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RAXBOD: A FORTRAN PROGRAM FOR INVISCID TRANSONIC
FLOW OVER AXISYMMETRIC BODIES

By James D. Keller and Jerry C. South, Jr.

Langley Research Center
SUMMARY

A program called RAXBOD is presented for the analysis of steady, inviscid,
irrotational, transonic flow over axisymmetric bodies in free air. Instruc-

tions on program usage and listings of the program and sample cases are given.
INTRODUCTION

The program described in this report is for the analyvsis of steady,
inviczid, icrotational, transonic flow over axisymmetric bodies in free air.
It solves the exact equation for the disturbance velocity potential and uses
the exact surface boundary condition. Most of the background about the equa-
tions solved and the difference scheme used is given in refersnce 1. This
report gives instructions on the use of the computer program and 1lso some
additional details which were not given in reference 1.

The next section gives a general description of the problem and the
method of solution. Then the instructions for using the computer program and
a description of the inputs and outputs are given. The appendices contain
additional details about some specific parts of the proaram as well as

1listings of the program and the sample cases.



GENERAL DESCRIPTION

One of the important consi-“arations when trying to solve the full potential
equation is the choice of a coordinate system. For complex three-dimensional
shapes cartesian coordinates may be best; however, for simpler two-dimensional
or axisymmetric shapes the use of a coordinate transformation such that the
body lies along a coordinate line can greatly simplify the application of the
exact boundary condition at the body surface. The program described in this
paper uses a body-normal coordinate system for closed bodies. For open bodies
(i.e. bodies with a sting or simulated wake) it uses a body-rormal system on
the forebody up to the first horizontal tangent and a sheared cylindrical
coordinate system aft of that point. This coordinate system is suitable for
closed bodies which are blunt on both ends ard convex and smooth over the entire
body or for open bodies which are blunt-nosed and convex and smooth up to the
first horizontal tangent. It is possible to treat pointed bodies and bodies with
slope discontinuities but the coordinate system is not well-suited for them and
their solution may not be as accurate as the blunt-body solutions.

A stretching is applied to both the normal and tangential coordinates such
that the infinite physical space is mapred to a finite computational space.
Thus, the boundary conditiun at infinity can be applied directly and there is
no need for an asymptotic far-field solution. Details about the stretching
functions are given in appendix A.

The general method of solution is to replace the governing second-order
partial differential equation with a system of finite difference c¢quations,

including Jameson's "rotated" difference scheme (ref., 2) at supersonic points.
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The difference equations are solved by a co umn relaxation method. In order
to get both rapid convergence and sufficient resolution, the relaxation is
generally done on three different grids. The difference equations are first
solved on a crude grid (about 400 grid points) which yields rapid convergence.
Interpolatior of this solution is used as an initial condition for a refined
grid. This procedure can be repeated to any desired refinement within com-
puter time an¢ storage limitations.

The boundary condition at the body surface is applied through the use
of dummy points inside the body. Detaiis of this computation are given in

appendix B.

PROGRAM USAGE

The program was written in the FORTRAN programming language for use on
a COC 6600 computer cperating under the NOS 1.0 operating system at Langley
Research Center. The program is overlaid in order to reduce the computer
storage required. One of the overlays uses several subroutines from the
Langley Research Center graphics library to create a plot vector file which
can then be post-processed in order to obtain plotted output. Some modifi-
cations to the program might be required in order to obtain plots on a

different computer system.
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The input cards for each case are summarized in the following table:

Read

Order Variables Format
1 DESC 8A10
2 IXy 1615
3 X0(I), I =1, IXy 8£10.3
4 YO(I), I =1, IXY 8E10.3
5 DYDXN, DYDXT, YMAX, XREF 8£10.3
6 IMAX, JMAX, MIT, MHALF, KLOSE, NPLOT 1615
7 RF1, COVERG, QF3 8E10.3
8 DNDYO, ALF, DXIDXO, XM, CXM, DXIDXM 8£10.3
9 GAM, AMINF 8£10.3

The definitions of these input variables are as follows:

DESC

IXy

X0
Y0
DYDXii

DYDXT

YMAX

Description of case. Up to 80 alphanumeric characte~s. Appears
on printed and plotted output.

The number of coordinate pairs used to describe the body. Pre-
sently limited to 100.

Input coordinates in the axial direction - 8 per card.
Input coordinates in the radial direction - 8 per card,

Body slope r%%—, at the nose. If it is infinite (as it is for
blunt bodies) put in a value greater than 900.

Body slope at the tail (with proper sign). If it is infinite
put in a value greater than 900.

Maximum body radius. Used to calculate the reference area in
computing the drag coefficient.




XREF

IMAX

JMAX

MIT

MHALF
KLOSE

NPLOT

RF1

COVERG

QF3

Body reference length, Used for scaling plots, XREF will scale
to 5 inches on plots.

Number of grid lines in the tangential direction, I =1 is the
forward stagnation line, I = IMAX is the rear stagnation line
for closed bodies and downstream infinity for open bodies.

For each grid refinement IMAX is increased such that
IMAXNEw =2 (IMAXOLD) -1, The present 1imit on IMAX is 81.

Number of grid lines in the normai direction. J = 1 corresponds
to an infinite distance from the body and J = JMAX is on the
body. The same formula and limit that apply to IMAX also
apply to JMAX,

Maxiinum number of iterations (complete relaxation cycles) allowed
on the first grid. MIT is doubled for each grid refinement.

Number of grid refinements to be done.
Body type.

0 for open body (i.e. one with a sting or wake).

1 for closed body.

Plot trigger. NPLOT = 1 causes write on disc for input to plot
routines and calling of piot routines.

Relaxation factor for subsonic points. Usual value is about 1.4.
Should be in the range 0<RF1<2, The program automatically
reduces RF1 by 10 percent if: (1) The maximum correction, averaged
over 10 cycles, is greater than that for the previous 10
cycles, and (2) the last maximum residual occurred at a sub-
sonic point.

Convergence criterion control parameter. Usual velue is 1.
Iterations stop when the maximum residual is less than
COVERG/(IMAX-1)2. This criterion is the order of the finite
difference truncation error for subsonic points. If this
degree of accuracy is not required, COVERG can be made larger,

Supersonic damping factor for improving iterative stability
(at the expense of a slower convergence rate). Usual value
is 0.1, but many cases with subsonic free streams are
successful with QF3 = 0. Definitely need some QF3 on fine
meshes with supersonic free streams. Note that QF3 has no
effect on the accuracy of the converged solution, only on the
stability and convergence rate. QF3 is automatically
increased if: (1) The maximum correction, averaged over 10
cycles, is greater than that for the previous 10 cycles, and
(2) the last maximum residual is at a supersonic point.
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DNDYO - Derivative of the normal coordinate stretching function at the

body, (%%) The value of DNDYQ can be determined by
Y=0
choosing the desired step size for the first grid next to the
dn . An_(1-aY)¥
body, An.. Then = 0
0 (W)Y = 0 &Y

where AY = 1/(JMAX-1). See Appendix A,

ALF - Exponent in the normal coordinate stretcning function, a. Usual
value is 1.3. Larger values of ALF move the last finite value
of n farther away from the body and smaller values move it
closer., See Appencix A.

DXIDXO - Derivative of the tangential coordinate stretching function at

dg : .
the nose, (dx)x =0 Since AX = 1/(IMAX - 1) then
A£0==DXIDXO/(IMAX - 1), which can be used to determine what
value of DXIDXO to use. It is usually best to use
A€0==An0- The above relation for Ago is only approximate
however, and it might be necessary to adjust DXIDX0O to c t
the desired Ago. See Appendix A.

XM - Axial location, X (in physical coordinates) of the junction
(or matching point) between the two tangential stretching
functions, for open bodies cnly. See Appendix A. Usual

value about the same as the body length.

CXM - Value of the computational coordinate, X, at the matching point
of the two stretching functions (for open bodies only). Since
X varies from zero to one, CXM is the fraction of the total
nunber of grid points which will be in the first stretching
region (ahead of xm). Usual value is about 0.75.



DXIDXM

GAM
AMINF

1.)
2.)
3.)

—_—— e
—

Derivative of the tangential stretching function at the matching

point, ($£) . (BE),_, A DXIDXW/(IMAX-1). Used unly
X=X m
M

for open bodies, See Appendix A.
Ratio of specific heats,

Free stream Mach number,

The Program Output is Descrihed Below:
Listing of body geometry input.
Other input values.
Computed geometric parameters in tangential direction.

I

Tangential grid index.

S - Arc length along reference surface,
X - Axial coordinate.
Y - Radial coordinate.

THET - Angle of reference coordinate surface, 6. For closed
bodies 8 is the same as the bouy angle, BB. For

open bodies 6=6g on the forebody and 6 = 0 on the
afterbody,

THETB - Body angle, BB'

AK - Surface curvature on closed bodias. For open bodies

AK is the surface curvature on tke forebody and

2
AK = - EL%%— on the afterbedy.

F - Derivatﬂte of the tangential stretch function, %§=
Computed geometric parameters in nommal direction.

J - Normal grid index.

AN - Normal coordinate, n.



5.)

10.)

G - Stretching function derivative, G(J) = (%%)..
J

GH - Stretching function derivative at half intervals,
dy
GH(J) =(ﬁ)

J+1/2
Iteration history,

IT - Iteration number.

DPMAX - Maximum ¢ correction, max ¢!T - ¢!T - ]|
ij ij ij
ID, JD - I, J location of DPMAX.
RMAX - Maximum residual, max|R..} , where R,. is the
i ij ij
right hand side of the difference equation { with

AXZ, AY2, etc, in denominator).

IR, JR - 1, J location of RMAX.
I1SUB, ISUP - Indicates if maximum residual occurred at a subsonic

or supersonic point.

RAVG Average value of the residual,

RF1 - Relaxation factor for subsonic points.
QF3 - Damping factor for supersonic points.
NS - Number of supersonic points.

SEC/CY - Time for iteration cycle.

Time for iterations.

Tabulated values of Cp and Mach number on the body,

Drag coefficient by trapezoidal and Simpson integration of the Cp's.

Rough plot of C_ along the body. This plot is distorted in the

P
arial direction because it is for equal spacing in the compu-
tational space, The asterisks show the level of sonic Cp.

Mach number chart of the flow field in the computational plane.



vy

Numbers printed are the Mach number multiplied by 100, I values
from top to bottom. J values from left to right,

11.) x and y cocrdinates of the sonic line.




APPENDIX A
COORDINATE STRETCHING FUNCTIONS

The normal coordinate stretching function is:
. AY

i st
where n is the physical coordinate normal to the boay and Y is the compu-
tational coordinate which varies from zero at the body to one at infinity.
The constant A cont-ols the physical step size at the body, A = (%%)Y =0
and for a given value of A, the exponent & controls the size of the last
finite value of n. Larger values of 4 move points farther away from the
body.

The tangential coordinate stretching is a transformation between the
physical arc length along the reference surface, I, and the computational
coordinate, X, which varies from zero to one. For closed bodies the
transformacion is

£ = ’“—;—’i+(x-1§)[A+B(x-

2 |
"

PO —

where A and B are determined by specifv1ng(%%)v =0 and requiring that
LR AN dr
£ =8 max 2t X = 1. These conditions give A = 3¢ max '(Ei)x =0
2
and B = 4 (:)max - A).

For open bodies the tangential coordinate stretching is divided into two
regions with the physical location of the dividing poirt, Xin» being an input
quantity. Also input is the value of the computational coordinate at tke
dividing point, X . Since the computational coordinate varies from zero to

one, Xm is equivalent to the fraction of the coordinates which are upstream

10




of Xen* The stretching function for the region from the nose up to Xm is
£ = 3 X + a, X3 + 3, X5 + a, X7 0<x ¢S xm

In the region from X to infinity the stretching function is
X- 1-
g:gm-o-bu%_-_xL__xﬂL xmfx(]

The coefficients in these expressions are determined by specifying &,

, 2
(gg) , and (95-) and requiring that 9& and 9% pe continuous
dx/, _ dX _ dX 2
X=0 X = xm dX
at X = Xm. These conditions give
(d& =(9€
a, = b =
2 2
16 Xm
_ '84C] + 36C2 - 4C3
33 - 4
16 Xm
) 3OC] - 14C2 + 2C3
84 - 6
16 Xm
S = dq X
wnere C] . M 1m
X
CZ = b - a]
and
2X b

n



APPENDIX B

APPLICATION OF SURFACE BOUNDARY CONDITION
IN REGION OF SHEARED CYLINDRICAL COURUINATES

The boundary condition ir the sheared cylindrical ccordinates is

v - yé u=20 (81)

where u=1+ o - Yg ¢ (B2)
= B3

V=9, (83)

and yé is the body slope.

This boundary condition (B1) can be rearranged to give:

¢, = ——— (i "¢ (84)

Let —-—-'—2- = wz

and introduce ¢n = gdy and ¢, = f¢x to get:

9¢Y = Wz(] + f¢x)

Let W, (1 + f@x) = DPO

so that
9y = DPO (BS)

12
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First consider "ordinary" dummy points which lie inside the body and

above the axis (i.e. nly=-AY > -ygor Yln=-YB < - AY) as shown
in the following sketch: ‘
x

o N\

The values of the potential function at ordinary dummy points are
i, MAX-1 " %4, amax+1
248Y

computed by first letting by =

which can be put into the boundary condition (B5) to give

- 20Y
o5, 0MAx+1 = ¢4, amax-1 - T — OPO (B6)
This result can be expressed in the more general form (which will be needed

later):

O3, 0MAx+1 T W3 %5 aMax-1 * Wa 5, omax Y5 OO (87)
by letting w, =1, w, =0, and w; = Efﬁ[
3 4 5 g
In cases where the physical location of the dummy point is beiow
the axis, the boundary condition is handled differently. Because the flow
“{eld is axisymmetric, the potential at a point below the axis is the same

as that for a point an equal distance above the axis, as shown in the

following sketches:

13
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Let Y] be the value of the computational coordinate at the dummy point whose
potential is desired. A Taylor series expansion for ¢ at this point (which

is the same as ¢, JMAX+1) yields:

y2
b5, amaxe1 = 0%, amax * V1 %y * - by
;also
) = ¢ + AY '0'éﬁ
i, Max-1 " %, gmax T ATy T Oy

Eliminate dyy from these equations and solve for ¢i,JMAX+1 to get

vf ( v ( Y, )
P = —— ¢, + 11 - ——1¢; . + Y, 01 - )¢
i ,JMAX+1 AY2 i, JMAX-1 AY2 i, JdMAX 1 AY
N . _ BPO . .
ow since ¢Y = g this can be put into the form
95, dMAX+] 3 95 amax-1 T %4 %5 gmax ~ s DPO
where n »
Y, \© Y Y Y
W, = L W, =1 - ! Wg = - d (- J
3 AY ! 4 AY * 75 g AY

If Ya is the (negative) value of the computacional coordinate that corresponds

to the location of the axis, then Y] = AY + 2Ya.

14



lYa can be found from the stretching function. The stretching function

is n = d@%yl or -5% = Y (1-Y}™® which can be expanded in a
series for small Y to give:
ooy 4oyl s ofatl) 3, G(a+1)6§cx+2! vd o+
A 2

A reversion of this series gives

Y = - a(.n)Z + g_(_3&5__)_ (__H__) - 0,(]6(! - ]20, + 2) (__!]_)_4

Putting n = - Yg into this gives the value of Ya.

15
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APPENDIX C
PROGRAM LISTING

IVERLAY(JERRY,0,0)
SROGRAM RAXBODS({INPUT,OUTPUT,TAPESRINPUT,TAPEG=OUTPUT,TAPEU)
TRARRRR N AR RANARA R AR R ARG AN AR AR AR DA CARRRARAARRER R AN AR R RARRRRARRARRARCER R P OR

»

)
® RELAXATION SOLUTION OF EXACT EQUATION FOR DISTURRANCE VELOCITY »
* POTENTIAL FOR AXISYMMETRIC TRANSONIC FLOw L]
L (COORDINATE INPUT VERSION) .
. ]
" PROGRAMMFD 3Y JERRY C, SOUTH, JR, AND JAMES D, KELLER *
L *
” »
® %

R AR R AR AR R RS AN AR AR AR AR R AR R S RS R R E R AR AN N AR R A AT RN AR AR R PR AR AR R A RN
CALL OVERLAY(SHJERRY,1,0)
CA.L OVERLAY(SHJENRY,Z,0)
§TO0P
END
CVERLAY(JERRY,1,0)
FRUGRAM ONEN

NERRRAR AR AR KRR R AR AR R R RN BN ANARRRAREARRARAR O A RARA RS AARSR AR AR ARSI

IMPIRTANT, WHEN leDIMENSION IS CHANGED, ID MUST BE SET EQUAL 10
NEW JaDIMENSION,

FINA{ VALUE OF IMAX, AFTER ALL GRIDeMALVING 1S COMPLETED, I8
IMAXCFINALIZ(IMAX(INPUT Yo ) n(2RraMHALF )¢}
SIMILARLY FOR JMiIX(FINAL),

§187 JIMENSIC ©F PeARRAY MUST BE AT LEAST AS BIG AS IMAX(FINAL)
2ND DIMEMITON OF PeARRAY MUST BE AT LEAST A8 BIG AS JMAX(FINAL)+!
19 leAPPa 3 DIMENSIONED AT LEAST AS BIG AS IMAX(FINAL)

12 JoA..nAYS DIMENSIONED AT LEAST AS BIG AS JHMAX(FINAL)

XS 'ND YS ARE SONIC PT, COORDS, MO NEED VO CHANGE OIMENSION UNLESS
YORE THAN 368 SONIC PTS ARE EXPECTEN(VERY UNLIKELY), SUBROUTINE
SONLIN PREVENTS CALCULATION OF MORE THAN 398 SONIC PTS,

IXY 1S THE NUMAER OF INPUY COORDINATES USEND TO DESCRIBE THE 80DY,
COM'ON BLUKAL CONTAINS 9 ARRAYS DIMENSIONED AT LEAST AS BIG Ad IXY,
PROLRAM NNE] CONTAINS 4 ARRAYS AT LCASY AS BIG AS IXY and

S ARRAVYS *Y LEAST AS BIG AS IXYei,

RV ARARANANARARANAAR ARG R R AR AN NN A A AR R AN RN AR PR N R AR RARRAN SRR AR RN

OO0 C YO0 NN rOdoOOOC

—
(=}

ORIGINAL PACR IS
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[Py AR

(o] AOIOHIOOO YN O

OO0 NN

COMMON P(83,82)

COMHMON XA(B1),YB(B1),CP(8))

COMMON THET(EB1),THETA(81),8T(B1),CT(AL),WI(BL), W2(A1),N3(81)

* pWaACB1),WS(B1),YBP(8]),DPO(AL),F(B1),AK(BY),5(B)),L8(81),FM(BY)
COMMON AN(B1),G(81),GH(BL),CB(ALY,D(BY),x1(BY),X2(81),M(81),HR(BY)
1 HRR(BY) ,HRM(B]) , MRMM(B])

COMMON XxS(800; YS(400)

COMMON 1D, ANMAX,DNDYD,YMAX,CD,RM80,J3%P, TSP

COMMON /BLOK1/ XST

COMMON /RLOK2/ P1,RAD

_COMMON /BLNDKS/ 1MAX,JMAX,C2,RF1,DPM,1DP,JDP,RPM,]R,JR,NS,GM102

10
20
30

1,A080,0%X8GQ,0XDY,0YS5Q,0X2,0Y2,KLOSE

COMMON /BLOKG/ GMSQ,GOGMY,TURSW,CPO,KSTAN

COMMON /BLOKS/ JMj,DY,11,JSUP,JSON,GF3,]8UB,I8UP,SUMRP

COMMON /BRLOKG&/ XO(100),YC(100),X0P(C100),XOPP(100),X0PPP(100),
%« YOP(100),YOPPC100),YOPPP(1aN),800(100),1XY,0YNXN,DYDXY
COMMON /BLOK7/ 8%AX,S1,XM,XIM,Ad,DXIDX0,0XIDXM,A2,43,X10,X11,CXM,
* DX,X10,XREF

COMMON /8L 0OK8/ ALF

COMMON /BLOK9/ N

DIMENSION DESC(8)

DATA P1/3.,14159265358979/,RA0/57,2957795130823/

ERARARARRR AN AR AR AR R AR AN AARRARR A SR A R A AR R R AR RA N AN RAAARA ARSI AN RS

wna WARNING =we WARNING sww WARNING swa WARNING eowe HWARNING eeow
DON"T FORGET TN CHANGE ID WHEN IwDIMENSION IS8 CHANGED,,,,

AR RRRAR PR AR UA R AR N RA SRR AR AR AR R AR RARAKREAR R AR AR RAKARASRARSCRRRRRR AR
10081

CALL SECOND (T1)
WRITE(6,270) T1

tﬁﬁﬁt'tliﬁiﬁ'tl'i"it!titlﬁttt.t.tlﬁttkt'lﬁlttttt!t'itltt!it.tilﬁt

FOLLONING 4 INSTRUCTIONS ESTABLISH TIME YO START CLEANUP OPERA-
TIONS, WHEN CPU TIME (INCLUDIKG COMPILE TIME) COMES WITHIN TSAF
SECONDS OF THME TIME LIMIT, TlL, ITERATION IS STOPPED AND CLEANUP
BTARTS, JPARAMS 15 AN LRC SUBROUTINE TKAT RETURNS JOB TIWE LIMIT
IN D(11), SECOND I8 AN LRC SUBROUTINE USED TC MONITOR THE CURRENTY
TIME, .

RAARRRRRAARKNE AR R RRRARARARRRARRRARAERERARARAARNRRARKORARAQARARARAS

TSAFa30,

KTLat

CALL JPARAHMS(D)
Twep(ll)

READ(5,290) OESC
IF(EOF(5)) 20,30

. N N 5
arop  oTeEetd FETY ORIGINAL PAGE ¥
CONTINUE yl' POOR QUAIM,
READ(5,300)1xY

READ(S,330)(XO(I), 1m1,1XY)
READ(S,330)(YOCI),I=1,1IXY)
READ(S,330)NDYDXN,DYDXT,YHAX, XREF
READCS,300)TMAX , JHAX ,MTT,MNALF ,KLOSE ,NPLOY

—— - -



o OO O0O0

[0 o]

31

32

Uy

50

60

READ(S.BSO)RH.COVERG.OFS
READ(S,330)NNDYO,ALF ,DXIOX0,XM,CXM,0XIDXM
READ(S,330)GAM,AMINF

NRITE(6,280)DESC
WRITECS,720)(1,X0(¢1),Y0(1),1a),]XY)
WRITECOH,U20)DYOXN,DYDXT,YMAX, XREF
TSAFETSAFNPLDT230,

THETANSATAN(DYDXN)

THETATZATAN(DYDXT)

DYDSNEBSIN(THETAN)

DXOSNSCOSC(THETAN)

DYDST=SIN(THETATY)

DXDSTaCOS(THETAT)

IFCDYDXN,LT,900,)G0 TO 3%

DYDSNEY,

DXOSNa0,

CONTINUE

IFCABS(DYDXT),LT,900,)G0 TO 32

PYDSTael,

DXD§1=0,

CONTINUE

CALL FIT(IXY.XO.YU.SOO.XOP,XDPP,YOP,YOPP.UYDSN.DXDSN,DVDST,DXDST)
CALL SPLIF(1,1XY,S00,X0,X09,X0PP,X0PPP,1,DXDUSN,1,0XDST,INC,
CALL SPLIF(I'IXY,SOO,YO,YOP,YOPP, YOPPP"'DVDSN'1.0'031."40)
NMALF=0

ANMAXEY ,E¢08

JSKPRay

JPAGE=]Y

N2

IF ¢JMAX/JSKP,LE,JRAGE) GO TO 50
JSKPRJSKP ¢}

GO0 T0 4o

CONTINUE

Xi(i)so0,

Xx2¢1)sx4(y)

RMSQEYMAX %82

GMinGAMel,

GMI02E ,54GMY

GOGMSaGAM/GM]

AMSQE=AMINF w2

GMSQZGM1029AMSE

AD8QaGM102ef ,/7AMSA

TOGMBQ=22,/(GAM#AMSA)
PSTARS(2,%(1,%GMSG)/(1,4GAM))naGOGM]
CPSTARSTOGMSQ«(PSTARmY,)
CPORTOGMSQa( (] ,+4GMSQ)#eGOGMEmY,)
KSTAR®U,S430,¢(CPO=CPSTAR)

IF (XSTAR,G7,100) KSTARE](0

CALL SECOND (T1)

WRITE(6,320)IMAX, JMAX,MIT,MHALF ,KLOSE,NPLOT
* JRFY,COVERG,QOF3,ONDYO,ALF,DXIDX0,XM,CXM, DXTIOXM, GAM, AMINF

AR RAR RN P AR RS ANA R R AR R AR R A SRR AN R A AR AR AR AR EARARR AR R AR RANSNARRR AR
OVERLAY(1,1) SETS UP THE TANGENTIAL CODRDINATES
AN RRAR LA AARNRRA AR N RE AR R ARSI AR R AR R ARG R AN A AR AR ARATARRRANASRRARANS

CALL OVERLAY(SHJERRY,1,1,6HRECALL)

105
106
107
108
109
110
113
112
113
114
115
116
117
j18
119
120
124
j22
123
124
125
126
127
128
129
130
13y
132
133
134
13§
136
137
138
139
1490
101
ju2
143
144
§45
146
147
148
149
150
151
152
153
154
§5S
156
1S7?
138
159
160
161
162
j63
164



DOAOOOO0

OO0

>— -

AERARRRARR R AR AAN AR AR SR A AR AR R A AR ARRER AR R A ARARARARARSRORACANRAANON

OVERLAY(142) CALLS NTRANF AND WiW2

RANARRAANRAARRAARRARRERARARRAANRRRAANOAARANCERRRNGARARARRATRARAAANGARNEY

CALL OVERLAY(SHMJERRY,1.2,6HRECALL)
DX80m1,/0Xna2

RCHEX®100,#DX8R

DXOYB 5/ (DX#0Y)

_DYSGS1,/DYn%2

90

100

110

120

130
140

150

ST

(]2&;

by2a,S/0Y

0x22,5/Dx

JMiEJMAXe]

KPOINTS(IMAXel)e(JMAX®Y)

POINTSBKPOINTY

WRITE(H,470)

DO 90 Imy,IMAX

LS(I)=0

TOSTHET (1) #RAD

TBOSTHETB(T)«RAD

WRITE (6, 480) 2,8(CI),XBCI),YBCI),TD,TEBD,AK(]),F(])
CONTINUE

WRITE(b6,U4SL)ALF

WRITE (&,4549)

WRITE(6, 4u0) CJ)AN(I)46(J)4GKRIJ),Js1,IMAX)
CALL SECOND (1)

TETeT}

WRITE(6,430)7

IF (NMALF,GT,0) GO T0 100

CALL ESTIM (P,ID,I™MAX,JMAX)

1720

00 110 I=i,1t

PPO(I¥=ST(1)

IF (XLOSEEQ,1) GO 10 130

12811 ¢1

138IMAXey

DO 120 1=12,1%

DPO(IYEWZ(T) (1 ¢F(1)aDX20(P (T4, MAX)eP(Jm],IMAX)))
DPIRS , aP (THMAX, JMAX ) wl 4P (IMAX®] ) JMAX) 4P (IMAXE2,JHAX)
OPO(IMAX)YZW2CIMAX)I (] #F (IMAX)«DX2#DP])

DO 140 Isi,IMAX

PUloJMAX @3 YEWS (1) aP (], JMAXaf)end (1) nP (]I, JHAX)eWS(]I)2DPO(])
WRITE(6,u"=0)

CALL SECOND (T0)

sUMIEl E407

Sum=o,

COVREBCOVERG/FLOAT(IMAXn]l)ne2

CALL SECOND (T1)

JSyre

IF (aMINF,GE,1,) JSuUP®]

JSONmO

IF (ABS(AMINFel ), LE,1,Ec0b) JSONEY

RARAR AR RRAANRACRRARNP R AR AN R A AR RS RARRARRR PR AR RANAARRRRN AN ARARRR NS AR

OVERLAY(1,3) IS THE MIXED FLOW POTENTIAL ITERATION LOOP

ARANE RS A AANRNR R RN RANRRARARN AN RARKAANCARARRRAO AR KA AR A ARRAASNRAREATRAS

Pw@p

%o Q%b

165
166
167
168
169
170
171
172
173
174
175
176
17
178
179
160
181
je2
163
184
185
186
167
188
189
190
194
192
193
194
165
196
167
198
199
200
201
202
e03
204
208
206
ao?
208
209
210
211
212
eyl
234
215
216
217
248
219
220
221
222
223
2?24

19



OO N OGO

DOOOOON

OO0

20

160

1614

1RS!

§72

J—

CALL OVERLAY(SHJERRY,1,3,6HRECALL)
ITnlTey

RAVGESUMRP/POINTS

CALL SECOND (T)

TiaTety
WNRITE(6,500)1T,0PM,I0P,JOP,RPM,IR,JR,18UB,I5UP,RAVG,RF1,UFS,NS,T]

RRRAAERAARRAF RN, AARAR AR R R AN RAAR R R AP AR AR AR AR AR R RAAARARNRASRANO DAY

CHECX POR TIME LINMIT,

ltﬁt..'tﬁ.t‘ﬁlt‘ﬁQt'lﬁ‘"..CQQ‘!Q.*.Q!"..*.‘ttilllﬁ.ii...ﬁt‘tl.t.

IF (YL =T ,GT,T8AF) GO TO 160
WRITE(6,370)T,1LRPM,COVR
KTL=m2

GO 10 {80

CONTINUE

RAAR AR R R R R R AN R AR AR AR R AR AR R A AN RN R AR N A AR R RN R ARR RS R AR RE AR RS
CHECK FOR OIVERGENCE,

t.t.l.li‘.tﬁi‘!iilttﬁ..tﬁti!ﬁltltﬁl.!i-!llrﬁ.ﬁt.“i.t‘.t‘ttttﬂﬁﬁt.

IF(RPM LT ,RCHEK) GO TO 16}
WRITE(6,610)

60 To 9

CONTINUE

RAERAR A NN A AR R R R R R AR R AN R R R R R AR AR R R AR AR AR AAN RN RO RARARRR AR NS ATAR RO

CHECK FOR CONVERGENCE DR JTERATION LIMIT

lii"ti'ttttltitttl!.lt.‘.‘tit0tt!ttt'i*‘.t.iltﬁt.'ﬂ.i!ﬂﬂttl*.Iitt

IF(RPM GE,COVRIGO TO 17}
WRITE(6,700)RPM,COVR

GO T0 1890

CONTINUE

IFCIT, LI MITIGO TO 172
PRIVE(6,310)MIT,RPM,COVR
GO 70 180

CONTINUE

!.lt..'ttlQt'.tlltti.t‘lltﬁ!tit!.ttlt‘l*‘.’tiﬁitil*t.tt!titltﬂ‘.il

INCREASE PHIeST DAMPING COEFFICIENT OR DECREASE RF{ IF AVCRAGE
MAXIHUM CORRECTION OF LAST 0 CYCLES WMAS INCREASED OYER PREVIOUS |

Q*tQttititttﬁ*lliﬁ"iQttitt.ttn..ittii*iﬁ.it!ﬂ‘tttt.!l'lilit!ttﬁ!.

SUMLSUMeDPM

1F (MOD(IT,40),NE,0) GO TO 150
IF (SUM1,GY,SUM) GO TO 173
QF3aGF 3¢, falSuUP
RFISRFie(] e, 10]15U8)
SUMing E+ 07

IF(ISUP LG, 1IWRITE(6,680)GF3
IF(ISUREG,iYnRITE(G,710)RF}

225
226
227
228
229
230
23y
232
233
234
21s
23
237
238
239
240
24y
2¢2
eul
2du
2us
246
2u7
248
2u9
250
251
252
2s3
254

256
esy
258
2%9
260
261
262
263
Y
268
ehe
267
268
269
219
2N
ére
2Ty
ety
278
276
277
278
219
280
28y
2R2
ey
c8y



OO OOO00

OoOOO0OOOO OO

OO0

173
174

211

220

GO 10 174
SUMimBUM

Suymag,

GO 10 S0

CALL SECOND (Y)

RARRRARARNAAG R AR CARARAAR R R AR R AR ARRRAARRAARRRAARAARERGARIAARAIANARES

THE POLLOWING STATEMENTS CALL FOR PREPARATION AND PRINTING OF
CP, MACH NO,, DRAG, ROUGH CP PLOT, MACH NO, CHART OF FLOW FiTLE,
SONIC LINE SALCULATION, AND WRITING ON DISC FOR CALLOMP PLOTS,

ARRRAARARR AR AR R AN ERR R AR NRA R R AR RN AR RKARRAR AN R RS RRRARRRARARRRARAR R

TieTe10
WRITECO, S10) T1,IT,NHALF

ARRARRRRRRACAAAR NG AR RANA AR A RERAA R R ARAANAARARAR AR ARANNARARENARDARER

OVERLAY(1,4) CALLS CPBODY, DRAG, AND CPPLOT,

RRRARRRRERARARASARRAARAANARRARARARR . RERNACARAENARARRRRANRRRGARAARARES

CALL OVERLAY(SHJERRY,1,4,6HRECALL)

RARRARRAANRRRRARNRAAR R ARRAANRRARARRARR R RARRARRANRARAKARRANAREARRARRER

OVERLAY(1,5) CALLS MCHART AND SONLIN,
KRARARRAARRRRAARERRRRRAARRARARRRARNARRNARRARAARRNARRRNAPRAQCARARRAYR

CALL OVERLAY(SHJERRY,{,5,6HRECALL)
CALL, SECOND (T1)

TieTle?

WRITE(6,600)T1

IF (NPLOT,NE,1) GO TO 220
WRITE{4) OESC

WRITE(4) IMAX,JMAX,IT,KLOSE,N
WRITE(U)ICPSTAR,AMINF ,DPM,XREF,DXIDX0,0ONDYO,QF3
IF(XKLOSELEQ,1)G0 10 211
NRITE(4) CXMyXM,XIHM,DXIDXM
CONTINUE

NRITE(W) (ANCIY,Jnp, JMAX)
WRITE(U)I(ST(I),I=g,IMAX)
WRITECU4)C(CT(I),I21,1MAX)
WRITE(U) (XB(I),1z1,IMAX)
WRITE(G) (YB(1),lmi,1MAX)
WRITE(4) (CPLIY,)I=l,IMAX)

IF (M,EQ,0) GO TO 220
WRITE(U4) (XS(1),1mi,N)
WRITE(4) (YS(1)slmy,N)
CONTINUE

IF(KTL,EQ,2:GDO YO 20

1F (NMALF EQ MRALFY GO TO 30
NMALFENKALF+!

RRARRAAPRRANERLI RN AACRERPARAGARC R P ARNRARRIARPPARRARARARRGARANARARREA

OVERLAY(1,6) 18 THE GRID REFINEMENT ROUTINE,

284S
286
287
288
289
290
291
292
293
294
29%
29s%
297
298
299
300
3og
102
303
304
308
306
307
3108
309
310
314
312
313
314
318
37
17
318
319
320
3124
322
323
124
128
126
327
328
329
339
134
32
333
13
135
336
337
338
139
340
34y
362
343
344

21



ARENARRAARA R AR AN R RARA R AR RARNRARARRBAARARRARARRARARANARDORARARAANRSRIN

CALL OVERLAY(SHJERRY,1,06,6HRECALL)
MITw2aMIY
Dxs,5«DX
280 IF (JMAX/JSKP LE,JPAGEY GO TOD 260
JIKPBJSKP e
GO T0 250
260 CON'INUE
GO f0 &0
270 FORMAT (i1M1//7,16H COMPUTING TIME=,Fe,1,8H SECONDS/)
280 FORMAT ({M1,8A10)
290 FORMAY (B8A10)
300 FORMAT (1615)
310 FORMAT(/# ewwnD]ID NOYT CONVERGE INalde CYCLES,svee RMAXEW®
n E9,2+, COVRaxEQ, 2/)
320 FORMAT(OHIIMAKZTIYS/Z6M JMAXA]IZ/SH MITel4/TH MHALF=]}
/TH XL OSEm]li/7H NPLOTS]{/SH RFI1EFS,3
/8M COVERGSE9 ,2/SH QFX0E9, 2774 ONDYOSES0,)
/SH ALFeF4,2/8H DX]OXO0=E10,3/4N XMcELD,3
/5H CxMzE10,3/78% DXIOXMEEL0,3/50 GAMsF4,2
/1H AMINFEF6,4)
330 FORMAY (AE10,3)
370 FORMAY (/% MUSY STQP ITERATIONS, CLOSE TO TIME LIMIT n/
@ o COMPUTING TIME swFo,1» TIME LIMIT=Fg,1/
w & RMAXT«EQ, 2%, COVR2#E9,2)
420 FORMAT (/% DYDXNBeFY0,4,/¢ DYDXTO®FI0,4,/¢ YMAXBeF10,8,/¢ XREFz+
® ,F10,4)
430 FORMAT (/,u0™ CPU SECONDS FCR BODY GEOMETRY COMPUTATIONSS,Fe,3/)
450 FORMAY (10X, 1HJ,uX,2HAN, 10X, IHG,1X,2HGM/)
4S1 FORMAT(/,rleawve NORMAL COORD, S ETCH FOR ALFZaFb 3% enasar/)
460 FORMAT (112,3E12,4)
470 FORMAT (1M1, 0%, tHT, UX, IMS 11X, irX, 11X {HY, 10K, UNTHET ,BX,SHTHETR,R
1X,2MAK, 10X, 15F//)
480 FORMAYT (112,8E12,0)
490 FORMAT(IM1,2X,2MIT, IXSHDPHAX,5X2NT0,2X2HJ0, IXUHRMAY ,6X2HIR,2X2HJR,
1 IXUHISUB, IXUHTISUP, IXUNRAVG ,6XIHRF 1 ,4dXIHNFS,6X2HNS,
2 IXTHSEC/CYCY/)
500 FORMAT(IS,ELY,3,214,E14,3,210)215,E33,3,2F7,3,16,F0,3)
S10 FORMAT({3MOCPU SECONDSE,FT7,2,4X FOR,JU,19H JTERATIONS, NWALF2]1/)
600 FORMAT (U4THOCPU SECONDS TO CAMPUTE AND PLCT CP AND MCHARTZ,F7,3/)
610 FORMAT(7//e ---.----.---.-..0.0IVERGENCE. RMAX EXCEEDS REMEK ,»
1 = GO DIRECTYLY YO °AlIL, DO NOT PASS GO, DO NOT CCLLECY $200,%=ax
2 Yeemmnavsvsevwwnanwint///)
680 FORMAT (/% OF3 INCREASED TOeFB,3% BECAUSE {0eCYCLE AVERAGE UFe
{ @ RMAX INCREASED,w/)
700 FORMAT(/® eemalONVERGENCEewwe, RMAXE4EG ,2¢, COVRRat9,2/)
710 FORMAT (/% RF] DECREASED TOeF6,3n BECAUSE 10eCYCLE AVG FQORe
1 & RMAY INCREASED,n/)
720 FORMAT(/e INPUT COOROINATES®/GXIMIUXIHXIXINY/(1I5,2FP10,6))
END
SURROUTINE FITIN,X,Y,S,X1,X2,Y1,Y2,0Y1,0X1,DY2,0X%2)
DIMENSTON XC(1),¥Y(L)o8 (1) o X1 (1), X2(1),YIC1),Y2()
RESSY ,0Fa0Y

[ I B 2% 2 J

T0(8,002%¢RES

K8

KMAX®S00

$(1) s 0,

M s N al
00 22 Imy,M

22

345
346
347
348
349
350
354
352
353
354
355
356
157
358
159
360
364
362
363
164
365
LYY
367
168
369
370
373
372
373
374
375
376
377
318
319
580
18}
382
383
384
385
386
387
388
389
390
394
392
393
364
399
396
397
398
399
400
4oy
402
403
404y



22
3

33
32

34

a1
9901

i1
12

13

{4

21

23

25

VAL 8 X(1e1) =X(])

PIVES & Y(I¢41) ev(D)

S(Ie)) ® S(I) ¢SQRT(VALeR2 eDUMARD)

CALL  SPLIF(1,M,8,X,X1,X2,%2,1,D%1,1,0%2,IND)
CALL SPLIFCI N,S,YyY1,Y2,Y2,1,0Y1,1,0Y2,IND)

ERR s 0,

UM s 0,

£0 32 Isy,™

80 ® S(J+1) eDUM

bum m S(le1)

LB o §(1e1) 8¢CI)

x3 e (X2(1¢1) ex2(1))/814
Y3l s (Y2{le1) ev2(1))/S1
CALL  ARCL (81,S0,X3 (Y oX2CIY4n3,¥1(1),Y2(1),Y3,R,IND,TOL)
VAL 8 ABS(SY =80)

I¥ (val «ERR) 32,32,33

ERR % VAL

S(I+4) 3 3(1) 31

KEXe

IF(X,LE,XMAX)GO TO 34
WRITE(6,9901)

RETURN

CONTINUE

1F (ERR  «RES) di,43,31

RETURN

FORMAT(* FIT FAILED YO CONVERGE®)

END

SUBROUTINE  SPLIF(M,N,S,F,FP,FPP,FPPP KM, VM KN, VK, IND)
SPLINE FIT o JAMESON

CIMENSION SC1)/FCLYFPLLY,FPP(1),FPPP(Y)

IND s 0

K 2 JARS(N eM)
IF (x «1) 81,81,

X e (N eM)/K

1 s M

J e M eK

0s n 8(J) e8(1)
o} e DS

IF (DS) 11,8%,11
s

OF (F(JY =F(I))/0S8
1P (xM  «2) f2,13,14

v 2,5

v 8 3, o(DF eYyM)/DS
GO0 T0 258

v 2 0,

v 8 VM

GO 10 25

Us ef,

v o oDSeVH

60 10 28

. e J

J 8 J K

bE =z §(J) =§8(1)

iF (D=«DS) 81,81,23

DF s (F(J) «F(1))/DS
[ s {,/7(08 +DS ey}
v 3 8e0D0

v e Be(b6,¢0F wy)
FP(I) s U

FPP(1) .y

40s
ao0e
407
408
409
410
a1
412
413
414
41s
416
7
418
e
420
421
422
423
42a
ues
426
427
uz28
429
a3
a3y
32
413
Y
3%
[RY)
43y
438
439
4uo
4auy
4a2
443
4uy
4us
4ue
4uy
4us
449
450
4sy
4s2
4s3
iS4y
4ss
4Se
us?
us8
us9
460
(T Y]
use
ol
ueu

23



«FP(1))

u
(FCJ) oF(1))/08 =038e(v eu ¢U)/6,

ARCL (SoSTEP,X1,X2,X3,Y1,Y2,Y3,M,N,TOL)
CALCULATES ARC LENGTH USING FIRST THREE ODERIVIATIVES OF X AnD ¥

48376,

v (@, eU)eDS
v 8 6,oDF oDSny
IF (3 oN) 21,31,21
31 IF (XN «2) 32,33,34
32 v B (b,*VN eV)/U
GO 70 S
v g VN
G0 70 3¥S
a v 8 (DSeVN FPR(INIVZ(1L,
35 8 (]
D s 08
41 DS g S{1) «S8(I)
U s FPP(T) ebP(])wv
FPPP(]) 2 (v »y)/0D§
FPP(1) =
FP(I) 3
v s U
J s 1
1 s 1 ok
IF (J o™} 41,S¢,48
S1 FPPP(N) 3 FPPP(Ne})
FPP(N) B
FO(N) 2 OF 4D (FPP(Nej) B
1N L |
8§ REYURNM
END
SUBROUTINE
peP a STEP
P 8 S0P
N [ I
S g SOPY(X1ne2 +Y{an2)
XX 2 X] +STEPR(XD ¢,545TEFaX3)
Yy 2 Y] +STEPa(Y2 ¢,5¢5TtPaY]l)
s B S ¢SGRY(XXe#2 ¢YYrs2)
XX 2 X] ePa(X2 ¢, SeP2X})
Yy z Yy ePa(Y2 ¢,5eP2Y})
SUmM & SORTIXX®a2 ¢YYen2)
U~ s SUMeDPe2,/3,
8 8 SUM  +8eNP/6,
00 {2 Jm2,™
8 s 8
] € ,54(8 e ,Sa8UM)
o] J s ,5+0P
P s Se0P
XX 8 X| o¢Pa(X2 ¢,5+PaX3)
Yy & YY ePa(Y2 ¢,S5¢PrY3)
UM 2 SORT(XX*®2 eYYarR)
N 8 2aN
L E N =}
DO 14 Xmy,L
P s P ¢DP
XX B X; Pe(N2 ¢,5ePex]})
Yy B Y] 4Pa(Y? ¢,5+Pav})
14 SUM ® SUM  HSORT(XXee2 eYYarg2)
suM 8 SUMRDP#2,/3,
3 8 § e8ym
ERR e §/%1 =i,
1F (ABS(FRR) eT0L) 1,231,132

§12 COMTINVE

24

4es
(1YY
467
468
469
470
478
472
473
T4
475
478
417
'Ry ]
479
480
'L}
usae
T )
484
4AS
486
wBY
1Y)
uee
w90
49}
Q9
493
94y
49y
49
497
498
4qg
500
50¢
502
503
S04
505
506
S0y
508
509
510
St
Si2
513
Sty
519
Ste
St7
“18
519
S20
521
522
523
824



oo

RETURN 5%

[ 1] S2é
SUBROUTEINE ESTIM (P, 10,IMAX,JmAX) :g:
oncwneGIVES INITIAL ESTIMATE CF POTENTYIAL AS ZERO PERTURBATIONesee=s 529
530
DIMENSION P(]10,1) S$3%
00 40 Isy,IraX 532
D0 GO0 Jsy,IMAX 533
P{l,J)m0, 534
RETURN 535
END S36
OVERLAY(JERRY,1,1) 537
PROGRAM QONE{ 538
COMMON P(B1,82) 539
COvMDON XA(A1),YB(B8Y),CP(BY) S40
COMMON THET(B1), HETR(BL),ST(B1),CT(RL), w1 (8)), W2 (R)),w3(81) Suay
® ,WU(B1),nS5(B1),YRP(8]1),0PC(B]1),F(81;,AK(B1),8(81) Sue
COMMON /RALOK1/ XSY 543
COMMON /RLOK2/ P1,RAD Suy
COMMON /BLOK 5/ IMAX,DUMMY(1T7),xXLOSE Suy
COMMON /RLORS/ JM1,DY,11 S4b
COMMON /BLOKG/ X((100),Y0(I0G),XOP(100),XNPP(100),X0PPP(100), Say
% YOP(100),YOPP(100),YOPPP(100),500C100),1XY,0YDXN,DYNXT SGs
COMMON /BLNKT/ S™MAX,S1, XM, XIM,AG,DXIOX0,DXIDXM,A2,43,X"),X]1,CxM, S49
* DX,X10,XREF 550
DIMENSION XBI(100),YB1(100),xB2(100),YR2(100) 551
DIMENSION DI(101),02(101),03¢101),00(¢101),05¢3013 58
IF(KLOSE ,EQ,0)G0 TO Q0 543
TinlMAX 5S4
SMAXESOO(lYY) 55%
AE (3, aSMAXeDXIDXOY /2, s5g
Bzd, 2 (SMAX®A)Y 5%7
Dus),/(IMAXmY) 5SS
XX®0, 259
DO § Imy,ImAX 560
$(1)z,SeSMAXC(XX® ,S)n(AeBa(XXo, 5)n02) Se}
DXIOX3AeY «Ba(XXm S)uwn2 S62
F(l)ey,/DXx1DX 563
XXuXXedX Leu
CONTINUE S56%
CALL INTPLCY,IMAX,8,XB,xBY,>A2,1,1IXY,300,X0,X0P,Xx0PP,X0PPP) 566
CALL INTPLCI IMAX,S,Y8,YBL,YR2,1,1XY,800,Y0,Y0P,YOPP,YOPPP) Se7
00 4 lmy,IMaAX Sea
AK(1)BSQRY(XB2(I)ra2+YB2(1)we2) S69
IF(XAL (1), LE,1,)G0 1O 2 570
KRITE(6,9908)581(1),1 574
xB81(1)<y, 812
CONTINUE 573
IF(ABS(YBL(1)),LE,1,)G0 TO 3 STu
WRITE(H,99022YR1(]1),1] $71%
YBI(IISSIGN(Y,,YBI(L)) 576
CONTINUE 577
YHETXBSIGN(ACOS(XBI (1)), YBI(Y)) 578
THOTYRASIN(YBICI)) 519
THET(1)8 , 5« (THETXQTHETY) S8
CCHTINUE S84
THET(1)s SeP] Sk2
THET(1MAX)Ba, 54P] 563
RETURN Saq
{ *2469h 25
Y IPING
47 X

Iy



v gRev .

100

101

102

103

104

105

107

f0e2

110

26
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CONTINUE

CALL HORTAN(IXY,XO0,Y0,800,X0P,X0PP,XCPPP,YOP,YOPP,YOPPP,SHT,XHT
% ,YMY,308NKT)

XSTaX0(1XY)

S1aSHT

AN10BXHY

CALL SETUPO(IMAX,81,XM,XIM,A4,DXIDX0,0XIDXM,A2,A3,CXM,0X,X10)
DXmi, /(IMAXel)

XXu0,

00 101 I=1,IMAX

CALL SDRIVO(XX,SS,DXI0X,XIM,A4,DXIDXO,DXILXM,A2,A3,CxM)
$(1)388

F(l)el,/nX1DX

IF(S(I),LE,S8)11m]

XXaxx+nx

CONTINUE

CALL INFPLCL,I1,5.XB,XBY,XB2,1,IXY,S00,X0,X0P, X0PP,XOPPP)
CALL INTPLC1,11,8,YB,YR1,YB2,),IXY,S00,Y0,Y0P,YORP,YOPPP)
00 104 f=1,I1

AK(I 2SQRT(XB2(1)«n24YB () 2n2)

TF(XBL(I) LEL 1,060 TO ((2

WRITE(6,9901)XBI (1)1

xBy(1)=y,

CONTINUE

1FCABSLYBIC(I)) LEL1,26GD T0 103

WRIYE(6,9902)YB1(7),!

YBY(1)BSIGN(Y,,YB1(1))

CONTINUE

THETXXSIGN(ACOS(XBI(1)),¥BI(]))

TYhETY=ASIN(YBIC(1))

THRET(1)2 Se{THETXATMETY)

CONTINUE

THET(1)=,5+P1]

31 CIOBHT LT, IXY)GO TO 105

1221

GO YO 11t

CONTINUE

JOTSIQBHT+

DI(IOT)aXHY

D2(10Y)=YHY

D0 107 IsSIOT.IXY

Di(le})=Xx0D(I)

02(le¢1)aY0(])

CONTINUE

IXYPISIXYe¢t

CALL SPLIFC(IOT,IXYP1,D3,D2,03,D4,0%5,1+0,,1,0Y0X1,IND)
IMAXMIRIMAX®Y

1{PiaIt1ey

DO 108 I=l1P1,IMAXM]

DSnS(1)eS5KT

XB(I)exKT4D8

IF(XBCI),GT,X0O(IXY))GO YO §08

1ex]

CONTINUE

CALL INTPL(1iP1,22,XB,YB,YB{,YB2,I0T,IXYPY,Ds,02,03,04,05)
0O 110 I=11P1,12

AK(1)aeYB2(1)

THETB(1)=ATAN(YB1(]))

THET(1)30,

CONTINUE

S8s
Sas
587
Sa8
589
5990
$91
S92
593
594
59s
566
597
598
599
600
601
602
603
604
60S
608
607
608
609
610
611
b12
613
614y
615
616
617
616
619
620
621
b2e
623
624
625
626
627
628
629
630
63¢
632
633
634
635
636
637
638
639
640
641
LY'Fd
bu3
bly
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141

112

9901
9902

i
13
15
3
i3

3<
37

a3

CONTINUE

12P1u]24¢}

00 112 Im12Pi,1MAX

0S=3(I)=sSKY

XBCIISXHT4OS

YBCYIBYO(IXY)

AK(1)s0,

THET(1)30,

YTHETB(I)sO,

CONTINUE

RETURN

FORMAT(* XBiZnEl6,8% AT Jzel3)

FORMAT{* YRY{(J)EwEL16, 8% AT Juelld)

END

SURROUTINF !NYPL("I.NIpS!.FI,PlP,F}PP.H,N.S,F.FP,FPP,FPPP)
INTERPQLATION USING TAYLOR SERTIES w» JAMESON

DIMENSION STCI)SFICI)FIPCI),FIPP(1),St1)F (1) FP(1),FPPLY)
® JFPPP(L)

K g JARS(N eM)

K 5 (N eM)/X

1 s M

MIN a M{

NIN & NJ

0 g S(N) eS(M)

IF (D@{SI(NI) eSI(MI})) 11,13,13
MIN s N}

NIN e M}

Kl s TARS(NIN eMIN)
IF (XI) 21,21,1%

KI B8 (NIN eMIN)/K]
11 s MIN wK]

11 £ J1 X1

$S s SI(I1)

1 g ] K

1F (1 =N) 35,37,3%

1F (Da(3(¢1) «S5S8)) 33,33,37
CORTINUE

1 g ] oK

§8 x 8§ =S(I1)

FIPP(I1)=FPP(])+SS#FPPP (1)
FIP(I13SFP(1)¢SSe(FPP(1)¢5SeFPPP(])*,5)

FICII)BF (L) eSSa(FP(1)e,5¢88a(FPP(])¢SSnFPPP(])/3,))
IF (11 =NIN) 31,61,31

RETURN

END

SURROUTINE SETUPO(IMAX,S1,XM,XIM, AU, Al ,BB,A2,)A3,CX",0X,X10)
XIme8§exXMexiO

DXUI. ’(lHAX-l)

CiakiM/CxMeAl

C2=BBnmAY

C3s2,4CXMaBB/ (] ,»CXM)

X2atxMnue2

Xyaxeax2

xeaxuwxe

A2E(T70,%C1e22,0C202,0C3)/16,/X2

A33(wBU nCT1e36,0C204,9C3)/106,/X%4

A4 (30,eCiwld,eC2e42,¢C3)/16,/X6

RETURN

END

SUBROUTINE SDRIVO (XX,S,DXIDX,XIM,AU,AL,BB,AR,A3,CXM)

OR’GIN
it

64s
(Y7
647
(Y]}
649
650
651
652
653
654
65%
656
657
658
659
660
661
6h2
663
1.1
665
bbb
uve?
668
669
670
671
612
673
674
675
676
677
678
679
680
68}
682
683
684
685
686
687
688
689
690
691
692
693
690
69%
696
697
698
699
700
7014
102
703
704

27
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10

20

sooewaCALCULATES 8 AND OXIDX AS FUNCTIONS OF X

IF (XX,GT,CX4) GO TO 30

XenxXen2

Xusx2axe

Xosxaexg

TisA2=%2

T2sAYeXy

T3cAdrXb

SEXXR(AL4TI4T2¢TY)

DXIOXEA143 745 ,4T247,%73

RETURN

IF(ABS(XXw],),LE,1,E=06) GO 7O 20

TaxXel XM

Tiw) /(] ,=T/7(1,oCXM))

S=XIMeBBaTeT]

DXIDX2BBAY wn2

RETURN

S=1,E+310

DXI1Dx={,E+430

RETURN

END

SUBROUTINE HORTAN(N,!,Y,S,XP,XPP.XPPP.YP.YPP.VDPP,SHT,XNT,YHT,IH)
DIMENSION X(li.Y(1).S(!).XP11).xPP(1).XPPP(l),YP(l).VPPtl).YPPP(1)
DIMENSION SHC1),XHM(1),YHCL),DUM(L)

DO § I3f,N

IFLYP(I),LT,0,)60 TG 2

IHs]

CONTINUE

CONTINUE

SHT=S(IH)0YP(I")/(YP(IH)~YP(I~¢1)J-(S(IHOX)-S(XH))

SH(1)2SKT

CALL INYPL(l,i,SH,XH,DU“,DUF,l,N,S.X,XP,XP?,XPPP)

CALL INTpL(loloSHoVHoDU”oDU”ol:NcvalvpovpprPPP)

XHTYEXH(Y)

YRY=YH(1}

RETURN

END

UVERLAY(JERRY, 1,2)

PROGRAM ONF?2

COMMON P(81,82)

COMMON XR(B1),YB{(B1),CP(B1)

COMMON THETtﬂi).THETF(Sl)nST(Gi)aCT(el‘;“l(81)'~2(81):W3(81)
" oNQ(Bl)chS(Gl)'YGP(Bl)'DFO(ﬂl)pF(S))'AK(Bl)oS(Bl)oLS(Bl)aFH(Bl)
COMMON Au(a!).G(si),GH(&%).CB(&!).D(BX).XXi81).XZ(el)o"(81).HR(a!)
fHRP(81) ,HAM(B1), HRMK(8Y)

COMMON XS(400),Y5(400)

COMMON ID,ANHAX,DNDYOoYMAX,CD.RHSQ,JSKP

COMMON /BLOKZ/P!.RAD/BLOﬁSIINAX.JPAX.CapRFl'DPM.XDP.J
1DP,RPM,IR,JR.HS,Gﬁlﬂz'AOSQ,DXSO,DXDY,DYSO;DX?,DVE,KLOSE

COMMON /BLOKS/ JHl.DY.IthSUP.JSON,OFS.ISUB.ISUP.SUHRP

COMMON /BLOKT/ SHAXcSX.XN.XIH,AU,OXIOxO,DXiDXH,AZ,A3,XIO,XII.CXM,
* DX

COMMON/BLOXKB/ALF

CALL NTRANF (AN, ANMAX, JHAX,DNDYD, DY, G, GH,ALF)

CALL ulu?(THET,THEYB,VB,YBP.hl,ha,NS,NU,NB'ST,CT.G(JHAX),OHDYO
® ,DY,1 10 IHAXKLOSE,ALF)

RETURN

END

28
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708
706
107
708
709
710
711
712
713
T4
715
716
717
718
719
720
721
722
723
124
725
126
127
778
729
730
731
132
733
T34
13s
734
137
738
739
740
Tuy
762
743
ey
748
Tae
TuY
748
749
750
751
152
753
154
7158
154
757
758
759
760
761
162
763
764
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10
20
30
40
50

¢

C

¢

10

20

T T

SUBROUTINE NTRANF (X, XMAX, JMAX,0ONDYQ,DY,G,GH,ALF)
conewe(OMPUTES STRETCHMING OF NORMAL CONROINATEweeonae

DIMENSION X(1), G(1), GH(1)
B=1{,/0NDY0

IF (xMAX,GE,1,Ee06) GO TO 30

AnBal  /XMAX

K=0

GO 70O 20

Ks i

A=z8B

DY={,/(JMAXe])

DO S0 Jei,JMAX

ZETARY ;o(Jei)aDY

JF (J#K,EQ,1) GO 7O 30

Aha(y ,=2FTa)nup|F

X(JYS2ETA/B/AA

GO Y0 4o

G(i)a0,

GO 10 SO
GC(J)=BrAAN (| ,m2ETAY/ (L =(1,mALF)*Z2ETA)
IF (J,EQ,1) GO 10 S0
GH{J=1)3,52(G(J)+G(J=s))

CONTINUE

AAB (1, ¢DY)anALF
CIPI=BrAAR(] ,+0Y) /(1,001 ,mALF)®DY)
GH(JIMAX)E Sn(GIP1¢G(IMAX))

RETURN

END

SURRQUTINE W{W2(THET,THETR, YR, YBR, ni,W2,n3,nd,»5,8T,CT,6,08DY(
% 0V, 11,IMAX,KLOSE,ALF)

voneeolALCULATES VYBR(TIY, mi (I}, w2(¢1),S7(1},CY(I)mvecaa

DIMENSTION THET(1), THETBL1), YR(1), YBP(1), #1({), w2(1), W3L(}),

14C1), wSCEY, STC1), CT(1)
DO 10 I31,1IMAX
ST(I)=SIN(THET (1))
CY{I)=COS(THET(]))

00 20 I=1,1%

YBP(1)s0,

wWi(lliag,

W2 (llao,

w3(I)=y,

w4(l1)y=0,

WS(1)=2,DY/6
THETB(I)=THET(T)

IF (RLOSE,EQ,1) RETURN

S LR E-2 SR 3

DC 30 lu=liF1,IMAX
YOPCIYZTANCTHETE(]))
WE(I)®) ,¢YRP(1)ax2
W2(I)YeYBR(1)/Wi(])

Yi{neDY
IF(YB(1),GEL.ONDYD)IGO Y0 29
YBOA=YB(]),/DNDYD
YARWYBOAwALF#YBOA+wloA Fu(3 ,walFul,)/2,2YBOA*2]
® aALFW (Lo, vALFan2etld oALF42,)/6,rYBUOARSY
IF(.RSCYA) GT,DYIGO YO 25

S A

SE—

W

765
766
767
Te8
769
770
774
772
173
T4
178
176
177

779
780
78%
782
783
784
785
786
7187
188
T89
790
794
7192
793
794
79S
796
797
708
736
g0no
6n1y
802
803
80u
805
806
807
808
609
810
611
812
813
814
81%
81ie
817
818
819
820
821
8¢
82}y
824

29
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la N e Nal

o000

D00

o

2s

30

{0

20

30

40

— e

YiaDYe2,aYA
CONTINUE
Yi00ysyYy},/0v
W3(I)sY QDvYae2
Wa(IIsg ,enl3(])
HS(I,‘."‘(‘.'Y‘ODY”G
CONTINYE

RE YURN

END

OVER' AY({JERRY,{,3)
PROGRAM ONES

wowameS0LUITON OF POTENTIAL EGN, BY CULUMN RELAXATIONw :»nee

COMMON » (B81,82)

CreMuM X0 (R1Y,YBEB1),CP(BY)

COMMUN TH?’(G!).YHETB(BI).SY(BQ),CT(G!).Nltﬂl).n?(al).*ltul)
* o*“(al),hS(Bl);V89581)pDP0(81)'Flﬁl)oAKfFl)-S(ﬁl).LS(813.F"(81)
COMAON AN(Jl).0(81)06H(81)oCB(Bl),D(SX).Xl(81).x2(811,“(81).“R(61)
1syHRP(B1) ,HRM(BY) ,RRMM(E1) '
COMMON /8L OV3/ I“AX.J"A!pCZaQFi.DPM.IDP.JDP.FP”.IR.JR,NS.G“loé
§,A0S0,DX80,DDY,0YSA,DX2,0Y2,KLOSE

COMMON /BLOKS/ J41,0Y,11,JSUR,JBON,QF3,18UB,ISUP,SUMRP
SUMRPEO,

QF {uy , /RF 1

Joaz2eJsup

IF (JO,E0,2) JC=2+JSON

JPIEJMAX e

JSIMAX

DO 10 1=2%,11

OPOC(1)=8T(1)

IF (XLOSELEG,1) GO TC 30

I1P1311¢y

IMAXM{zIvAX el

DO 20 I211Py,ImARM|
DP0(7)=NZ(I)'(1.OF(!)*szﬁ(P(I+1'J)°P(I-1,J)))

OPIE3 4P (TMAX, JUAX) el &P (JMAX® Y, JMAX) &P (IMAX=2, JY A X)
DPOCIMAXYZW(TMAX) (' ,4F (IMAX)ADX2#DP])

CONTINUE

ee=ass3TART A CYCLE AT I18I(STAG, PT,)secceca

0Pma0,
RPMIDPM
I=y

J=Jo

N8a

LELD)

TiMi{2 1wy
AbsQ, '
8120,
B4=so,

GO T0 230
IMMBT

IF (1,£G,2) 1MM&2

mrneeeaCOMPUTE CUANTITIES DEPENDING (N [ ALONfmw-=aan

FOeFCI)w0XeZ
FD1=F (I)=DXSQ

30

82%
826
827
828
629
830
83}
832
833
634
83s
836
837
E7"
839
840
84y
8de
843
B4y
6usg
8up
a7
8ug
849
850
6%}
852
853
854
855%
656
657
858
889
869
861y
862
863
eou
Be6s
1Y)
867
868
869
870
871
872
873
874
£75
876
8717
evs
879
880
aay
Bag
883
8ay
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OO0

50

60

70

80

FO2sF(1)=DX0Y
KSs0

CCeo,

DOwCC

wesesalOMPUTE QUANTITIES DEPENDING ON 1 AND J wecwes
CONTINYE

HRMM (JYSHRM(J)
HRM (J)=HR(J)

. HR{J)IeMRP(J])

IF (1,67,IiM1) GO 70 60
HRP(J)el /(1 ,+AK(T+1)RAN(T]))
GO 7O 70

HRP(J) 2,

AS=0,

CONTINUE

S§13PD1aHR ()
S2RFD2+G(J)wKR(J)
$38G(J)»0YSG

S4xG(J)«nYR

§S:FDAMR(J)

HFP (1) eur(J)
TIMSF(I~1)2HRM(J)

FHM2  Se(HFeTIM)

AKHZAK (I)aHR (J)
RREY,Z7(YB(I)4ANCJI2CT(Y))

raneanCOMPUTE PHIaDIFFERENCES FOS VELOCITY COMPONENTS, NOTE
INGREASING J MEANS DECREASING NORMAL(ZETA CR N) COORDINATE yomvw=

DPISP(I+1,J)=X1(J)
OPJ=P(1,Jwi)eP(1,J¢1)
DPJJ2CH {Je i I n (P (], Jal)eP(1,J))=GH(I)*(P(1,J)=P(l,J¢1))
UsCT(1)¢0PI2SSaYHP(T)«DPJI%S4
=eST(1)eDPIxSU
VBaVeYBP (1)U
L=y
IF (v,L.7,0,) Leei
IF (JLEQ,JMAX) LBe]
T=sL
UUausy
vyevay
0Q8=Uuevy
AABADSGeGMIOZAQQ
ARBYy ,/7AA
T4el,mUURAR
uvsury
UVARESUV#AR
AGm(AKHETUSNR&CT (1)) eSU
1F (1,G7,11) G0 TO 80O
AE:(Z,«AKH*UVARORR:ST(I))*SS
CONTINUE
FHE S (HFeF(T+1)aHRP(J))
DPIJ=P(I¢1.J-1)-P(XOI,J+1)ﬁPCI'l.JOI)-P(l-!,J-!)
DPIIEFHA(P(I41, )al(1,J))eFHMr(P(],J)=P(I=1,d})

Bi{sG,
Da4so,
Abuo,
If (0G,LY,ArA) GO YO 120
Op Sy,

.QRZ{LJTig?
7

88s
88s
887
(YY)
889
890
891
892
893
894
895
896
897
898
899
900
901
9¢2
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
916
919
920
921
92¢
923
924
925
926
927
928
929
930
934
932
933
93¢
915
936
937
938
939
Quo
9uy
9u2
9usl
9uy

31
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91

100

110

120

soweewBACKWARD BECOND DIFFS FOR SUPERSONIC FiOWseasee

KSuKSe 1

GRm],/0Q0

Sim§{eGR

52282#+0R

$3833a0R

AUU=UURSY

AVvayva$y

UBRUSYRP (] )2V

BUYNES2aVeUB

CuusUBaURRSS

CVVavBavAnS}

IF (AF3,LE,1,E=06) GO YO 99
FACESQRT(ARS(1,e00Q/A0))}

BineQF 3+FAC2ARS(VR)AG(J)«DXDY
BUBQF3I=FACsURFD)
AbzsBar(P(]el,J)exi(J))

CONTINUE
DPNNIAVVaDPI1eARUVNRDPIJ+CUUSDPIY
KMz (Jedei ) /2

JH=Je

IF (MM,GT,1) 60 TO 100

NLLES

KMME |

GO TO 110

KMMaIKMe|

JMME IMe |

CONTINUE

FHMMI , Sa(TIMeF (IHMM)xRRMM(J))
DRPITEFHMe (P(],J)eP (o), J))mFrMua(P(le],JYeXx2(J))
OPTJaP(1,J4)eP(],J)¢P{Iel,J)axi (M)
BUVSawd ,aS52#T4rVA
ARSBGH(KMM)$GH{KM)
OPJJRGH(KMMY#P (2, MM)@A2S2P (], M) eGH(KMY P (],J)
DPSSEAUUCPI I AUVS*DPIJeCYVRDPYY
A1Ssy,=90eaR
B2=,5%A18%(A28«CVVaBUVS)

B3aR{¢R2

A (i oT)ablelUUNGH(Jm])eAd
Ca(f{,4T)BTaClUnGH(J)+AY
B2wAeCeh{Sa(RUVSa2 RAULRFHM)YGAVVAFHMeBY
RP2A1StDPSSYDPNNEAULDPJeASHDP ¢ Ab
ARP3ABS (RFeAb)

SUMRPBSUMRPeARP

1F (ARP,LE,RPM) GO YO 140

1SURsy

18u8e=0

IRs]

JRaJ

KPM=ARP

L0 TO 140

AfsTLwSy

A28 (TUnYAP(T)eUVAR)INS?

A3a(ni(l ~aRaVBRen2)n§3
RPEALeDPT]aA2eDPLI¢AIRDPIJeAURDPJeASeDP]
ARPRABS(RP)Y

SUMRPEBSUMRP ¢ ARP

IF (ARP,LE ,RPMY GO 1O 130

32

9us
94
947
9us
949
950
951
952
953
954
955
556
957
958
959
960
961
962
963
964
965
Ge6
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
98y
985
986
987
988
989
999
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
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OO0

[ Xe Nael

| o |

130

140

150

160

180
190

200

210
220

230

18UBey
18uUPs0
IRe}
JReJ
RPMEARP

ssceaeCOMPUTE TRIDIAGONAL COEFFSwaceers

ASeASaGH({Jel)wAd
CowddaGH(J)eAd
BueA=CoQFinAla(FHReFHM)
CONTINUE

88{,/(HeAsCC)

CCepa(

DDaBs (RPeA&DD)

1F (JL,EQ,JMAX) GO Y0 31S0
C8(J)=CC

D(J)=ON

JuJey

GO0 10 S0

DPEOD

1F (ABS(DP),LE,DPM) GO TO 160
CPMBABS (DP)

10Pag}

Jopag

X2(J)=x1(J)

X{1(J)YsP(1,J)
PC1,0)sP(],J)e0P

D0 190 JJaJ0,JIMt

JuJey

OPaD (J)YeCR(J)nDP

IF (ABS(OP)Y,LE,DPM) GO TO 180
DPMIAHS(OP)

10Pn1

JOPw)

X2(J1sX1(J)

X1(J)sP(1,J)
P(1,J)8P(1,J)eDP

JsJo

LS(1)=KS

NSaNSeKS
PCloJMAXGS)BN3(I)#P (T, JMAXe ) eWwd(])eP(T,IMAX)owS(T)«DPO(])

sevewsCHECK | FOR END OF CYCLE,IF BOLY IS CLCSED,I=IMAX IS SYMMETK
AXIS, IF BODY IS OPEN, J=zIMAX IS EITHER NOT COMPUTED(SUBSONIC FREE
STREAM,P(IMAX,.J)=0,) OR EXTRAPOLAVED(SUFERSONIC FREE STREAM)wowee

IF (1,EQ,IMAX) RETURN

Juley

IF (1.,6Q,IvAX) GO TO 200

GO 70 a0

IF (KL 0SF,EQ,1) GO TO 230

IF (JSONeJSUP,LY,1) 6O TO 220

00 210 JwJO,JP}

PlI,sJYed atP(lal, )eP(]lw2,J))eP(]e},])
RETURN

woweenSPECIAL EQNS FOR SYMMETRY AXIS,]2f{ OR JHAXeweess

tC=0,

100S
1006
1007
1008
1099
1010
101
1012
1013
1014
1015
101e
1017
1018
1019
1020
1001
102¢
1023
1024
1025
1026
1027
1028
1029
1030
103}
1032
1033
1034
103
1036
1037
1038
1039
1040
15uy
1042
1043
104y
1045
{04
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1087
1058
1059
1060
1061
1062
1063
1064

33



oo0on

240

250

260
270

290
oo

301

310

34

boaCC
$182,0DX80aF () e
83mAK(])eDYR

IF (1,EQ,1) GO YO 250
DO 240 JJm2,JMAX
HR(JJYRKRP (JJ)

IMalel

Lani

TAmo,

TCxg,

. IF {1.EQ,IMAX) GO TO 270

M2

(3]

TAesy,

DO 260 JJsz2,J)max

HREJJI =], /(1 ,¢AK(1)RANCJIY)
HRP(JJI)=s1,/70),¢aK(2)eANCJJ))
HRM(JJY2HRP (JJ)

X1 (JJY=P(2,3))
DPIlsP(IM,J)eP(1,J)
DRJISP(1,Jei)ei(],J+})
VEeST(1)eDY2eG(J)uDRY
vvayay

AARAOSQeGMIDIeVY

"'-"CO“PUTE COEFFS OF OIFF EQ. AT SYMMETRY AX[S------

ALE2, sMR ()Y
A3=83xa12G(J)

AlsA{#S1aNR(])

A22 (1 4mVV/ALYXG(JI)I#DYSO

Biao,

KSyPz0

KSUB=m)

IF (J EQ,I™1 AND, T, LG, IMAXY GO TO 290
1F (VV,GE,AA) GO 10 300
DPJJ=GH(J-1)*P(I;J-1)-(GH(J'X)OGN(J))'P(IoJ)OGH(J)ﬂP(I.Jﬁi)
G0 70 3t0

CONTINUE

FACESORY (ABS(1nvVV/AR))
BloedBS(V)aFACKG(J) a2, ,xDXDY&OF]
CONTINUE

KSUPsi{

KSEKSe{

KME(Jé¢Jelal) /2

KMMaKMe|

JH3Jel

ALLERLTTN

A2SEBLH(KMM)GGH(KM)
DPIJBGH(KMMIRP (], J4M)ea28eP (T, M) eGHIKMYSP(],d)
BaA2Sea2eB}

AsTAeBeAl

CaTCeReAl

BrefleAl

60 TO 320

AgBoA2eGH(Jei)et]}

CoeA2eGHJ)e¢AY

BoasAeleOFtndt



OO

320

330

570
580

KSuUBm}

RPRALaDP11¢A240PJJoA3NDPY

ARPRABS(RP)

SUMRPBSUMRP ¢ ARP

IF (ARP,LT,RPM) GO TO 330

RPMEABS (RP)

I18SuBaKSUR

1supaxsupP

IRe]

JR8J

CONTINUE

8u1,/(B=AsC(C)

CCuBel

DOuBw (RPeAnDO)

IF (J.tQ,JMax) GO TO 150

ce8(JyscC

0(J)=0ON

JaJef

GO Y0 270

END

OVERLAY(JERRY, 1 ,4)

PROGRAM ONE4

COMMON P(81,82)

COmMMON XA(BYL),Y3(81),CP(81)

COMMNON THET (A1), THETR(A1),ST(81),CT(B1),wi(8)),w2(A}),%"3(B1)
. .Nﬂ(ﬂl)pﬂS(Gl);Y99(81)0090(811'F(31),lK(ﬂl)oS(Bl)tLS(al’;FH(GI)
COMMON AN(B1),G(B1),GH(B1),CB(81),0(8)),X1(81),X2(81),M(81),HR(81)
o HRP(B81) ,HRM(B1),HRMM(A])

COMMON XS(UuOn),YS(U00)

COMMON ID,ANMAX,ONDYO,YMAX,CD,RMSQ,JS5KP, TSP

CNAMMON /BLOKS/IMEX,J¥BX,C2,KF1,0PM IDP,J
!DPcRP'MIR:JR,NS.GHIOE‘AOSQ.D!SG,DXDV.DYSO.DXQoDY?.KLOSE
COMMON /BLOKUs GMSA,GOGM1,TOGMSG,CPO,KSTAR

COMHON /RLOKT/ SMAX ,SLeXM,XIM AU, DXLI0OX0,0xTI0XM, A2, 43, XI0,XI10CXM,
e DX,X10,XREF

CALL C£PBODY (P,F,w1,YBP,DPO,CT,LS,CP,FM, 1D, IMAX, JHAX,564102
* JADSG,0X2,XLOSE,GMSA,G0G%1, TOGNSG)

WRITE(6,570)

WRITE(6, 580) (1,9¢I),XBCIY,YB(1),CP{1),FM(I),]a1,]IMAK)

CALL DRAG(CP,YB,THET,THEYB,F ,R1S5Q,TI+AX,DX)

CALL CPPLOT (S,XR,YB,CP,IMAX,CPO,KSTAR)

RETURN

FORMAY (1H1,GX'1“1.bX.ZHSB,OX.EMIB'GXaZNYB.Ol.ZHCP,GX,IHMI)
FORMAT (110,3F10,3,2F10,5)

END

SUBROUTINE CPBODY (P,F,Wi,7BP,0PO,CT,LS,CP,FM, 1D, IMAX,JMAX,(M102
* ,A050,0x2,K{0SE,GM80,G06GM,TOGMSG)

eecessCOMPUTES SURFPACE PRESSURE COEFFICIENT AND VPACH NO,wevececs

DIMENSION P(ID, 1), FC1), Wi(t), YBP(1), DPOCY), CTC1), L8(1), CP(1
1), PM(Y) '

JeJMAX

Qa0,

D0 60 Ismf,IMAX

IPafef

IPPE]e2

1F (1,EQ . IMAX=)) IPP&]
IMg e}

1125
1i2e
1127
1128
112¢
1130
113
1132
1133
1134
1135
1136
1137
1118
1139
1140
114}
1142
1143
114y
114S
1146
1147
1148
1149
1150
1154
1152
1183
1154
115S
1156
1167
1154
1159
11A0
11614
1162
1163
1164
116§
1166
1167
168
1169
1170
117¢
1172
1173
1174
1175
1176
1177
1178
1179
11A0
1181
1182
1103
1184

35
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InMnle2 1165

IPF(I.ES,1)G0 TO 40 1186
IF (31,EQ,IMAX)Y GO TO SO 1187
1F (1,6Q,2) I1Mum2 1108
OJaP(IP,;J)eP(IM,J) 1189
60 10 3O 1190
20 CONTINUE 1194
DJIB3 P (1, J)ed R (IMJ)4P(TIMM,]) 1192
€ venaaalOMPUTE SURFACE VELOC]TYewunace 1103
30 USCT(T)eNJaF(])eDX2eYBP(1)aDPO(]) 1194
A3SQRT(w1(1))eu 1168
40 003Q«q 1196
AABAOSAeGM10240Q 1197
C 1198
c onceseSURFACE MACN NO,vecone 1199
FM(I)3SQRT(GAZAAN) 1209
¢ 120}
c *ouseePRESSURE RATIDevwmany 1202
POPINFR(],eGMEN(],2GQ))2aGOGMY 1203
¢ 1204
c aveeaaPRESSURE COEFF ,moance 1208
CP(1)eTOGMSNe (PGP INFey,) 1208
GO Y0 60 14607
¢ 1204
c soecoselF JeIMAX IS NOT A SYMMETRY AXIS,USE BCKWD DIFF FOR DOPSHmeawe 1209
S0 JF (x_{OSt,EQ,0) GO VO 20 1210
[+ 1211
c rencnalBIMAY 1S A SYMMETRY AX]Seenecee 1212
es0, 1213
GO TO aon 1eyd
60 CONTINUE 1218
RETURN 1216
END 1217
SUBROUTINE ORAG(CP,R,THET, THFTR,F,RMSG, IMAX,DX) 1218
c 1219
¢ sncase(OMPUTES DRAG COEFFICIENT BY INTEGRATION OF SURFACE PRESSURE 1220
¢ 1224
DIMENSTION CPU1),R(I),THET(1),THETB(1)F (1) 1222
C 1221
¢ 1224
c sunmoaeTRAPEZOIDAL INTEGRATIONswwawu=s 1225
(o 1226
SuM=0, 1227
PO 10 1m2, IHAX 1228
10 SUMBSUNS(CP(I)R(II+CP(Jwl)nr(]mi))n(R(]I)eR(1e})) 1229
COTRAP33UM/RMSQ 1230
WRITE(6,540)CDTRAP 123¢
JF (MOD(IMAX,2) ,NEL,O0) GO TO 1S 1432
WRITE(6,990}) 1233
RETURN 1234
15 CONTINUE 1,38
£ 1236
(o eosaceSIFPSON INTEGRATION (ONLY IF lHAX ODD) ewscse 1237
[ 1234
SumME0, 1239
TMAXMi{a]HAXel 1240
DO 20 1=22,IMaxMy,2 124y
20 SUMaSUHeCP (1) sR(TIaSIN(THETBCTII)I/Z(F ‘' 1)aCOSCTHET(])eTHETR(]))) 124
SUmed  eSUM 120}
TMAXM2IMAYe? 124y
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D0 30 Im3,IMAXM2,2
30 SUMSBUMSCP(T)eR(TISIN(THETB(I))/(F(I)aCOSCTMET(T)aTHETBI(])))
COSIMPay ,¢DXrSUM/ (3, 2RMSQ)
WRITE(S,550)CO8IMP
RETURN
§$40 FORMAT (//7/7/7u7H DRAG COEFFICIENT BY TRAPEZO]OAL INTEGRITIONE FQ,
15)
8§50 FORMAT (/7/743M DRAG COEFFICIENT BY SIMPSON NTEGRATIONS,FA,S)
9901 FORMAY(/« NO ORAG BY SIMPSON INTEGRATION BECAUSE IMAY 13 EVENe)
END
_SUBROUTINE CPPLOT (8,X8,Y8,CP,IMAX,CPO,KS8TAR)
DIMENSTION S(1Y, XB(12s YA(Y), CP(1), XODECL), LINE(100)
D‘T‘ ‘ODE/‘H ,1h0,1N0,lH0f
WRITEC6,50)
00 10 tL=t,100
30 LINECLYZXONE(1)
LINE(XST2RYSXQDE (4)
DO 40 Juj,IMAX
K34,5¢30,4(CPO=CP (1))
IF(X,GT,100) GO TO 30
LINE(K)InKODE(R2)
30 WRITECH,T70) T,uBCI),YB(I),CP(I),LINE
LINE(KYaxUDE (1)
40 LINE(XSTAR)YSKODE (4)
RETURN

S0 FORMAT (IIM{PLOY OF CP AT UNEQUAL INCRENEMNMTS///3%,1K]1,%X,2HXB
* LB 2MYR,6X,2HCP//)
70 FORMAT (14,2F80,3,F8,4,10041)

END

OVERLAY(JERRY,1,5)

PROGRAM ONES

COMMON P(81,82)

COMMDN XB(B81),vB(81),CP(BY)

COMMON THET(RY1), THETA(BL),ST(B1),CT(B1),n1(B1).n2(RY),W3(8Y)

€ ¢WUCAYL),WS(RIY,YRP(B1Y,0P0(R1Y,F(RYI),AK(BY),S(81),L5(81),Fm(BY)
COMMON AN(BY) ,R{R1),GHLEL),CR(BY),D(BL),Xx1(81),X2(RY),M(RY),KR(81)
{yHRP (A1), RM(B ), HRMM(8])

COMMON XS(400),YS(L00)

COMMON 1D, ANMAX,DNDYD, YMAX,CD,RMS$Q, J8KP

COMMON /BLOK2/P1,RAD

COMMON /RLOK3Z/ THMAX,,JMAX,C2,RF1,DPM,IDP,JDP,RPM, IR, JR,NS,GM10Q2
1,A08R7,DXS0Q,DXDY,0YSV,0X2,DY2,XLOSE

COMMON /BLOKSG/ JIM{,DY,11,JS5UP,JSON,GQF3,1SUR,ISUP,SUMRP

COMMON /RLOKT/ SMAX,St,XM,XIM,04,0XIDX0,DXIDXM, A2,A3,X10,Xx1i,CXM,
® 0OXx

COMHDON /BLOKG/ N

CALL MCHART (P,AK,AN,F,G,YBP,DP0,ST,CT,LS5,%,1D,J8KP
[ ] ,INA!aJHAX,GHlOZ.AOSG.D!Z.DVZ.‘LOSEoIi)

CALL SONLIN (P,F,ST,CT,XR, YR, AK,FM,YRP,D,4N,G,M,X8,YE,ID,N
& GIMAX,JMAX,GMID2,A08Q,DX2,0Y2,%LOSE,T1,J0UP,JSOUN)

IF (N,#0,0) RETURN

WRITE(6,S0)N

WRITE(b,60)

WRITE(6+RB0) (XS(I),Is1,N)

WRITE(HMaT0)

WRITEC(6,B0) (YS(1),I71,N)

WRITE (6,40)

RETURN

1248
124¢
1247
1248
1249
1280
125}
1282
128}
1254
1288
1256
12%7
1258
1259
1240
126}
1262
1263
1264
1268
1266
1267
1068
1269
1270
127}
1272
1273
1274
1275
1276
12717
1278
1279
1c8Q
12ny
1282
1283
1284
1285
12Re
1287
12A4
1289
12990
129
1292
1293
1294
1298
1296
1297
1298
1299
1300
1304
1302
13013
1304
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40
:14
60

80

i0

20

30

40

60
70

80
90

jo0

110

38

FORMAY (//)

PORMAY (7MW} N3,13/7)

FORMAT ({8H XB(X), X8Yy449¢N/)
FORMAY (/7/7/7318M YS(X), K3§,,,,,N/)
FORMAT ({X,8E10,3)

END

SUBROUTINE MCHARY (P, AK,AN,F,G,YBP,0P0,87,CT,LS8,%,1D0,J8%P

& IMAX,JMAX,GH102,A080,0X2,DY2,XL0SE,11)

1305
130¢
1307
13ng
1309
1310
1331
1312
1313

eoveeeP 0TS CHART OF LOCAL MACH NUMBER, MORIZONTAL ROwS AKE 1:CONS 1314

DIMENSION PI10,1), AK(1), ANCE), F (1), G(1), YBF '), DPO(), SV (1)
1o CTC1Y, LSC1Y, M)

WRITE(6,170)

Isg

00 in x=§,JMAK, SB8KP
M(XKIrJMAZO @K

WRITE(h,200) (M(K),XE{,JMAX,JSKP)
MEJIJMAX)IBL00,/SART(ADSQeGMI02)
WRITE(6,180)

JEJIMAYX

IF (1,EQ,1) 60 TO 3D

[mn]ey

IMHzle2

IF (1,6Q,2) IMue?

FD=F (1)eDX2

1F (1,E6Q,IMax) GO TO 30
IPs]et

1PPale2

IF (1,5Q,1vaxe1) PP=]

JPasJe

JHaJe
DRPJIBL(JIaDYR2e(P(I,JM)eP(],JP))
IfF (1,6Q0,1) GO T0 j40O

IF (1,EQ,IMAX) GO 10 150

GO D 60

DPTaY, aP (], )ed, #P(IM,)J)¢P{IM¥¥,))
GO Tn 70

OhImb(IP,J)eP(1M,J)

IF (1,67,11) €0 70 80
USCT(T)YSFDeDPT /(1 ,¢AK(T)*AN(I))
GO 10 90
Ual,+FDeDPTI«YRP(1)0PJ
VeaST(1)e0PJ

VusUey

VVs /ey

GoEYYeVY

AAEAQSQeGMI02eNQ

IF (AR, LT, 0,) GO TO 100
WRITE(6,160)1,J,Ull,VV,0Q,A
RETURN

CONTINUE

KEJMAK¢ )
M(R)m100,¢9GRT(CO/ARY

IF (J,EG,2) GO YO {§¢

Jule gxp

1F (J,LT,2) GC TO 110

60 Y0 Y0

CONTINUE

1315
1310
1317
1318
1319
1320
1321
1322
1323
1324
1328
1328
1327
1328
1329
1330
1334
1332
1313
1324
1315
13%6
1337
1338
1339
134¢
134}
1342
1343
1344
1345
1308
1347
1348
1349
1350
1354
132
1353
1384
1355
1356
1397
13158
1359
1360
1344
1362
1363
1364




o0n

120

130

140

150

160

170
180
190
200

10

20
30

4o
S0

60

A
¥ - Y
[ i ' l

WRITECO,190) I, (M(K),Kal,JMAX,JSKP)

IF (1,EG,IMAX) GO YO 120

Inley

G0 10 29

CONTINUE

WRITE(6,180)

DO 130 Kmi,J™AX,J8%P

M{KYRIMAX ¢ ]eK

WRITE(6,200) (M(X), X8, JMAX,JSKP)

RETURN

uUso,

60 10 9o

IF (LO0SE,EQG,0) GO TO 40O

G0 TC 140

FORMAY (//7/7% NEGATIVE SPEED OF SNUNC OCCURRED IN MCHMART ATs
1e JOINT lzela,uk, Js,luz7/¢m Uus,E1Y,4,4h VVaELY 4
2 % Qame,Fil 0,44 AAE,ELY,4//77)

FORMAT (/e MACH NO, CHART/)

FORMAY (/)

FORMAY (14,4Hs/  ,3114)

FORMAT (AX,3114)

END

BURROUTIME SONLIN (P, F, ST, CT, XB,YB AN, FM, YAP F JM, AN, G,M,X5,Y5,10,A
® ,1HAX.JMAK.GMOP,AOSQ,DXZ.OYE;KLOSE.II.JSUPoJSON)

."'.CHCULAYES XS.VS CUORDI'\‘YES 0F SONI(‘ LINE-.-..--

DIMENSION P(ID,1Y, F(1), ST(1), CY(1), XB(1Y, YBU1) Ax(y1), Fr(}),
{ FJIMC1), XSCt), YSC1)s YBPCY), AN(I}, G(3), M(1)

D(0QYIBADSGaG 02400
AMACKINGYZSORT LUN/D(GGE))

DO 10 J=1,JIMAX

H(J)m0

NB

JrJIMAX

1234

DP1s0O,

GO T0 SO

OPI3(P(lel,J)eP(Teul, J))eF(1)eaDX2
DPUS(PLI,Jel)eP (L, Je1))*G(J)nDYS
HREY ,/(1,eAK(T1)eAN(J))

IF (1,G7,11) wAey,
USCT(1)4DPTuNRaDP JaYBP(])
VeeST(1)eDP)

QReUstieVey

DAsD (N}

IF (DA,CT,0,) GO Y0 &0
WRITE(6,190) T,J,NeP(1el,J))P(1ey,J),DPT,P(T1,Jei},P(],Je1},0PJ,u,V
s ,0Q,04

RETURN

CONTINUE

Fr(l)sAaMaACH(RQ)

1fF (1.,6G,1) GO 10 t}§0O
HisFv(Jei)el,

HEfMl] Ve,

HSaMeny

1368
1366
i3e67
1368
1369
1370
1371¢
1372
1373y
1374
1318
137
13
1378
t3719
1380
1381
13n2
1383
13F0
Y 3RS
1318¢
1 4R7
{3R8
IR Y.1
1390
139y
1392
13e3
1394
1394
13196
1397
1308
1399
14ng
140}
102
1403
1404
16408
1408
fuoy
{L4OA
109
1410
141}
12
141}
1414
1418
1416
141y
1448
1419
1429
142
1422
1623
142

39



]

70

89

90

100
ito

130

140

150
160

170

160

40

1F (H8,GE,0,) GO TO 100
1F (JSON,EQ,0) GO 10 7O
IF (1.EQ,IMA« AND XK OSE,EQ,0) GO TO 120
CONTINUE

NeNel

IF IN,LE,398) GO TO 90
WRITE(6,200)

RETYRN

CONTINUE
XSXB(I)wAN(I)*3T(])
X1=XB(Iw1)@AN(JIXST(I=])
YEYB(I)4ANLI}wCT (D)
YieYB(lwi)+ANCI)®CT(ImY)
H2meH|/(HeHy)
XSIN)EX14H2R(2aX])
YS{NIZY eHR2a (YY)
M(JIsM(J) et
IF(N,EQ,39R)}GO TO &0

IF (I.EQ,IMAX) GO TO 120
I=sle

IF (1,EQ,IMAX) GO YO 130
GO Y0 490

IF (M(J),eQ,0) GO YO 140
JzJey

IF (J,EQ,1) GO Y0 4o

1IF (J,67,2) GO Y0 20

IF (JSON,EQ,1) RETURN

G0 TO 20

IF {(KLOSE,EQ,L) GO TO 3¢
DRTa(3,%P (1, Jind 2P (1ol ,J)¢P (12, ))F (])rDX?
GO 10 S0

IF (JSUP,EQ,0) RETURN
I=sy

JaJIMAX

VEoST (114G (I)nDY2x(P(],Jel)nF(],J¢1))
QQzvVev

DA=D(GQ)

IF (DA,GT,0,) GO YO 170
WRITEZE2190) T,JsNyP(Y1,Jel),P(T,J¢8),V,00,0A
RETURN

FIM(JII=AMACKIGR)

IF (J,EQ,JraX) GO TO 180
HigFJM(J+l)al,
HeFJM(J)al -

HSEH®HY

IF (WS.,GE,0,) GO T0 180
IF (N,GC,398) GO TO 80
NZN¢y
XeXB(I)ewAN{I)*3T(])
X1eXH({T)wAN{Je1)aST(])
He2aoML/(HeHS)
X8(N)EX1¢H2e(XeX1)
YS(N)®O,

IF (KLOSE,EQ,0) RETURN
IF (1,EQ,IMAX) GO T0O 3180
1oIMAX

GO 7O 150

JeJey

IF (JoGT,1) GO Y0 160

IF (1,EQ,IMAXY RETURN

1428
1426
1427
1428
142s
1430
16431
1432
1433
1434
141s
1436
1437
1438
1439
1440
1441
1462
14uy}
1auy
1448
14uy
14u7
1uug
14u9
1450
145}
145
1453
1454
1458
1456
14587
{458
1459
14k
a6y
1462
1463
1464
1465
Y )
1467
14e8
1469
147¢
147}
1472
1473
1474
1475
1476
1477
1uv8
1479
14RO
168y
482
14R3
14RU
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OoONDOOON

OO0

[2 X 21

TaIMAX 1489

60 Y0 150 140806
1487
190 FORMAT (/,% NEGATIVE SQUARE OF SOUND SPEED CALCULATED IN SUBRO# 1488
§#UTINE SONLINe//1X,313,10€612,4/) 1469
200 FORMAT (7, N0, OF SONIC PTS, EXCEEDS 398, SONIC PT, CALCULAe 1490
12TIONS TERMINATED,#) 149
END 1492
OVERLAY(JERRY,1,0) 1493
PROGRAM ONES 1494
COMMNN P(B1,82) 1498
COMMON /BLOK3/IMAX,JMAX,DUM(16),KLOSE 1496
1497
enmevaHA VES MESH SIZE IN BOTH DIRECTIONS AND USES 4THeQORDER 1498
INTERPOLATION TO DISTRIBUTE POTENTIAL OVER NEW MESHe=ao=e 1499
1500
1501
evseoanRENUMBER JeINDEX SUCK THAT JeODDRKNOWN P, JeEVENEUNKNOWN Peoea 1502
IPBIMAX 1503
ME2aIMAXeY 1504
00 10 J=i,JIMAX 1509
DO 10 Kkai,]ImaX 1506
MiEMa2 K 1507
M2e[PeK 1508
10 P(ML,J)aP(M2,J) 1509
IMAXR2eIMAX®Y 1510
1511
weocenoRENUMBER JaINDEX SIMILAR_ Yseemaw 1512
IHAXzMe? 153
JPeJMAX ¢t 1814
N3I2eJNAX e} 151§
DO 20 1af,1MAX,2 ) 1516
DO 20 K34 ,JMAX 1517
N{SNe24K 1918
Ne2sJPeK 1519
20 P(I,N1YRP(I,N2) 1520
JMAXENw? 1524
MeEIMAXel 1522
NEJMAX®m] 1623
1524
weonegNOW FILL IN ODD JeROWS,BUT TREAT 122 AND I3lMAXel FIRST YO 15¢S
ACCOUNY FOR SYMMETRY OR END CONRIT!ONewwaoa 1526
1827
DO 30 J=z§,JMAX,2 1528
30 P(2,0)8,56254P(1,J)%,5¢P(3,J)9,0625%P(S5,J) 1529
IF (KLOSE,.EQ,!) GO YO SO 1530
1934
wesenw]JaIMLX 18 NOT A SYMMETRY AXIS, SO USE NONCENTRAL INTERP,=e {532
DO 40 J={,JIMAX,2 1933
GO P(MyJd)E, " Sa(P(Me1,J)eP(Med, J)) ¢, 9375¢P(Ne],J)¢,0625¢P(MeY,]) 1534
GO 0 Y0 1938
15%¢6
enawes]SIMAX I8 A SYMMETRY AX]Swveasws 1537
50 DO 60 Jmi,JuAX,? 1538
60 P{MyJ)E ,5625%P(Me],J0)¢ ,9aP (Hef,J)e,0625%P (Mel,]) 1539
70 MaMe2 1540
DO 80 J=1,JMAX,2 1549
DO 80 Imy4,M,2 1542
80 P(T1,J)R, S6254(P(lelsJ)eP(lol,J))e, 06250(P(1¢3,J)¢P(In3,d)) 12“!
1544
QZ?RIUVAQ]I; 41
oy A
R Quar 2 Iy
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SO0

90

100

110

10
20
30

31

40

secweaNOW ALL JoINDICES ARE XNOWN ON ALL ODD J, FILL IN ALL EVEN J
AFTER FIRSY TREATING Ja2 AND JMAXe] BY NONCENTRAL INTERP,veecss

M0 90 lay, IMAX

PUl1o2)m 31254(P(1,1)mP{1,5))¢,93754P(1,3)¢,0625+P(1,7)
D0 100 Imf,IMAX

PCI/N)B 31250 (P(1 ,Ne1)wP (I ,Nu3)) e ,93754P (], Noalje,06250P (], NaS)
NENe?2

00 110 Imy,IMAX

00 110 Jed,N,2

P(IoJ)=yS62Sn(P(T,Je1)¢P{],Jm1))e 0625«(P(T,J¢3)¢P(],Jm3))
RETURN

END

OVERLAY(JERRY,2,0)

PROGRAM TAOOD

OIMENSION XB(200), YB(200), CP(200), DESC(R)
OIMENSION X3(400), YS(doo)

OIMEMSION ANCIOD),8T(200),CT(200),D1(200),02(200)
CALL PSEUDN

CALL LEROY

REWIND 4

READ (4) DESC

IF(ECF (YY) 20,30

CALL CALRLY (0,0,999)

RETURN

CONTINUE

READ (4) IMAX,JMAX,1T,KLOSE,NS|
READ(UICPSTAR,AMINF,NPM, XREF ,DXIDXN,DNDYN,0F3
TF(XLOSE ,EN,1)G0 YO 3}

READ(HICKXM, XM, XIM, DXIDXM

CONTINUE

READ (4)(AN(J),JS2,JMAX)

READ (4)({ST(I),Ia1,IMAX)

READ (u)(CY(1Y,1=1,IMAX)

READ (4) (XB(I)sIst,IMAX)

READ (4) (YB(I),Il=1,IMAX)

READ (4) (CP(I)Y,I=1,1MAX)

IF (NSL,EQ,0) GO YO WO

READ (4) (xS¢1),1=31,NS0)

READ (4) (YS(I),Ilsa1,NSL)

CONTINUE

CALL GRIDCIMAX, JMAX,XB,YB,SToCT,AN,D1,D2,XREF,XLOSE)
CALL PLOT (IMAX,JMAX,KLOSE,XB,YB,CP,DESC,IT,AMINF,CPSTAR,PM,XR
$EF,DXIDXN,DNDYO,CXM, XH, XIM,DXIDXM,RF3)

IF (NSL,EQ,0) 60 T 10

CALL SONPLTY (XH,YB,XS,YS,NSL,IMAX,XREF,KLOSE)

GO 10 190

END

BUBROUTINE GRID(IMAX,JMAX,XB,YB,ST,CT,AN,D1,02,XREF, XL 0SE)
DIMENSION XB(1),YBCI) ANCE),D1€1),02¢8),8TC1),CT¢(1)
DXRm5, /XREF

XSHIFT=3,

YSHIFT=2,5

IMBIMAXe) ¢KLOSE

DO 2 Jed,JdMAX

00 ¢ 131,1IM

DICIIa(XR(I)mANCIYWST(I))®NXR ¢ XSHIFT
DACIISIYBIIIAANCIIRCT(I)INNXP ¢ YSHIFY

CONTINYE

CALL DRAW(DY,D2,1IM)

42
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1548
1S46
1547
15u8
1549
1550
1951
1552
1553
1554
15688
1596
15%7
16%8
15%9
1560
1961
1562
1563
1560
1569
1066
1567
1568
1549
1570
1571
1572
1673
1574
1575
1576
1577
1578
1579
1580
1581
1582
1SR}
1584
1589
1986
{5RY
1588
1589
1590
1594
1582
1593
1594
15685
1596
1697
1598
1599
1600
1601
1602
1603
1604



oy
1

10

2o

3

e aesnsn st RIRERNE S ) e r——y =

CONTINUE

00 3 181,ImM

D2(1)ReYB(1)#DXROYSHIFT

CONTINUE

CALL DRAW(D1,D2,1IM)

00 S 1=1,IM

D0 4 Ju2,JMAX
DI(Jei)B(XB(I)IwANCI)RSTLI)IRDXR & XSHIFY
D2(Jwl)R(YB(T)SANCJI)NCT(I)I®DXR ¢ YSHIFY
CONTINUE

CALL DRAW(DY,D2,iMiXe})

"CONTINUE

CALL NFRANME

RETURN

END

{ DPM,XREF,OXIDXO,DNDYO,CXM,XM,XIM,0XI0XM,GF3)
OIMENSTION T(30),LBLECA) ,NAME(13)

DIMENSION XB(1), YR(1), CP(1), DESC(})

DATA NREAD/O/

DATA NAME/2HMz,TH, 14AX=,TH, JHAX=E,SH, IT=,6M, DPM=,ThDX1DX0s,

{ BM, DNDYD=2,3H CXM3,SM, XME,4H, XIM=,QH, DXIDXM=z,Lw to=
* p6N, QFIL/

NREADZNREAD+

IF (NREAD,GY,Y) GO YO 10

CALL JPARAMS(T)

YPG=27?,

Ybv=0,

VTIC‘='1 0

CONTINUE

CALL CALPLT(2,0,2,5/,=3)
IMSIMAYe ¢X | OSE

XB¢IMeyIZO,

YB(IMeg)SXB(IMeY)

XB(IMe2)3,2

YB(IMe2)=XNB(TH2)

YMAX=O,

DXRS1,/XREF

DO 20 131,1IM

XB(1)=XB(I)eDXR

YB(1)=YB(1)sDXR

IF (YB(I)=YMAX LE,O0,) GO TO 20
YMAXEYR(Y])

CONTINUE

NBODs(

IF (YMAX2S,  GE,{,3¢1,Ew08) NBOD=2
IF (YMAX*S, ,GF,2,5¢1,Fe06) NROD®Y
CP(IM+3)=1 .S

CP{IMe2)20,5

ALSCP{IMel)

TLOBLEYPArCP (IMe2)
PYDE(BL=PSTARY/CP(IMe+2)
PYUSePYD

0O 40 I=1,1M
DE(CP(T)aCP(IMet))/CP(TMe2)e2,8
IF (DLLE,10,) GO TO .30
CPLIISCH(IMeL)¢T ,SelP(IMe2)

60 10 4o

IF (D,GE,0,) GO TOQ #0
CR{IISCP(INe1)n2,54CP(TIMe2)

1608
1606
1607
1608
1609
1610
1611
1612
1613
1614
1618
1616
1617
1618
1619
1620
1621
1622
1623
1674
16258
1626
i6e?
1628
1629
1630
1634
1632
1633
1634
1615
1636
1637
1638
1639
1640
j6u1
1642
1643
1644
16US
16Us
1647
164y
1649
1659
1651
1652
1653
1654
1655
1656
1657
1658
1659
1640
1661
1662
1663
1664

13
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40 CONTINUE
NSYMB22
NLINES®}
CALL AXES (@,5,0,,90,,YPG,CP(IMe1),CP(IMe2),YTIC,YOV,2HCP,,20,
1¢2)
IF (CPSTAR,LT,TL,OR,CPSTAR,GY,AL) GO TO S0

DRAW LINE FOR CPSTAR

O

CALL CALPLT (=,5,PYU}?
CALL CALPLY (,28,PYU,2)

PLOT CP

OO Y

50 CALL LINPLY (XB,CP,IM, 1 ,NLINE,NSYM,1,0)
1F (NBOD,EQ.Y) GO TO 70

PLOT BODY

OO0

CALL LINPLT (XB,YB,IM)1,0,0,1,0)
I1f (NBOD,EN,2) GO TO 70
PO 60 I=1,IM
60 YB(I)==YB(])
CALL LIMPLT (XB,YB,IM,1,0,0,1,0)
70 CONTINUE

ADD LABELS

o0

'CALL NDOTATE(e,S5,%1,39,,14,DF5C,0,,80)
ENCODE(S0,B0,LBLEYmnaNE(L) ) AMINF , NANE (2) , IHAX NAME(3) ) JMAX, NAME (4,
11T NAME(S),DPH
CALL NOTATE(e,8,wt b4, ,14,L0LE,0,,50)
ENCQDE(39,90,LBLE)RANE(S) ;OXIDXO, NAME(T) ,ONDYOpNAMF (13),QF3
CALL NOTATE(=,S,={,89,,14,L8LE,0,,39)
1F (KLOSE ,ER,0)GC 10 72
DY"Z.‘“
71 ENCODE(17,100,LBLEYT(1),T7(23)
CALL NOTATE(o2,S,0Y,414,LBLE,O0,,17)
GO TO 73
72 ENCODE(58,110,)LBLEINAME(B),CXM,NAME(G) XM, NAMEL]10),XIM,NAME(11),
{OKIOXM
CALL NOTATE(-.S.-Z.!U..10,L8LE,0.;SU)
DYxw2,39
60 10 7!
73 CONTINUE
CALL NFRAME
RETURN

80 rORHAT(Aa"S|S'A"!3"7O130‘50140‘606602’
90 FORMAT(A7,FS5,2,AR,EB,2,A6,F5,2)
100 FORMAT(AT,A10)
110 FORMAT(AS,ER,2,AS,EB,2,A0,EB,2/,)A9,F5,2)
END
SUBROUTINE BONPLT (XB,YB,XS3,YS,NSL,IMAX, XREF,XKLOSE)

meee«3CALES AND PLOTS BODY AMD SONIC LINESerewwe

e Nakal

DIMENSION XB(200), YR(200), XS(40O0), YS5(400)

IMRIMAXe oK NSE
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1665
1666
1667
1668
1669
1670
1674
1672
1673
1674
1678
1676
1677
1678
1679
16RO
1681
1682
1683
1684
{6RS
1686
1687
1668
1689
1690
1691
1692
1693
1694
16965
1696
1697
1698
1699
1700
1701
1708
1703
1704
1708
1706
1707
1708
1709
1710
1711
1712
1743
1714
1715
1716
17117
1718
1719
1720
1724
1722
1723
1724
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10

20

30

DXRui,/XREP

00 10 Y=y,NSL

XS(1)=XS(1)nDXR

YS(1)aYS(1)w0XR

CALL DSCALE (xS,NSL,XSMAX,XSMIN)
CALL DSCALE (YS,NBL,YSMAX,YSM]IN)
XMAXIXSMAX

IF (XB(IM).GY, XMAX) XMAXEXB(1lM)
XMINmQ,

IF (XSMIN,LT,0,) XMINBXSMIN

D0 20 Isy,IM

YB(1)=2a88(YR (1))

CALL OSCALE (VYB,IM,YBMAX,YBMIN)
DXaXMAXSXMIN

DyaysMaX

Lsy

DXRay,

IF (OXeDXR,LE, 2,0¢1,Ew08) GO TO 60

1728
1726
1727
1728
17129
1730
1734
1732
1733
1734
1738
1736
17%7
1738
1739
1740
174y
1742

C AR R AR A A AR AR AN AR R R P A A RN N AR N R I RN R R AR AN R ARRARRARRERR NN RN chahanannka |TU]

c

{744

Cweves FOLLOWING CARD GIVES FURTHER SIZE RFDUCTION IF YOU REMOVE COMMENT 174S

¢
¢

GO 10 (40,50), L

174
114y

C ARt R AR AR R AR A AR R AR AR R AR AR AR R A AR AR IR AR R RARRAPR ARSI RRARRT Rt anAReer [TUR

40

50
60
70

80

20

100

110

120

130

IF(L,EQ,2) GO YO 60

DXR=,5*0XR

L=2

60 T0 30

DXR3 ,La0DXR

t.=3

IF (DY*DXR,LE,1,5¢1,E«08) GO YO 90

GO TN (70,80490), L

DXR3,SaDXR

Le2

GO T0 60

DXRa,8«DXR

L=3

60 TO 60

k=0

00 110 Imi,NSL

IF (L,EG,1) GO 70 100

X8{1)=x$(1)«DXR

YS3(1)=yYS(1)=DXR

IF (YS(1)et,5,G1,1,E=08) GO YO 110

KEK#{

XS(K 3X8(1)

YS(KIcys(!)

COMTINUE

1P {L.EQ,1) GO YO 130

DO 120 1=y,

XBOI)ENXRaXH(T)

YB(1)=OXR#YH(])

XMINIXMINADXR

YBMAXBYNMAXSNYR

XMAXSXMAXaDXQ

X8(IMey)20,

YB(IMei1)sXR(IMe})

XS(Kel)axXB(TMey)

YS(KeLi)axB(IMeY)

XB(IMe2)z,?2 ORIG

OF p 4y
B

P“Ga

atgry

B e e B R IE PR

[ S
‘T 111y

1749
17590
1751
1752
1753
1754
1789
17%6
1757
1758
1759
17690
1761
17162
1763
1764
1768
1766
1767
1768
1769
1770
1771
1772
1773
1774
1778
1776
17717
1778
1779
1780
1784
1782
1783
1784

45



(] o000

46

140

150

10
20

YB(IMe2)aXB(IMeR2)
X8(Ke2)aXB(IMe2)

YS(Ke2)2XB(IMe2)
SKIPES , sARS(XMIN) 02,

NSKIPESK]P

SKIPENSKIP

CALL CALPLT(SKIP,2,5:=3)

CALL LINPLY (XB,Y¥B,IM,1,0,0,1,0)
IF (YBMAX®S, ,GT,2,5¢1.,E208) GO 70 150
DO ta40 Isi,Im

Y8(1)a=YB(1)

CALL LINPLT (XR,YB,IM,1,0,0,1,0)
CALL LINPLY (XS,YS,K,1,=1,22,1,0)
CALL NFRAME

RETURN

END

SUBROUTINE DSCALE (X, N, XMAX,XMIN)

eveaslOMPUTES MAX AND MIN OF XwARRAYsmeowoe
DIMENSION X(1)

XMINSX(])

XMAXaXMIN

DO 20 Ist,N

1F (X(1),GE,XMIN) GO 7O {0
XMIN2X(T)

GO 70 20

IF (X(1),LE,YMaX) GO 10 20
XMAX3X (Y1)

CONTINUE

RETURN

END

1788
1786
1767
1788
1789
1790
1794
1792
17193
1794
1795
1796
1797
1798
1799
1860
18014
1802
1603
1604
1805
1806
1807
1808
1809
1610
1611
1812
1613
1814
1819
1818
1637
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APPENDIX D
SAMPLE CASES

The input for the sample cases is listed below. The output for these
cases is on the following pages. Note that the sample cases are for only
25 cycles on the crude grid. In actual usage there might be more cycles

and some grid refinements. The plotted output is shown in figures 1 to 8.

10=1 ELLIPSOID
35

0,000000 0,012311 0,038165 0,072346 €,133710 0,161530 0,21521 0,272t
0,33799 0,8060% 0,u7777 0,5%27¢ LIS 1 3"8] fa71%2. 0,79181 (N3 L2
0,95789 1,04180 1,260 1,2069 1,676 1o30668 t,u435 1,511

B T

f 1,5877 1,6543 1, 7184 1,137 1,82%9 1,A715 1,910 1,9G3e
! 1,9688 1,9A7680 2,
H an0000 e N15603 0273500 N334 Caedte «05449S 061977 2060792
; 2074949 «080447 ,085280 «0RQuU0 002019 098711 < 097609 ,099210
: 2099914 ,090014¢ 096221 V97837 095770 «093029 089627 s ORSGRN
080906 075626 Ce9708 003160 4056839 (069047 04124 033100
,028706% WNI5643 o,
' . 999, 909, o1 2.
{ 21021 2% o 1 1 i
‘ 1 . a 1 . ¢ 0. H
5 1,3 LY )
1,4 2995 '
- 10«1 ELLTPSDID 417 20«PERCENY STING ]
3y
00,0000 f,B12311 N, 03R16% 0723406 O0,11%710 A,16183¢ 0,2192% 00,2721 .
0,33799 0,40601 Neu7717 0,59274 8,631 fo71027 0,79161 N BTEY?
: 0.95789 1,00%40 t.1200 1,20m9 1,267¢ 1,3068 1,4439 1.5173
, 1,5877 1,6%43 17140 1,117 1,829 1,8715 1,9110 1,96%0
: 1,96R8 1,9797050 :
¢ 000000 J015A43 ,C027%60 NS EATT] V000312 s 054098 051977 066767 :
074949 LY LYY JORS280 MY L0Q2¢)0 L0957y 097809 ,00Q29n
2095911 L09971¢ 099221 L,007837  Jrasyyr 093029 ,0Re82T  ,0ASSEN
08090A L 07SA28  L089T6A 003360 096239  ,Qu904T  ,04}249 033100 ;
024765 020000 :
9999, *, 4898979 2. §
2y 2y 2s 0 0 1 ;
1.8 1,0 0, H
%) 1,3 084 1,9797959 ,75 2 N
1.4 999 s
SPHERE/{S=DFG CONE/CYLINUER/1SaPFG FLARF ;
%0 J
0 1,6%7Fen3 7 ,003Fe0l 1,7S4Falt?2 3, Sndfar? $,5008e02 §,177E .0} 1,702Fal)
2.72T0 ) 3,080t en] S, 430FeN) T,10r600] R ,97afaf] 1,1056400 1,3326,00 1,576f 400
1,8020 00 2,123 400 P2 U2 Ee00 2,738E400 3,0695¢00 3,398E000 3,735E,00 0,072F 0
Q,006F600 U, T%08eny S, 0638070 S5, 3A1L 650 9,655 600 &, 6308400 6,19EE470 6, udefenp
6,hRAE400 6,910F¢nC 7,133 600 T,3570 400 7,5Cub o0 7,89E400 6,156,470 6,5115e00
0 G, 0u3tean? B,330F@0? 1 ,312Feff { 6500 en] 2, 0670l §, 1R AL 3 E27800)
G 4535 ~01 U, 90 tant §,29ube0] S,7vibely 6,2udralr] £,797Faf] 1,46 ,01 8,0n0teh)
8,773Fen] Q,52utant 1, N00Fenn {,600bef0 1,000 6 2 1,0008400 1,0%0F4%0 §,0%%5 ¢80
14028400 § 1100 00N { 2026400 1, 2R0E«00 §,3630 400 1,u3kF000 1,500F,00 §,97%t¢%0
- 1,6390400 §,6000¢00 § TS9F €00 1, A19FeN0 §, BP3FaCh §,953040C 2,033F,00 2,07uFeD
999, 26795 2, LY
21 21 s [ 0 1
. 1,4 1,0 0,
. ) . 2,85714286 1,3 2, s, o 75 15,
N ‘l 4 oA
; 4
©
é R Y
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toes ELLIPEOID
INPUT COORDINATES
X

I 0,000000 O
2 01233
3 ,0308155
4 072340
S J113N10
& J161530
7 215210
8 0274210
L ¢337990
10 «8006010
14 AT7770
12 552740
13 030410
14 «710270
1S 0791810
16 BTUSR0
17 W 57890

18 1,081400
19  1,1240600
20 1,206900
21 1,287800
22 1366800
23 1,043500
26 1,517300
25 1,587700
26 },65u300
27 1,716400
28 1,773700
29  1,0825500
30 1,871500
31 §1,911000
32 1,943800
33 1,96B800
34 3,987689
35 2,000000 O

DYDXNE  999,0000
pYDXYs §99,0000
YMAXS 1000
XREFsS 2,0000

IMAXz 2%
Juaxs 21

mits 25

MHALF2O

XLOSE=Y

NPLOTSY

RF133,400

COVERGs ,10E+01
QF3s ¢,

DNOYO®  ,500E¢00
ALFE1,30

pXx10X0s ,840Ee0}
XMze0,

Cansel,
OXiDXMEmQ,

GAMSY 40

AMINFE 9950

48

Y
000000
00150643
2027360
027344
046312
2050498
2061977
2068702
074949
, 080007
4085280
J0894ag
2092949
09571}
, 097609
099230
JV999] )
(099944
,099221
097837
(095770
L093029
089827
2085580
080908
075020
069708
003300
056439
J0ue0a?
04124}
033300
024705
015043
(000000
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i e s e s e

LR B K TN XU ¥ T ]

L

1632800y
+629%€0}
«1310€«00
2194k 00
2 3254Ee00
«G460E¢00
+ST83L¢00
«T194EQC
286063E¢00
W1016E¢01
s 11666001
«1313Ee0
o185¢c 0y
e 1586L 01
«J707E401
e1B33E¢0Y
19018404
«1909Ee0}
«2010E00)
«2032€¢01

1]

101 1E=0]
«Siilteut
«1174te00
2 2048E¢00
«3101ke00
.4303E¢00
,9624E¢00
LT0338¢00
28502t 00
+1000E¢01
s1150¢8 001
s1297E¢01
o 1438E40)
J1570E001
S 1690L 401
s 1795801
1863t e0Y
194900}
s 1990€- 01
«€0G0E*Q!

Y mee

0, 19000k 902
102280} +3252E¢02
e 3153E=0) s10706L 402
W4TO IR0} ¢1023Eep2
20003EwDY e 768801
« 723980} OUNNE O]
8219t 01 39006E0 018
«8992E-01) J2787E401
L 9950L 00} <1780 401
2988701} «8082E203
«1000E+00 S8INEag2
s98BTEA01 o, 86778400

s9550ta0) o~
«8992E«0) =
8218k}
21239t «0) =
160063 «0] =
e9702€e0) =
03156003 -
21423601 o
W3432Eei3

sesaw NORMAL CUORD, STRETCHM FOR ALF3 },300 secece

J

-
QDB A AL N

PPy
V-

el e
L - K- SRV N V]

~
o

21

AN

: Y

«2334fe02
«B8979L 0}
«S5006E+01
3241€Ee08
W22TuEeGy
c187at o0
12726 .8
+9873E400
W 71558400
W0156£400
JUBISESOO
« JBASESCD
J30b0Le00
«238Ske00
JI81TESO0
«1337€400
264k e0Y
oST3ut~01
s2072k%0}

0

’

«1984dEw02
189302
2030k ep)
+3981Ee01
0782801
J1037E 000
luvekep0
206 .b¢00
27350000
3532t 000
CRLE-1 X Y14
WO91%Ee00
s0720t¢00
LB078E400
« 900000
W11298¢018
1317018
s1924k 00}
«1751E0}
22000k D)
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Figure 1. - Frame 1 of plotted output.
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CXRGEXL 76/03/25.

Figure 2. - Frame 2 of plotted output.
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Figure 3. - Frame 3 of plotted output.
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Figure 4, - Frame 4 of plotted output.
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CXRQEW] 76/03/25-

Figure 5. - Frame 5 of plotted output.
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Figure 6. - Frame 6 of plotted output.
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Figure 7. - Frame 7 of plotted output.
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SPHERE/15-0EG CONE/CYLINDER/1S-DEG FLARE

M .800. [MAX= 21L. JMAX= 21. IT= &5, DPM= .6TE-D2
DXIDXO= 2.00. DNDYD= -29e+01. QF3= 0-00

CxM= .7SE+00. XM= .BOE+01. XIM= -83E+01. DXIDXM=15.00
CXRQEWL 76/03/2S.

Figure 8. - Frame 8 of plotted output.
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