCIP1413*CESIPSII
CVI - coG)pIPtl
CIJ - SIN(PIII*SIISIPSI)
CF(l9l) a ALF0
CF(19ZI - 91-40

CF41931 - iriV
CALL XPROD (CX-:CYJClJ.CF1143,*CF(l,2).CFEI.31.CF12,l3.CFIZ23.)
I. CF129311
CALL YPROO (CFIl.1).CF(1.21,CF(1.31,CF(2.1ICF(2, 2),CF(Z,3).
I CF(3vi3,CF(3v2!,CF13v3)1

* RETU1RN
ENDC

SUBOROUTINIE ROTATE (ABC*CF*S*T*ULl

C L-0 ROTATES AB*C INTO StTvU, (FIXED COORDINATES TO ROTATED)
C L=l ROTATES STU INTO AvBoC. (ROTATED COOR.DINAT'ES TO FIXED)
C

DIPEPESION CF1393)90(31.V(3)

IF (LI1.1.2t*
I Oil) * A

012) - 9
D13) aC
GO (V 3

2 Oil) S
D(2) x T
013) = U

3 CcTiNUE
DC 4. 1-193

'i Vill) 0.'
00 511,
DVl 5 J-1,3
If fL) 90f*1O



9 NI

cc to 5
10 a - J

VII a I IIDJ4FPN

IF ILI 696v?
6 S - il

T a IIZI
U a V(13
so To a

7A - Vill

C a V3

SUBROUTINIE XP'AOO I ALFI,BETI *GET to ALF2*SETZ. GETZ, ALF36 SET3vGE Y3)

cCOPPUTES -.ROSS PRODUCT OF TWO VECTORStRETUFtHS A MNT VECTOR
C

£LF3 a ftr1.GET2-9ETZcET1
BEI3 - ALFZSGETI-ALFI*GET2
GETi - ALFiuSET2-ALFZ*6ET1
DENCP - ScRT~iALF3*ALF3.SE3.SP40ET3.GET3eGET3I
ALF3 - ALF3/DSNCM
BFT3 - BET3IMEWCP
GE13 - GET3/P!:ooCP
RE TURN
ENDO

St;8ROUT;NE SOL (*11.Al2,A13,AKI,A2 l,A22.A?3,AXZ,A31,A32,A33.AK39
txi,xzo;31

C
C SOL VES A SET OF THREE EQUATIONdS BY ftrýIOD OF DETEPW1NANTS
C

DELTA aAlI*(h22*A33-A23*A321,A21*IA32*A13-AI2*A33)
I *A3l*1A12*A23-A13*A?22
X1 = (AKI*'A22**33-A23*A32J.AKZ*4A32*A13-A12*A33)
I +AK3*1A1Z*A23-A13*AzZ2JiOELTA
X2 (Atl*(AK2*A33-%"L3*AK3J.A21*fiki3*A13-AK1*A33)
I *A31*(AKIOAZ:-'413*AKZ))/DELTA
X3 a lAll*(AZ2*AK3-AK2*A32l.A21*(A3ZSAK1-AI2*AK3I
1 *A31*tA12sAK2-*K1.Af'Z;1IOELTA
RETLURN
E'4O
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POC3RA" PAPF'4I EPUTvCUTPU1,TAPE5zINMtT, JAPEb=JuTP~,T)
c

CIPEFkSItmq UhC0II2Q)sx(10C,3,YtIOOIvXCOftIZO),YCORt('OlDALPHAIOI.
1S(55)vCV5ý-,5O) 2ALP~iA(1GO),S(10O3,5ETA(2OIEXrP)4(ZC)gONEGA(1GOI,

Cr'PPC% IKP1(SYP,'4rERI-.KORN,NCCR,RC,DAPHAPHI,D"jIVALPHAS
c

t RFAG jS515 hePT,KCRN.FKTERP,VESYP
5 F!-ROIAT(20131

IF (SCIF(s)) 500.i'

10 j:TRVAJ(OF9.51
af*'! (5910) oX

12 xII)=XlUI'DX
UF fSYPI,0jVI,520

G; IC 25
zr XIPT+1)=XI2)

Y(FKPT+!.)=Y(2)
Z5 it iKfqp) 5100,55,33

00: V3 I=1,KCR4
35 VA2C (5I.-1I XCCR(!)9YCOR(IILAtP*4AlI)

V; XC~qIII=XCCqlII4CX
Ck1k=KCRNP

Or' 5s =IvKOftl
Ej'PCM(I)=-OALPHAII)I(3.141593.OALPhA(1)I
if likSY)i 500,40950

4c IF MYORMI) 4,5.50,45

4S KCChKORhI=9

YClGlCK0QN)=-YCGR(I)
XLC~fKCRN)=XCCR( I)
E XPCk(KCRh) =EXPCh( 1)

tV CrKIiUF
5', A(PHklU)=l.57C0796

IF INSYF') 500,65,60
fcc REAU (5,1,,) AIPHAMI
es It (KOt-h) 500,90,70
110 IV- (NCIR(I-11 601,75,80'
r5 ALPFA(1)=ALPIIA(I IOALPHA(i)/2.

.F ITA( ) =Ai PPA(1)
NC=2

IF (NC - C ('4) 6J ~C.',
dc D~r ý5

90 S

C *-C,. , I I P ( l . i )



01' 95 Ir1s1,COL

04'- 95 Jzl.NCOL
95 C(I,J)=0.

EPSA(11 IALPti4(IJ-OPEGAIL1-1.570796
IF IKCRh) 500,110,100

10~ DC 105 I=19KORN
* 105 EPStit)I=FPS1(111.EXPONIII*(RETA(1,-ONEGAI1))
*llZ Dr 230 I=79%Pf

11=1-1
KA=ICB
KF.=C
Epsl(IJ=EPS5111
OPEGAAI 13 =(iIEEGA( I I
RA(11=R111)
SAl 11=0.
IJ=l-12
SN=S14lALPHAfi~ll
CS=CCS(ALPHA(I Il

Vl=(Y(IJ-YIIIII*CS-(X(I)-X(11)3*SNI
Ii (IJ-I) 500r1159120

lhs U2=IXII,1)-X(111) *CS4(Y(14l,-Y(Til))*SNl
V?=(Y(I.I)-Y(I1I)*CS-IXfi.1p*).Ill))SSN
GC IC 125

12; L?=(A(II-I)-XIJ11I*CS.(Yl 11-11-Y(1111)*SN
V,;=(Y(I1-I)-Y(111)*CS-(XUll-1)-X(I1))*S'I

125 Cý2=U2**2
C21=C22*U2
Ot-N=C1 *C2Z-C12*C2 1
AA= (5 1*122-VZ*C12)IDEN
BB=(W2*CIl-VI*C21)IDEN

DL=LI10

C3:C.
Xf,=X( Ii)
YtH=* ( 11)
DC L75 J=2#11
C?=C3
U=L~iju
XA2-XB
YA=Yih
V= ( AA*U+013) *U**2
l;X~( 11 V.L*CS-V*SlI

Yf1=Y( II)+U*SN+V*CS
Rid J)=SCRI( 'B**2,YB**21
TPJ=(YB*XA-X.3tYAJ''(gA*XF.YA*YBI
016GAA(JJ=CPEGAA(J-i4ATte'dT;4)
C S= (3. *AA$U461. *8B i*U
fl&LP=ATA ((S I
EfiCifJ)=AL9pAII),u)ALP0MEGAA(J)-l5707qi6
AIdJ)=SA(J-13+PU*SQW(11...25*(C24C3)**2)

133 Iý (J-11) 155,135#500)
1F 3 F (I f J-I3 riC'sd5,)ol40



IF (l-NCCR(KIC) 1509145#1'."-
145 KS-9

GC IC 155
15,j CCNJINUE
15i Dr 110 %zI*KORW

IF IK-KA) 1609157#:60
151 BETA(K)=ALP4AhIILATAN(V/Ul

GC TO 170
16C IF (K-90) 165.k62,165
162? BFTA(Ki=ALPHAI I1)*0A~a'D-3. 141593

GC 90 170

DENt=(X9-XCOR(K)3*(XA-XC0RIKI))(YB-YC0R(KlI*(YA-YCOR(KiI
BE TA (KI=8ITA(KC IATANfIANUP/DEN I

110 EPSt(JIzEPS1IJ)+EXPON(K)*(BEfA(KI-ON4EGAA(J))
115 CCNdiNUE

Ru )=RA(I13
OPiEGA(Il-OPIEGAA( 11)

ALPHA(I )=ALPHtIldI1J.ALP
If (IJ-11 500,185,180

18d IF I?4SYPI 182,1829181.
181 IF (i-?IPT) 182,185t500
182 BETA(KB)=ALP1IA(I)*DALPHA(KB)

ALPHA(I)=BETA( KB I
185 I12=

IF (KCRP4) 50092059190
190 DC 200 K=IKORFI

IF (1+1-NCOR(K)) 200,195,200
19 '=1-1

GC TC 205I20G CCNTINUE
IF ('NSYM) 205,205,201

201 IF (I.1-NPT) 205,202,205
202 If INCORMI-Il 205,203,205
2C3 I?1-1-1
205 C(.NI INUE

DC 230 J=k,11
DS=SA(JI-SA(J-1)
RKI=1.
R92=z1.
DC~ 233 KlPvNTERPi
AK=K
0PKl=AK*CF'EGAAfJ-1)
0R'KZ=AK*CI'EGAA U)
Rrl=RKI*RA(J-1)
RK22RK2*RA( JJ
SKRI=SIN(CMKI )IRXL
SKR2=SINVCMK2)/RK2
B(K)ztBtK)..5*(EPS1(J)*SKR2+EPSI(J-1I*SKRI)*DS
RLI=RxI
RL2=RK2
DC 210 L=KtNICRP
ALzL

SlR2=SlKdAL*Cl'EGAA(J))/RL2

21~RL2=RL?f~iRA A



If (NSVP) 500,230921' -
215 K1NKTERP4K

CRICR=C(S(CPKIJ/RI~l
CKR2=CCS(CMK2)/RK(2
B(KI)=BIKI)-.5..(EPSI (JJ*C.KR2fEPS1(J-1)*CK[-.I1*OS

RLI .1.

DC 225 L=1,94rEaF
A L=LI
LlzkdERP*L
RLJ=RL1*RA( J-1)
RI 2=RL2*iRA( J)
CLRJ=COS(AL*CPEGAA(J-1) )/RL1
CaLR2zCOS(AL*CPEGAA(Jl /RLZ
C(r,LLI)=C(K.LI )-.5*(SKR2*CLR2,SKRI*ZLR1 )*D.;
If (L-K) 225,220,220

221 C(IC1,LIJ=C(KJ,Ll)4.5*ICKR2*CLR2+CKRI*CLRI)*OS
225 CFNIINUE
23-) CroIiNUE

Or' 235 I=ZNCOL
K 1~I-I
DC ?35 J=LvI1

235 C(IPJ)zC(JtI)
CA~LL MATINVIC,NrrLtA)

DC 240 I=1,NCCL

DC 240 J=1,NCfL
240 DII =D( M+A( i,JJ *B(J)

PHI (1=0.
PI-IA=0.
IF IKCRN) 500,255,245

245 IF IN'CORMl-I) 255v250,255
250 VEL(11=C.

VFL2=0.
KA=1

Gr IC 282
255 VFL2=1./RIII

IF (KORN) 500,210,260
260 DI-N=XM1**2+YM1**2

Of 265 i=IKIJRN
APiP=1( .-(XCOR( I) *X(1) +YCOR (I)*Y( 1) /DEN)*2
I I (XCOR(J)*Y(l)-YCOR(II*X(Ifl/CEN)**2)**IEXPON(I)/2.I

265 YFL2=VEL2*AI'P
210 EYPlrO.

RJ= I.
Of 280 J=ItNTEKP
AJ=J
RJzRJ*R( ii
EXP\=EXPN+DIJ)*CCS(AJ*OMEGAII))/R.I
If INSYPO) 500,280,215

215 Ji=NTERP'+J
EXN=FYPN+0,UI*SIN(AJI*CtEGAI~l)/RJ

280 -.rNT!NLF

V~=VFL*~.,3 )(PN)
VF L'1 )

28? 12=1
DI 4, [D I- T



CS=C0VCS'OýPHA~ll) )

C 12=L**Z
C1I=C12$U;
VI= I VI )-VI 11) )*CS-(X(lI-X I I) )*SN
IF IIJ-1) 500,285,290

285 U?d(XI1+1)-X(Il) )*CS+IYII41)-YIII I)*SN

GC MC 295
293 U?=IXi1-fl)-XII1)3*CS+(YIII-1 )-Y(I1))*SN

V2=IYIII-1)-Y(II))*CS-(X(11-1)-XIil))*SN
29') C?2=L2**2

C71=C22*U2

DFN=C1 1*C22-C12*C21
AA= (VI*C22-V2*CI2)/DEN
8A= (V2*C1 I-VI*C21)DEN
L =C.
C 3-(,.
DL=L4/10.
DC 367 J=2911
C?=C3
U=L+DU
C3= 13.*AA*U+2.*FIB)*U
Y=I tA*U.38) *U**2
OS=CU*SCRTI I.+.25* (C2*\':3)**2)
XP=XIII)+U*CS-V*SN
YF~=YI Ii. +U*SN+V*CS
Vt-I VE12
VFL2=I./S0RT(Xl3**2+Yt3**2)
if (KCRIN) 500,335,000

3001 P (J-11) 325,305,500
305 IF IIJ-1) 500,325,310
310 DOl 320 K=lKCRN

IF- (-NCCfR(KF) 320,315,320
315i KA=-l

K-i= V
GC IC 350

320 CCNTINUE
IF (NSYPw) 325,3259321

121 IF fI-NPT) 325,322,325
3e'2 If (NCORII)-1) 325,323,325
321 4 -

G(; IC 350
32'; 0INzXf1i*2+Y6**2

U(f, 3ýO .-I,,KORN
AF'P=(I1. (,'CCR(K)*X8,YrflRIKi*YB)/0EN)**2+
I ((XCCRIK)*YP-YCkýgIK)*XB)/C$EN)**2)**(EXPO4(KIU2.)

33,n V1 L2=VFL2*AtAP
335, EXPN=0.

RK= I.
RlI= SQRT IXP**24YB**?)
.1IEG=QATAN IYB.X13)

112



EXPN=EX:'N+D (K)*CCS (AK*OMEG)IRK
IF (KSYIP) 500,3459340

340 K14%IERtA*K
EXPtN=EXPN+D(K1 )*SIN(AK*0Mc'I/RK

345 CrKIiNUE
VFL2=V~EL2*EXP(EXPN)

35C IF (KA) 3559365,360
355 PHIA=PHIA+VELI*0S/(l.+EXPniNt'j1 )

KA~l
GC TO 367

360 PHI-A=PHIA+VEL2*bS/Ii.+EXPON(KB))
K A z0
GC 10 367

365 PPIA=PHIA+.5*(VEL2+VELI)*DS
367 CCKTINUE

PHI (1=PHIA
VEL(I =VEL2

if- (KCRN) 500,4000310
370 Or 380 K=1,KCRN

!Ir (1+1-NCOR(K)) 380,375,380
I7 2=1-1
GO TC 4CO

38C CCNTINUE
IF iNSYP) 400,400,381

381 IF (1+1-NPT) 400#,382t400,
382 IF (NCORM(I)- 400,3H3,400
383 I?zl-l
400 cCNIINuE

AF.zNSYMii
PhI F=~PhII(NPT);( 180.*AF)
WRI!TE (6,402)

740? FIIRMAT(431-11COMPU1ATIONS FOR S AND ALPHA VERSUS THETA.)
WRITE (6,405)

405 FCRI'ATI6HO Xtl2XlhtlY,2XIHR,12X1HS, 12.ý1HV,10X5HALPHAV8X5HO0,FGA,
I 8X5HTHETA/IH
DU 410 I1=1NPT
Pfi (I )=PHIM( /PHIF
ALPHA(I )z7.29518*ALPHAMI
0VhFGA(I )57.295?8*OMEGA(I)

41C, WRITE (6,415) X(I) ,Y(I),R(I),S(I),VEL(!),ALPHA( I),OMEGA( I),PHI( I)

CALL MAPPI
CALL MAPPý
G( X 1

500 STCP
ENC

SUIARCUTINI MAPPI
C

O!MrNSICN ALPHA( 100),THETA( 100)*S( 100),NCnR(2,),A(2o,2h*Cg2Lv2!
IDALI'HA(20htSN,'i(19),SNN2ciS,),CSNI(19),CSN2(19),TH(22',,O(

2 0,2 )f
CC~tdCN NPINSY?',NTERM,KU;RN,'NCCR,RCDALPHA,THETA,A,ALPHA,S

DC' 15 I=1,NPI
lHE IAlI)=.o17453?9*THFTAMr

15 ALPHAII)=.011453294ALPHAMI
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lF '.NSYI) 500,20,25
2C Tit!'IAINPT+1)z6.283185-?HETA(NP1-1)

Pl-PHAt(ePT+1 Iz9.424778-ALPHiA(NPT-1)
SiNPT411=2.*SfNPTl-S(NPT-I)
6V IC 40

25 YlETA(NPT511*6.283185+THETA(2)
IF MNCR(1)-1) 30,35300

30 ALPHA(NPT+k11z6.283185+ALPHA(2)I Gr IC 38
35i ALPI.A(NPT41)=6.2831B54ALPHA(2)-CAtPHAtI)

40 NTEQ9'1I.NTERt4-1
CS24C0S(ALPHAMI-THETA(1)
Sh2=SIN(ALPHAfI)-THETAI))

AhC.=ALPHAi1 ),A!*THETAI 1
CSNe I) =C0S(ANG)

45 StN2(I1)=SiN(ANG)
DC 50 I=1d4TERP

DCl 50 j=tt?
SC At[Ij=O.IA='I IF IKCRN) 500,S0,5:

5 AIFINCCS12)-S(1) 9*EXPI

PBh'TH-lTA(2-HTM1

IF (FNSYN) 500,65,70
65 A2!z-(Sfl)t-SI2))**EXP1

A22=1S(j)*Sf2) )**2
V?-THErA2-THETAU)
GO IC 75

70 A2'1=-IS(1)+S(NPT)-S(NPT--1 ) **EXPI
A??=lS(l)+SUNPT)-%lNPl-I))**2
R?z-THFTA(l)-lr4E-,t.ANPI)+THETA(NPT-1)

15 CFN:AII*A22-A? ýl~z
C i=(A22*B!-Al?*02)/DEN
C2z(Ali$82-A21*81) /E.N

do Of,' 20.) I=2,NPT
IF (IT) 500,90,85

85 IT-C
GO T"" 120

90 IF lKOR,) 5009,110c95
95 DL 105 JzlKORN

IF iWaR(JA-I) 105j100,105

EXP1=3.141593/13.1415934DALPHAEJI)

GC IC 115I,105 CONTINUE
110 EXP1=1.

j14



A21z--ISlI )-S(1--1 )**EXPl
A?2=IS(I )-S(1-11 )**2
82=IHETA( 1-1)-THErAl.I)
SC=S( I)
TI40=IIIETA(I)
DU'=A1 1*A2Z-Al2*A21
C11: '2*BI-A12*82)/DEN

12c C! AB=0j
IF- (IA) 5G0,130ti25S

125 IA=C
1AB=l
,.AC 1C 160

13i IF- IKCRN) 500,150,135
131 Dr 145 J-19KCRN

IF iNCORI.J)-i-11 145,140,145
140 1A1l

AL2=ALPH~1 i+lJ-riALPHAIJ)
GC IC 155

145 CCNJINUE
153 AL2=ALPHAII+1)
155 S1:SlI)

ALC=ALPHA(I )

A12=AI1**2
HI=AL2-ALPHA(Il
A21:S( 1-1)-SC I
A22=A21**?
B2=ALPHA( -1)-ALPHA(II)
DEN=All*A22-A12*A21
C3-(A22*Bl-A12*B2) /OEN
C4-IAll*B?-A21*Rl) /OON

160 AL2=ALPHA(I-1)

SAnS( I-1)
DS=(S(I )-SI 1-1) 1/10.
DC, 165 J=2vll

SAzSA+DS
T112=THO+SlGk4ICI,SA-S ý*ABSISA-SOVI'*EXP14C?*(SA-S0 )**2
AL? :ALO+C.S* SA-Sl)+C4*(SA-Sl)**2
SN1=SN2
CS1ýCS2
ANG=AL2-TH2
SNŽ:SINIANG)
C $2=LCOS IANG I
A(lvi)=AII,l),15N2,SNI)*DS/2.
A(lv2)=Al1v2)+4CS2+CS1)*OS/2.

Of' 165 K=19NIERMI

AI=KI+

A14G=AL2+AK*TH2

CSNf1I(K)=CSN2(K)

SNIK2(K1=S1N(ANGj
CSN2 K) =CCSIANC I
AIKl,lIi=AIKI.,1). SNN2 (K) +SNN1 (K.) I*CS/2.
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IF (lAB) 500,180,170

C S2=COS(IANiG
SN'2=SI NI AP&
01: 175 K=1,NTERi~l
AIK=K
AKG=ALPh-AI l+11*AK*1HETAI I*d
CSN2(14)=CCS(ANG)

175 SNN2(K)=Sl~lANG)
180 CCNIINUIE
200 CCNTINIJ1E

IF INSYP') 50092159225
21S RCxA(1t1)/3.I41593

A(191)=(*.
All ,2)=0.
PIRC=3. I41593*RC
DC 220 1=29NTERP
A(1,1)=AU1,1)/PIRC

220 AII,21=0.
GC TGJ 235

225 Vl. =Allt1)/6.283185
All ,1)=O.

Pt RC=6.283185*RC
DO 23U 1=2,NfERIO
DO~ 230 J=l,2

23) All ,J): =A( 1, /Pt PC
235 D( ?40 l1I,NTFRtP

DC ?40 J=192
D(I$ J)=0.

246 Ctl+I,J)=6.

Cl 1,2)=C.
If' IKORK) 50092859245

245 Dr 280 1=19KCRN
IF (NCORMl) 500,280,250

25C NSYlol =1
IF (NSYPI 5009255,270

255 IF (NCOPRl-1) 500,210,260
260 Ifir ,CfR~lf-NPT) 265,270,000
265 NSYFi1-2
270 IA=NC0R~l3

ANG=THE 'AU A)
SN=-S!I N(AG)
CS=CCSIAKG)
DC 215 Jki,NSYMI
SN=-SN
EXPI=DALPHAM4 /3.141593
CrEFR=l.
CCEFT =0.
Dr 172 K=1,NTEPý'
DC 112 1=1,2

172 C K4 1,1) =3)1KL)
V~ 215 V=1,NTERP'
AVKK
CCEF1=C( EFR
CCEFR=-EXPJ'-lCC1F1*CS-CGEF[*SN)/A,
C(EFI =-FAPI*(CUEF[*CS+COEFI*SN)/AK
E XP' -tXPI -1.
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OC 215 k=iK#NTEkP

D(N1I eozO(NI lJ.)C(NAI)$COEFR-CINAZI*COEFI
D(NI.2)=D(V41,21.C(NA,1I*COEFI.CINA.21 :COEFR

275 NAzVKA-1
283 Ctr1INIUE
.'85 A(191)=-0(1,11

a AIl,Zjz-0(1921
DC ?90 1=2#NrERD'
At I,l)=AIIIJ-0t1,1)1
A I ,23=A( I e)-D(Iv1,2
Dr 290 J=291

290 All ,2)=AtJ,2)-D(J-ltl)*AIJl,21-0(J-1,2)*AtJl,1 I
hRITE (69295)

295 FrRPATI42HI4SECIICN MAPPING BY NUMERICAL INTEGRATION,/49H0
I x Y THETA)
RFAD (5,305) XYoTIITHFf,OTH

30') FL1RPAT(5F6*2)
o TH=.Oi 745329*0TH
THC=.01 745329*THO
THF=.01 145329*THF
N SE Gzl
TH(NSEGI=THO
If (KCRN) 500,335,310

3., DC .330 1=IIKORN
IF WOCRMI) 50003309315

315 1KANCORfI)
IF- (THETA(MA-TH0ll 330,500,321

32C IF MIF-TIIETA(IA)) 335,5009325
325 NSEG=NSEG,1

THiNSEG)cTHETA( IA)
330 CCNIINUE

IF (rNSYPO) 5009331,335
331 Dr 337 1-19KORN

IF INCORUII-1) 331,331,332
332 IF (NCCR(I)-NPT) 333,337,500
133 IA=NC0Rll)

THT=6_283185-TI1EMrlIA)
IF- (THT-THO') 331,500,334

134 IF (THF-rHT) 335,500,336
*.36 NSEG=N~SEG+l

TH(NSEG)2THT
.331 Cf.NIHNtJ
? 35 TH(KSEG.IVrTHF

T112=TI
DEL =10.
IF (NSEG-1) 500,350,340

34"' DC 345 I=1,NSEG
D[Ll=(TH( 1+1)-THI ) )/3.

345 DF-L=APIN1(OEL,DELl)
DEL=APIN1 (DE~t.0349066)

351~ or 385 1=1,NSFG
NIPSFG=f TH 1.1 )-TH(I) )/CTH
N PS EG =NP S IG+
P fiC=NP SFG
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IF (1-1) 50093609355
35S AI=AI~.1
36L IF (I-NSEGI 36513709500

370 0I=ITH(1IU-TH(f)-hI.DEL)IPSfG
DC 385 Jzl*KPSEG
TI1L=TH2
TI1Z=THL.D1
CALL PAPP(T141,THZ,1.91.,KY1I)
WRITE (60390) XtY#TH2
If IJ-PdPSFG) 385,375,500

375 If (1-FiSEG) 380,385,500
38G TiilzTH2

THZ=THI4-2.*DEL
CALL PAPP(TII1,TF.2tl..i..EY,31
WRITE (6,390) X,YvTH2

385 C('FiI~IUE
390 FI'RPAY(1H 93E17.5)
500 RIILRN

E ND

SL8IICU.TINE I4APPITH1,TH2,RIqR2qX,Y,KOOEl
C

DI'FENSICN I4COR(20) ,OALPHA(20) .THErA(100)tA(20,2),RA(11).THA( It),
IAPI (11) ,AUU(Il)

C
cCIiCPPC NPr.I4SYP'1NrERI(,XaRN,NCCR,RC,DALI'A,THETA,A

C
IF (KODE-21 5v20935

5 Dc 10 1=1,11

011-=1 IH2-TH1 3/10.
TH-A(l)-.7HI
De 15 1=1,10

15 THA(1.1)=THA([).CTH
G(; TO 45

20 DO 25 1-1,11
25 THAII)=7IH

RA(I )=Rl
DP= (P2-RI i/los
D(' 30 1-1,10

30 RA(I.1)=RA(I)*DR
Gf IC 45

35 C=2.*SINfUTH2-TH1)/4.)
DEL=I iHl-1H2-6.283185)/4.
VOE L-OEL/5.
THC=(THI+tH2)/2.
RAM-1 z.
RAt 111=1.
11-iA (1 THI
THAM 1) zTH2
Dr, 4C 1-2,10
Ot L=DEL+DflEL
Cr)=C.CS(V)Et )
SzSIN(C EL I

RAt I)=SCRTI 1.+C*(C+2.*CD) )
ANG:C*S[ /(1.+(C*CC~)
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'.0 THA I II sT~HdATA%(Al#CI
45 OC ICC 9-1911

APL19la~t

If (SCR1kI 5C0.90,50
50 Dr, t5 IzlKCRh

IF MfCCR(II) 500,85955

If (hYP 5 00v15,65
6c IF (RCSYP - 500,6075,6

65 if (kM0R(ll-FPTI 70,75,500
1e NSVPI=?

15 IA=NCflRIII

EX'PhzALPI'A(I 116.2831I8
Dr (40 Jzl.NSYPI - - ---

A[=-AI
C&IGzA1$THETA( IA)-THA(IKl
SPK=SIN(DAPGI

A%'G=2. *EXPN*ATAA IShuCS)
SN~=RSS1 INANiGJ

CS=R*COS(ANG)

Aml=R*AP(Kl

80 AhbK=APN+1.%(K*

9CS=CCSIAPGrl/RIS 9
SP=SIN(AG)*IRN(TAK
RglE=l./Atl ,)*C+(,)

API=S5UIKJNTR
API.,(K) AM1REAiUK*AP

1CANLIK-ANi*TA(K)AUK)R

11J yI=APLII+) AU()*[

hi If IK(CE-?) 10.50,1510

120 Or 125 1=1910

5C0 RCTLRN

ENC
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SLBIVLTIl APP

DIP'hLS10% OCIO 20 9DALPHAIZO1 #T~lTAI 100OitA12% 2 1,A:.k#At IM9)
ISE1cc lOP1 1 .2)

CCPVC4 Nh7 %.SIP* TERP qKGRUqkCV~.Cac.DALftA# THETA.,&ALPH.A@ S

If (kSYPI 500.5.12
5 Dr IG I=1.N!EMP
IC A(1921=0.
12 IF (VCR%; 5CO.60.t5
15 Dr 55 I-1.KC~ai

IF MCCAI1I1 500.55.20
Zc J1=1

If (KSVP) SGu*25.40
Z5 If (%CCR(II-11 30,40.30
3C, If (hCCR(I1-kPTI 35,40),35
35 JI=2
4c ThET!THlE[4(ICCR(J))

CS=CCS( THFT)
Sk=-S114(THET)
Dr so J=Ijt

Or 45 K=1,t4TERP
Of 45 L=1,2

45 B(K+1,L)=A(KvL)
Rf=1.
APzC.
CCEFIl.
DP 50 K=19NTERV

CCEF=-CCFF* (DALPHAI [1/3. 141593-AK*.1. /AK
RFI=RE
R[=REl$C S-Al *'vN
AI,=REI*SAAIWCS
DU 50 tsK,NTERP
LIC=t-K*1
A(L,1)=A(L,1),CCEF*IRE*B(LK,1)-A4*BfLK,2 ))

50 A(L,2).A(L,2),CCEF*(RE*B(IK-,2),A14*B(LK, 1))
55 CrTINu.E
60 %RITE (6965) RC
65 FCRU'AT(27HlRADIUS C'F MAPPING CIRCLE stE13.5)

NTERPI=NrERP-l
RK=RC
DC 70 I=1,NfEF'OP'

R PJ=RNl*RC
AJ=I
Al(I,)-A(Iit,')*RN/AI

10 ACT ,Z32-A(Ilv?)*RN/AI

71 FCRIIAT(28HOREAL PARTS CF COEFFICIFNTS.)
%vR!TE (6tf5) fA(I,I)qI1,jN1EqI~1)

16 DC 13 !jjNTERP'1
73 A(1,2)=(.
14 il IF (6: 121
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TZ FC*PArg0.ojpaGjhLAa PA*TS OF CCEFFIC1E M.S.)

15 F~rRPA: Ihg~i-#,Ej3.s,

9S F(3'*A1133,ZF6.2,
DUH#=-T ?*53Z9*D~a.
TI-C .03 74-3Z9*Tho
Wp= IHC#-C l
heiTE (6..61

96 FrftPAT(4j3.q~apfApj CF SECrlICN M!lpo UVIRSRi~~
bU'ITE (69iOOI

I C-- FCRPAT(ZOI V)

CS=CCSgTmI
S%~=S[iggTmI
X~gc*cs

Dc 1(6 J=1,%-qERPj
AJ3 J

CS=CCS TH.%If

X=X+(A( J,I *CS*A(J92)*SK)/RII
1C T VY*'A(J,Zl*CS-A(J,1),SN)/sK

11C hRI1E (6,115) Y,Y
115 FCRPAT(IH 1 F's
5CO RETLAP

SLekCLTIPIE PAlf[NV(A,ti,b)
c

or* 1 1=I1,h

If-W -1,M2,5' 2
50Dr. 11=19N

2 6'ý f 2 00!1,N

CIt-f( 1,J)/2.5C2

21 C~tT121



IF to-I 345,64

Dc '5 L-19%
CUR .L)CIK*L)-T*C(II L1

EkcP

Gr Ic ICO
15 ATAk=1.5?0796

GC Ic Ico
ze IF (CS) 25,30,40
25 C.TAh=3.1r.1593

iC bRITE (6.35)j35 FCRP'AT(3O#OAftýLE UNiDEFINdEC. SET TO IEROj.i
4C, QATAR=0.

GC TC ICO
45 UF Ics) 110.50,55
5Z liTA%=4.712369

GE IC C
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POGGRAM TRA&S INI SUT.CUTPUT * 4FEm 'inPUT, TAPIE6.()TlPbT.TApE 25

C 000 PA1N6 PRCGRAP FOR CC7U11W STRIP #Wfe ANDC 3003DIFICATION *
c IGE(P - I FOR bIhG. IGEfi- a 2 FOR BODY

C POIiN a 0 SKIP 3C MODIFaCATIO1R. ROOM~ z I PWIORM 3.0 HOIFICATIOlU
C JSTCP=9KWSEE CF IlIEnATIONS9 IGIS=KWINEft OF LAYERS 11 30 WY'i1;CAT
C JPCbERsO. POWER EFFECT; JPWER-10 PUME 31%.
C IRecT=O. RECT&NOULAR ~iftG; IRECTzi. ngECTAiNQP3 TwjX OR So
C lICltCEzOvlO FMCE-IMOMEiT COMPUT ED I FORCE-1, FORCE I"E-%T COMPUTED

DIMEftSIC* sJ*(X t1,0 KI 1 6,R~~401 NJHIf1694019 APAltflZOO wiSM ( 7,16 t
t ,Ahe9g12,16I9VXXha~l~.4OlvVvI1.It6,4OJ.DWI301
CiffhSIC1m SNKI129161
DIVEkSICft CP(16,401,DftDX(161
DIFUISICIE X(4,16,401,jy (4,16,409.1t4, 18.401.S1140, zo2*~,6CsuCIz
CIP'EhSICN DXI16.A0ICYE16,4O1,DZ(16,401:AC(I5OI

CCrPCtEIBLKHKIIVESTA~ft.NFOUR.NSYN. ITIPE
CtfPC'%IBLIKHK2/$IJl,VJIIKU.NAPART ,RSW, Z

CCPPCN/BLKHK3fl11.CS

CrPPCCN/BLKH94/CZC
CCPPCiI8LKHKI1O/OX ~ tET

CSP9GN/SLKHKI3/vX
CCPPCTEISLKHI4 IVY

CV'PPO?4IBLKH15 INOOWN. IREPET
COPPCIE/LKH16 /DW

ITAPEz
101 V~N1INUE

RfAD ;5*501) IGECM,MODIN.JSTOP.IDISJPo.EER,1RECrIFoRCE
IF (EOF(511 999,102

1C2 CCNTII4UE
DC 1113 K=11,6
CC 1113 J=1940
VYX (1 KVJ)=0.0

1113 VYY(1,Kvj)-O.0
Or, 1114 K=1930

1114 01091=0.0

IREPET-1
IF (IGECP-2) 1,2,201

1 UXIIE (6,601)
601 EFnRP'AT (lHI .52X,16HWING SUMPUrATInN,51x,2OH***.**********.******)

WRITE (6,610)
IF (IPCDIRI~ 60,60,61

60 WRITE (6,olll
611 FrRR'AT flaO,1!5X,22H1. SEGMEhT PETHOD ONLY)

Gc IC 3I2 bRITE (6v602)
602 1URP'AT (WIH 52X,I6HBCDY COMPUTATION/51X,20H********************)

WRITE (6,610)12



61C FOCPAT fIhOSl//I0Xq34HOPTIOftS SPECIFIED FOR THIS MRL ARM/
IF IPCDIftI 60,60,61

61. hRIJE 16,6121 JSTOP
612 FIrPAT I1H0.151,36H1. THREE DIMENSIONL MODIFICATION CaVI393X9

19tst IERATICNI
3 RFAC f5,5021 NSTAN,NFOWR,1GYNRTHET.UJAIPtI1,BE.A

IF IJflCkERI 62,64965
62 hUITE (6,6131

613 FCRPAI 111E0.15X926H2. PC~nR OFF ,WIFIGURATION)
GE TC TO

64 bRIlE 16,614)
614 FCR*Ai IIHO,1l5X,20H2. POWER EFFECT ENLY)

GE. IC ?C
65 hRITE 16,6151

615 FCRpA' (IHO#15X,25H2. POWER ON CCIEFIGIJRATIOIU
70 haRlIE (6#6161

616 FORPA" IIHOII/53Xvt4H**INPUT DATA**)
WRtITE (6,961 7INSTAg NvNFOIJRSYPe XTHET, 9 RECT, IFORCE 9UJJALPHAB6ETA

617 FCRPrAt llHiO,5E,5HNSTAS,13,3X,2HUZ,13,3X.5HNFOURl3.3X,5HNSYI,;slIZ
I 3X,6HPTHEr=.13,3X,61IIRECTz,13,3X,7HIFORCE=,13,I6X,3HUJz,F7
2 .3,3X,6HALPHA=eFS.3,3Xg5HSETA=,FS.3)
Dt; 20 I1=1NSTA
RI-AD ;595031 APART(I),RBHK(1,I3.ORlDX(I3
WRITE 16*628) AqART(IlI)R8HK(1,I ),CRCX1I)

628 FCRPAI' 11H0,2X,8HSTATION4=,Fl2.6,3XtHRADIUS=,F12.6,3X,6HDERIv=,t
I FL2.61
BEAB= IBS(I3ETAI
IF (?b!YU) V2125,6

5 IF (BEAB-0.OCIJ 113191131,1132
1131 NTHET:- PTIIET41

GC TC 1133
1132 4THET= FTHEY
1133 READ (5,505) (AHK(JI3,J-1,N)

613 F(RXAT(lHC,ZX,3614GEOMqETRY COEFFICIENT *A* FOR STATION,13/(E15.6)
GC IC 8

6NIXET - PTHET
READ SrS05) (AHK(JgIJHHK(JtI3, Jz1,N)
WRITE (6,619) I.(AHKIJqI )qBHK(-JI )#JrIN)

619 FCRPA* (1H0,2Y#41HGECMETRY COEFFICIENTS *A*9*9* FCR STATIONOU3
1 (bE15.61)

e IF WJOhER) 12911911
It READ i5o%505 (U.lKlIqJ)tJ=1qNTHETl

'RFAC 15,505) fVJHK( I ,lJJJ,NTHETI
READ i,5v5M (WJHK(1,J!#J-1,NTHET)
%RI TE l6t62O.) I, (UJHKfa*,J),Jz3,NTIIET)
WRITE 16,621) 1 ,IVJHK( IJ),JzI.NTHET)
WRIiE 16,622) I ,1WJHK1I#Jlt-J-1,N THET)

620 FflRPAT (UIO,ZX,33tIVELOCITY COMPONENT *Uw AT STATION913/(6E15.5))
621 FCRPAT 11H0,2X,33HVEL0CIrY COMPONENT *V* Ar STATION,13/(6E15.5))
622 FCRPAT I-H092XI3HVELOCITY COMPONENT *W* AT STATION913/(6E15.5))

GC~ TC 20
12 DC 15 JZI.NTHEY

UJHK1IIJ) =0.

15 hmJHIý(IJ) = 0.
23 CCNIINUE

DC 900 K-19NSIA
RaF4K(2,K) = 1.5*RBHK(1,K)
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DC 905 Im3.kDIS
Al-=1-2
A1=AI*R9HKI l.x)

905 RRIIKIItK)=R8HK(2qK, j0'
900 CCRTINUE

IF INFOUR-Ni 80ov80s,g,,,,
800 NFCLz N

GO TO 801
605 NFCLz NFOUR
SCI IF ("SVP) 202,841,84.2
841 IF (BEAS-O.0011 8379837,ý442
837 N12$NPTHET

GO TO 843
842 NW=PIHET
843 AN=6.283185/FLOATIOT)

DOr 835 11t,PT

ACI I)=AI*AN
ANG=AN*AI
SI1,1*) =SIN(ANG)
CS(II,)=CCS(ANdGJ
S51 I2)=2.0*SI(IJl).CsII9l

835CSI2=.-nSI,)
2

NTE srI NFCUI2
NTEST2=(NFOU,1 )12
IF (NTESTI-NrEST2) 122O,12219M2O

1220 NCCFI= NFCU-1
RCCF2= WFCU
GC TO 1222

LZ?1 NC(FI= NFOU
tdCCF2= IIFCU-1

12M 00 840 Jz4,NCOFL,2
0n 840 I=1,PT
SI I IJ) =511 ,2 )*CS(I,J-2 J S(1 2)*SjfflJ J2)

0C 045 Jz3,tICCFZ,2
DC 845 I1=rT

845 CS(IJ)=CS(Il*Sljl-ll)*lo-)
IF (tGEOP.-2) 810,815,201

810 IF (IRECT) 201,846,847
846 NtNN~l

GC. TC 848
*847 NNN:=NSTA

848 or 850 Kz1vhNNN
DC 850 1=1,1015
on 850 J=1,MTHET
AA=RBHXKIK)*IAHK.IvqK)*CS(Jpj) *BHKIIK)*S1(J, 1)) *AHKI2vK)
BI~aRB4KII,K)*(AHK(1,gc)*S~J(J) *BHK(I,K)*CSIJ, 1)) *BHKI2#K)

1U=.0
or 855 NS=3,N
LLi=NS-2
RFV=REV/RI8H~ie~t,)
AAZ-AA +REV*(AIAKiNS9K)*CS(JvLL) *BHK(NStK)*SIIJPLL))

855 Bri=88 +REVA1-AHKfNS9K)*SflJ),LL) *IRWI1NS#K)*CSIJ#LL))
X(! ,K#J)=AA

850 Z(IK#J)=6B
On 8J60 K~l*NNN
DC 1960 J=191ATA1ET
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AD*RBHKII#K)*(-AHK(itK)*SIIJ,1I *BHKf19K)*CS(Jol))
8OxRBHKf19K)*fAHK(1,K)*CSl IJ~l -BIIK(1,Kl*SI(J, 1))
REV=1.0
DC 865 N0=39N
CD=KO-2
REV=REV/RB,,I. d1K)
AOADO 4REV*(-AHK(NDK)*SI(JvN0C2) *BHK(ND*K)*CSIJpND-2))*CD

865 BD=BD -REV*( AHK(P40,K)*CS(JND3--Z) 4-HK(NCK)*SIIJND-Z))*CD
DXIK*J)=AD

860 DZIKJ)zBO
IF MNAP.E.1) GC TO 856
DC 857 K=29NSTA
OC 8571!=1,IDIS
DO 857 JzJPTHET
X(I ,KtJ)=X(1,1,J)

857 Z(IvKJ)=Z(!,1,J)
DC 858 K=29NSTA
DO 858 J=lPrHET
OXIKtJ)=DX(19Jl

8S8 DZ(IC.J)-OZ(1.J)

856 NSTA2=0
110 NSTAI-NSTA2+1

NSTA2zMI NOINSTAvN~STA2+4)
WRITE (6,102)
WRITE (69r'3) (APARTM9I),NSTAlvNSTA2)
WRITE (6,104)
ATHET= 360.0/FLOAT(MTHE(I
DC 715 Jzl#PTHET
TEJ=J-1
THEE=TEJ*ATHET

715 WRITE 16,705) THEE,(X(1IlJ),Z(1, I,J), I=NSTAl,P4STA2!
IF (NSTA-NST02)104191041,710

815 IF (PEAS-0.001) 920,9200925
920 ITH- MTHET41

GO TO 930
q25 ITH= 1tPTHET/2
930 DO 935 K=19NSTA

DC q35 !s1.IDIS
DO 935 J=lITH
AA=-RBHK(lN)*CS(Jtl) -AHK(29K)
08- RBHK(I,K)*SI(J,1)
REV=1.0
DC 940 NS-3,N
LL=KS-2
REV=REV/RL'HK IltK)
AA=AA -REV*AHK(NSvK)*CS(J,LL)

940 BlP=0B -REV*AHK(NS#K)*SI(JtLL)
Y(I ,KJ)=BB

935 Z(I#K,J)-AA
DC 945 K*INSTA
DC 945 J=1I#TH
AC= RBHK(1,K)*SHU,1)
BD= RBHKI1,K)*CS(Jt1)
REV=1.0
DC 950 NO:3,N
C~aND-2
LL=NO-2
RE-V=REV/R9HK(1 ,K)
AO)=AD +REV*AHKlNO,IK'*SI(JvLL)*CC
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950 BD-80 -REV*AHK(NDeK)*CS(J*LL)*CD

945 DZ(K#JI-AC
I TH lixI TP- I
DC 955 IKz19NSTA
DC] 955 I1,1IDIs
DO 955 J=291rHik
LL=2*! THMe2-J
Y(I ,KtLL)=-Y(I,K#J)

DO 956 K=1,NSTA
DO 956 J=2PITHP
LLm2*ITHM~+2-J
DVI K#LL)- DYI K,.))

95~6 D1( KIL)x-DZ( KJ)
NST42=O

720 NSTA1=NSTA2+,~
NSTA2-M1N0( NSTANSTA2+41
WRITE W67O6)
WRITJE (6,707) IAPARTII),J=NSTA19NSTA2)RI WRITE 16,108)
A'!HE i= 360.0/FLCAT INTHETZI
Dfl 725 J-i,tMTHET2
TEJ-J-1
THEk- TEj*ATHET

725 WRITE (6970!0 THEE,1Y11,IJ),l(1IlJ),I=NS1AlIrdSTA2)
IF (NSTA-NSTA2) 1041ol0ail,720

1041 KOULNT=O
IF (NSYt') 202t1115@1120

1115 IF IBEAB-0.001) 1125,1125,1120
1125 NTH= 2*10THET

GOTO 50
1120 t4THu t4THET
50 CALL STRIP (IGEOP,KOLJNT,MTHETvJPOWER,AC)

IF (PODIN) 90#90t22
22 IF (IGECI4-2) 23t24,201
23 IF IKOJUNT-1) 30940t90
30 KCUflT -KCUNT+l

NTH MTHUi
READ (5,501) NBCCL,MEXIT
GC TO 1015

iCOL KOLKT=1
IIUEPET-IREFET+l

1015 CALL WM0DJ INTH,IDIS,NBOOL,MEXIT)
GO IC 50

40 KCUhT a KOUNT~l
IF fIREPET -1#% 1020,1020,1025

1020 READ (5,501) MOD
41025 CALL ONWASH (NTHMOO)

GC TC 50
24 IF (IREPEI-1) 1024,1024,1030

1030 IF iIREPEl-.JSTCP) 1035,1035,100?
1024 IF (KOUNT) 38,38990
38 KfUKT = KOUNT+l

READ (5,501) NJET
READ (5,504) APART(NSTA*1)

1045 CALL BM003 (NTH*IL'ISvNJET)
IRE PE 1= RI PET. I
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GO TO 50
90 IF £IREpET-islopi 10019100291003

1002 IF (IGEI'N-21 13C5,13109201
1305 WaITE 16#131) lOISvN80OLtMEXITvMOD

GO TO 1603
1316 WRITE (60132) IOISNJET#APARTINSTA*ll
1003 IF (IFOACEoEQ.0) GC TO 101

IF IIGECA.-21 91029,201
91 REAl) (5,506) NDJDIAP,XC~rlCG@CH40R0

WRITE (61P734) NDJtDIAMqXZ~rZCG9CHORO
CALL FACING d4THtfRECTNDJ,DIAM,XCG#ZCGCHORDI
WR4ITE (&69660)

660 FCRPAT llHOq/45X,29H*#*END OF MING COMPUTATION***)
GO TO 101

92 READ (5,5061 NDJOIANXCGoCHORD
READ (50504) YTIP,ZTIPAPARTINSTA41),YTAIL~IrAIL
ZERC = Cl.
WRITE 16,733) NCJDIAMXCGCHORDZEROYTIPZTIP, APART(NSTA.1),
1 YTAIL92iTAIL
CALL FMEOPIW (NTHYTIPZTIPYTAILZTAILNDJDIAMXCGCI4ORO)
WRITE 10,061)

661 FIuKFAT (IHOt/45X929H***END OF BODY COMPUTATION***)
GC IC 101

201 WRITE 16,603)
603 FCRPAT (IH0931H**ERROR IN GEOMEfRY INDICATOR**)

S TOP
202 WRITE (6,604)
604 PI'RPAT (IHO.3114**ERROR IN SYMMETRY INf)ICATCR**)
999 STOP

50) FORPAT MWi6
502 FCRI'AT (513,4F7.3)
503 FORPAT 43F12.6)
504 FCRMAT (6F12.6)
505 FCRPA; (6EI2.5)
506 FORPAT 413,4FI2.6)
702 FCRPAT (1IH1942X23HTABLE FOR WING GEOMETRY)
703 FORFAT (IHO,6X944l0X,2HYzF6.2,IOX))
704 FORPAT 11H 96H THETAt4(5X4HX(I)l0X4HZ(1)5X?)
7 -..: FflRPAT (IH tF6.298E-14.5)
706 FL!"PAT (lHI938X27HTABLE FOR FUSELAGE GEOMETRY)
707 FORPA7 (LH0,6X,4(1OX,2HX=tF6.2tl0Xl)
708 FCRPAT (02 96H THFTA94(5X4HY(Il1OX4HZ(I)5Xll
731 FORMAT (1H19;'HPARA14ETERS USED IN 30 MODIFICATION OF WING CO)4FUTAT

liCh ,3X5H10 Si, 1.3 ,'6HNBCOL=,13, IX6HMEXIT3, 13, kX4HMOD=,I3ý,
732 FORFAT 11H1958HPARA~:rERS USED IN 3D MODIFICATION OF FUSELAGE COMP

IUTAT1ON,3X5HIU1SzI3,1X5!NJETzI3,1K19HLENGTH OF FUSELAGEtF8.3)
733 FCRPAT (IH0947HPAkAMETER&S UýFC IN FORCE AND MOJMENT COMPUTATION,

1I3,16HJET Of DliPoETERvF8.3t6H !fCGz9F8.39,~ri REFERENCE LENGTH=,
2F8.3t/ 5X?3HCCORDINATES OF NOSE Xa~rF8.3tAH Yu.f8.39,4H ZuF8.3;
325H CCCROINATES OF TAIL X-tF8.3,4H ;-t#r8.394H ZmtF8.31

734 FrR?0AT 41HO.,38HPARAPETERS IN FORCE/MOMENT CC!MPUTATION,13,16HJET OF
I CIAMETEk F8,3,6H XCGztF8.3,6H ZlCG-tF8.3tl1p,' REFERENCE LENGTH=
2,1-8.3)
END
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DII'ENS[CN CZ(37),SZ(37),CA(73,SA~l1,,IAR(10),ARG( 1C),CON(I( 1

MAE=PA,4
DO 59 M=PZ.4AE
IFIAC(MI-AC(1'-11) 58,59959

58 AC(P)=ACIP)+6.283184
¶59 CCNIINUE

Do 110 N-19NM
FN=FLOAT (h)
DEL =C. 174 53288/Fh
ANGC=ACf I -DEL
DC 20 1=1,18
ANGC-ANGC+DEL
CZ(II)=CCS(FAI*ANGC)
SZI 13=SIN(FN*ANGC)
Gil+14-81=-Cz(13

20 SlfI+18)=-SZ(1)
ClI 37)-CZ (13
SZ( 37):SZ (13
AIN)=0.0
81 N)3=0.0
MC=-3
ARGM-3AC(1
CA(7)=CZ( 13*PT(1 3
SAl 11=Sl(lJ*PT(l)
ANG=AC(l)
DO 100 JzI.N
DO "I K=1 6
CAl 13=CA7)
SM 1)=SAE13)
LC=(K-i )*6
DC 80 L=2,7
LV=LC+L
ANG=ANG+OEL
IF IARG(4-ANG15O,10,70

50 MC=)'C+3
IF(ACIMC+4)-ANG) 50,55,55

55 DOP 60 P'=1,4
M~V=IL+M
ARiG ) =AC I MV)
VAR(M3=P~T(V)

60 COlNTINUE
LP.LL SVCC(VAR,ARG,CCN,4)

10 ZA=SVINIANGARGCaN#43
CAIL3=ZA*CZ (LV)
SA!L)=iA*SZ(LV)

80 CUNTINUF
B(N)=SlN).SAl1),SA(3)4SA(53,SA(7)+5.0*(SAl2),SA(6)3,6.0*SA!'.3
A(N)=AIN)+CA(1,4rA(3),CA(5),CA(73,5.0*ICA(2)+CA(6)3.6.0*CA(4)

90 CCNTINUF
100 CCNTINUE

HDE =OFL *0.0954930
A(N)=Al(4)*HDE
AfNkfi {N)*HOE

110 C. ''.! !NU E
R[ TLRN
END
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SUB1ROUTINE SVCO(VAR,ARG,COt4,NUMq)
C

DIPENSICN ARG(11,VAR(1).CON(!)

OEM-ARG(NUM)-ARG(1 I
DC 15 J=IVNUI4
DEN=ic
DC 10 1z1,NUM
DELzlARG(J)-ARG(If))IEi4
IF (ABSIDEL)-0.O0oool) 5,5,10

5 DEL1l.
10 DEt4OEN*DEV
15 CCN(J)-VAR(J)/DEN

RETLRN
END

FUNCTION SVIN(ARKvARGvCONvNUfK)
C

DIHENSICN ARG(IhCON(l)
DU'ENSICN DEL1101

DEPxARGINUM)-ARG(l)
SLtPLwO.
PRCAsI.
JPW1
DC 20'J-1,NU1'
DEglJJI=ARK-ARG(J) )/DEM

5 IF IABS(DELIJll-.000001) 10,10,20
10 SLPCzCON(J)

JPa2
DELM-) a,

20 CCNIINUE
DC 30 J=19NUM
GC TO (25930),JP

25 SU4C=SUMCe-CCN(J)/DEL4J)
30 PROA= .PROA*DELIJ)

SVI NZPRCA*SUMC
RETLRN

SUBRaUTINE STRIP (IGEO14,IPR1NTvMTI'ETJPOWERvAC)

UIMENSICN UJHXtI6,40) ,VJHK(16,40),WJHKt 16,40),K(20),RBHK( 7,16).
1 1t4,18,40) ,VXX( I,16,40'IVYY(1,16,40),DWI30I
DIPENSION CPII6#40)*CRDX416)
DIMENSICN ACM!
DIMENSICN VXI4OhtVY140)PVZ(40)

C
CUP MON/IBLKHKL/NSTANNFOUR,NSYM, ITAPE
CCPPCN/BLKHK2/OIJHKVJHKvWJHKtX ,ROHKZ
C0VRCI/BLKHK4/I)RDX
CCPMCN/HLKHK5/UJ ,ALPHA, BETA
CCFP'CN/B11HK6/CP
CflPOCN/BLKH13 /VXX
CCfPPCN/BLKH14 /VYY

CCPPCN/BLKI(H1 /NCOOWN91REPETI, 130



CCU'D'N/BLKH16 /OU
C

BEAa=ABSIBlE TA)
MIT=PTHET~l
ALPCz 0.0174533*ALPHA
BETR= 0.Oj74533*BETA
CCAF:= CCS(ALPQ)
SIAI-= SIN(ALPCI
CCBE= CCS(BETR)
S!BEz SINIBETIR
Q= CCAF*CCBE
R= SIBE
S= SIAF*CCBE
00= 1.0
IF fJPCE.g) 4,294

2 VO=C.O
4 DVX= UO*Q

DVY= Uo*R
DVz= Uo*S
REhIND [TAPE
DC 920 I=1,NSTA
IF (NSY10) 200,25,35

25 IF IBEAB-0.OOI) 26926,35
26 NTHET= t'THET.1

GOl IC 40
35 PNTHET = 1'THET
40 DU 4.1 J=1,NTHET

VX(J) -UJHKfIJl
VYIJ) =VJHKlIJ)

41 VZfJ) = WJHKII,j)
C MHE SIGN CCNVENTICN h-2l 2-VELOCITY COMPTS TH4ROUGHOUT HERE IS POSITIVE
C IN PCSITIVE I-DIIR POINTED UPWARD

oC 50 J=I ,NTHET
VX(.I0=VX(J).DVX
VYij)=VY(J)+DVY

53. YZIJ)3VZ(J)+DVZ
IF INSYPA) 200,55t65

55 IF IBEAB-0.001) 3039303965
303 11= 2*NTIIET-1

DCl 60 J=29NTHET
11=11-1
VX1 I1)=VX(j)
VYI Ii'=-VY(J)

60 VZ(I13=VZ(Jl
N rHET=2*f4THFT

65 IF (IGEOM-2) 66,67,67
66 CrNYINUE

CALL VLtING (NTHETIVXVYVZ,AC)
61' IC 68

67 CALL VLB01DY 4NTHET#I,V~tVYtVZAC)
68 CCNIINUE

Iý- (JPOhER) 901,900,901
9C0 DC qC5 J=1,NTHE7
905 CP( IJ)=-2.0*(VX(J)*C~+VY(J)*R+VZ(J)*S)-VX(J)**2-VY(J)**2-VZ(J)**2

G(" IC 921
901 OC 70 JzlNTHET
10 CP(I,J)z-2.0,UO*(VX(J)-L30h-(VXIJ)-UO)**2-VYIJ)**2-VZ(J)**2
921 IF CIGECM-2) 906,901,907
906 rIt (NDC6N-0) 30010920,300
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300 or 908 J=1,PTHE7
VJHXICIIJ)ý VJHK(IJJ-VYY(1ItlJ)

908 YYY(1Ivj..20.0

GC TO 920
907 or 909 J=1,PTT

909 VXX(1IIJ3=0.O
920 CCNTINUE

IPRII~zIPRINT*1
203 FORFAT (4IH1PRESSURE COEFFICIENTS 4~T WING, SEGMENT METHOD.)
204, FCRPAT (71IHPRESSIJRE CCEFFICIENTS AT 10NG AFTER RESIDUAL SOURCE/SI

INK P'ODIFICATKCN.1
205 FCR'eAT (7ZHIPRESSURE COEFFICIENTS AT WING, END OF THREE DIMENSIONA

IL PCOIFICATION OF#13,3X91OHJTERATION.)
2J6 FIRPAT (5lHlPRESSURE CCEFFICIENTS AT FUSELAGE, SEGMENT METHOD.)
207 Fr'RPAT (6?HIPRESSURE COEFFICIENTS AT FUSELAGE, THREE DIMENSIONAL M

ICPLFICATIL 4 OF91393X91OHITERATION.)
NS1A2=0

80 NSTAIzNSTA2+1
NSTA2=,dINO (NSTA,NSTA2+71
IF (IGECP-2i 85,95,200

85 G~C TC (2109215,220),IPRJN
210 WRITE (6s2031

GC TC 225
215 WRITE 16,2043

GC IC 225
220 WRITE (6,205)IREPET
225 %RITE 169110) (X(I)vJ=NSTAlNSTA2)
110 FORPAT (1IH0t6X,7(4X2HYztF6.2,4X1)

WRITE (6,115) (RBHK(1,I ), I=NSTA1,NSTA2)
WRITE (6,121) (DRDX(I),J=NSTAvNSTA2)

121 F'ýRI'AT (lH ,6H THETA,7(lXt5HDRDY=,F6.2,4X3)
GO IC 105

95 GC IC (230,235),IPRIN
230 WRITE (6.206)

GC TC 240O
235 IRETT= IRI-PET-1

WPITE (6t2OflIRFTT
240 WRITE (6911!.) (X(I1,I=NSTA1,NSTAZ)

Ill FLRP'AT (lF10q6Xq7(4X2HX=qF6.2p4X))
WRITE (6,1153 IRI8HK(v1,), I=NSTA1,NSTA2)
WRITE (6,120) (DRDX(I)9I=NSTAIvNSTA2)

115 FflRPOAT (1H ,6Xq7(3X3HRB~qF6.2q4X)?
120 FORIPAT (P4 ,6H THEtA97(1X5HD4RCX=*F6.2#4X))
105 CONTINUJE

WRITE (6t125)
12i FCRI'AT (111

AIHET=360./FLCAT (NTHEr)
Orf 130 J=19NTHET
AJ= J-1
WfE T=AJ*AIHET

130 WRITE (6,135) THETt(CP4I#J)#I=NSTA1,NSTA2)
13S FCRVAT (lH tF6.2,7E16.51

IF (NSTA-NSTA2) 201.,201*80
MC STCP
ICI R[TLRN



SLORCUTIME VLSODY IPTHET,K,VX,VrVZ.AC)
C

DIPEtkS[Ch CROM61I
DIPEF4SICh UlJHKII6,40),VJHKII6.403.loi'!KII6,401,XLI2OIRB( 91.16)
I 1(4,18o-4O3,Y(4.18.4O),DY(16.4O).DZt16,'sO),DPSI(4O)
D1I'ENSICN !,I(40,20),CSE'.O,20)

OIPEIISICN AM(301.F(303
DIPENS!Cft 4U(150)*PT(150)

C
CCPPCN/BLK'IK/NYSTA,'4,NFOUR,'4SYM. ITAPE
CePPCNd/BLKHKZ/UJHKVJHK.WJHKELRB, Z
CCPPCIIIBLKcHK3/SI .CS
CCIPPCN/eLKHK4/DROX
CCI'PCP4IBLKHK8/Y
Cf'PPGN/PLKH9/01-
CCPPCN/BL#Hll /DY

DC 50 I=1.MTHET
DS2=SQRT(rY(K.1)**2.CZ(K 1)4*23)
DVY=VX( 1)IDRDX(K3*0Z(Ktl)/DSZ
OVZ=-VX(1 *VRDXMK*DYlKvIl/DS2

50 DPS1(I)=(4('IV)-DVY)*DZ(KqI) -(VZ(I)-DVZ)*rjY(K. I)

J=P EHET+l
ACl J=6.2331853
OPS! M) zO 'SIMl
CALL INTEG (49JOPS19AC#PTJ
BO=C.1591 549*PT( J)
AJ=C.0
7ORR='TI Jl/FLOAT (MTHET)
bPf 65 I=Z#J
AJ=AJ+ 1.0

65 PT(J)-PrlI)-AJ*CCRR
Dr., 10 1=2t4

AC(J)=AC( I
10 PT(J)=PT(I

Dn 15 1Ir,I50
15 tdL!I1II

CALL THEOi (hFOUR,MTHET ,NUqAC, PTAFBFJ
kRIYE (11APE) B0,IAF(1)BFII)I=lNFOUR)
If (K-NS1A) 770,760

16 END0 FILE IrAPE
17 DC 110 1-:1It'rH-ET

DC 105 J=1,t4FCUR
NAING=I I-I *(J+1 ).1

80 If (KANUG) 85985990
85 NANG=NAW;+PTHET

GC Tn 80
90 II- (NANG-PTHET) 100,100,95
95 NANG=NANG-MTHET

GC' KC 9C
MOU AJ=J

YCC~PPY(CP4.+AJ*IBF(J)4CS(NANG,L)-AF(J)*S!INANG.1)?



105 ZCdFP*zZCCPP-AJ*I*FIJI*CS(N* I3.Sl*FIJI*Sim*RGLj I
ORE=Dl(K0gj*CSgI,t)-Dv(K513*Slg1lIl

DEII2=DREO*Z*DI PO**
V1 =-(YCCPPODREZCOPP*C191)/DEN2
V~Z=(ZCCPP*DRE-YCCNP*DINJIDEtOZ
VY(IlsvffII.V1

110 Vz(I)=VZIIIGVZ
200 RFTLRN

END~i

SLBRCCINE VLWiING (I'THETvK,VXVYVZvACI
C

DIPIENSICN UJHKII6.40l,VJ14K(16,401.WJHk(16,403,XL(203,RB( 1.161,
1 DRDX(161
DIVIENSICN X(4,18,403,l(4,18,40),DX(16940),DZ(16.4C1,SII4C.203,
I CS(40920)vDPSI(40)
DII'PLSICP4 VX(1) ,VYII),VZ(1)*AC(L)
01.'EKSICN AF(30),SF(3OI
DII'ENSION NU(l50)vPr(t50)

C,
CCPIPCN/aLKHKI/NSTA,P4,IFCUR,NSYM. ITAPE
CflPP'N/OLKHK2/UJHK,YJHKWJHK, XL,RP, Z
CCPPCN/BLKtIK3/Si .cs
CCPP'CN/BLKHK4/DRCX
C CP'PCPJ SL KH K7/ X

COP?'CN/8LKHIO/DX

If £A1PS4OROX(K)).GY.0.01) GO TO 40
DC 35 IzIMTHIEI

35 OPS(I )=VXII)*OZ(K,1)-VZUI)*DXIK,[)
GC IC 30

40 Ot 45 1=1,MTHFT
0S2=SQR1(DX (K,! )**2.01(KvI)**21
OVX=VY([1*OROXIKI*Dl(Ktl)/DS2

* DVZ=-VY(fl*DRDX(K!*DX(Kfl)/DS2
45 DPS!(I)=(VX(i l-Ovx)*OZIKI)-(VZ(I)-DVZ)*DX(K.!)
50 PT( 11=0.0

J=?4IHET,1
AC (J)=6.2831853
DPSI(J)=DPSI(1)
CALL INTEG (4,JvVPSI*AC9Pri
BO-0.1591549*PT(J)
AJ= C. 0
CCRR=Pr(J)/FLCAT IMTHET)
DC 65 1=29J
AJ=hJ+1 .0

65 PT(1l=PT(I)-AJ*CCRR
D00 70 1=294
J=J,1
ACI J)=AC( I)

7C PT(Jl=PT(J)
0(I 15 1=1,150

75 N4L( [)=I
CALL THEO (NFCuR,~rUFT,NU,AC, PT,AF,PfF)
ArC=C.0
Or' 16 !:1,NFOUR

134



Alai
76 AC=AO*AI *.F £1)

hlITE (ITAPE) A0,SO.IAFIIISF1I1,IzlvftF(NJRI
Dr 110 ls1,PTHE7
XCCVPPZSGCSEI ,1* AO*SI1IIj,1
ZCCPP=-B*I;,iA*SIl

WNMGZI I-1I*fJIJ+1*
CO IF (NANG) 85985990
'3 5 014%G= -Ah.P"HET

GO TO SO
9C IF (hAN-PTHETI 1009100v95
95 NANG=KAN'V-PTHET

GC IC 90
160 Aj=j

XCCI'P=XC'PP *AJ*(BF(J)*CS(NANG,11-AF(JI.S1(NAVG,1,I
105 ZCCPP=ZCCPP -AJ*(AF(J)*CS(NANG.1),SF(J3.SII(NA.G, I)

DRE=DI(KI) *CS (1,1 -CE (K, NISS I I II

OEht2=DRF**2*D! PS*2
VI Z-IXC0NP*CRE+ZCOPP*DIM)/DENZ
V.:x(ZCCPn*0RE-XCCP'P*CIP1/CEN2
VXL l)zYXI I )+V

110 VlII)=VZ(1IV2
200 RETURN

END

SUBROUTINE INTEG(N,NXFPR,X*FCN)

NIzIC
XNIzLNI
NIP2=NI-2
Dtý 75 1=29NX
J=I-'.
IF (J-1, 1#1,5

1 Jo=1
GC TO 20

5 IF (NX-J-N+Zj 10.10,15
10 JO=NX-N+l

GV TC 20
15 IF INX-1) 70,10,16
[6 IF (J-JC-N+2) 70,18,13

18 Jc=J-1
20 CALL SVCC(FPR(J0),X(JO)*CON#4)

10SLP'Z0.0
DELXzIXMI-X1J)o/XNI
Do 80 K=2,NIM2*2
DX=K-1

Xx=( 1. -Ox)3*XIJ)+OX*X( I)
YY=SV1NfX,X(J0),CCN,4)

YY2=SVIK(XXt XfJO) ,C0N,4)
80 SUPSUP'+'.0*YY+2.0*YY2

XX=XXtoELX
SUP=SUM.SVIN(X(J),XtJO),CflN,4),SVIN(X(I),X(JO),CON,43
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1 *4.O*SYIhIXXvxIA31.CON.4)
SUP=SUP*DELX/3.0
FCh (I I UCIJP.SJpr

is CCiJI'sUE
RFJLRN

SLBqCUTINC D0lbASH (RITHEvRKO;

DiVERtSICft UJ4Plt6.4OVJHKI16.4OIWJIM(16,4O)vY(2CI.PehC~i7,'tI
I 14,IS.',01
DIPEISICt4 AOIIK(161
DiPFENSICF4 Sr(40,zoI.CSI4o,2o3,MJII5o3,EC(15o).A(5cJBg50),roAA(4o3
I ,CX(40),CY(40),FA(40l,W(30J

CCSPFC'/BLKHKIIP4STJ.NIDUP,NF0U)RNSY~. ITAPE
CCPPC'i/BLKH92/UJ"7.*VJHK.WJHK.Y.R8HK.Z
CCPPCNIBLKHK5/UJ*ALPHA*BETF
CCPVCP4/BLKH15 :NDoIN. IREPET
CCPPC'dIBLKH16 /Wi

c
REhIKO IT4PE
DC IC I=1,PISTI

10 RFAC (ITAPEI AOHK(Ii

NCChNz 1
BETA= ABS(8ETF1
IF (BETA-O.001) 400,400,405

40~5 MC=NSTI
iSP= INSTI+I)f2
NSTA= ISP-1
DO 150 I1=19SP
CI= V(II/VII)

I5C CX(II = ACOS(CTI
DC L55 1~tISP

155 CX(KSTI+1-I)= 3.1415')-CX(I)
DC 160 [I#NSTI

160 CYINSTI*1-1)= A0HK(I)
CY 1) =0.O
CYthSTI )=0.0
GC IC 420

4C0 NSTA=NSTI-1
iC 2*NSTA

OC 2I-29KSTI
INY NSTI-I+l

2 CYfINVI = AOHK(I3
CVI 1) - 0.
DC 255 Is2vNSTA
CT=CXEI )/CX(l)

255 CXII) = ACOS(CT)

415 Dr' 262 1zlNSTA
J=PC+2-1
CXIJ).z 3.14159-CXII)

262 CV(J)= CY(I)
CXIKSrI)= 1.5708
CY(NSTI)= AOHK(l)
9dC:PC, 1



420 If &S*T".00011 42194Zls422
422 DC 27i J=2913

OLPV=0.. 1 4S3l*Al
DC 272 1-2901-TI
IF: (CX(II-DUP) 2Z2*l120#1121

11,20 GAPAIJI-CYIII
GC ic 271

1121 G*NlAIJj=CV(I-l) *(CY(II-CY(l-1li*IOU1U-iXII-IIIIICXIII-CXI 1-113
GC TC 27L

272 CCfTINWIE
271 CGfI~rMJE

GAVAII IZG.
GAPAI 191s0.
GC IC 423

ft. DO 265 .1=2,9
Al =J.-1
DLPeC. 174533*AI
DC 266 1s29NSTI
IF ICXIII-DUII) 266.1180v1181

..180 GArA(J3=CY(I)
,:C IC 265

1181 GfAPAIJ)=CV( 1-11 *ICY(I)-CY(I-1I )*(DUIJN-CXII--1)3/(CX(f)-CX(I-lI)
GC IC 265

266 CCNTINUE
265, CrCtfINUE

GAPA(1)=0.
GAPA(10)=CY(NSTI)
DC 215 1=199
J=2C-1

275 GAPA(J)= GAI'AMl
423 DO 355 1=2.18

J=38-I
355 GAPA(J)=-GAVA([)

14A=36
DC 350 1=1,150

350 NU(1)=I
DC 360 !=1,36
A1= i-l

360 ECfl)=0.1U4533*AI
ECI 371=6.283185
GAPA(37)= GAPA(1
DO 361 1=2.4
J= 3641
EC(J)-EC(1)

361 GAI'A(J)=GAMA(1l
CALL THEC (NFCUR,14A,NU,EC,GAMA,A*B)
DC 365 T=1,NFCUR

365 FAM=8MtI

N T SINFU/
NIT: ST2=lNFCUR+I 1/2
IF kNTESTI-NTEST2) 1160,1161.1160

1160 NCCFI=NFCLR-1
NCU2-NFCUR
GC rc 1162

1161 NCCIi:=NFCUR
NCLf 2=NFCL.R-1

1162 DC '5 I:1,MTHFT



is, 1I-13 110,105,110
105 AgG=3.14159/2.0

G!!JC 115
110 Oo=kSZA+2-I

£tNG=CX(kl
115 SI(1,11=SINlAkG;

CS(1IvtzlCOSIAkGl

5 S(III2)-=2 2.*S IIICS(g.1'I DC 60 J=4,kCC-FI92
DC 60 1=1#NJHET
Sit 1,J1=Siti.23*CSgI,J-21,CS(1.21*SI(IEJ-21

60 CS(IIJS=CS(1,2)*CSIIJ-2)-S1(1.21*S[I(,J-2I
DC 65 J=39NCCF292
DC 65 I=1,NTHET
Slit 1J)=SIII,1I*CS( Ej-1i.cs( I. l*Si( IJ-1I

65 CSilIJ)=CS(i,1)*CSE 1,j-l)-SI(1.1)*SIý( 1.J-11
FACT -2.*YIP4STI)
DC 300 K=1,POD
S=0.0
CC 30' 1-19NFCJR

301 S=S*FAII)*SIIV,1)*A1
300 %(K) = 3.14161'S/IFJCT*SI(K,1)J

IF (aETA-0.0011 425,425,430
4?O DE 165 K=.PPOO
165 bliSP-1+Kl= WIK.

MR=ISP4 1-POD
DC 166 K=lPR

166 %(K)xO.0
or 170 J=1,NCCF292
DC 170 I=2.UOD

DC 173 J=2#KCCFI,2
or 175 i=2e4CD

175 SIIPPvJ)- .SMIIJ)
MS=ISP.-1

S=C.o
Or 185 1=19NFOUR
Al=l

Or; 190 I(:PR#PTV DC 190 J=19NTHET
193 lmJhlF'AqJ1= WJHKCK, J)+WfK)/3..O

GC U(. 435
'425 Of I ý=iPOD

D(: 3 Jr1,NTHET
3 %JHK(IJI'. W.JHKUl,J)+W~l)/3.0

415 RETIR.N
ENV)

SUBRCUTINE FJ'hIKG (MTHEr, INOFXND.J,0IAM¼XCG,2CGCIOI(D)
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DIPENSICN UJHKII6,401.VJHKI16.401.WJHK116,401,YIZO),RF(7,161,
I Z149IS.40)#X14*18940)

DIPEN'SIONe CF(I6940)
DIPEI'SICN AREXI2O,40).AREYIZO,4O3,AREZIZ0,4OP.FXI 2O.401,FV(20940)
I ,FZI2O,40J.FXTCT'%2OIFYTOT(ZOJFZTOT(2OI

C
CCPFPCt/BLI(HKI/LS,PtBrFOU)RNSVH, ITAPE
CCPPCtIBLPCHK2/L'JHK ,VJHK.NJHKYRF, 1
CCPPCN/BUcHK5/U JALPHA, BETF
CCP'PCt4BLKHK6/CP
COPPCN~BIS KH KI/X

C
5 FORPAT (IHO,/////45XP22H**FORCES AND MOM4ENTS**)

6 FCRPAT (IH I
9 FORPAT 132H0X-FCRCE V-FORCE Z-FORCEI
10 FORPAT f3EI1.3)

12 FORR'AT (4711OPITCHING MOMENT COMPUTED ABOUT AXIS THRU CeG.=9I16I.3)
13 FIJAPAT (45HOYLWIKG MOMENT COMPUTED ABOUT AXIS TH4RU CoGo-91EI1.3)
14 FCRPAT (46HORCLLING !4CPENT COMPUTED ABOUT AXIS THRO~ C.G.=,IElt.3)

C. INDEX=G RECTANGULAR WING* OTHERWISE* !NDEX=1*
BETA- ABSSBETF)
LSI=LS-1
tITHE= MTHET+l
0th 20 K=L,LS
X(1,KtNTHEI= XII.Kv1):120 lI),K,t4THE)- lII#Kt1)
If (INDEX) 1125,1125,1130

1125 OC 25 K=1,LSI
OFLY- Y(21-Yf1)
IF IK.NE.1)OELV'zO.5*(Y(K+1)-Y(K-I)I
DC 25 J=29MTHET

AREY(KgJ) =0.0
25 AREX(Kjl= 0.5*(Z(1,K,J'1J-Z(1.K,J-1))*DELY

GC TC 1135
1130 Or: 30 K=29LSI

DC 30 J=29MTHET

AREZIK,J)= 0.25i'(0X3+2.O*13X2+OX1)*OELY
AREYiK*J)= 0.25*(XilKJ+1)-X(IIKJ-1) )*(Z(1,K,1,JI-Z(1,K-1,J))
DZ1= O.5*(Z(1,K-1#J+I)-Z( 1,K-1.J-t))
OZ2= 0.5*(Z(1,KvJ.-1)-Z(iKqJ-1,))
014= 0.5*(Z(ItK+I,Je1)-ZII,K,1.J-1))

30 AREX(K,J)= O.25#(013+2.O*0l2itZl)*U6LY
DELY- Y(Z)-Y(1
DC 35 J=2,MTHET
DX2= 0.5*IXtl,1,,J,%)-Xll,l9J-1)!A 0~X3z 0e5*(X(1 ,2#J41 -X(192,J-13))
AREI(L,J)= (DX2+0.5*(DX2+DX3)l*DELYS. ~ ~AREYIIJ)= O5((,,4)X11J1 *Z12.)Z1 ,)
D?2= O.5*(lf1,2,J+1)-l(1,1,.J-1))

-45 AREX(1,J)= (072+0.5*(0Z24-0Z3))*0ELY

Dr 60 Jz2,t4THE



DX3= 0.5*(X(1,LSJ+l)-X(19LStJ-1))
AREZILS*J)z O.5*(DX3,0.5*(0X2+DX3))*DELY

D12= 0.5*(11(1,LSI@J+l)-fltLSlJ-11)
D13= O.5*(ZfltLStJ+l)-Z(1,LStJ-1))

40 AREXILSJ)= 0.5*(DZ3+0.5*fD12*0Z3))*DELY
IF (BETA-0.O01) 113691136#1137

1131 0C k.5 J=2tMTIIET
AREZ(I ,JI=0.5*AREZI1,J)
AREYII J[=0.5*AREY(l ,J)

45 AREXIIJ)=0.5*AREX(l9J)
00 5C J=ZMTHET
CPBAR= CP(2*J)-(CP(29JI-CP(1,Jfl)'0.75
FXI lJ)=-AREX(1,J)*CPBAR
FY(1,Jl= AREY(19J)*CPBAq

50 FZ(1,J)= AREZ(1,J)tCPBAR
GC 1C 1138

1136 Dr 55 J=2,14THET
FX(1#J)--AREXIIJ)*CP(1,J)
FY(1,J)= 0.

55 FZ(1,J)= AREZ(1,J)*CP(19J)
1138 CC 60 M-29LSI

Dr 60 J=2*MIHET
CPBAR- CP(KvI)4 (CP(K419J)-CP(KJ))*(0.5*( Y(K-1)+Y(K)) +0.25*
1 (Y(K+1'-Y(K-1))--Y(K))/(YIKe1)-Y(K))
FXI K*J)=-AREX(KtJ)*CPBAR
F'itd(j)= AREY(KJ)*CPBAR

60 FZ(K#J)= AREZ(KJ)*CPBAR
Dfl 65 J=2#MTHET
CPBAR= CP(LS1,J)4(CP(LSJ)-CP(LSItJ) )*0.75
FXI LStJ)=-AREcX(LStJ)*CPBAR
FY(LSJ)= AREY(LS#J)*CPBAR

65 F7(LStJ)= AREZ(LSJI*CPBAR
DC 145 K-lvLS
FX7CT( K) =0.0
FYTCT(K)=C.0
FZICT( K) =0.0
DO 145 J=2#MTHET
FXTCT(K)s FXTCT(K)+FX(K*J)
FYTCI(K)= FYTCT(K)+FY(KJ)

145 FZTCT(K)= FZTCT(K)+FZ(KJ)
XFCR;E=0. 0
YUCRCE=0.0
ZFCRCE=0.0
TRU.ST= 3.14159*FLCAT(NDJ)*(CIAPI/UJ)**2/2.0
DO 155 Kz2#LS
XFCRCE=XFCRCE 4FXICT(K)
YFCRCE=YFCRCE +FYTCT(K)

155 ZFGRCE=ZFCRCE +FZTCT(K)
IF ibFTA-C.OO1) 1160t116091165

1165 XI'CRCE= FXTCT(1)+XFCRCE
YFLRCE= FYTGT(I)+YFORCE
ZFORCE= FITCT(1)+ZFDRCF
Yf-CRCE= YFfOhCE/TRUST
XFCRCE= XFORCE/TRUST
ZFLRCE= IFCRCE/TRUST
GC' TO 117G

illo0 XFCRCE= FXTCr(1)+?.0*XFCRCE
YFCRCE= 0.G
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ZFCRCE= FZTCOHU+2.o*ZFORCE
XFCRCEz XFORCE/TRtJST
YFEI4CE= YFCRCEITRUST
ZFCRCE- ZFURCE/TRUST

1110 WRITE 16o5)
WRITE (6t6)
WRITE 4699)
WRITE (6,10) XFORCE,YFORCEZFORCE
YAI%-0. 0
P1 rCH=0.0
RCLL=0.O
IF (BETA-0.00l) 1175,11.75.1160

1180 0C 161 K=1,LS
DC 161 J=20tTHET

161 PITCH= PITCH +FX(KJ)*(Z(1,KtJI-ZCG) *FZ(K*J)*(XCG-X(1,KtJ))
12DO 162 VK=2,LSl
12YAW= YAWGFXTOT(K)*Y(K)
YAW= YAWFXTOT(1)4(Y(2)a0.25*(Y(l)-Y(2) )).FXTOT(LS)*(YILSL)
I +O.25*(Y(LS)-Y(LSI)))
DC 163 K=1,LS
0n 163 Js2tS'ThET

163 YAht YAW+FYIKgJ)*(XCG-X(1,KvJ))
DC 164 Ks2,LSl

164 ROLLz RCLL-FZTCT(K)*Y(K)
ROLL= RCLL-FZTCT(1)*(Y(2),0.25*(Y(l)-Y(2)))-FLTI)T(LS)*tY(LS1)
I *G.25*(Y(LS)-YILSIl))
DC 166 K-19LS
DOi 166 J*2,94THET

166 RCLLz RCLL *FY(KJ)*(l(1,KtJ)-ZCG)
PI TCH= P1 TCH/ (TRUS T*CHORO)
YA%= YAiN/(TRUST*CHCRC)
RbiLLx ROLL/(TRUST*CHCRO)
GC TO 1185

I1t15 00 160 Ks2,LS
J)C 160 Jm2,J4THET

160 PITCH- PITCH *FX(KJ)*(Z(1,KJ)-ZCGI *FZ(KJ)*(XCG-X(lKtJ))
PITCH= 2.0*PITCH
DC 165 J=2,MTHEI

165 PITCH= PITCH +FXI1,J)*(Z(1,1,J)-ZCG) +FZ(ltJ)*(XCG-Xt1,1,J))
PITCH= PITCH/(TRUST*CHCRO)

1185 WRITE (6,6)
WRITE (6.12) PITCH
WRITE 16,13) YAW
WRRITE 16,14) RCLL
RETLRN
END

SUBIRCUTINE FJ4BCDY ie-THErYTZTYTAILZTAILNDJ, OIAMXCG,CHORDI

DIM'ENSICN UJHK(16,40),VJHKE16,40),WJHK(16,40),X(20),RF(7.16),
I1 Z(4t18,40) ,Y(4vI8#40)
O1I'ENSTCN CP(16940)
DIMENSICN AREX(20,40),AREY(20,40),AREZ(20,40),FX4 ?0,40),FY(2C,40)
1 9FZ(20,40) ,FXTCT(20),FYTOT(20)tFZTOT(20)

C
CU't'CN/BLKHKIl/LSMBNFOURNSYM, ITAPE
CCIPPCN/i1LKHK2/U.IHKVJHK,WJHK, X,fRF,
CrrPPCN/BLKHK5/UJ,ALPHA, BETA
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J CCPPE~l6LKHK6lCP
CCF'PCN/8LKH K8/V

C
5 FrMlAT (IHO,/////45X,22H**FORCES AND MONENTS**)

6 FCRPAT (III 1
9 FrRPAT 13?HOX-FCRCE V-FORCE Z-FORCE)
10 FCRPAT(3EI1.31

1.2 FORFAT 14IHOP!TCHIP.G MOMENT COMPUTED ABOUT AXIS THRU C.G.=*IEIl.31
13 FCRPAT (45HOYAWINPG OP01ENT CCHPUTED ABOUT AXIS TI4RU C.G.aIEIl.3)

NIHE=PTH1EI/2 +1
IST=LS+1
LS1=LS-1
kTH=NTHE* j
or 20 i9zI.LS
lIIKvNTH)* -YII.KPNTHE-l)

20 l(lKvNTH)= Z(t,KNT14E-li
DC 25 J=1,NTH
YII,LST*J)= YTAIL

25 Z(1,LST*Ji= IAILI DC 30 K=2*LS
DELX= 0.5*IX(K+t)-XIK-I)l
£REX(K,1,"= O.5*(Z(1,K'a1,l)-Z(1,K--lel))*Y(1,K,2)
ARE~jK911n- 60fg ~AREZ(Kql)= O.25*((I1,K+l,2142.0*Y( 1,K.2),VIIK-l.2 t)*OEL I
DC', 30 J-29NIHE
EDYI= 0.5*(YlteK-1,J41)-Y(1,I(-lvj-l))

072= 0.5*(Z(IlKtJ+l)-Z(1,KvJ-1))

013= O.5*(ZIIK,19J+11-ZUI,K~iJ-1))
APEZIKJ)= O.25*IOZ3,2.fl*01240Z1)*DELX

30 AkI~E(KtJl= O.25*f(lIK4LJ:-ZIIK-1,J) )*(Y( 1,KJ+l)-Y(1,KJ-l))I ~ DEL E=0.5*XtZ)
AREXII1Ic1 0.5'(ZC t,29j)-jTj*y( 1,12)
AREY(1,)=0ýci
AREh(l1l1)' 0.25*IYCI,2,2),2.O*Y(l, 1,2),YTI*OEL.X

or 35 ,j=29NYHE

02O.*ZlJ1-l1,.1AREZ(lJ)= 0.25*(DY3*2.).*DY2)*CELX

D/23 o.5*IZifl,2,.i.)-Z(II,,j-I))

AREY(19J)= 0.25*(DZ3+2.0*012)*OELXI 35 ARExii,J)= 0.25*IZ(1,2,J)-ZT)*(Y(1, 1,J.1)-Y(1, 1.J-1))
D( 40 K=1,LSI ~DC 40 J=NlI-iMTHET
NCN= NIH -(J-I'THE!/2)
AREZ(t1,jI- AREZIKINON)I ~ A#RE4(KtJ) =-AREYf(K9NCN)

40 APEX(KgJ)z AREXIKTNON)
DC 4.5 K=29LSI
DC 45 J=1,MTHET
CPBAR= CPIK,J)+(CPIK.I.,J)-CP(KJ) 34(O.5*(X(K-l)+X(K)) +0 25*
1 (XIK,1)-X(K-1))--X(K))/IX(K.1)-X(K))
FXt K*J)= AREXfK,J)*CPHAR
FY(K,J)=-AREY(K,J)*CPBAR

45 Fl(KvJI= AREZlK,J)*CPBAR
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IJO 50 J=19MTHE T

rPBARx CP(IJ)+ (CP(2,J)-CP(1,JJ)*(O.5*X(1p4O.25*X(2)-X(1JI

;X(I,J)- AREX(1,J)*CPBAR
FY(l.Jl= -AREY(1,J)*CPBAR
FZI',JI= AREZ(l,J)*CPBAR

CPA-CP(LS*J)# ICP(LS,J)-CPILSIJi*(O.5*(X(LS)4X(LSI))+O.25*
I (X(LST)-X(LSI))-X(LS) )/(XILS)-X(LSII)

FX(LSJ)z AREX(LSJ)*CPBAR
FY(LSJ)- -AREY(LStJ)*CPBAR

50 FZILStJl= AREZ(LSt1)*CPBAR
DO 145 KzlLS
FXTCTIK)=O.0
FYTCT(K)=O.0
PZTCT(K)ZO.0
Dr' 145 Jz1,PTHET
FXTCT(K)=FXT0T(K),FX (KtJ)
FYICTI K) sY TCT (K )+FY (K J)

i45 FZTOT(K)zFZTOT(K)+lFZ(K,.)

TR~UST= 3.14159*FLOAT(NCJ)*(DJAM/UJ)**2/2o0
DC 150 K=1,LS

FXTUIIK)= FXTOT(K)/TRUST
FYTCTIK)= FYTOT(K)/TRUST

150 FIICT(K)= FZTCT(K)/TRUST
XFCRCExO.0
YFCqCE=0.0
ZFCRCEzO. 0
006 155 K=I*LS
XFCRCE=XFCRCE.FX TOT (K)

wRI1E (695)
kRITE (696)
hRITE (6,9)
WRITE~ (6910) XFCRCEtYFORL- 'rORCE
YAI%=0. 0
P1 TCH=O.0
DC 175 K=1,LS
IF tX(K)-XCG) 175,176,116

175 CONTINUE
176 MCI'EKT=K

XDISz X(POMENT)-XCG
IF W~MENT-1) 1111,1111,1180

1175 D(, 1I60 K-400IENT,LS
VAhq-:YAki+FYTUT IK) *(X(K)-X(J4OMErNij+XOIS)

160 P1TC:H=PITCH-FZTOT(K)*(XIK)-X(M4OMENT )4XOIS)
GO 1*C 1185

1180 MEN t=0MIENT-1
DC 1~65 KzIl#MENT
YAhz.YAW-FYTOT(K)*(X(MHOPENT)-X(K)-XDIS)

165 P1 TCHzPITCH+FlTCT(K)*(X(MOMENT)-X(K)-XO1S?
IF 4l-S-POPkENT) 111191I11l11?ý,

1165 DC 170 K-19LS
or 170 1=19PTHE~T
YAI~v=YAW-FX(K,J)*Y(IK,J)/ktRUST

110 PITCH+= PITCH+FX(K,J)*Z(I,K,J)/TRUsr
VAIhz YAh/CHCRD
PITCH= PITCH/CHCRO
hWRITF (696)
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%RITE (6912) PITCH
%RITE 16913) YAW
RFTLRN

1111 WRITE (6,601)
601 FCRPAT (IH0,30H**FRRCR IN P0MENT DATA INPUT**)

STCP
END

SUBROUTINE hF4003 (MTHETIDIS,,sBOOLuI4EXIT)
C

DIPENSICN UX(16.40) ,UY(16,40),UZI 16,40),YCOW4(20),RF( 1,16)
DIPNENSIEN X('.,18,40) ,Z(4, 1B,40),'DNORM(4916,40),D1hNG(4,'16,40),
I DVaL(4416,40) ,FLUX(4,16,'.0),PHI(4,16,'.0)
DIl'ENS!CN VXil,16,40),VY(l,16,40),VZ(1,16,'40)
DIFENSICN SI(4G,20'),CS,(40,20),C.(30, 16),D(30,16)

CCIPPCN/BLKHKI/LSMBtNFOURoNSYPI'~TAPE'

CCPPCNfOiLKHK3/SI ,CS
Cf~fl'CN/BLIHK5/UJ ,ALPHA, BETF
CCPPICN/BLKHK7/X
CCI'PCN/BLKH14 /VY
CCV'PCN/BLkH15 /NCOWN,IREVOET

EQUIVALENCE (FLUX(IbCNURMI4()),(PH(1l),OT!AfGII))
C

REUIND ITAPE
DC 15 K=1,LS
YMK= YCOI'MMK
REAO (ITAPE) DUPP~YE(K),(CfIqK).0UqK), !=19NFOUR)

15 CCNTINIJE
BF-TA= ABS(BETF)
LSI=LS-1
Mr1&PTHET+l
DC 60 K=1,LSI
DC 60 I1=1IDIS
XtII KvMII)2XI1,Ktl)

60 ZII ,KMT1)=Z(IKtl)
Dr 65 K=1,LSI
DC 65 1=2,IDIS
DO 65 J=1,0THET

1 **2)
65 DTANGU ,i(,J)=SQRTi(XEIlKo,,i+)-X(I.KJ))**2 +Il(IKtJe1)-Z(IKtJ)l

1 *$2)
Dr 10 K=1,LSI
0 C 7,01 1=200OIS
Or 70 J=19MTHET
F- (1-lOIS) 1145,1146,1145

1145fiF (1-2) 1I50,il5l9,l150
1146 DN-DNCRM(1DIS,K#J)

GOl TC 115?
1151 DN'C.5*DNCRMt3,F ,J)+DNORM(2,KJ)

GCI C 1152
1150 DNtC.5*(NONRM( I+1,K,J)+DNORM( I,K,JI'
1152 IF (J-1) 1155,1156,1155
1156 D1=C.5*(flIANC( I,K, i)+UIANG( !,K,MTHETfl
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115DT2C.5*WDTANG(1IK,J)40)TANG(IlKgj..I
115? IF (K-11 L159#1158,1159
1158 D*YZ(2)

GO TC L160
1159 D=,*yK1-f_)
1160 DVCLII,K,j)x DN*CT*VY

70 CCNTINIJE
DC 15 K=1,LS
DU 75 1=2,JDIS
RLZ-ALOGIRFt I,K))
Dr1 75 J=I#M4iHET
AA=Etg)*RL

DC 80 N=IPNFOUR
fREV=REV*RFf 1,K)/RF(I,K)

80 AA2AA1REV*I.DIN,K)*CSIJN)+C(NtK)*SI(j*Nl)
75 PHI[i,K,J)=AA

D1C b5 K=2,LS1
Dc 65 1*22,IIS
DO 85 J21,H4THET

85 FLLX(IK.j)c DVOLUPKJ)*(PHI(I,K.1,J)-20*PHI(JtKvJPHI(JP-#
1 )-(PHI II,K4I,J)-PHI(IKJ)((*1-OYK+t-)/YKI
2 -YIK)) )/( lZ.566*!Y(K)-Y(K-1I) )**2)C SIGN IN FLUX IS PLUSvDUE tO C.OMBINATION OF MINUS SIGNS.IF (BETA-0.001) 1200,1200#1205

1205 DC 86 X=1,LS
DC 86 0=19MTHET

VY( 1 ,KP)=0.
86 VZ(I#K,*')=O,

L5~3=0.-3
DC 87 K=4,LS3
Jh=PAX012 ,K-4)
LR*P[NV(i.SI ,K4)
DC 87 LKL=IB,LB
DC 87 PO1,MTHET
OC 87 1-2,101S
DC 817 J = I#A tHLT
CIS*( F(KI-Y(Ku j** KLJ)**2)**KM1.5#LLP)

LS488 S-4,SLS

IFf- KA.FC~.4) KC=5
I F (tA.FQ.LS4) KC=-5
DC' t8 K=KA,KB

Or 88 1=29101S
Or 88 J=IMTHEY
CHS:- ItX(I.K,PJ-XUI,KKC,J,)**2 (Z1(1,KsMP-ZfgKKCtJ )).*2
VX(1,KtPk'p VX(I,KIk1I$ILUX(I,KKC, J*(X(1,K,M1-X(IKtKCJ) /CBSVYfI,KtM)= VYfIK.P+FLUX(uK4KCJ)*(((K)-Y(KKC, 

P/CBS

1415



d8 VZ(I1KtP)z VZ(19ICP),FLUX(IKKCJ)*1Z11,KM)-Z( IKeKCJ) I/CBS

GO IC 1210
1200 DC 90 1=2.IDIS

90 FLLX(I ,1,J)z DVCL(I.1,J)A2.O*IPHtI(I2,J)-P~i4E I,1J))/112.566*Y(2)

1 *Y(2))
DC 91 !(:1,LSI
DO 1;1 1=2t401S
DC 41 JrZ19MTHET

91 PHII1,KJI= FLUX(1,KtJ)
DC 92 KaleLS1
DC 92 1:2,1015
Or 9! Jzl,MTHET

92 FLUXIIK+49J)V PHI(IIKvJ)
LCCPP= LS44
DC,95 KsILS
DC 95 Ilt1IDIS
DO) 95 J=IMTHET

95 DVCL(IK#J)= Zf[,KtJ)
DCl 100 Kxl,LSl
00 100 1=1,IDIS
DC 1CO J=9P'THFT

10X(IK+4vJi-PHJ(tqKqJI

DC 105 K=194
N=6-K
DQ 105 1-191DIS
DC 105 J=19PTHET
X(I.KJ)= PHI(IhNPJ)

105 Z(1,KsJ)= DVOL(INtJ)
C FLLX HAVE SAME SIGNS ON BOTH SICES OF JET,DUE TO SECOND DERIVATIVE

Dr 110 KsI194
N=10-K

Dr 110 J=lF'THET

11O FtLX(IKvJ)= FLUX([tNvJ)
DC 115 Kzl#LS1

115 YIK+20)=Y(K)
DC 120 K=19LS1

120 YIK44)=Y(K+20)
DC 125 K-194
N=1 0-K

125 Y(K)=-Y(N)
DC 130 Kzl*LCMPP
DC 130 tP=1,I'THET

VY(19K,N4k0.0
130 V7(ltKt')=0.O

LCCI03-LCOMP-3
00 135 9=5,1i

LIe=PIN0( LCCPa3+2 ,K44)
DC 135 LKL=IB#LB
DC 135 M=1,PTHET
OC 135 1=29101S
Ut' 135 J=1,MTHET

I *(Y(K)-Y(LKL) )**2)**1.5
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VY( l.KP)= VYYIlK,H).FLIJXIILKLJ)*(Y(K)-Y(LKL))ICBS
135 VZfIK,')= VZ(l,KP).FLUXIILKLJ)*(Z(1,KMR-Z( ILKLJl)JCBS

IF (LCC03.LE*11) GO TO 1210
DC 140 Ir=12*LCCI,3
[P=K-4
LP=PINO(LC~tf3+2,K+41
DC 140 LAL=I8,L8
or; 140 Pzl,9'THET
Of; 140 1-29101S
DC 140 J=1,I'THET

I *(Y(K)-YiLKLRI**21**1.5
VX(1,KgP)= VXKI1K~t4).FLUX(1,LKLJI*(X(1,KM)-X(IILKLJ))/CBS
VY(19KI')= VYIIKM)+FLUX(ILKLJ)*(Y(K)-YILKL) )/C8S

140 VZI1,KtP)= VZ(1I',tM)+FLUXIILKL.J)*ZI~t1K.M)-Zt tLKLJl))CBS
1210 IF IkaCCL-1) 118191180,1181
1180 IF (BETA-0,001) 1183.116391184
1183 M3=3

P"6=6

DC 149 J=1.PTHET
VXI 1t3vJ3=VXI1,7,J)
VYllI,3.J)=VYl1,7vJ)

149 VZII,3,J)=VZI1*79J)
GOl IC 1185

1184 M2z)'EXII-3

M5-P2.3
M6=t'2+4

YNlz (Y(M4)-YI43'I)*(YIt44)-Y(M7))/fYIM2)-Y(M3I)/.Y(M2)-I-I94)
YN2= (Y(M41-Y(M2)3*(Y(144)-Y(M7) )/(Y(M3)-Y(M2))/1Y143)-Y041))

DC 151 J-lIftTHET
VX( 1,M4tJI= 0.5*(VX(lM4,J14YN1*VX1.#M2,J)+YN2*VXU,9M3,JI
I 1 YN3*VXCIP7#J))
VY(iM4,j)- 0.5*(VY(1,1i4,J)+YNI*VY(1,M2,J),YN2*VY(lM3,j)
I +MN*VY(1,P7tJ))

151 VZ(ltP49J)z 0.5*IVZ(l,M4,J)4YNI*VZII,M2.J)+YN2*VZ( 1,M3,J I
1. +YN3*VZ(1,07',JI)

1185 YNI= (Y(d6)-Y(M7))*IY(M61-YEM8) )/(Y(M31-YIM1)I/(Y(M3)-YIM8I)

Dr 152 Jxl,PiTHEr
VX( 1,M6,JI= 0.5*EVXt19"6,JI +YN1*VX(1,M3,J)4YN2*VXII,M?,J)
I +YN3*VXtltP89J))

VYf 1,M6,J)= 0.5*(VY(1,P6,J) +YNI*VY( 1,M39J).YN2*VYYI,MTJ)
I +YN3*VY(1,P8#J))

152 VZI 1.M6,J)= 0.5*(VZtltM6,fl +YNI*VZl1.M39J)*Y4.2*VZ(1,M1,J)

Ilel IF (BETA-0.001) 1182,1182,1190
11l8 DC 160 K=59LCUP3

Dr 160 Lu1,FPIHET
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tJY(KtL) =Uy NPLI.VY (I*KvL I
160 U1Ifh*L)z UZ(tI.L),Vl(l,KtLI

DC 153 K=59LCCP3
DC 153 J=190THET
NK -4

153 VY(1,N.J)=VYIIKtJ)
LCCP6=LCUP3-3
OC 155 KzLCCII69LCMPP
DO 155 J=1,PTHET

155 VYI1,KJ)0O.
00l 154 Kz1,LS
DC 154 131,[D[S
flu 154 J=19FJHET
X( I KqJ)=PHII I K9J)

154 ltIK#J)=OVCL(I*KvJ)
GO IC 119'

1190O DC 161 K: 4#LCCIP3
DO 161 L=IYPTHET
tjX(K,L)= UX(KvL)*VX(IIKL)
UY(KtL)= LY(KL)+VYI11K#L)

161 UI'K,L)= UZIK,L)+VZ(19K#L)
1195 NUChN=0

RUTURN
E ND

SUBRCUTINE 80#003 (MTHET*IDISNJET)
C

DIPENSJCN UX(16,40),UYII6,403,UZ( 16,40),X(20),RFI 7,16),
1 Y(4,18,40) ,z(4,18,40),Ef16),CNaRN(4, 16,40)OtDANG(4,16,40),
2 CVOL(4,16,40),FLUX(4,16,40),PHI(44 16,40)
DIMENSICN VX(1,16,40) ,VYf 1,16,403,VZ( 1,16,40)
DIVENSICN SI(40,20),CSI4O,20).C130. i6).DI30, 16)

CCt'PCN/BLKHK1/LSMBNF0URNSYM, [TAPE
CCPPFCN/BLKHK2/UX,UYPUZ,XvRFvZ
CflPPCN/RLKHK3/SI ICS
CCPMPCN/BLKHK5/UJ*ALPHA, 3ETF
CCPPICN/SLKHK8/Y
CCPPFCN/fiLKH13 /VX

C
EQUIVALENCE (FLUX(1),CN0RM(1l,)(PHI(1),OTANG(1))

REWI~ND [TAPE
Dri 20 K=ILS
READ (ITAPE) EfK),dCE1,K),D(IK), I1,ltFCUR)

20 ~CCKTINUE
8 LSI1LS-1

mri: FTHE T+ I
Drl 40 Kz2tLSI
DC 40 1=1910IS
Y( I,K,MT1 )=Y( I K,1 )
ZII,KlMT1)=Z(1,K,1)
Y( I,KMTI+1I)=Y I* Kt2)

4C Ill ,K#MTI*I)=l(IIK,2)
DC, 45 K=2tLS1
00) 45 I=29IDIS
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1 "23
45 DJTAPG(ItKJJZSCRT(IV(IIKeJ*11-Y(IKJ))**2 *(Z(!,K*J+11-l(I1KtJl)

1 **21
DC 50 KZ,9LSI
DO 50 I=29TDIS
DC 50 J=1,.THEI
IF (I-IVIS) 1145,1146,1145

1145 IF (1-2) 1150,1151,1150
i146 DN=ONORP(IDISt,KJ)

GO TO 1152
1151 DNzC.5*DNORP(3tKJ)+OtIORN(2.KeJI

GC TC 1152
1150 ONs0.5*(0hORP'(I+lKJ)4DNCRME1,KJ3)
1152 IF 0-1) 115',*115691155
1156 DTzC.5*(DTANG(IKK.1IDTANG(1,KMTHETI)

GC TC 1157
1155 DT2O.5*(OTANG(IKJ3*DTANGII,KJ-113
1157 DX=C.5*(X(K-1)+X(KJ))

50 DVCLtIK9J)= DN*DT*DX
DC 70 K=1,LS
00 10 1=2t[DIS
DC 70 Jz1,MTHET
AA--E(K)*RFI1,K)/RF( 1,K)
REV-1.0
DO 75 N-1 9NF OdR
REV=REV*RFfl'.K)/RFfI.K)

15 AA=AA+REV*(-D(N,K)*CS(JN)+C(NK)*SliJN))
70 PHKII,K@J)=AA

152 =LS-2
C SIGN~ IN FLUX IS PLUXvDUE TO COMBINATION OF TWO MINUS SIGNS.

DC 80 9=2,LSI

DV 8C 1=29IDIS
DC 80 J=1,PETHET

FIO FLLX(IvKJ)z (PHI(19K-IPJ)/WXI/WX2 -PHI~lvKvJ?'HXI/WX3 *PHIUtK+lv
1 J)/WX2/6X3 -0.5*E(K)*RF(1,K)/RFIIK)**3)*DVr,.:,IKt,ý/6.2832
DC 81 Kz19LS
DC 81 P=19MTHET
VX( LK,N)=O.0
VYI 1 Kv') 0.0

81 VII1,KP)z0.u
LS3=LS-!
NTWE=PdTHIE/2 +1
IF (ABS(BETF).GT.O0O01) NrHE-MTHET
NJLsNJET-2
NJR=N-JET+3
DC 85 K=3thJL
Ifi=PAX0(2.K-4)
Ot 85 LKL=18,NJR
DC 85 PI'P1NTHE
D(' 85 I=2*101S
DC 85 J=1,MrI-ET
CBS= (IXtK)-X(LKL))**2 +(Y4ZKM)-Y(!,LKLvJfl**2 *(ZIIKjM)
I -ill ,LKL,J) )**2)**1.S
VX( I*K,1')z VXU,*K,P) *FLLJXULK'Lj)*(X(K)-XtLKL ))/CBS
VY(1,KM)z VY(1,K,M) +FeUX(ILKL.J)*(Y(1,KM)-Y(ILKL.J))/CBS
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"NJ1=JET-1
t4J2=hJET+2
DO 90 ACzNJIAFg2
liz-K-4

DOi 90 LKL=IBLS
D( 9c PI'z,NTHE
DC 90 IzZIDIS
DC 90 J1I,MTHET
CPS= (IX(K)-X(LKLIJ**2 *(Y(1,KPI'-Y(1,LKL,Jl)**2 *IZI1,KoMl
I-ZC1.LKLJi)**2)**1.5
VX1IKI')= VX(1,K*P) *FLUX(!,LKL.J)'(X(KI-X(LKLI PICBS

or' 95 K=NJRtLS2
Lt~zP'INO(LSl ,K.'.)

D95JzI,MTIIEr

CBS= ((XIK)-"tLKL)1**2 *(Y(IvKg14l-V(1,LKL,J))**2 *t(.fl,K,1N)

VX(ItKP)= VXII*K,I4) q.FLUX(IoLKL*J)*(X(K)-X('.KL))/CBS

VY(1,KPP)= VY(1.K#P) *FLUX~I.LKL,JJ*(Y(1,KM)-YUYLKLtJfl/CBS
110 ZIv CLP=NLB VI4~" FLUXIILKLJ)*(Z(IK,PI-Z(I,LKL.J))IS

N XN3V-hN7-)

VZ(19N*J)= 0,5*(VXtlNtJ) *XNI*VZ(1,N29JP.XN2*VZ(1,N39J)

I *XN3*VZ(1,N79J))
180 DC 100 K-19LS

Dr 100 L=INYHE
UX(KLI UX!KvL)+VX419K*Ll
LYIK.L) =UYiKtLj.VY11,Ktt.i

RE uRN
END
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PROGRAN LFTSRI I PEPUT poUTPIJTPtJH9 T APES= INPUT. I'APE6OUTPiJT
1 1APETxPtlNCHTAPE2,TAPE3J

C
READ 09,5011 ISTARTIFTOP
IF IISTART-21 10920930

10 CALL CHAINI
IF (ISTOP-11 50,50,20

20 CALL CHAIN6
IF IISTOP-21 50,50,30

30 CALL CHAIN7
50 CONTINUE

WRITE 16,6011
STOP

501 FV'RPAT (215)
601 FORMAT IIHO,//I/'.8X924H***END OF COMPUTATION4***1

END

SUBROUTINE CHAINI
C
C THIS PROGRAM CALCULATES THE DOWNWASH CONTROL POINT MATRIX

DIMENSION GAUSS(50),DLODDN(16),0DLDO(16),FROWRI 36, 50),THETBI20,4),
ITHETAA(30,16),FORkI3O,16)tN0M8120,3),NQ(3),THETA(4),EA(20),YDWASH
2(150),FLPOSIIO),NSEC(20),XDWASH(150),YSTAT150),NCP(50),
3ARRAY!121,TITLE(6),CAUFFAI50),Y(10),NSQl10),AMLE(30),AMTE(3O),
4YtEADI31) ,XLEAD(31),YrRAIL(31),XTRAIL(31)

pc

COMMON GAUSSTHETBT'iETAA,FORR.NOMB,NQ,THETA,ETA,YDWASHFLPOSNSEC

DATA PIEXLEAD(1),VJ/3.14159265,0.,16./
DATA Ytl),NSQ(1),NSQ(2),NSQI3)I-1.0,16,16,1/
DATA TITLE/bHDOWNWA96HSH CON96HTROL P,6HOINT '496HATRIX,,6H D

C
REWIND 3
THE TAIl) =0.0
READ (5,123) ARRAY
READ (59121) NYSTAT,MSPAN,NC1KORO,NEEO,94FLAP,NO0E1,N0DE3,NAY1,N0LEO

READ (59122) SPACEFMACH,FBO
READ 15,1221 IYSTATII)#I1,1NYSTATI
READ (591221 (FLPOS(III=lPNFLAP)
NOL =NOLE D-1
NOT =NOTE 0-1
READ (5,122) fAPlLE(I)tImltNDL)
READ 45,122) %AMN1HI)tlI=NOT)
READ 15,1221 IYLEA04I)vIuiNOLED?
READ (59,122) IYTRAIL(I),IluNOTED)
XTRAIL( 1)=2.0*FBO
DC I I=2tNOLED
XLEADII)-XLEAD(1-1)4AMLE(1-I)*(YLEAD(l)-YLEAD(I-11)

I COr4TINUE
DO 2 i=29NOTED
XTRAILII) ZETRAIL (1-1 ).AMTE( I-1J* IYTRAIL I I)-YTRA IL II-11))

2 CONTINUPE
S.1.0/FBO
MCBS-MSPAN*NCHORD
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BO11 2. 0*FBO
WRITE 4691241 ARRAY
WRITE 16A7I1 "SPAN.NCIIORD,MFLAP.NEED
DOn 3 Isl.NIFLAP
WRITE £6,983 lFLPOSII)
FLPCS(I 3=ACOS(L.0-Z.O*FLPOS(I 31

3 CONTINUE
C SET UP CONTROL POINT LOCATIONS

IF (SPACE) 69,7.
4 READ (59121) INCP(I91I-loNYSFATI

NO WASH*C
LC2O0
00 5 11,vNYSTAT
NOIIASH=NDWASH.NCP( I
LCI=LC24 1
LC2-LC2*NCP(I1
READ £5,993) IEDWASHfL3,LmLClLC2)

5 CONTINUE
GO TO 10

6 WRITE 169100)
GO TO 96

7 4dXSTAT=190/SPACE
IF (NEED.EQ.01 NXSTAT-NXSTAT.1
DO 9 Iu1gNYSTAT
L=NEED
DO 8 J-19NXSTAT
XL=L
K=( 1-13 *NXSTAT*J
XDIIASH( K) XL*SPACE
L-Le1

8 CONTINUE
9 CONTINUE

NOWA SH=NXSTAT * ST AT
10 IF INDWASH-150,: 12,12,11
11 WRITE £6,1011

GO TO 96
12 KwI

DO 16 IsIoNYSTAT
IF (SPACE) 14.13,14

13 NXSTAT=NCP(I)
11, DO 15 J=19NXSTAT

YDWASH(K)mYSTATtI)
K =KG I

15 CONTINUE
16 CONTINUE

WRITE (6,102) NOWASHFNACH
BETA-SQRT (I .- FMACH*FMACH)
NAY3=O
NAY4O0
NAY5-O
NAV6=O
IF (NAYI.NE.0) READ 15,121) NAY39NAY4,9IAY5#NAY6
NIaI
N2=NCP( 1)
IF (SPACE.GE*..2) N2=NXSTA(
00 95 IYSTATIPNYSTAI
NXPTS=N2-N1+l

C**** CONVERT XDWASH FROM PERCENT CHORD TO X
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C
DC I? Jw2,I4OLED
IF fYSTATIIYSTATj*LE*YLEADIJ)) GO TO 18

I? CoftTINUE
to XLE=XLEADIJ-114IYSTAT(IYSrAT)-YLEAD(J-1))*ANLE(J-1)

DO 19 J=2,NGTED
IF IYSTAT(IYSTAT).LE*YTRAIL(JI) GO TO 20

19 CONTINUE
20 XTE=XTRAIL(J-1)4(YSTAT(IYSTAT)-YTRAIL(J-1))*ANTE(J-1)

CHORO=XTE-XLE
D0 21 I=NtN,42

21 XDIEASH (I I XLEGXDWASH (I) *CHORD
IF (NAYI.NE.0J giRIYE (6,104)
WRITE (6,103) Nl9N2vYSYAT(IYSTAT)

C
C**** SET UP SPANWISE INTEGRATION INTERVALS
C

AULT=YSTAT(IKYSTAT)
NRAS=4
IF (AULT.LT..691 GO TO 22
NRAS-3
H=1 .O-D!LT
GO TO 23

22 IF (AULT*GT..85) Hxi1.O--AULT)/2.0
IF (AULT.LE.--85) H*.l
IF (AULT.i...57) NRAS-5
IF- (AULT.GT..8) NSQ(4)slO
IF (AULT.LE..8) NSQI4)=16
IF IAULT.GE*..57 GO TO 23
Y(5)-AULT+H4.3
NSQ(5)=10
IF (AULT.GT**4) NSQ15)x7
IF (AULT.LE..3) NSQ(5)=16

23 Y(2)=AULT-H-.3
Y13)mAULT-H
Y(4)=AULT.H
YINRAS+1 )=I.0
IF INAY3) 24927924

24 WRITE 16,1051
JR2=1+NRAS
r,0 25 JR*1,JR2
VRITE 16#106) JRY(JR)

25 CONTINUE
DO 26 JR=1,NRAS
WRITE 16,107) J'RNSQIJR)

26 CONTINUE
C START BIG REGION LOOP
C CLEAR ROWS OF D MATRIX
27 DO 28 KziNXPTS

DO 28 S-i ,MCBS
28 FROhRtJK)-O.O

LAP=O
IFL=0
DO 90 Jwl,NRAS

C NOW SET UP SPANWISE AND CHORDWISE QUADRATURE STATIONS
C FOR REGULAR AND SINGULAR REGIONS

N STAT-I
IF IJ.EQ.31 GO TO 33

C ESTABLISH SPANWISE QUADRATURE FOR A REGULAR REGION
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FOPTSuNSQIJ)
MNUPB=FCPTS
IF (NAY'.) 29,30,29

29 WRITE 16,108) J~
30 WRITE 16,109)
30 CONTINUE

NONSNG~ml
I NDEX=FOPTS
GAUSS I )=FOPf S
CALL FNUD (FOPTSGAUSS121,GAUSS(INDf2C+2))
NCOIIW=MNUPIB 2
ETAJL-Y(J)
ETAJK=Y(J41)l
PHI JL-ACCS(-ETAJL)
PHI JK=ACOSI-ETAJK)
PHI 1z.5*(PHIJL-,PHIJKI
0hH12*.5*lV~fIJK-PHIJL)
00 32 K-1p#iNUM8
PHI J=PHIl+PHI2*GAUSS(K,21)
ETA (K)*-COS (PHIJ)
IF (NAY'.) 31,32931

31 WP1TE 169125) GAUSSgK+1),PH1JETA(KiGAUSS(NCOWW)

32 CONTINUE
GO TO 39

C ESTABLISH SP4NWISE QUAORATURE FOR THE SINGULAR REG10~4
33 IF (NAY'.) 34935934
34. WRITE (69110)
35 CONTINUJE

MNUMB=NSQI J)
DEL=H/3.0
ETA(I)*YI 3)
ETA42)uETA( ))4DEL
E TA 13) mETAl 2) DEL
ETA(4)=AULT
E TA 5)wE TAt'.) .EL
ETA 16) mETAl 5) .DEL
ETA471-Y( J~i)
IF (NAY41 36,38,36

36 DO 37 KuI,7
WRITE (6,111) ETAMK

31 CONTINUE
38 NONSNG=O
39 CONTINUE

DO 49 LulI4NUMBIC MNUPB v ýO OF SPANWISE STATIONS IN A REGION
C CALC. X CADINATE AT I.E. AND i.E. FOR MT

ATA=ETA IL)
KZuNOLED-1
IF IATA) 40.41,41

40 ATAxABS(ATA)
4.1 DO 42 Kxl,K2

IF (YLEAO(Ke1)-A7A) 42943t44
42 CONTINUE

GO TO96
43 DtD0INlL)=XLEAP!K~*1)

GO TO 45
44 DLDDHfL)uXLEAD(K),(XLEAO(K+I)-XLEAD(K))*(ATA-YLEAO(K) )/IYLEAD(K+I)

1-YLEA04K))
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45 K2&NOTED-1
DO 4.6 K=l#K2
IF (YTRAILIK#11-ATA) 46.47,48

46 CONTINUE
GO TO 96

47 DLDDOIL)=XTRAILIKs1)
GO T0 49

48 OLODO(L)3XTRAIL(K),iXTRAILIK41)-XrRAIL(K) )*IArA-YTRAIL(K))/(YTRAIL
l(K1I)-YrRAIL(K))

'.9 CONTINUE
D0 89 IsNlvN2
IX, I-Nl.1
IF (NCHORD-NFLAP) 96,83,50

50 DO 82 L=1,MNUNB
C MNUM~sNUMBER OF SPANWISE STATIONS IN A REGION

Y~mYSTAT(EYSTAT)-ETIAL)
COMP=ABS (BE TA*S*YO)
DLDN=(DLD0N(L)4OLDDOIL) )/BOF
DLENJw(DL0OD0(L-DL0DNfL) 1/BOF
DLDNJ=DLON-S*XDWASH( I)
STE YE N=LDNJ/DLE NJ
DLFNJ-ABS (STEVEN)
XSDx'XDWASH( I) *S-DLLDN
IF (LAP) 51,52,51

SI THETFL=FLPOS(IFL)
XFLwCOS( THE TFL)
XFLAP-(DLON-XFL*OLENJ) *FBO

52 IF INAY4) 53954953
53 WRITE 16t112) LoE1AIL19YO

B PD NuF 80*01 N
WRITE (6,120) DLODN(LltDLDDO(LlBODN

5 4 CONTINUE
IF (DLENJ) 55,55956

*55 NSEC(L)sO
GO TO 82

S6 IF (COMP-10.0I 57#57t58
57 IF IDL'PnJ-I.0) 60,58,58
58 IF (LAP) 59,67,59
59 THErA(2)aTHEYFt.

GO TO 66
60 19 (LAP) 61,65,61
61 IF (XDWASH(IJ-XFLAP) 63,65.62
62 THETA(2IaTNETFL

THETA1I3) mACOS (STEVEN)
GO TO 64

63 THETA(2)sACOS(STEVEN)
THE TA(3)sTHETFL

64 N01=3
GO TO 68

65 T4E FA(2) sACOS (STEVEN)
66 NQI=2

Go TO 69
67 Nol -,I

NoU)'.VJ

68 GOTO TO
68 NQ(31z10

69 NQI2)1'1O
NQOI )=10

C NUMBER Cf CHORDWISE SECTIONS* QUADRATURE POINTS, AND
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C LIMITS HAVE ESEN ESTABLISHED
T0 NSE'%(Ll-NOI

THETAINOI+I 3=PIiE

THE'BILZ1=THETAIZ3

THE18!L*31zTHETA93)
THE IllfL94) THET 114)
IF (qAY41 71,12c71

It WRITE (6.919.31 1401
V.2 CONTINUiE

N 'OW SET UP QUADRATUaRE POINTS AND INTEGRANDS
C FOR CHORObIISE QUADRATURE

DC 81 ICQ=1,NQI

IF ISAY4) ?3,14913
73 WRITE 169114) ICQ*THEIA(iCQ)qT1kETA(ICQ.13,MQ

WRITE 16,1151
74 CONTINUE

MFELZNQ.2
FIJPTS=NO( ICOR
GAIJFFA(I i=FOPTS
lI*gDVX=FOPTS
CALL FNUO1 IFOPTSGAUFPA(2),GAUFFA( INOEX.2))
P11=1 THETAI ICO.1 1.THETA( ICQI 3/2.0
P'2=ITHETAC ICQ.1)-THETA(ICQJ)1/2.0
D00 80 K=1,MQ
IF (THETA(ICO)) %9,76975

75 PHI JzPTIGPT2SGAUFFA(KI!)
GC TO 77

76 PHI.D=PTI*(I.0*GAUFFA(K+1)l
77 XOzXSO.DLENJ*COSIPHIJ)

FKER=FICERNL (XOYO,S,FMACH)
THETAA(tiSTATPL)=PHIJ
FORR1N¶aAT,L)zFKEft*GAUFFAINFELU*SINIPNIJ)
IF INAY4) 78,79078

78 WRITE (691161 GAUFFAIK.1)IGAUFFA(NFEL)*PHIJgX0gFKER9I ORR (NSTATVL'o
79 CCNTINIJE

MFEL-t4FEL*1
NSTAT-NSTAT.1

so CGNTINUE
al CONTINUE

N ST ATz
all CONTINUE

CALL MATROW (MSPANNCHORDNONSNGH,KNAY5,NEED,NFLAP,PHIJK,PHiJL,
ILAPIFL, IX,FROWR)

83 IF (PIFLAP) 81,87,84
84 LA ''=1

11 %IFL-NFLAP) 85,86996
85 IF-t=IFL*1

GO TV 50
86 ifL=0

LAP=
87 IF (NAYb) 88,8991t8
88 wRITE (6,117) (FK!.A'(NDIX).NO=1,"CBS)
89 Cr'NIINUE
90 CONTINUE
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C MATRIX ROWS FOR ALL CONTROL POINTS ON A CHORD ARE COMPLETED
0o 94 IX=1,NXPTS
WRITE (3) (FROWR(NDOIX).ND=1,MCBS?
IF INOOE3) 91992991

91 WRITE (7,118 (FROMWR(NDvIX)9NDO=1MCBS)
92 IF (NAY6) 9394,93
93 WRITE (6#119!4 lFROWR(NDqIX),NODI-MC8SI
94 CONTINUE

IF (IVSTAT.EQ.NYSTAT) GO TO 95
N4I4N2*1
IF (SPACE.LT..02) N2=N2.NCP(IYSTAT*I)
IF (SPACE.GE..02) N2sN2÷NXSTAT

95 CONTINUE
C ALL MATRIX ROW CALCULATED
C GO TO MATRIX PRINT SUBPROGRAM

IF (NOOEI.NE.O) CALL MPRINT (TITLE9693s';DWASHtMCBS)

96 STOP
C
97 FORMAT (26HIN0. OF SPANWISE MODES = 13/26HONO. OF CHORDWISE MODES

1 x 13/26HONO. OF FLAP MODES 13/26HOCOTA4GENT MODE, NEED =

2 13)
98 FORMAT (1THOPOSITION OF FLAPI3,3H = F8.6)
99 FORMAT 112F6.0)
100 FORMAT (25HOTHIS OPTION DISCONTINUED)
101 FORMAT (IHISOHNUMBER OF DOWNWASH CONTROL POINTS GREATER THAN 150)
102 FORMAT (LH119Xl4ttX23HDOWNWASH CONTROL POINTS95X99HMACH NO.=EI4.B)
103 FORMAT (24HODOWNWASH CONTROL POINTSI,45H T014,5X2HYmEI5.8)
104 FORMAT (IHI)
105 FORMAT IT7HOSPANWISE .IUADRATURE INTERVALS AND NUMBER OF QUADRATURE

I POINTS PER INTERVAL)
106 FORMAT (3HOY(12,4H) = F10.7)
107 FORMAT (5HONSQ(12v4H) - 13)
108 FORMAT (IH115X,15HREGULkR REGION 12,12H INTEGRATION)
109 FORMAT (46HOSTATIONS AND WEIGHTS FOR SPANWISE INTEGRATION/IH )
110 FORMAT (IH115XZTHSINGULAR REGION INTEGRATION/33HOSPARWISE STATION

IS FOR QUADRATURE)
III FORMAT (6HOETA= E15.8)
112 FOkMAT (48HISTATIONS, WEIGHTS, AND INTEGRANDS FOR CHDRDWISE/32H QU

IADRATURE AT SPANWISE STATION,15/6HOETA* E15.8,5X,4HYU= E15.8/IHO)
113 FORPAT t3GHONO. OF CHORDWISE INTERVALS = 13)
114 FORMAT (24HOCHOROWISE INTERVAL NO. 13/13H LIMITS FROM F11°895X93HT

10 Fh1.8,H RADIANS/28H NO. OF QUADRATURE POINTS = 131
115 FORMAT (IHOt8XIOHGAUSS STA.,1OX,9HGAUSS WT.o13X,5HTHETA&16Xt2HXO,

116Xt6HKERNEL,13X99HGAUSS FN./IHO)
116 FORMAT (6E20o8)
117 FORMAT (IHOIOX,39HPARTIAL ACCUMULATED SUM OF ROW ELEMENMS/IHO

16E20.8/(IH 6E20.8))
118 FORMAT (IP5El4.7)
119 FORMAT (LHOLOX911HCOMPLETED ROW/IH /(IH 6E20.8))
120 FORMAT (25HOLEADING EDGE Af ETA, X- F1.6/26H TRAILING EDGE AT ETA,

I Xs F9.6/22H MID-CHORD AT ETA# X= F9.6/IHO)
121 FORMAT (1415)
122 FORMAT ITFIO.O)
123 FORMAT (i12A6)
124 FORMAT IH1154XtI1HCHAIN (1I8)/5OHOCALCULATIO4 3F 0OW4WASH CONTROL

IPOINT MATRIX FOR ,12AS)
125 FORMAT IIHOIOX7HGAUSS= F14.8v2X6HPHIJ= F14.8o2Xt5HEYA- F14.8,2X4HW

1IT F14.8)
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END

SUBROUTINE CHAIN6
C
C THIS LINK CALCULATES THIE LEAST SQUARES INV#RSE OF 0
C D M4ATRIX IS ON TAPE 3 OR READ FROM CARDS
C INVERSE IS 5TDRED ON TAPE 2. POSITION ZERO
C

DINENSION ARRAY(12)tTITLE19)
C

READ (5.6) ARRA.Y
READ (595) NRO~dtkNOUciDE3,NODE5,NlDIE6,NAY
WRITE 1697) ARRAY
CALL PINVRS(3.2,NAY,NCDE3,NODE6,NROW.NCOL)
IF (NODE5) 3ý4,3
DATA QOOOHL/6HINVERSI

3 TITLEI1)&QCOOHL
DATA WOOIHL/6HE OF D/
TITLE (2laQOOIHL
DATA Q0O2HL/6f;OWNWAS/
TI ?LEI3)*QOOZHL
DATA QOU3HL/6HH CONT/

TITLE (4) *VOO3HLI ~DATA QOO44L/6IjRUL PO/
TITLEf5)xQOO4HL. I
DATA QOO5HL/6HIN1 M4A/
TITLE(6)mQOO5HLI ~DATA QOO6HL/6HTRIX/
TITLEf 7)QGO6HL
CALL NPRINT (TITLE2Tt2.NCOL,NROW),

4 RETURN
C
s FORMAT ;1015)
6 FORMAT 112A61
I FORMAT IIHISOX911HCHAIN 4698)/42HOINVERT DOWNWASH CON4TROL POINT MA

ITRIX FOR 912A6)
END

SUBROUTiNE CHAIN?
C
C CALCULATES PRESSURE DISTRIBUTION
C

DIMENSION WI1.150) ,ANM(I,75),ETA(5O),CNP(75),~CNP*?5)oGEEt1S),BEN(
150),ARM(50),CLLOC(20),CMLaCg2o),ALLOC(7o),CotOC(2o),EErELIlo),
2EPSLN(1O3'.CK(6,1O) ,CA(12),CKA~(12),DINVRS(1,I5O),CEE(15O,36).P(l.
115O).CHORD(51),WHY(51),FT*ETA(?2O),PStI5OICP(50O,5O),OELTA(5I).,A(5O
4),8(5O),C(50oIDt5O3,ALFýAt("O),ELFLIIO).WW(19150)tFLPOS(1O),BETA(2O
5) ,YP(2O) NXOP(20),ARRAY(I2'

C
COMMON WANMETA,CNPCLNF.GEtý,BEN, ARM.CLLOC.CP4LOCALLOCCOLOC.

4 LIEEDEL.EPSLN.CK,CACKACLCM,CD)L,NM,NU,NON.NFLAP, P[,PLBA,NE-TABfJ,
2BAv98AR,PIRC,vNPSI

C
READ) (5,166) ARRAY
READ (59t616~ NMNYP,NROWSNETA,NCHOIR0,NFLAP,#JAYNPSI
READ (5,164) NALFA#NBETANEEONODE6,NODE7#NWI
RF1) (5,165) BO,SPACEYFvDPSI
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READ (59167) fYP(I)tIaINYP)
READ 15,167) (ETA(1),1=1,NETA)
READ t5,161) l8ETA(I)vIvNBETA)
*RFAO (5,167) IALFA(119Iz12NALFA)
READ (5,167) (FLPOS(IlIaiNFLAP)
READ (5,167) ICHORD(I)tI=1,NCHORD)
READ (5,167) IWHY(I),I.1,NCHORD)
READ f5t167) (DELTAII),IaloNCHORD)
WRITE (6,168) ARRAY
IF IYF) 2,3,2

,2 WRITE (6,162) YF
GO TO 4

3 WRITE (6,163)
4 CONTINUE

IF ISPACE) 5,695
5 NXDDP*NROWS/NYP

GO TO 7
6 READ (5,169) INXOPII)tI*1,NYPI

7 NCN*N*M
RAD *57. 29578
P1*3.14159265
:F (NFLAP) 15891308

a DO 12 IslNFLAP
DELFL(I)=DELFL(I )/RAD
IF (FLPOS(I)-0.5) 10,9,11

9 FLPOS(I)=0.5*PI
GO TO 12

1D FLPOSfI)=ACOSI1.0-2.0*FLPOSII))
GO TO 12

11 FLPIJS(I)20.5*P14-ASIN(2.0*FLPOSII)-1.O)
12 CONTINUE
C CALCULATE CO-ORDINATE- OF PRESSURE POINTS
13 IF (DPSI) 14,16,15
14 RFAD (5,16?) (PSIII)91-1,NPSI)

GO TO 19
15 NPSI=1.0/DPSI

IF (50-NPSI) 16,17,17
16 WRITE (6,171)

GO TO 159
17 J-1
18 X JaiJ

PSI (Jl-XJ*DPSI
J=J4~1
IF IJ-NPS!) 18,18t19

C NOW CALCULATE ELEMENTS OF C MATRIX
19 1=1
20 ETYAsETA(1)

RCOTxSORT I .0-ETTA**2)
IF INCHORD-1) 158921,22

21 CCwCHORD( I)
GO TO 27

22 NESSwZ
23 IF IETTA-WHY(NESS)) 26,25,24
24 NFSS=NESS.1

GO TO 23
25 CC-CHORD(NESS)

.J) 70 2T
26 CC-CHORO(NESS-1)-(CHORD(NESS-11-CHORD(NESS))*tETTA-WHY(4CSS-1.))/I

lWHY(NESSI-WHY(NESS-1))

159



21 PIRC=(16.0*PI*ROOTI/CC
Jz 1

28 PSIISPSI(J)

IF (PSIK-O.51 30929,31
29 THETA=PI/2.0

GO TO 32
?1. THETA=ACOS(1*0-2.0*PSII)

GO TO 32
31 THETA-P112.0+ASIN(2.0*PSI -1-0)
32 NU=N--NFLAP

IF (NEED) 33934933
33 N1=n2

N1X* 0
GO TO 35

34 Mal
NX- 1
GO T0 36

35 FTHETA(1)=COSITHETAIZ.O)/SIN(TIIETA/2.0)
36 DO 37 NNmNINU

ANN-NN-14NX
FTHETAINN)-(4.0*SIN(ANN*THETA) )/2.0**(ANN*2.0)

31 CONTINUE
IF (NFLAP) ISP940938

38 NUU=NUi+1
NFR=1
DO 39 NN-NUUN
AUX=SIN((FLPOSfNFR)+THETA)/2.0)
AUY-S[NI (FLPOS(NFR)-THErA)/2.0)
AUXYuABSI AUX/AUY)
FTHETA(NN)SIALOGIAUXY) )/PI
NFR=NFR+l

39 CONTINUE
40 EMP~z*

K=L
NN=!

41 EMO0.0
IF (ETTA) 158,42,43

42 E TEP-z1.0
GO TO 44

43 ETE#4uETTA**EX
44 CC&JKRK)-PIRC*FTHETA(NN)*ETEM

EmsEI4*Z.0

IF (EM/2.0+1.0-EPIM) 43,43w45
45 NNxNN*1

IF (NN-N) 41,41,46
46 J=J~l

IF (J-NPSI) 28,28,47
47 I-I+1

'F (I-NETA) 20,20,48
48 NPOINTuNPSI*NETA

REWIND 2
IF (NODE6) 49051949

49 on 50 131,P4ON
READ (59110) 40IN'wRS(1,Jl, J-1,NROWSl
WRITE (2) (OINVP.SC1,J),J31,NROWS)

50 CONTINUE
RFV0N0 2
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51 IF (NAY) 52,55952
C PRINT C AND 0 MATRICES
52 WRITE (6,1T21

DO 53 1=19NON
READ 12) (DINVRS(19J),J=19NROWS)
WRITE 16,173) tDLNVRS(1,JltJzl#NROWS)

53 CONTINUE
REWIND 2
WRITE 16,174)
00 54 I-19NPOINT
WRITE (6,173) (CEE11vK),K=1,NON)

54 CONTINUE
S 5 NI=NCHORO-1
C NORMALIZE X DIRECTION

DO 56 1-19NCHORD
DFLTAt I =0ELTA(I1)/80

56 CONTINUE
C CALCULATE A AND FOR WING REGIONS

DC 57 1=1,NI
ETAA=WHY(I.I '-WHYIIP
B(Ilz0.5*(L...JRD(I1+1-CHORDtIP)/ETAA
IF (ABSf(BI))-1.OE-05) 201,201t202

201 8(I) = 0.0
202 CONTINUE

All )sO.5*CHORD(I )-B(I)*WHY(I)
57 CONTINUE
C NOW CALCULATE AVERAGE AND MEAN CHORDS

BAa 0.0
BAR =0.0
DO 58 I=INI
BAsBA+A(1I*(WHYtI41l-WHYlI))40.5*B(1)*(WHY(I+i'**2-WHY(I 3**2)
BAR=BAR4(A(1)**2)*(WHY(1,1)-WHY(I))4A(I)*5II)*(WHY(1+11**2-WHY(I)*
1*2),IB(1)**2)*(WHY(1+1)**3--WHY(I)**3)/3.0

58 CONTINUE
CHA=2. 0*BA
8BAR=BAR/8A
C8ARz2. 0*BBAR

C CALCULATE LOCATION OF MEAN CHORD AND MOMENT AXIS
1=1

59 IF (CBAR-CHORDU.1I)) 60,61961
60 IF (I+I-NCHORD) 200,61961

200 1 a1+
GO TO 59

61 CONTINUE
IF (81t)) 2039204.203

204 YBAR - 0.0
GO TO 205

203 YEAR a (BOAR-AtI))/Bl)
205 CONTINUE

PSIOUDELTAII)+(DELTA(I+1)-DELTA(I))*(YBAR-WHYfI))!IWHY(I.1)-WHY(I)
I ).BBAR/(2.0*BO)
PSIOBOUPSIO*BO

C NOW CALCULATE C ý" D r~jg RoGICNS
DO 62 I=lNI
ETAAvWHY(I+1)-WHY(1U
llI)u(DELTA(I.1)-DELTAlJ)) EtAA

62 CONTINUE
C CALLULATE LOCAL MOMENT ARMS AND SEMiCHORDS
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63 J-2
64. IF (ETA(I)-WIIY(J) 66,66965
65 JZJ.1

GO TO 64
66 JLZJ-1

bENM*~AIJ1)+B(Jll*ETAMI
AR"MI1)C(J1),L'lJdl*ETAI1)

IF (NETA-Ii 67963,63
67 WRITE (6,175) CI4AtCBARePSIOBOYBAR

CON-(PI**2) /(BA*BBAR)
DO 68 t1975
CNPMI~O.O

68 CLNPII)=0.O
1.=0
IF (NEED) 69973,69

70 00 ii I1-1NI
ETA0=WHY( I
ETAI=WIY( 141)
MPUZ*1MM1-1)
RMIzFRMI (ETAO#ETA1,MP)

f PMIzFPMIIETAOi,ETAI,MP)
CNP(L)=CNPIL)4I (A(I).2.0*8O*C( II)*RMI4(B( I)+2.0*BO*D(I) )*PN41)*CON

71 CONTINUE
MMzMM41
IF INM-M) 72,72,73

GO TO 70
73 IF (NU-1) 158,74,75
74 IF (NEED) 85,75,85
75 L=4.1

MMsl
76 DO 77 lxLNI

ETA0=biHYMI

MP*2*'MM-1)

PMI*FR.MI(ETA0qETAlqMPl

CNPIL)=CNP( L)+II A( I )BO*C I) )*Rf414(B( I )*tO*0(1I))*PMI1)*CON
77 CONTINUE

IF (MM-N) 78*7,79,'
78 L'-L.1

GO TO 76
79 IF (NU-21 85#8(981
80 IF (NEED) 85,81,85
81 1=L41

82 00 83 I*1,NI
ETA0=WHYMI
E TA 1=WHY C1. 1)
MPz?*( MM-I)
RMI=FRNI (ETAOETAlMP)
PMI=FPMI (ETA09ETAI#MP)
CNP(L)-CNP(L)-0. 125*(A( I)*RMI+B( I)*PMI )*CON

83 CONIINUE

162



IF IMM-N) 8¾408485
84 L=L.1

GO TO 82
85 IF (NFLAPI 158,92,86
86 DO 87 Ivl,NFLAP

SN=SIN(FLPOS(II
CSP4=COS(FLPDS (I)l
EPSINI I)=SN
EEOEL( I )SN*I 1. 0-. 5*CSN)

87 CONTINUE

12 =NU*M
00 88 LzLltL2
CNP(L)=O.0

so CONTINUE
L=L2
DO 91 IR=19NFLAP
Do 90 NNMIM

C NP I ) 0. 0
NP*2*(94P-1)
DO 89 Izl,NI
ETiAOuWHYII)
ETA I=WHY( 1+1)
RNI=FRNI (ETAO,ETAI,MP)
PMI SFPMI (ETAO,ETAI,NP)
CNP(L)-CNP( L)+42.0'CON/PI )*( IEEDELI IR)*AI )4B~J*EPSLN( IR)*C(I) )*Rt4I
1.IEEDELIIR)4s(1)+OO*EPSLN(IRII*D(InhtPMI)

89 CONTINUE
90 CONTINUE
91 CON TI NUE
C CNP COEFFICIENTS HAVE BEEN CALCULATED FOR MOMNET EON
C, NOW CALCULATE COEFFICIENTS OF L;FT EON -CLNP

92 CONST=(Pl**3)/14.0*RA)I L=O
Ir (NEED) 93,98,93

93 14.1~
CLNP(L)-4.0*CONST
IF (M-1) 98,98,94

94 L=L+1
CLNPIL) =CONST
IF (M4-2) 98,98,95

95 L=4.1
CINP(L) s0.5*CONST
IF (M4-3) 98,98,96

96 DO 97 Nt4=49N

PM=2Id Mm-I;

91 CONTINUE
98 IF INU-1) I58,99. '00
99 IF (NEED) 105t100,105
100 L:L41

CINPI 1) 2.0*CONST
IF (N-I) 105,105,10t

101 L=1.1
CLNP(L)=0.5*CONST
IF (M4-2) 105,t05,102
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102 L=L41
CLNP IL) *0. 5*0.5*CONST
IF (M-3) 105,105.103

103 00 104 MN=4,M
L=L41
Ptlz2*( PNM-L
CLNP(LP=(PN-1.0)*CLNP(L-1 )/ IPN+2.0)

104 CONTINUE
105 IF (NFLAP) 158,113,106
106 LISL~l

DO 10? L-LI ,L2
CLNP1L~xO.0

107 CONTINUE
LzL2
CO S TxCONST/P 1
DO 112 IR-INFLAP
EPSLON-EPSLN( IR)
L=L+l
CLNP(I) 4.0*COST*EPSLON
IF (M-1) 158,1129108

108 L=L+l
CLNP IL) -COS T*EPS LON
IF (M4-2) 112,112,109

1.09 L=L+1
CLNP(L)=0.5*COST*EPSLON
IF 1)4-3) 112,1129110

110 DO I11 P'M=4,M
L? L+ I
PMz2* (NM-I)
CLNP(L)a( PM-I.O) *CLNP(L-1)/(PM+2.0)

Ill CONTINUE
112 CONTINUE
C CLNP HAVE BEEN CALCULATED - NOW PRINT COEFFS
113 IF (NAY) 114,115,114
114 WRITE (6,176)

WRITE (6,173) fCLNP(L),t~1,NON)
WRITE (6,177)
WRITE (6,173) 4CNPfLIL=ItNON)

C SET UP A TABLE OF GEE FOR CD CALCULATION
115 PLBA-(2.O*PI**5)/BA

GEEMI)=0. 5
GEE I2)*O.i25
J=4*(M-l)
IF (2-J) 116,126,126

116 '10 137 JJ=4,J.2
J.JJL(JJ+21/ 2
E JJz.JJ
COE=,EJJ-. .0)/(EJJ+2.O)
GEE iJ.JJf=C6ý*GEE(JJJ-l1

117 CONTINUE
C START CAMBER LCOP

DO 157 IW=IPNW
IF (NODE?) 118dl23,118

118 Iw1:1
DO 122 IY~l,t4YP
IF (SPACE) 120,'19,120

119 IW2=NXOP(IY)+IWI-l
GO TO~ 121

120 1U2=NXDDP+1W1-1
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121 READ 45e,170) (W(IIIWX),IWX=JWlIW2)
I WI=I W2+1

122 CONTINUE
GO TO 124

123 CONTINUE
CL23 CALL CAPBER (NXDPNEEDS0ACE,NYP)
C THIS SUSROUTINE WILL CALCLOLATE W 04ATRIX
124 WRITE (6,1178) IW

WRITE (6,179)
WRITE 16,173) (W(lI)v1=1tNRCIWS)
DO 125 KW=1,NROWS

125 CONTINUJE
WRITE (69,1801
WRITE (6,1731 (W(1,1)191,1NROWS)

C START BETA LOOP - (INCIDENCE ANGLES)
126 DO 156 KKI,9NBETA
C NOW START ALFA LOOP

DO 155 KulvNALFA
RALFAuALFAI K)/RAD
ANGLE =BETA( KK) +ALF A K)
RANGLEsANGLE/RAO
IF (VF) 158,121,129

127 00 128 1a1,NRCWC
ARG=Wtltl)-RANGLE
WWlI 1)wSJN(ARG)iCOS(ARG)

128 CONTINUE
WRITE (6,181) BETA(KK),ALFA(K)
WRITE (6,1733 (WW(lJ)tJxl,NROWS)
GO TO 138

129 SYLsScpN(2.O*RALFA)/2.0
L-1l
DO 137 1-19NYP
IF (YPi-Yf) 130,131,131

130 ATSLP=O.0
GO TO 132

i31 SLOOP-SYL*IYF/YP( ) )**2
ATSLP=ATANI SLOOP)

132 IF (SPACE) 133,1349133
131 NXPvNXDDP

GO TO 135
134 NXP-NXDP(I)
135 DO 136 Jul#NXP

ARGwU1(1,Ll-RANGLE-ATSLP
WW(Ivl,)=SINIARG)/COS(ARGl
L=L41

136 CONTINUE
137 CONTINUE

WRITE (6,182)
WRITE (6,173) fWWf1,J),J31,NROWS)

138 DO 139 1=1,75
ANN (1, 31=0.0

139 CONTINUE
DO 140 1=19150
P11,1 )WO.O

140 CONTINUE
c NOW CALCULATE A MATRIX

00 142 I-1,NON
READ (2) fDINVRS(1,J)9J=1,NROWS)

165



00 141 J=19NROWS
ANNII,! IANN(1,I ),DINVRS(IJ)*WW(1,JI

141 CI" 14T.NUE
142 CONTINUJE

REWIND 2
IF (NAY$ 143,1.44,1.43

143 WRITE 16,183)
WRITE (6,1.13) (ARM(I.1,),I&NON)

C NOW CALCULATE P MATRIX
144 DO 146 laltAPOINT

00 145 J=19NON

145 CONINUEvI*Ef~J*N~1J
146 CONTINUE

C NOW STORE P IN A TWO DIMENSIONAL ARRAY
0O 147 LI,9NPOINT
I '(L-1)/NPSI*1
JaL-(1-1) *NPSI
CP(19IJP(19L)

147 CONTINUE
CALL AERO (NEED)

C NOW PRINT CL, CM AND PRESSURE DISTRIBUTInN
WRITE (6,184) ALFA(K),BETA(KK)
WRITE (6,185) CLCMCDL
L-~1

148 WRITE (6,186)
IF (NETA-11*L) 14991499150

149 NCOL1-1*(L-1)*Il
NCOL2=NETA
GO To 151

150 NCOLIU14(L-1)*11
NCOL2=L*ll

151 WRITE (6,181) (ETAlI),I*NCOLt9NCOL2)
WRITE (6,188)
DO 152 Ju1,NPSI
WRITE (6,194) P51(J), (CP(IJ),IuNCOLlvNCOL2)

152 CONTINUE
WRITE (6,189)
WRITE (6,193) f5ENlI)#I=NCOL1,NCOL2)
WRITE (6,1.90)
WRITE (6,193) (CLLOC(I)tI=NCOLlvNCOLZ~)
WRITE 16,192)
WRITE (6,193) (CMLOCfI)9I=NCOLl9NCOL2)
WRITE (6,160)
WRITE (6,193) (CDLOC(J),I=NCOLI*NCOL2)
IF (NAY) 206,2079206

206 WRITE (6,161)
WRITE (6,193) (ALLOC(1191IZNCOLINCOL2)
0O 153 JC=I,N
WRITE (6,191) JCt(CKfJCv1)v1uNCOLl9NCOL2)

153 ',ONTINUE
207 (.ONT!WiUE

li (NETA-11*L) 155,155,154
154 L-L*1

GO 10 148
C NOW CONSICER NEXT ALFA
155 CONTINUE
1%6 CONTINUE
157 CflNTINUE
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158 WRITE t6tt95)
159 RETUJRN

10 FORMAT ulh~o2zoxtOHCo*CICAVE
161 FORMAT flHOt20Xv23HALPHA INDUCED (DECREES)$

162 IFTRMAUT IHON FOR EAG ,12AATET6-F54

14 FORMAT (1012)
15 FORMAT(5 14FI.7)
16 FORMAT (12A6) ERO-LG ES HN .2

18 FORMAT C(1HI2Xv43HCHINVES OF C0OCNASHCULONTROL PRINTSMARIX LODIN

19 FORMAT (21H620.1I 62.)I7 FORMAT (IHI2OX432HPNRESSUEOFDWAS CONTROL POINT MATRIX, C)

116 FORMAT (1H06EX21a/lHCOECI0r O L QUtIN
174 FORMAT (IHO12OLX327HPREFIECOENTRO POFN CMEQATRION)C
178 FORMAT (IH3IOX92OHCOMBETRI S AAEER/HHAPENMERAG ,12) AV

17 FORMAT 1H035X,46HSAERO~lDYAI DHOWNAS COR SLP F1DZ/OX) MLOATRIX, 0
180 FORMAT A9 BA IH/HOECF16IE SLOPE DISTRIBU ATINION RADI8ANS) BA

182 FORMAT (iHIlOX,48HTOEFL DOWNASH MARI CL E IONCLDSTEBOYEFC

183 FORMAT (IHO/IHO1OX,58HA ARX ..COEFFICIENTS OF TH PRESSURE)

1784 FORMAT IIHlIOXq28HCAMESULSHFOR ALFAE 9.12H N ESLN 949

185 FORMAT (11HO23X4HLIFT COEFFIED ONWA O CLOP ID/X IO5 2HO MENTR t COF )CE

180 FORMAT (IHO/40OXSPRECSRED SLOAEDINGDSTRIBUTION, PNRADAS
187 FORMAT (1HIO6HSPAN MATRIXF IHEAO 9..2 ADALA= 94
188 FORMAT IIHLOXFRACTIOTAL DOF S CARIHORCUDSTH OD )FC

189 FORMAT (lHO/ZOOX,5OHOAL EMACTRIX, I*.COEFCETSO PESR

190 FORMAT (IHO2OX,98HCLSLT FOC/CAVE)l5*AN PSLN=F-4

195 FORMAT 1H23HK IFT C,1P7 CEN5.1 CL m 1PT105/.1)) OET OFFCE

192 FORMAT (IHOZOX933HCM C**2/CLADIE C ITRBUIO, R
193 FORMAT (lHO6HSPAN1F10.4) 4

194 FORMAT I1H02X9C F6.C1110. )

195 FORMAT (IHIL3HERROR IN DATA)
END

SUBROUTINE AEAD (NEED)
C

DIMENSION W(1,150) ,ANN(1,75),ETAI'iO),CNPI75),CLNP(75),GEE(75),
IBEN(50) ,ARM(50),CLLOC(20),CMLOC.20),ALLOCI2ODCOLOC(20)pEEOEL(I0),
2EPSLN(10) ,CK(6,10) ,CA( 12) ,CKA( 12)

COMMON WANMETACNPCLNPGEEBEN, ARM#CLLOCC4LOC ;ALLOCCDLOC,
IEEDELPEPSLNCK,CACKACLC'4,CDLNMNU,NONNFLAP, PI,PLBANETABO,
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2BA98BARoPIRCoNPSI
C
C NOW CALCULATE CL AND CM
C

CL=O0*
DO I I1,1NON
CL=CL.CLNP(II*ANNII.I)

L CONTINUE
CMu 0.0
DO 2 1=19NON
CM=CM+CNPIII*ANM (1, )

2 CONTINUE
CPU-CM

C
C CALCULATE INDUCED DRAG
C

SUM3O. 0
DO 16 IS=1,M
IM=2*IIS-1)
00 15 L-lvIS
1Ku2*(L-1)
SQMq=FSQMIIM*IK)
DO 14 IR=IM
IP=2*IIR-1)
MRP(INm-[K+IP+2)/2
AMP=O. 0
NCA=NFLAP.2
IF (NEED) 5,3,5

3 CAII)=0.0
CKAMI=O0*
IF (NU) 5498,4

4 CA(2)mO.5*ANMf1vIS)
CKA(2)-O.5*ANMfl1 IR)
GO TO 8

5 CAM1=ANMIIISl
CKAM=~ANM(jqIR)
IF (NU-1) 6,697

6 CA(2)=0.O
CKA(21=0.O
GO TO r

7 MIR=MGIR
MISsM+IS
CA(2)zO.5*ANM(19MIS)
CKA(2)sO.5*ANM(1 ,MIR)

8 IF !NFLAPJ 54,11,9
9 00 10 IFL=19NFLAP

MFLa(NU-14IFL)*M
MFR=MFL.IR
MFS-AMFL*IS
CA( fFL142 EPSLsN( IFL)*ANM( 1,MFS)/PI
CKD(IFL.2)=EPSLN(IFL)*ANM( I,MFR)/PJ

10 CONTINUE
It 0O 13 IFL=1,NCA

CTFtxCA( IFL:
VZ 12 tMLzlNCA
AMP=AMP4CIFL*CKA (1 P41

12 CONTINUE
13 CONTINUE

SUM-SUM4APdP*GEE IMRPD *SQM
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14 CONTINUE
15 CONTINUE
16 CONTINUE

C DL =PLB A*SUP

C NOW CALCULATE LOCAL LIFT AND MOMENT COEFFICIEkrS
C

C0a4.O*IPI**2)
COOzPI**2
DO 4.3 1*19NETA
ROOT*SQRT(1.O-ETAfI)**21
SERESI-0.O
VERES=O.0
SERSuOo0
DO 42 J1,14
SERES=O.0
LPa2*(J-11
If (LP) 54917,19

17 If (ETAIII) 54,18,19
18 ETTA=1.O

GO TO 20
19 ETTAxETAfI)**LP
20 IF (NUI 54,27,21
21 IF (NEED) 24922,24
22 I4JUM+J

SERES=SERES+0.5*AN#4(1,J)
SERSaSERS4(BEN(I)+BO*ARM(I))*ANM(1,JI*ETTA
IF INU-1) 27,27,23

23 SERSuSERS-0.125*BEN(I3*ANM(1,MJ)*ETTA
GO TO 27

24 NJum'J
NMJ=14.M+J
SERESsSERES*AMM4(1, J)
SERSaSERSgIBEN(1142.0*BO*ARi4I)II*ANN(1,J)*ETTA
IF (NU-1) 27,27,25

25 SERESzSERES.O.5*ANNIIvMJ)
SERS3SERS I BENII ),8O*ARMI4II))*AN4( 1,MJ)*ETTA
IF (NU-2) 27927,26

26 SERSuSERS-.O.125*BEN(I)*ANN(1,NNJI*ETTA
27 IF (NFLAP) 28,30,28
28 EYPI=ETTA/PI

00 29 IFL=19NFLAP'
MFL=(NU4+IFL-1I$*M
MI P=MFL+J
SERSsSERS,2.0*ETPI*If3EN(IR*EEDEL(IFLIB0*ARN(I)*EPSL~4(IFLI)*ANM(I,

imip)
SERES=SERESEPSLNIIFLR*ANM(1,NIPI/PI

29 CONTINUE
30 AYEI=O.j

00 41 N~sI,J
NGM-u2*( NG-1)
IF (ETAMI) 32,31932

31 ETAGzI1.O
GO TO 33

32 ETAG=ETA(J)**(LP-NGM)
33 IF (NG-'2) 3403506
34 AYE=LP+l

GO TO 40
35 AYE=I-LP
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AYEu.0. *AYE
GO TO 40

36 NUI4-1
LCWu2
IF (NGM-4) 1-'039937

3? IG2-NGM-2
On 38 IG-49IG2,2
NUM-NUM*( KG-1)

38 LOWmLOW*-LG
39 UNM=NUM*(NGH-LP-1)

ELW=LOW*NGM
AYE =UNM/E LW

40 AYEl-AYE1+AYESETAG
4L CONTINUE

VE RE Sm E RE SiSE RE S* AXE
SERE 5 SE RE SI+SE RES*ETTA

42 CONTINUE
CLIOC I )xCO*R0OT*SERESIIBA
ALLOC( I)-COO*VERES
COLOC(I )-CLLOC(I )*ALLOC( I)
ALLOC( I)z180.0*ALLOC I I/PI
CMLOC (I) =-COO*ROOT*,SERS/ IBA*BBARI

43 CONTINUE
C
C CALCULATE CK(NETA)
C

DO 53 ITslgNETA
ETTA-ETAC IT)
PIRC-8.O*PI*SQRT(L.O-ETTA*ETTA)/BEN(IT)
DO 52 .JC=19N
IF (jC-1) 45.44,45

44 EL=1.0
GO TO 48

45 IF IJC.-NU) 46,46,47
46 EL-4.0/(2.0**(2*JC-2))

GO TO 48
47 ELI.-0/PI
48 SIGMA-0.0

NFL= IJC-1 )*M
DO 51 JSaIM
HE L=NE L J S
IF (IS-I) 50949950

49 SIGMA-SIGMA+ANM(19MELI
GO TO 51

50 SIGMA.SIGMA4ANM(lMEL)*ETTA**(2*(JS-1)I
51 CONTINUE

CK( JCI T)=SIGMA*EL*PIRC
52 CONTINUE
53 CONTINUE

GO TO 55
54 WRITE (6956)
55 RETURN
C
56 FORMAT IlHlliHERROR IN DATA)

END

SUBROUTINE PINVRS(NINNOUTNAYNODE3,NODE6.NROWNCOL)
c
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C CALCULATES THE LEAST SQUARE INVERSE OF D. A IS EQUIVALENT OF D
C INVERTED MATRIX IS PLACED ON TAPE 2 FOR CHAIN7
C

DIMENSION A(120,48) B(48,48)tC(1, 120),DUM(120)

NON".1

JMAX"NROW
IF (JMAX-120) 191933

1 KMAXwNCOL
IF (KMAX-481 2,2.33

2 REWIND NIN
DO 3 J1,,JMAX
0D 3 K=-1KMAX
A(JK)-O.O

3 CONTINUE
IF (NAY) 4v5#4

4 WRITE (6,34)
5 DO 11 I=ltJMAX

IF (NODE3) 7,6,7
6 READ (NIN) (DUM(K)tK=1*KMAX)

GO TO 8
7 REAv (5,35) (DUM(K)*K1,sKMAX)
8 DO "', Kul,KMAX
9 A(I AKl DUM(K)

IF (NAY) 10,11,10
10 WRITE (6,36) (A(IK)tK=19KMAX)
II CONTINUE
C ORTAIN PRODUCT OF A AND A TRANSPOSE

IF !NAY) 12,13,12
12 WRITE (6,37)
13 DO 16. J=19KMAX

DO 14 KalKMAX
l( JK)uO.O
O0 14 I2;,JMAX

B( JK)=B( J,K)÷A( I, J)*A([IK)
t4 CONTINUE

IF (NAY) 154,1615
15 WRITE (69361 (B(JK)#K=-1KMAX)
16 CONTINUE

DO 17 Jvl*120
C( I ,Jl-O.0

17 CONTINUE
DETER=Oo0
CALL MATINV (BoKMAXCttDETER)
IF (NAY) 18,20,18

18 WRITE (6,38)
DO 19 NzIKMAX
WRITE (6,36) (tf'N,.),Ks1,KMAX)

19 CUNTINUE
C CALC. (INERSE OF A TIANSPOSE*A)*A TRANSPOSE

WRITE !6939)
20 REWIND NnUT

REWIND NiN
DO 27 II- SMAX
00 2? JstJMAX

: C( 1 ,J•-O.O

DO 21 Xu1,KMAX
C(ItJ)oC(IJ)÷B(I,K)*AIJK)

21 CONTINUE
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22 CONTINUE
DO 23 JulJMAX

23 DUH(J)=C(19J)
IF (NAY) 2 4 92 5 , 2 4

24 WRITE (6936) tC(1,J),Jz1,JMAX)
25 WRITE (NOUT) (DUP(JIJmlJMAX)

WRITE ININ) (C(l,J),JulJMAX)
IF (NODE6) 26,27,26

26 WRITE (7935) (DUM(J),JuIJMAX)
21 CONTINUE
C LEAST SQUARES -INVERSE COMPLETED
C EVALUATE DETERMINANT-OF (A INVERSE)* A)

REWIND NIN
DO 29 J=19KMAX
READ (NIN) (C(IIJN)tJNwIJMAX)
DO 28 Kul#KMAX
81 JtK)=O.0
DO 28 I=lJMAX
B(JK)=B(JK).Ctl, I)*A(IK)

28 CONTINUE
29 CONTINUE

IF (NAY) 30932930
30 WRITE (6940)

DO 31 I1-1KMAX
WRITE (6936) 48419J) vJvflKMAX)

31 CON7INUE
32 CALL MATINV (BKMAXeCt0,DETER)

WRITE (6,41) DETER
RETURN

33 WRITE (69421
STOP

C
34 FORMAT 425HONATRIX TO BE INVERTED, A)
35 FORMAT (MPEi4.7)

36 FORMAT(IH06E20.8/(IH 6E20.8))
31 FORMAT (lHI.I3HA TRANSPOSE*~A)
38 FORMAT (1H125H INVERSE OF A TRANSP`OSE*A)
39 FORMAT 11HI-20HINVERTED MATAIX AINM)
40 FORMAT (1H12OXt4OHUNIT MAT-RIX z (,INVERTED MATRIX)*(MATRI[X))

41l FORMAT (1HO,29HDETERMINANT OF UNIT MATRIX = E15*81
42 FORMAT (lHl.I6HMATRIX TOO LIARGE)

END

SUBROUTINE MATROW (MSPAN,NCHORDNONSNGIHINAY,NEED.NFLAPPHIK,
1PHI L,LAP*IFL,IX#FftOwR)

C
C THIS ROUTINE PERFORMS THE QUADRATURE AFTER THE STATIONS
C AND WEIGHTS HAVE BEEN ESTABLISHED.
C

DIMENSION GAUSS(5O),FROWR(36,501,THElIU(2094)tTHETAA(3OL6),FORRI 30
1,16),NOMB(2093),NQ(3),THETrA(4),ET$A(20" ,YDWASH( 150),FLPOS(I0),NSEC(
22O),ANSWR(50),SGWT(1O),FNNNN(20),FNI20)

C
COMMON GAUSS,THETB.THETAA,FORR,NOMBNQTHETAETAYOWASHFLPOSNSEC,

IF (LAP) 291,2
1 NEL2=NCHORD-NFLAP

NE WA SHa
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GO TO 3
2 NEL2*1

NFbdASH-MSPAN*(NCHORD-NFLAP+IFL-1 1.1
3 MNUMS=GAUSSII)

IF INONSNGI 5,4,5
I4 DELAsl.O/(100.O*H)

SGWT( 1)=13.O*DELA
SGWT (2) -72. O*DELA
SGWTM3 z495.O*DELA
SGWT(4)=-1360.0*DELA
SGWT(5)-SGWT(3)
SGWT(6)-SGWT(2)
SGWT( 7) -SGWT(l)
MNUM4B-7

5 PKL=IPHIK-PHIL)/2.0
C DO CHOROWISE INTEGRATION AT SPAWISE STATIONS

DO1 30 NELZINEL2
N STAT- 1
IF (NAY) 6,7,6

6 WRITE (6931) NEL
7 CONTINUE

DO 19 L-19MNUMB
NO` -NSEC IL
FNNNN(LI-0.O

8 IF (NOT) 8,11,8
8 DO 10ICQ-1,NQI

FN( ICQ)=O.O
MM-NOMB(LtICQ)
CALL PRESSR IMMNELNSTATANSWRFLPOSNEEDLAPIFLTHETAAL)
DO 9 LFM=119MM
FN(ICQ)aFORR(NSTATL)*ANSWR(LNM)*FN(ICQ)
NSTAT-NSTAT.1

9 CONTINUE
FN(ICQ)-(THETB(LICQ+1)-THETBILICQ))*FN(ICQ)/2.O
FNNNN(L)=FNNNN(L)+FN(ICQ)

10 CONTINUE
N ST AT= I

11 SPHI=l.O-ETA(L)*E1AML
IF:(NAY) 12,13,12

12 WRITE (6#32) ETA(L),FNNNN(L)
13 CONTINUE

IF (NONSNG) 15914915
14' FNNNN(L)sFNNNN(LJ*SGWT(L)*SQRT(SPXI)

GO TO 16
15 YOO=(YDWASH(I-ETA(L)

Yoe-ycc*yco
NGAUS-L4NNUMB, 1
FNNNN(L)=FNNNN(L)*GAUSS(NGAUS)*SPHI/YOO

16 IF (NAY) 17,18,17
17 WRITIE (6,33) FNNNN(L)
18 CONTINUE
19 CONTINUE

00 29 MELmINSPAN
PELI 1a* I EL-1 )
AUX=0.0
00 24 K-i ,MNUMB
IF (MELL) 22,20,22

20 IF (ETAIK) 22#21,22
21 PnWERa1.O
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GO TO 23
22 POWER-ETA(K)*OMELL
23 AUXAUX*FNNNN(K)*POWER
24 CONTINUE

IF (NONSNG) 25926925
25 AUXAUX*PKL
26 FROWR(NEWASHIX)"FROWR(NEWASHIX )AUX

IF (NAY) 27,28,27
27 WRITE (6934) MELLAUX
28 CONTINUE

NF WASHuNEWASH÷l
29 CONTINUE
30 CONTINUE

RETURN
C
31 FORMAT (42HLCHORDWISE INTEGRALS FOR PRESSURE RUDEt N=131
32 FORMAT (THOETA a E15.8/LH 921X97HIC I - E15.8)
33 FORMAT (IH ,2IX9THIC 2 - E15.8)
34 FORMAT (4OHOSPANWISE INTEGRAL FOR PRESSURE MODE, MI3,3H z E15.8)

END

SUBROUTINE MATINV (AqNqBqK9DETERM|
C
C MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LIHEAR EQUATIONS
C

DIMENSION IPIVOT(48)IINDEX(48,2)
DIMENSION A(48,48) *B(48,1),PIVOT(48)

C

C INITIALIZATION
C

DETERM-1.O
DO 2 JzLN

2 IPIVOT4J)=O
DO 21 I1=,N

C
C SEARCH FOR PIVOT ELEMENT
C

T=0.O
00 7 JzlvN
IF (IPIVOT(J)-1I 397,3

3 00 6 KuLN
IF (IPIVOT(K)-I) 496925

4 IF (ABS(T)-ABS(A(JK))) 5,6,6
5 IROW=J

ICOLUM-K
T=A(JK)

6 CONTINUE
I CONTINUE

IPIVOTI [COLUM)IoPIVOT(ICOLUM)*i
C

C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON O L
C

IF (IROW-ICOLUMI 8,12,8
a DETERM"-OETERM

DO 9 L"tN
T-At IROWL)
A( IROW.L)=AI ICOLUML)

9 A(ICOLUML)"T
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IF IN) 12912910
10 DO 11 LulN

T=1B(IROW*L)
Sf IROWLlsS(ICOLUNLl

11 S(ICOLUNLIT
12 INDEXtI11)=IROW

INDEX(1I 2)-ICOLUM
PIVOrilIu=A(ICOLUM9lCOLUM)
DETERM=DETERN*PIVOT III

C
C DIVIDE PI VOT ROW BY PIVOT ELEMENT
C

Af ICOLUM91COLUMI=1.0
DO 13 L19g

13 A(ICOLUNL)-A(ICOLUNL)/PIVOT(II)
IF (NI 16916,14

14 Do 15 L-lvM
15 B(ICOLUML~sG(ICOLUMLI/PIVOT(II
C
C REDUCE NON-PIVOT ROWS
C
16 DO 21 1.1-10

IF (11-ICOLUN) 11,21,17
17 T-A(LIPICOLUM)

A(L1,ICOLUM)n0.o
DO 18 Lz1.N

i8 AfLIvL)-A(Ll9Ll-A(ICOLUNLl*T
IF (M) 21921919

19 DO 20 L=1,M
20 B(LI9L).B(LlLl-B(IlCLUlNL)*T
21. CONTINUE
C
C INTERCHANGE COLUMNS
C

DO 24 1-1,N
L=N+ 1-I
IF (INOEX(L*1)-INDEX(Lv2)) 22,24,22

22 IRObiuINDEX(Li1)
ICCLUM=INOEXIL#2)
00 23 Kw1,N
T-AIKI ROwl
A(KIROW)-A(K, ICOLUM)
A (KICOLUM) -T

23 CONTINUE
24 CONTINUE
25 RETURN

E ND

SUBROUTINE PRES5SR (MMNELNSTATANSWRFLPDSMEEDLAPIFLTHETTLL)
c

DIMENSION 1I4ETT130,119ANSWR(1),FLPOS(1)
C

LAC-NSTAT
IF (LAP) 9,1,9

1 IF (NEED) 2,3,2
2 KEL&NEI.-1

GO TO 4
3 KELwNEL
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4 IF (KEL) 5,5,7
5 DO 6 LNM.1,IPM

AUY=THETT(LAC9LL)/2eO
ANSWR( LNMIuCOS(AUY)/SIN( AUY)
LAC-LAC.I,

6 CONTINUE
RE TURN

7 FNEL-KEL
Of; 8 LNI4INMM
AUY-THETT (LACLL)
ANSkR(LNM)a4.O*SIN(AUY*Ft4EL)/42.O**(2*KEL))
LAC=LAC*I.

8 CONTINUE
RE TURN

9 AUFL=FLPOS(IFL)
DO 10 LNM=19MM
AUY=THETT (LACLL)
UNUM=SIN(O.5*(AUFL.AUY))
DENCM-SIN(O.5*(AUFL-AUY))
ANSWR(LNM)z(ALOG(ABS(UNUM/DENOM)) 1/3.14159265
LAC-LAC+l

10 CONTINUE
RFTURN
END

SUBROUTINE MPRINT (TEXTMNW@MTAPEMAT2,MAT3)
c
C THIS ROUTINE IS USED TO PRINT A MATRIX

DIMENSION QOOOFI(150) ,A(5)tTEXTM(9)
C

NRONSuMAT2
NCOLS-MAT3
REWIND MTAPE

C NOW BEGIN PRINT LOOP
LINE S-0
DO 6 J=19NROWS
RFAD (I4TAPEI (QOOOFL(1),IzlNCOLS)
K= I

L AM1-O.O
At 2) O.0.
A43)zO.O
A(41-0.0
A(51-0.0
At 1)=QOOOFL(K)
A(2)wQO0f)FL(K.1)
A(33-QOOOFL(K+2)
A(41uQOOOFL IK* 3)
A(S)UQOOOFL(K+4)
Nl=K
N2-K+l
N33K42
N4 z K43
N5zK+4
KxK+5
IF (LINES$ 29392

2 IF (44-LINES) 3@4#4
C START NEW PAGE
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3 WRITE (699) (TEXTH(I),Im1,NWI
WRITE (601) NROWSNCOLS
WRITE (698)
LINESu5

4 WRITE (6911) JNlA( 1) N2,A(2),N3,A(3),N4,A(4),N5,A(5)
L[NESmLINES.1
IF (NCOLS-K) 5,1,1

5 WRITE (6,10)
LI NES*LINES*1

6 CONTINUE
RE TURN

C
7 FORMAT (lHO3OX,14,9H ROWS BY 14#8H COLUMNS)
8 FORMAT (IHO2X8HROW COL,18X,3HCOL,19X,3HCOL,19X,3HCOL,19X,3HCOL)
9 FORMAT (1H129X,9A6)
10 FORMAT (IH)
11 FORMAT (1IH 2X 913 vI5,I X tE 15.8, 2X,91392X9E 15.8 2X9 139,2X9,EIS.892X9 I3t

12XtElS.8,?X,13t2XvEl5.8)
END

SUBROUTINE FNUD (FENtGAUSSWTGS)
c

DIME-NSION4 NLOC(14),TABLE(70),TWGTS(70),GAUSS(1),WTGS(1)
c

DATA NLOC/2,4t7,10,14,18,23,28,34940947, 54,62. 70/
DATA TWGTS/.888888888,.555555555,.6521451549.347854845,.568888888,
1.478628670, .236926885,.467913934, .360761573 * 171324492, .4179591839
2. 38 1830050,.2 7970539 1, *129484966, *362683783,.3 137C664 5, *22238 103,4
3.1012285369.3302393559.31234T7077.2606106969.180648160,.812743884E
4-1,.295524224,.269266719,.219086362,.149451349,p.666713443E-1,
5o2729250869.2628045449.233193764,.1862902109.t255803699.556685671t
6-1 ,.249147045 ,.2334925369 .203167426, .160078328, .106939326,
7.471753364E-l ,.232551553, .226283180, .207816047, *178145980,
8. 1388735I0,.921214998E-1,.404840048E-1, .215263853, .205198463,
q.185538397,.157203167,.121518570,.801580872E-1,.351194603E-1,
A.2025782419.198431485,.186161000,.166269205,.l395706779.107159220,
B.703660475E-l,.307532420E-1,. 189450610, .1826034159.169156519,
C. 149595988, .124628971t.951585117E-1, .622535239E-I,.271524594E-l/
DATA TABLE/0.0,.774596669,.339981043,.86tl36311,0.0,.538469310,
1. 906179845, .2 386 19 186, .66 1209386, *9324695 14, 0. 0, 40584515 19
2. 74 1531185, *949107912,. 183434642, *525532409, *7966 6647 7, *9602 89856,
30.0,.324253423,.613371432,.8360311079.968160239,.148874339,
4. 43 3395394, *679409568, *865063 366, *973906528 0. 0,* 2695 43156,
5.5190961299.730152005,.887062599,.978228658,.1253334089.367831498,
6. 58 7317954, *7699026 74, *904111256, *981560634, 0. 0t, 2304583 16,
7. 448492 751, *642349339,.*80 1578090. .9 17598399, .984183054t, 1080 54948,
8. 319112368, .515248636, .687292904, .82720 1315, .928434883, *986283808,
90o~.0*201194094 * 394 151347, .5 70972 172, .72441773 1, *848206583,
A*937273392,.9B7992518,.950125098E-I,.2816035509.4580167?71
B. 617876244 * 7554044 08 * 865631202, *9445 7502 3, *98940093 5/

C
C

N-FEN4 1.0
I NDEX-NLOC (N-3)
N2wN/2
J, ' N-1
DO I IsltN2
GAUSS(I! =-TABLE(INDEX)
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GAUSS( J)-TABLE (INDEX I
WTGS(I 3 TWGTSIINDEX)
WTGS(J)mTWGTS(INDEX)
JuJ-j

I INDEXmINDEX-1
RFTURN
END

FUNCTION FSQM (MMIR)
C

GMMNMM
I=( 1R+21/2
IF 11-1) 1,1,2

1 FSQMxGMM+1.O
GO TO 8

2 IF (1-2) 309,4
3 FSQMO.*5*(GMM41*0)-GNM

GO TO 8
4 11-3

EMI=O.5*(GMM.1*0)
EMZ=GMM
ENUMI-3o0
DEN 1-4.0
ENUN=1a.O
DEN L2.0
F Si=ENUNI/DEN1
F S2=ENUN1 /DENI

5 IF (1-11) 79796
6 ENUI4I-ENUN142.O

DEM1-DEMI+2.O
ENUNlaENUNI42*0
DEN 1=DENI+2 .0
FSI=FS1*ENUMI/DEMI
FS2=FS2*ENUNI/DENI
1~i1,1+
GO TO 5

7 FSQMzEMI*FS1-EM2*FS2
8 CONTINUE

RETURN
END

FUNCTION FK'ERNL (XOYOSFMACH)
C

BETASQ-I .- FMACH*FMACH
CON P=XO*XO. BETASQ*S*S*YO*YO
SQCCMP-SQRT (COMPl
FKERNL-1. 0+XO/SQCOMP
IF (SQCOMP) 1#1#2

1WRITE (6,601)
STOP

2 CONTINUE
RETURN

601 FORMAT (IHOPf///lOX932H***SQCOMPOt EXIT FROM FKERNL***)
END

FUNCTION FPNI (ETAOETA1,MN)
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C
PHI-ACOSIETAO)
PHI 1=ACOS(ErAII
FPMI=I( SIN(PHI ) *3*3.-ISIN(PHIIJ )**3.O)/3.O
IF II'M9-2) 3,1.1

2 GMwIvM
FPMI.((ErAO**GM)*(SIN(PHI))**3.o-(ETA1*.GM)4'(SIN(PHII))**3.O)/IGM.
13.O)*(GM*FPMI I/(GM#3.O)

IF tIM-1NM) 2,2,3
3 RETURN

END

c FUNCTION FRMI IETAOETA1,MM)

PHIUACOS(ETAO)
PHIlmACOS(ETAI)
IF IMM-2) 19292

I. FRMI-O.5*(PHI-PHI1)-O.25*(SIN(2.O*PHI)-SIN(2.OSPH11))
GO TO 6

2 FRI4I=O.125*((PHI-PHIl)-O.25*(SIN(4.o*PHII-SIN(4.O*PHI1))I
IF (M41-2) 39394

3 GO TO 6
4 11m4s
5 GMmIN

FRI4I-tETAO**(GM-1.O)*ISIN(PHI ))**3.O-eTAI**(GM-1.O)*( SINIPHIl) )**
13.O,(GM-1.O)*FRMI1)/(GM.2.O)
I MwIM+2
IF IIN-MM)1 5,5,6

6 RETURN
END
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c PROGRAM NLBODY(INPUTOUTPUT*TAPES-INPUTgTAPE6.OUTPUT)

DIMENSION ALPHAL(18lPHI1(9),,QJA9),R1(9),COp4Nr(18),C( 10)

CDIMENSION CYS(4) ,CNS (4).CI4S(4),CES(4),RLSI 10),CYSVt3).C~4SV( 3)

COMMON DXI,DX,ISTART,NEXIT,LREF,SREFCGCYSCNSCOSCESRLSgCYSV.
ICNSVtPHI

c
REAL LREF

C
CALL DATA
READ (5951 COMN'T
WRITE 16925) CONNT

5 FORMAT(18A4)
READ (5.10) LREFoSREFtCGtDXI

10 FORMAT(4FI0.41
READ (5,15) NALPHANPHINQtNR.

15 FORMAT(512)
READ (5,201 (ALPHAI( I)91IgNALPHA)
READ (5,20) (PHI1(I)t,19NPHI)
READ (5,20) (Ql(l~IwI=1NQ)
READ (5v20) IRI(I),I=19NR)

20 FORMAT(9F8.4)
25 FORP4ATIIHI,18A4)

DO 50 Iz1,NPHI
PHlz*01T4533*PHI1( I)
CPvCOS( PHI)
SP=SIN( PHI)
CALL COEFF
00 50 J=19NR
DO 50 KzI,NQ
CI=RI(J)*CP+Q1 (K)*SP
C2zQl(K)*%P-R1 (J)*SP
WRITE (6,30) PHII(I)9Q1(K)9R1(J)

30 FORMAT(59fOPHI=vF8.3v5H QavF7*4#5H Ru,F7.4/
18HO AI.PHA930XZ-iCN#15X2HCMvl5X3HCY 914X3HCEM,14X3HCRP4)

DO 50 L-1 ,NAJ PHA
ALPHA=.01745ý,3*ALPHA11a)
CAmCOSI ALPHA)
SAwSI N( ALPI: 4)
C (1 -C I.*CA
C12)=SA*CA
C(3)mC2*CA
C(4)=CA**2
CYSPOTS-(C(1)*CYS(1)4C'(2)*CYS(2)+C(3)*CYS(3)+C(4)*CYS(4)lSREF
CESPOT--(C(1)*CES(l),C(2)*CES(21+C(3)*CES(3)+C(4)*CES(4))/

(SREF*LREF)
CNSPOTU-(C(1)*CNS(1).CI2,*CNS(2).C(3)*CNS(3)+C(4)*CNS(4)),SREF
CMSPOTN-(C(1)*CMS(I).C12)*CMS(2),C(3)*CMS(3),C(4)gCMS(4)),

(SRIEF*LREF)
LYSP1SCYsPOr
CYSPCT=CYSPI*CP-CNSPCr*SP
C NS POT=CY SPI*S P.CNS POT*CP
CYSPIuCESPOT
CE SPOT=CYSP1*CP-CMSPOT*SP
C MS POTCY SP 1*S PCMS Por*CP
C (10) -LC (41
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C (9) -2 o*C ( I)*C A
C(S)u2**C(1)*CI.
C (7 )-2. *C3 ) *C A
C(61-2.*CI3)*C2
C (5 ) -C( 2 )*C A
CI',)-C(21*SA
C13)-C(31*CI.
C(2 )-C(2) *C2
C( .)=C( 1) *SA
C I.SPOT -0.
CLSVIS=O.
00 35 Mui.1O

35 CLSPOT-CLSPOT.C(14)*RLSIM)
CLSPOT-CLSPOT/ (SREF*LREF)
WRITE (6940) ALPHAI(L),CNSPOTCMSPOTCYSPOTCESPOTtCLSPOT

4.0 FORMAT11H ,FT.4,1O)(9HPOTENTIAL,5X5(3X1PE12.4,2X)I
CALL VISC(SAQlIK),R1(J),CNSVISCMSVIS9,CYSVISCESVISCLSVIS)
WRITE (6945) CNSVISCMSVISCYSVISCESVISCLSVIS

45 FORMAT(H 917X9HVISCOUS 95X5(3X1.PEI2.492X)/IH 1
50 CONTINUE

STOP
END

SUBROUTINE FORCE
C

DIMENSION CY(4),CN(4),RL(9),CYO(4),CNO(4),RLO(91.KPLRE( Ili)
I KPLIM411)
DIMENSION CYS(4),CNS(4),CMSI4).CES(.).,RLS(10o),CYSV(3',rNSV(3)
DIMENSION Al(12) ,B1(12),APRI(12),BPRI(12),C(2)

C
COMMON DXI vDX I START vNEXIT eLREFiSREF9 CG# CYSvC4Sv CMStCES*;tLSiCYSVt
lCNSVPHI
COMMON X 9RB#R,-RgRB2,qStDSDXvCOCYvCDCLvNv Alt Bl APRI.,BPRI, C

C
REAL LREFKPLREKPLIM

C
Cl- (X-CG) /LREF
CY(I1-I25.l32T4*IAI(3)-RB)*!RB*CI
CY( 2)=12.56637*81(3)*RB
CYf 3)=2.*CI*CY(2)
CN( l)-CY(3)
CNI2)=-12.56637*IA1(3)+RB)*RB
CN( 3) =2. *C*CN(2 )
CY(4)zIZ.56637*C(l)-2.*S*APRL (2)
CN(4)inl2.56637*C(2)-2.*S*BPRI (2)
RI' )-CY(1)-CN(3)
AL(21w2**CY(3)
RL13)=CI*(CY(1)-CN13))
RL(4)=CY(2)
RLI 5)uCY(4)
RL(6)-CI*CY(3)
RL( 1)uCl*CY141
RL(8)=-CI*CN(l)
RL(9)=-CI.*CN(41
CY( 1)*CYI l).4.*Cl*S
CN( 31CN(3)*4.*CI*S
CN( 2)=CN(2) +2. *S
IF IISTARY) 20005910
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5 00 6 1=1,4
cySI1,u0.
CNSI1) =0.'I CNSE1 )w0.
CESII) -.
CYOI )=CY(1)

6 CNO(I)=CN(I I
003 1 1*1,9

RLS(I! RO.
I RL0M~=RLfI)
I STARTuI

10 GO TO 200

DO I5 1=194

CYS(1)CCYS([)+CYtv:-CYO([)
CNS(1)*CNS(1)+CN(1 )-CNO(1)
CNSII)=uCNStI)-XA*ICN(I)-CNO(l))

15 CES(I)-CESfI)-XA*fCY1Il-CYO(J))
00 20 1-199

20 RLS(I3=RLS(I)4(RL(1)4RLO(1))*DX/2.
IF 414EXIT) 200925,35

25 DO 27 1-1,4
CYC(I )mCY( I)

27 CNO( I)=CN(I I
DO 30 1-1.9

30 RLO(1)mRL(I)
GO r0 200

35 RLS(5)-RLS(5),12.56631*(AL(2)*(A113)4RB),B1(2)*B113) )*KB
RLS172=RLS(7),12.56637*gA1(21*(AI(31,RB),Bl(21*Blt 3))*RB*Cj,
RLS(9)-RLSt9)*12.56637*(B1(2)*(Al(3)-RB)4AI(2)*Bt(3I)*R8*CI
RLS(1O)u-12.56637*(A112)*U(A1(3),RB)*BPRt(2)-APRlE2)*81( 3))
1 ,B1(2)*U(A1(3)-RB3*APkl!2148PRI(21*81(3J)I*AB
NI=N- 1
IF INI) 200,200.37

37 DO 40 I11,Nl
KPLRE(II- 0.

40 KPLIP(1)0.0
D0 50 N-I ,NL
N3s NI-N. 1
IF (14-2) 42,50,42

42 RBI=I.I DO 45 I19N3

RBI zRBI *RB

IF (NI-2) 200,4!,43

E=A1(P)*Bl(MI )-BI1(N)SAI1 I)
KPLRE(I IKPLRE (1I.D*P.SI
KPL[IM(I =KPLINIII3..E*RPT

45 CONTINUE
50 CCWT174UE

0=81(1 3*KPLRE( I )( Al 3)-R~iJ*KPL INI 1)
E-91131*KPLlN(I1).;A113'-RB)'KPLRE( 1)
IF (P41-3) 65965,SS

55 R~s=RB
ZC 6C 1*4,%14
ae I z3tpý

A1= -



DUOD4AI*IAI(1)*KPLIMII)-BL(1).KPLRE(I)I/RBI
60 E-E4AI*(Al1I)*KPLRE(I),B1(I)*KPLIM(I) )/R81
65 RLS(5)=RLS(5)*6.283185*E

RIS(7)uRLS( 7)*6.283185*EI'C1
RLS (9) -RL Sf9)4 6.283185*D*Cl
RLS(I0)zRLS(10)-6.283185*(D*APRI(2)+E*BPR1(2)I

200 RETURN
END

SUBROUTINE DATA
C

DIMENSION COMAKN(4rl)tCOMFOR(59)
DIMENSION X1(40) ,RL31(A0),DRDXI(40,),SI(40),DSDXI(40),CDCYII4O),LOCL

COMMON COPAIN,COMFOR
COMMON NXXl.RB' ,DRDXlSIDSOXICDCYI.CDCLlMREALIIMAGltREPRI,
IIMPRI

C
REAL IMAGlIMPRI

c
READ 85t5) MAXZETNX

5 FOAMAT(2413)
DO 7 I-1,NX
DO 7 .J=1911
REALLI Jl! -z
IMAG1(JvI 1-0.
REPR1(JI 3=0.

7 IMPR1(J,1)*0.
READ (5,301 (Xl([KhluINXI
READ (59301 (RB1(I),I=1,NX)
READ (5930) (DRDXIII)t1=lfNX)
READ 15930) (Sl(lllItNw%)
READ (5,30) (DSDXI(I)g9ItNX)
READ (5,30) (COCYI(I),[I=I.NX)
READ (5,30) (CDCLI(I)vI-1,NX)

30 FORMAT(6E12*5)
IF (MAXZET-1) 45910v45

10 DO 15 IsltNX
15 4( I )-i

GO TO 300
45 DO 110 IuINX

READ (5,5) NZETAISYM
IF (NZETA) 55,55,60

55 N'EMAXZET
Ml I INI
GO TO 65

60 Nl=NZETA
M( 1)-NI

65 IF (NI-I) 300911.0t70
70 NI-Ni-I

IF ([SYM) 300,75995
15 READ 15030) (REALI(Jý-'1J-idiI)

READ (5,30) (REPRi(JtI)tJultNl)
00 90 J019NI92
IMAGL(JI )aREALI(JoI)
IPPRl(JvI )REPRl(JvI)
REALI(JI )=0.
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90 REPRI(JvI)=O0,
GO TO 110

95 READ (5.30) IREALI(JI),INAGl(J.I)tJsl*Nl)
RFD (5,30) lREPRt(JIhqIMPRI(J*IlJ-lN1I

110 CL.MTINUE
300 RETURN

END

SUBROUTINE VISC(SA,01,R1,CNSVIS 2CMSVISCYSVIS. CESVISCLSVISI
C

DIMENSION DUN1(3),DUMZ(32),0U)M3(59),Xt(401,DU44( 1603.CDCY1l 40),
1CDCLI (40)

C

C COMMON DX1,DUJ41.LREFSREFCGDIXJM2,PHIOUINJ3vNXXlDUH4sC0CYl 9CDCLI

REAL LREF
C

SP=SIN(PHII
CP=C0S( PHI)
CLSVI S*..
CNSVI S=O.
CIISVI S-U.
cySv1 sNO.
CESYI SSO.
ARM=(XI (1)-CG)/LREF
Va- SA*SP,2. *R1 *ARN
W=SA*CP+2.*Q1*ARM
CYVO&;DCYI( 1)*V*ABS(Vi
CNVOuCDCLI (1)*W*ABS (W)
CEVOS-ARM*CYVV
C NVOs-ARM*CNVO

10 X=At4IN1(XaDX1,X1(NX)l
COCYnAINTRP(XI ,COCYI*NXoXt4)
CDCLsAINTRPIX1 ,COCL19N'XtX#4)
ARM=-IX-CG) /LREF
V=-SA*SPe2. *RI*ARM
ho~taSA*CP.2. *01 *ARP
CYV-CDCY*V*A8S IV)
CNV=CDCL*W*ABS(W)
CE V=-ARII*CY V
CMV--ARM*CNV

CNSVISaCNSVIS4 ICNV4CNVO)*DX2
CYSVIS*CYSVIS4 (CYV.CYVOI*LJX2
CMSVIS'tCMSVI S. 1C1V+CNVOI*OX2Z
CESVIS: CESVIS+ ICEV4-CEVOI*DX2
X 0~x
C NVOmCN V
CYV VOCY V
CM V ocm V
CE VOUCE V
IF (X-Xl(NX)) 10,!0#20

20 CYSVIS-CYSVIS/SREF
CNSVI SwCNSVI S/SREF
CFSVIS*CESVIS/SREF
CloSVI S'CMSVIS/S'1EF
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RETURN
END

SUBROUTINE LOCVAL
C

DIMENSION FCN(401,COMAINI391
DIMENSION AlIIZI ,61(12I.APRlIIZIBPRI(121,CIZI
DIMENSION XI(401,R81(40),DRDX1I4O),: 1I4OIDSDXlt4O),C0CY1(40),CDCL
11(40) ,M(401 ,REAL1(11,40),IMAGIIII,40),REPRI( 11,40), INPR1I1I401

C
COMMON CONAINoPHI
COMMON XRBRBPRRBZSDSDXCDCYCOCLtNIAtiBlAPRIeSPR1,C
COMMON NXXlRBI.DRDX1,S1,OSDleICDCY1,CDCLIMREALl, IMAG1,REPRIv
1IMPRI,

C
REAL IMAG19IMPRIeIMAG9IMPR

C
R8=AIt4TRP1Xl RB1 ,NXvX94)
R02-RB**2
RBPR=AINTRPIXI ,DRDXINX9X94l
S=AINTRP(XI ,SloNXwX94)
DSOX=AINTRP(XI ,DSDX19NXvX,4)
DO 10 1L=1,NX
IF £K-XI(IL)l 20915910

10 CONTINUE
IS NI=M(ILI

GO TO 25
20 Ni-aMIIL-il
25 AI(1)*RB

8110s)o.
APR 111) RBPR
SPRLIM) 0.
C11100.
C(2)=0.
All? )a0.
811 2) -0.
APRI(21=0..
SPRI(2)in0.
All 3)xO.
811 3)=O.
IF (NI-lI 100,100930

30 DO 55 J=2,NI
Jl-J-1
AJ-JI
PHI JAJ*PHI
DO 35 KulqNX

35 FCNIK)=REALI(JltK)
REALwAI#TRP1X1 ,FCNNXtXv4)
DO 40 K=I,NX

40 FCNfK)-IMAOI(JIK)
I MAGxAINTRPlXI ,FCN#NXtXv4l
00 45 Kul,NX

45 FECf ItK) wRE PR I fJK)
REPR=AINTRPiX1 JCN.PIX*Xt4)
00 50 KaINX

50 FCN1K)wlMPRt(J1,9rb
lMPRxAINTRP1XI ,FCNoNX9X,4)
SNsSIN(PHIJ)
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CS-COS I PHI A
Alt j$aREAL*CS*1NAG*SN4
8 ( JI-IPAG*CS-REAL*SN
APRIl J)=REPR*CSGIMPR*SN

C~l? 1RB2'PRI(21

C1C((1)-R2*PIAJ(AIJ*P1(d.IJ*RR(

GO TO-2 100 106
25 N2=N-I'2

12-Nl

I0 AINTRP-0.OJ-A(N*PR(J))R

100 60ETURNI

6 FUNCTION AINTRP *FCN t~vN
GOT 0

10 hIF E (6,7-I)5 920915YNh
15 IFRA (t-11 AI1P U O AGEFR UCIO ut9N2VLESO
20 2.,4 ANDE125,5PXlYEIf)
100 RTURN0

END2P/+

IF (IM2) 30093



SUJBROUTINE COEFF
C

DIMENSION4 C0PAlN136ICOMFOFKC50)oXl(4O3
C

COMMON4 OX1,DXISIARTNEXI7,CONAINXCON4FORtNXAl
C

NEX!TWO
I START=*
DXuOo
XzEllt)

10 X*X+DX
CAlL LOCVAL
CALL FORCE
DX=DXI
IF (NEXIT) 50Od2,*i00

12 IF (X.DX-X1INX)) 10#15,15
t5 NEXITut

DX- KIINX)-X
GO TO 10

500 tETURN
END
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PROGRAM NLWING(INPUTOUTPUT,l APE5=INPUTTAPE6=3UTPUr,
C

DIMENSION Xli (2) .110(3) vETA(20)) ETADW(80),TN( 3),
1.(40) ,Y140),CJ (80) ,CFI8O) ,W(20)v
2C4(20,20) ,C6120,20),CIRCLN(20),DWASH(20),TRVOU( 20,20). C5(20,20),
3C470(20,20) ,C570120,20' ,TRVTOI2O,?0i
4,ALPHEF(20) ,NT(20) ,SINAEFI2O),GAM(2O)
5,COEF(10910),CHORD(10),XLI(20),XL2(20),XPMOM(20).CIRCLI(20)
6,CIRCL2(20) ,ALIO) ,WGHT(IO),SPAN(20),A!.PHi2O)

C
I READ (5960) ALPHA,BETAtDALPHA

READ (5,601 ETA09L;TA89TR,TNLE
READ (5,60) PQR
READ (5960) REFL,XCGtZCG
READ (5960) CD,CDXPOS
READ (5955) NSTA,PdDWSH
READ (59551 NALPHANIT
READ (5,553 NSYM
READ (5,60) (ETA(I),I=1,NSTA)
READ (5960) (ETADW(I),I=1,NDWSH)
DO 5 1=1,3

5 READ (5,60) XIO(I),TN(I)
READ (5,60) (AI.PHEF(I),1=19NDWSH)
READ (5,60) (AL(I),1=1,10)
READ (5,60) IWGHT(I)91=1910)
ALP)4AzALPCIA*.0174533
BETA=BETA*. 0174533
DALPHA=DALPHA*.0174533
DO 7 1=1,10

7 AL(1)=AL(I)*.0174533
P=P*2. /REFL
Q0Q*2. /REFL
R=R*2./REFL
CBE TA=COS (BETA)

C
C CALCULATE COOPOINATES OF DOWNWASH CONTROL P014TS
C

NROWO0
DO 26 ,J-1,NOWSH
A!.-PHEF( J)=ALPHEF(J)*.0174533
XI.-XI0(3)
YI-ETAO
YF-FTAB
IF (ETADbI(J)-YI) 25,10,10

10 IF (ETADWIJ)-YFI 15,15925
15 NROW=NROW+1

Y(NROW)=ETADWd(JI
X(NROW)=Xl4iY(NROW)-YI3*TN(3)
GO TO 26

25 WRITE (6,65) ETAOETADW(J),ETAB
STOP

26 CONTINUE
N= STA
NLOL=N- 1

C.
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CALL LGRANG(ETA,COEF,N)

C CALCULATE LOCAL CHORDS

DO 17 I=J.NCOL
IIINCOL+I
EFA(INI-ETA(I)
SPAN(I)mETA,(I )/fETAB-ETAO)
SPANI IN)s-SPANII)
CHDRDII)z1.+,(rR1.a)*ETALII)/IETAB-ETAO)

17 CHoRDI;N)-CHOROII)
HROW2=NRObi+t1
NROWi =2 sROW
JI-O
DO 110 J=NROW2,NRVI1
J1=J1+1
ALPHEFI J)=ALPHEF(Jl)
X(J)ZX(.I1)

110 y(jil-y(j1)

XII (2)=XIO(Z)+ETtB*TN(2)
DO 172 M-1,NALPHA
ALPHD=ALPIIA*57. 2958
BETOzBE TA*57. 2958
WRITE (6,300) ALPHIDBETD

* SALPHA=SIN(ALPHA)
CALPHAmCOS( ALPHA)

* DO 110 L=1,NIY
NCOL=NSYA-1
NROWaNDWiSH

C DETERMINE OOWNWASH CONTRIBUTION FO EDN ITN I4

DO 40 jz1,NROWIyjlOOxolxitlEAETBNIe
CALL LLINE(XUI,(3,.,XO1J11,EATBNI
IALPt4EF(J) ,BETACOEFCIvN NiTBJ41
CALL TRVORT(X(J) ,yIj),O.OKI0(1),XI1(1),ETAOEAN 

)

IALPtiEF (J) ,3ETACOEFCFtN)
DO 29 Izl4N

29 TRVQJ(IJ)-CFII)
DO 30 1a1,N

30 C4(IJ)mCIfI)+CF(I)
40 CON71RU!E

C
C TEST I-OR SYMMETRICAL LOADINGINSYMU0)

IFI NSYN-1)45,5694
5

45 DO 50 JslNROW
J2zJ4NROW
00 70 I=1oNCOL
TkVQUt! ,J)zTRVQU(I,J)+TkVQU(I.J2)

10 C5(,Jq)mC4jI,J)4C4(IvJ2)
50 CONTINUE

GO TO 59
56 0O 73 I*NROW2,NROWl

I N=I-NC 01
00 73 J=1,NROW
JNu J.NROW
TRVOUt!. J) TRVOU IIN, JNO
IRVQUII ,JN) aTRVQUI INgJ)
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C
C DETERMI fit I" e.*,~' ;-~'i L ' ý-

54 DO 41 .J=19NROWI
CALL LLINE(X(J),Y(J3,O.O,XIO(I,XaL.,
IALP14EF(J) ,BETACOEF,Cl,N)
CALL TRVORTIXJ) ,Y(J),OO,XIO(2jXI142).ETAOETAt5,Ir(-..
1ALPHEFI J) ,BETAtCOEFCFN)
DO 32 1-11,N

32 TRV7O(IJ)-CF(l)
DO 31 1=19N

31 C47011,J)zCl(Il.CF(I)
41 CONTINUE

C
C TEST FOR SYMMETRICAL LOADINGINSYM=O)
C

IFI NSYM-1 )46,81 46
46 00 51 J=19NROW

J2= J+NROW
00 71 I1.vNCOL
TRV7O(I .J)-TRVO(I,J3+TRV7O(IJ2)

71 C570(1,J)=C470(11J)+C47o(IJ2)
51. CONTINUE

GO TO 85
81 DO 82 I=NROW2,NROWI

IN=I-NCOL
DO 82 J=1vNROW
JN= JONROW
TRV1O(I ,J)-YRV1Oi(NtJNI
TRV70(t! JN)zTRVO(lNvJl
C57011 ,J)=C470( IN9JNl

82 C57O(IJN)=C470(INJ)
DO 83 1=1,NCOL
00 83 J-19NROWI

83 C570119J)=C47O(1,J)

C REDEFINE NUMBER OF ROWS AND COt'JMNS OF CIRCULATION i4ATRIX
C FOR ASYMMIETRICAL CASE
C

NCOL-NROW I
NROW-NROWI

C DETERMINE WEIGHTING OF CIRCULATION BETWEEN THE LEADVIG AND
C AFT LIFTING LiNES
C

85 CALL WGT(ALPHEF,WTALWGHTNROW)
DO 52 1=1.NCOL
DO 52 J=4,NROW
TRVCUIIJ) ZTRVQU Ij,J )*WT (I) +TRV70 I ,J 1(.-WT (I))

52 C5( I.J)=C911,J**WT(I )+C51O(I,J)*(1.-WT(i)'
DO 80 121,NCOL
DO 80 J=INCOL

DO) 80 '(=1,NROW
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80 C61IJ)*C61I,J)+C51IK)*C5fJtK)
DO 120 1-19NCOL

SDO 120 J=l,NROW

f, DETERMINE INVERSE OF CIRCULATION MATRIX

CALL MATINV(C69NCOLC5)
DO 100 I=1,NCOL
DO 100 Jz1,NROW

* ~C61 IJ3u0.
DO 100 KzlNCOL

100 C6([,J)2C6(IJ)+C5tIK)*C4(KJI
DO 150 1=19NCOL
CIRCLNI I =0.
00 150 J=19NROW

C TEST FOR SYMMETRICAL LOAOLNG(NSYM=O)

IFI NSYM-1)12591309125

145 CONTICU L
1560 DWASNIJ3=DWASN(J)-C6(KJ)*CICL(K)

DO 161 J=19NRtJW
DWASH( J)=0.
DO 161 Kml,NCOL

161 DWASH(J)=DWASH(J)-TRVQUK,J)*CIRCLN(K)
DO 162 J=19NROW

ALrHE(J)=ATAN((SALPHA*CBETA+g*(X(J)-XCG)4P*YIJ)-DWASH(J))/
ItCALPHA*CBETA-ZCG*Q-R*Y(J)))
IF(ALPHEF(JI-ALPHiA)185,1859180

180 ALPHEFIJ)=ALPHA
l135 CONTINUE
102 SINAEF(J)=SINIALPHEF(J))

C
C CALCULATE SPANWISE LOADING
C

D0 171 1=1,NCOL
171 GAM(I)zCIRCLN(I)*2.*(CBETAR*Y(I))*CD*SINAEF(I)*SIMAEFII)

1*CHORDI I
C
C CALCULATE NORMAL FCACE
C

CALL FMINT(GAMCOEFETABNXINT,NSYM.0)
CN=( 1.+TR)*(ETAO-ETAO)/2.
CN=XINT/CN

C
C CALCULAIE PITCHING A40MENT

DO 210 IzI.NCOL
CIRCL1(I)=CIRCLNII)*WT(i)
ClRCL2(I)=CIRCLN(I)*il.-WT(I))
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XL2(I)=XIO(234ETAII)*TN(2)
210 XPMON(I)=(CIRCLIII)*XLI(I)*CIRCL2(II*XL2(I)I,2.*(CBETA4R*Y(I))

1 +CD*SINAEF(I)*SINAEF(I)*CHORD(I)*(ETA(I)*TNLE4CDXPOS*CHORD(l))
CALL FM!NT(XPMOMSOEF,ETAB,N,XINr,NSYM,0)
CM= I .+IR)*(ETAB-ETAO)*REFL/2.
CM*=XINT/CM

C
C TEST FOR SYMMETRICAL LOADiNG(NSYM=O)
C

IFI NSYM-1)211,2 12,211
C
C CALCULATE ROLLING MOMENT
C
212 CALL FMINT((,AM,COEF,ETbB,N,XINT,NSYM,1)

CMX=(l.+TRI *(ETAS-ETAO)*REFL/2.
CMX=XI NT/CMX
GO TO 213

211 CMX=O,0
213 CONTIMUZ

DO 214 I=1,NCOL
214t AIPHI I 3=ALPHEF(!I)*57.2958

WRITE (6,174) PtQ,R
WRITE (6,186)
WRITE (6,175) (SPANfIbvI=l9NCOL)
WRI7E (6.176) (GAM(I),hlI,NCOLl
WRITE (69177) fALPH(I)9I=1,NCOL)

110 WRITE (6 ti2O) CNCM,CMX
C
C NOW ADJUST 4LPHEFFECTIVE FOR NEXT ITERATION ON ALPHA
C

!F(ALPHA-0.0i ) 92,190,190
190 DO 191 I1,1NCOL
191 ALPHEF(I)'=ALPHEF(I)*(ALPHA+DALPHA)/ALPHA
192 CONTINUE
172 ALPHA=ALPHA+CALPHA
55 FORMAT(12161
60 FORMATI8F9.5)
6S FORMAT(47HODOWNWASH CONTROL POINT OUTSIDE OF E40 POI44TS.93FI3.5)
114 FORMAT (1H05X,2HP=F9.5,2HQ=F9.5,2HR=F9.51
175 FORMAT (IHO15HSPAN I0FI0.4/(I6Xl0Fl0.4)ll
176 FORMAT flHOISHLOADING IOFI0.4/(16X1OFLO*4))
177 FORMAT (IHO15HEFFECTIVE ALPHA10FIO..4/(16XLOFIG.4))
186 FnRPAT (iHO2OX,36HSPANWISE LOADING AND ErFECTIVE ALPHA)
300 FORMAT IIHIlOX,18HRESULTS FOR ALFA= F9.4,12H, AND BETA= F9.4t1OH

I. DEGREES)
220 rORMAT (1HO3IHNORMAL FORCE COEFFICIENT, CN = F9.5/tHO

14OHMCMENT COEFFICIENT ABOUT 7-AXIS , CMY = F9.5/IHO4OHMOMENT COEFF
21r!ENT ABOUT X-AXIS 9 CMX =F9.5)
Slop
END

SUBROUTIN'E WGT(ALPHEFvWTvAL,WGHI,Nl
c

DIMENSIrCN ALPHEF(?O),WT(20),AL(IObtWGHT(I0)
C

DO 100 I=LhN
IF (ALPHEF(l)-AL(2)) 5,10i10

10 IF (ALPHEF(T)-AL(3))15t20,20
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20 IF (ALPHEF(I)-AL(4))25,30,30
30 IF (ALPHiEFfI)-AL(5))35940r40
40 IF (ALPHEFIII-AL(6))45#50950
50 IF (ALPIIEF(II-AL(71)55,60,60
60 IF (ALPHEFII)-AL(81165970970
70 IF IALI'IEFI[I-AL19))75,80980
5 WTII)=WGHiT~l)-(ALPHEF(l)-ALI1))*(WGHTtl1-WGHTI2?J/(ALt

2)-ALtl))

GO TO 100
1.5 WTII)=WGHT(2)-(ALPHEFII)-AL(2))*(WGHT(2)-WGHT(

3) )/(AL(3)-ALI2))
GO TO 100

*25 WTI-GT3-APE~)A()) GT3-GT4)(L4-L31)
GO To 100

35 NT( I)=WGHT 4)-(ALPHEFII)-AL(4))*(WGHTI4h-wGHT(5) )/(ALI5)-AL(4))
G-O TO 100 WH()/A(-L5)

45 Wi:)=WGHT(5)-(ALPHEF(I)-AL(5))*(WGHT(5I-GT
6  ~A()A()

GO TO 100 A()
55 WTllI)=WGHT(6)-IALPHEF(I )-ALE6fl*(WGHTI6)-WGHT(T) )/IALt7)-AL )

GO TO 100 WH8)/A(-L7)
65 WTlI)=W4GrT(7)-(ALPHEFII)-AL(7))*(WGHT(7)GH()/AL8L7)

GO TO 1.00
75 WTlI)=WGHTl8)-(ALPHEF(I)-ALl8))*(WGHTt8)-WGHT(

9 ) )/(A119)-AL(8))

GO 7O ltlý' WH10/AL0)L()
80 WT(I)=WGH7C9)-(ALPHEFtI)-AL(9))*(WGHTl9)wGT1)IA~OAl)
100) CONTINUE

RETURN
END

SUBROUTINE GAUS~(FUNCTNAB.CD,E,N,XlX2,ANTEG)

DIMENSION X(16)vW(16)
C

IF(K-i968)19291
I. K=1968

X( 11=0.005299533
X(2)=0. 021112488
X(3)I=0. 0671 84399
X(4)-0. 122297796
X( 5)=0.191061878
X(t6)=0.270991611
X( 7 ) 0. 3591 98225
X1 8)=0.452493745
X919=0.547506255
Xi 101=0.640801775
XA I )=0.729008389
X( 12) =0. 808938122
X( 13) =0. 817702204
X( 14)=0.932815601
Xl 15)=0.912287512
X1 16)=0. 9947004683
WI 1)=0.313576230
W12 1=0.031126762
W13 'I=0. 047579256
W( 4) -0.062314486
w(5)-0.0747979 9 4

W(6 )=0. 0845 78260
W(7)=0.091301708
wI 8)=0.094725305
W(9):,0.094725 305
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WI 10)1=0.091301708
Will) O. 084518260
W( 12)-0.074797994

WI113)=0. 062314486
W( 14) =0. 047579256
W1 15)=0.031 126762

2W( 16)=0.013576230
2SUMsO.
DO 3 1=1,16
CALL FUNCTN( 1X2-Xl)*XII )eXlABC~tIENF)

3 SUM=SUW+W(I3*F
ANTEG=SUII*(X2-XI)

500 FORMATI8F9.9)
RETURN
END

SUbROUTINE FORMl(XqAvBCvDvENqF)

h F=(D*X**NE*X**IN-1) )/SQRT(A*X**24B*XC)
RETURN
END

SUBROUTINE FORM2I(X,A,B,C,D,EtN,F)

F=X**N/uIA*X*X+B*XC*cSQRT(X*X+D*X+E))
RETURN
END

SUBROUTINE FORM3(XAB,CDUMY1v0U14Y2,NqF)
C

F=X**N/ IA*X*X+B*X+C)
RETURN
END

SUBROUTINE LGRANG(XCtN)

DIM4ENSION XIIO) ,C(10,10),X119)9C21I10)

DO 35 !=1,N
DO 5 J=1,N

5 C21J)=1.

DO 15 J=1,N
IF 11-J) 10,15t10

10 M1=M1+1
Cl=CI/IXII)-X(J))

* ~XII i').XfJ)
15 CONrINUE

* C(I,1)=CI
Nl=N

20 NI=Nt-1
IF (Wi) 'A5*35925

25 11=11+1
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DO 30 JzI.,Nl
C2( J)=0.
DO 30 K=J,Ni

30 C2IJ)=C21.I)-C2(K41)*XI(K)
C(Itl,1)=C211)*SA

GO TO 20
35 CON71NUE

RETURN
END

SUBROUTINE LLINE(XYZXI 1,XI2,ETAIETA2,TN.ALPHEFBETACOEFCliNI
C

DIMENSION COEF1109i0),CI(801
c

EXTERNAL FORMI.
C

Al-sABS IE TA2 )
Al=AI*TN/ETA2
1N2=TN*TN
Cl=IX-XIll*Al
C2=(Y-ETA1)*Al-XXII
C3zI X-XII) *Al-IETA2--ETAI )*TN2-ETA2+Y
C4=(IY-ETA2)*AL-X.X12
A=l .*TN2
B=-2.*( Y+ETAI*TN2+CI)
C=I X-X!1) **2+Y**2+Z**2+TN2*ET AI**2+2.*ETAI*CI
DEN=12. 56637* A*Z**2+C2**2)
UMI 2C2*AIDEN
UMO=-C2*(Y+ETAI*TN2+CI )/DEN
Cl=C1+Y-ETAl
SQRI=SQRTI (X-Xll)**2+(Y-ETAII**2+Z**2)
SQR2=SQRTI IX-X12)**2+(Y-ETA2)**2+Z**2)
V1=-CI*C2/(DEN*SQRI)
V2=-C3*C4/ IDEN*SQR2)
N 2 =N-1
DO 10 1-1,N
CIII )=0.
DO 5 J=IN2

CALL GAUSS(FORM1,ABCUMIUMOJ1,ETA1,ETA2tFCJ)
5 CltI!=CllI)-AJI*FCN*COEF(I#J)

ETA iN=1.
ETA2N=l.
N1=N+l
DO 10 J=19N
NI-NI-1
CIiU)zCI(fl+COEF(INI,)*(V2*ETA2N-V1*ETAINI
ETAlN=ETAIN*ETAI

10 ETA2N-ETA2N*ETA2
RETURN
END

SUBROUTINE TRVORT(XY,ZtX11,X I2.ETAIETA2,TNtALPHEFBETACOEF
1 ,CF ,N)

DIMENSION COEFI 1O,10),CF(8ObtAll(3)



E (TECNPAL F0R142,FOR1M3

TN2= rN*TN
AA='ABS(ETA2)
AA=.A*TP4/ETA&2
BEFCOS=CCSf BETA)
BEFSIN-SLN(x5ETA)
ALFCOS=COS IALPHEF)
ALFSIH=-SIN(ALPHEF)
CI=BEFSJ N/I BEFCOS*ALFCOS)
C2=ALFS! V/ALFCOS
DO 22 K=jIrq

22 CI-IK)=.0
ETAA=ETAI
i.TAB=ET%2
A1i j.+C**2
A2=CI4*24C2**2
A 3=2.**C I
A4=-2.*V*A1-A3*I X+C?*Z
A5=-2.*iCl*Y-C2*Z+A2*Xl
A6=A1*Y**2+A2*X**2+I1.+Cl**2)*Z**2,A3*Y*IXC2*Z)-2.*X*Z*C2
A=A l+A2*TN2+A'j*AA
C3=-XI-ETAI *AA
B=A4+2. *C3*AA*A2+4ý'*C3+A5*A'4
r1 A2*C3+A5)*C3+A6
0=2.*((112-X)*9AA-Y)/(I.+TN2)
E=(X**2+Y',*24Z**2-(2.*X-C3)*C3)/11.+TN2")

G=C 3-X.C1*Y-C2*Z
SQR=SQRT( l.+Cl**2+C2**2)/12.5b637
DEN=SQRT 1. +TN2 ) *2..56631*SQR
=- (l.+Cl4AA4)*SQR

AI=IY+Cl*(X-C31 )*SQR
All I )=AI
All (2)=H
DO 10 i=1,N
I 1=N-I
ETAA=ETAl
IF(Y)1,2#3

2 ETAA=.005
GO TO 1

3 ETAB=Y-.0JO5
CALL GAUSS(FC1RM3,A,B,Ct,,E,'Il,ETAA,ETAB,ANTEG)
EvAA=Y+.*005
GO TO 13

L ANTEG=O.
13 ETAIU=ETA2

CALL GAiUSS(FORM.,ABC~oE, Il,ETAA,ETABBTEG)
ANT EG = 1NTIEG * EG
1N0'MAXOI 193-1)
INk ýMIN0(2,N+1-I 3
DO 10 J=YNO,INI
JI= [+J-2
AJ=N-JI

10 CI-IK)=CFVQI AJ*411fJ)*ANTFG*C(JEr,",Jl)
All IlHAI*G,/DEN
AIl(2)z(CH*G+F*A[)/DEN

l9rC



All (3)=H*F/DEN
N1=N41
DO 20 14,*Nl
11=N1-l
ETAA=!UTAl
IF( Y)49596

5 ETAAz.005i
GO TO 4

6 ETAB-Y-.005
CALL GAUSSIFORM2,ABCDE,11,ETAA.ETA8,ANTEG)
ETAA-Y4.005
GO TO 16

4 ANTEG=0.
16 ETAB=tETA2

CALL GAUSS(FORM2,A,8,CDE.I1,ETAAETABBTEG)
ANTEG=ANT2G+BTEG
INO=MAXOI 1,4-I)

0O 20 J=INO,IU41
C 2 lt[ =MJ-3,N4-)IX

C JMJ

C
DITENST O WHETHER NORMLFORCE(),PJCHJGO)O RL NGl MN

C

GO 10 25,NC

C
C TEST WHETHER NORMAL FORCE(O),PITCHING(O) OR ROLLING(l) MOMENT
r

JF( IMX)80,59,8O
75 X=J.

GO !V 85
15 XNEJ+1
25 DO &.0 -1J

C
C TEST WHO HE NOMMETIAL LOADE(t)GINSTCHIGO RRLLN))MM~
C

IF(INSM-1)809750.4

80 00 0 J 1,CO

20 XINV-.XITCI*XI

19



6O TO 60

50 CONTI NUE
C
C TEST WHETHER NORMAL FORCE(0),PITCHING(O) OR ROLLINGI 1) MOMENT
C

IFI 1NXl5lv52v5'
51 DO 94 I=1,NCOL

I N I*NCOL

52 0O 95 1=1,NCOL
INiEI4NCOL

95XXNT-XINT*IFXII)+FX(IN)I*C(i)/2.0
G0 ONTINUE

SUBsROUTINE P4ATINVIAoNvB)

DIMIENSIONJ A(ZO,20lB(20,20)9C(20,2OF

100 FORMAT119HONATRIX IS SINGULAR)
* D0 I J=1,N
* 001t I-ION

DO 2 1=19N

00 2 J=1.N
2 C(JI)-A(JI)

DO 6 1=19N
IF(Cll1,1) 24t50,24

50 DO 21 IZ-19N

21 CONTINUE
WRI TE(69100)
GO TO

22 D0 23 K=1.,N

23 BIN=(,)2I~I

24 TL=C(II.I
00 3 J=1#N
C(II J)=C(li,J)/TC

3 BhvJ)=B(19J)ITC
DO 6 K-1,N
IF K-I )4,6,4

4 T-CIK.I)
~1i D0 5 L=19N

C(KL)=C(K*L)-T*C(I ,LJ
5 BIK,L)=BtK,L)-T*BIIL)
6 CONTINUE

RETURN
7 STOP

EN


