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SUMMARY

This report describes and expiains tﬁe computer program that
has been used to solve the governing equations of the potential
flow in the cross-—sectional planes of a radial inflow turbine
scroll. The derivation of the governing equations and the
description of the numerical solution can be found in NASA CR
{to be assigned) Report entitled "Analysis of the Cross Flow in
a Radial Inflow Turbine Scroll.®

A list of the main program, the subroutines, and typical
output example are included.



COMPUTER PROGRAM

The PFortran computer program, which is used to solve the
equations of potential flow in the cross-sectional plane of
the centrifugal machine's volute or scroll will be de-— ]
scribed and listed. The input data to this program includes
information about inlet flow properties, the cross section
geometry, and its corresponding boundary conditions, which are
shown in Figures 1 and 2. The maximum allowable number of mesh
lines in the x and y directions are 50 and 30, respectively.
The program output includes an echo print of the input data.
At eaéh grid point, the value of the potential function, the
velocity components in the x and y directions, as well as the
magnitude of the velocity vector and the angle it makes with the
X axis are printed. Additional output is obtained in the form
of plots of .constant potential function contours, and arrows
showing the !dixection of the velocity in the axial-radial plane.
The logical relations of the main program and subroutines
are shown in Figures A-1l, A-2 and A-3. A brief description of

the main program and subroutines is given below.

Main Program:

The main program is primarily used to call the subroutines.
The logic flow diagram is illustrated in Figure A-1.

Subroutine IRL(J) :
It is called from the main program and the subroutines to

determine IL(J) and IR(J), the first and last interior mesh points

for the screll cross-section at a given J mesh line (see Fig. A-4).

Subroutine INTPL(I):

It is called from the main program and the subroutines to

determine JL(I) and JU(I), the lower and the upper interior mesh

points for the scroll cross-section at a given I mesh line (éee Fig. A-4).

Subroutine MESH (I,J):

It is called from the wmain program and the subroutines to

identify the interior mesh point neighbors, calculate the coeffi-



cients of the five points Laplace difference operator, and to
determine the most recent values of the potential functions at

the interior mesh points.

Siubroutine SHABAN:
It is called from the main program, to determine the source

strength at every mesh point F(I,J), for a given mass flow rate
and through flow velocity profile. The logic flow diagram is
illustrated in Figure A-2.

Subroutine AWATEF:
It is called from the main program to determine the wvalues

of the potential function, at each grid point. The logic flow

diagram of this subroutine is illustrated in Figure A-3.

Subroutine BCSI(I):
It is called from the subroutine AWATEF, to determine the
values of the potential function at the boundary points on a

given I mesh line. . ORIGINAL PAGE IS
OF POOR QUALITY

Subroutine BCSJ (J) :
It is called from the subroutine AWATEF, to determine the
values of the potential function at the boundaxry points on a

given J mesh line.

Subroutine HVVEL:
It is called from the main program to determine the wvalues of

the velocity components in the x and y directions, at every mesh

point.

Subroutine ABDLAH:
It is called from the main program to calculate the magnitude

of the velocity vector in the axial radial plane and the angle it
makes with the x-axis.

Subroutine HOSNY:
It is called from the subroutine SHABAN to calculate the
flow density at each grid point.

Subrouvtine PLTISO:

It is called from the main program to plot the contours of

constant potential function.



Additional library subroutines, namely, PLOT (X1, X2, X3),
SYMBOL (Y1, Y2, ¥3, Y4, ¥5, ¥6), and ENDPLT, are called from
the main program, and used in the plotting of both the potential
contours and the wvelocity direction.

1=



F1G, 1. SYMMETRIC SCROLL CROSS SECTION

ORIGINAL PAGE 18
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FIG. 2, NON SYMMETRIC SCROLL CROSS SECTION,
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READ : TSYM, ICOM, .
IFREV, IPAP,IP, NON DIM. CALCULATE:
s - DX,DY,BB,IC,JC,
1 ! ' . rc,B,H M3,N3,IIC,JIC, 1COD
BPSMAX, M1 ,M2,D0,
R1,R 1Cl,JC1,M31, 0
R1,B,H,R,RC,RG, e
GAMA,TO,VE,EPSMX2, '
ITMX2
SURROUTINE SUBROUTINE SUBROUTINE | SUBROUTINE
HVYVEL BCST () AWATEF “—1scs (7}
E | S
A v, o dee,o L L_w | - :
[ v, i ILO PBX(I,2) P, 5 SUBROUTINE | poa(r,J) |
It wmaeuv | b PBY(2,3) = < SHABAN _
vl + V ' [
| P 1 &
i Pl « P I | i
] LI, 3) * 1 | [
) YVBX{I,2) TcoM _ e ] |
| VUBY (2,J) ' ! l
e e e e e = B ANGLE (D, ) |
E 0 ' SUBROUTINE
SUBROUTINE —— | HoSNY
ABDLAH |
EPSMX2 l
ERROR e — |
Y
I'BSMK2
—_——— — STOP
FIGURE (A-1) MAIN PROGRAM
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DEFINITION OF SYMBOLS AND FCRTRAN LISTING

Symbols

Do

EPSMAX

GAMA

ICOM

IFG, IPAP,

IFREVO

IP

Ir1T

ISYM

ITMAX

IVPLOT

M1 ,M2,M3,N3

Description

Width of the scroll exit (Figs 1, 2).
Scroll inlet diameter.

The largest tolerable value of the sguare of the
sum of the absolute values of the deviations of

¢i j from their previously computed values.

Vector containing the values of Poisson's source

strength at each grid point.
Ratio of specific heats.
ILength of scroll exit nozzle, Figs. 1 and 2.

Parameter to control type of calculations.
ICOM = 0 for incompressible flow and ICOM = 1

for compressible flow.

Parameters to control the mass source distribution

(i.e., the type of through flow velocity profile).

Frequence of intermediate printouts— Solutions

are printed after every IP iteration.

Number of contours in the output plot for the

potential velocity.

Parameter to control type of scroll cross section.
For symmetric cross—section ISYM = 1, and for

unsymmetric cross—-section ISYM = 0.
Maximum allowable number of iterations.

Parameter to control plotting of program output,
IVPLOT = 1, a plot is prepared; if IVPLOT = 0,
no plot i1s prepared.

Number of mesh lines of the scroll cross—section,
Fig. (A~-4).

ORIGINAL PAGE IS
OF POOR QUALITY
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Symbols

PBX ,PBY

P (i=0,1,2,3,4)

RC

RG

ROA

ROBX ,ROBY
THETA

TO

u,v

UBX, UBY

VBX,VBY

Description

Vector containing the wvalues of the potential
function ¢ at all grid poinks.
Vectors containing the values cf ¢ on the scroll

boundaries.

The values of the potential function at the standard

five points Laplace difference operator.

Radius of the scroll cross-section egual D/2,
Figs. 1 and 2.

Radius of exit portion of the unsymmetric cross-

section, Fig. 3. (Ref. 1)

Radius of scroll exit

Gas constant.

Vector containing the values of the density at all
grid points.

Vectors containing the values of the density at

the boundary points.

Vector containing the wvalues of the angle between
the velocity vector V, and the x-axis at each
grid point.

Stagnation temperature

Vectors containing the values of the flow velocity,

components in the x and y directions, respectively.

Vectors containing the values of the velocity
component in the x-direction at the boundary

points of all I and J mesh lines.

Vectors containing the values of the velocity
component in the y-direction at the boundary points

of all I and J mesh lines.

Scroll exit velocity in radial direction.

11



Symbols

VISOBR

VVBX,VVBY

WO, WOP

Description

Numerical values of the velocity potential con-
tours to be plotted as output.

Vector containing the absolute wvalues of the

velocity vector V, at each grid point.

Vectors containing the absolute values of the
velocity vector V, at the boundary points for
each I and J mesh lines, respectively.

Successive relaxation factors. WO for intexrior
mesh points, and WOP for the points adjacent to
the boundaries.

12
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cc
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PROGRAM LISTING

MALN DATE = 77283

21743747 ~ Pawce 0001

TIMAUICIT REALEFE (A-r,0-2)
DIMINSION X(50321)+Y {50421 1+VAR(IS0421),VRRI50,21)
COMASON 7ONZ7 V1
COMMON /TaB/ ILI2IwR ISYM, IPAP, ICOD 1P I1COM
CTMMON /S 0URS Rl +RF L IFREVD
CLAON /DIMS/ RiRZsds8.0X,0Y,.81,88
COMMON ZEJQAM/ Ml eM24 IC»JC, F1Cs JICI M3 NI
CCHMOMN /M5, S1+52 ¢53 354 Pl P2 4P342%, 00,011, 1k
COMMOR /2017 P{S0:301+PB8Y(2+d40)sP3AI50:2)»PP(S50+30)+23Y1L{243530)» -
1 PEX1(50,2):F{2D.30)
CCMYON /VEES/U(S0:30) 3 VIS0s30}sUBX{50,Z)»VBXI50:2),
i UaY{2+:30):VIY(2:3011»U1{50+30)V0(50s30},USX1(50,2)
1 2VBAL{S0:2),UBYII2,:3G):sVBYI{2:302.VVI50,30).ANaLE(50:30)
COMMIN FCALS M21,i01,JC1 611 N3 122

COMON 75H/
COMMON /~40/
COMMON #RD/
COMMON /GD/
CALL UNDSLW

RG+GAVAs TOsWV,,VE

EPSMAX SEPSMAZ s WO W OP s ITMAX . ITHMX2

ROA{ 50,30) +ROBAL50.2)sROBY {2,310

VY EX{S2:2)sVVBY{2+30 )+ ANGL 1{50,20., ANGL 2L 25 30)

CALTULATE 2-DIV. PSTENSIONA. FUNCTION & VELODCITY VBCTOR V LN THE

SCkOULL CROSS5 SE

CTIuN FOR INCOYP. & COVP. FLUOw

READ INPJT OATA B T R L T 3 ¥ L TR R e p PP s P Aoy

READ(5,102)
READ ({534,100}
READIS,1 012
REAR(S5,200)

READ(B.7177)

ITWA2=ITYAY

RG +3AMA TG VE
M1 aM2s00sR1232H+FSRE
ICGH IS MeIFG I PAPLIFREVDO
ITMAXsEPOMAXK s 0y wOP
TP, IVP_OT.IP_T

EPSMA2=IP3SMAX

v1i=1.0D00
RC=RC/{ 2%3)
E=B/{2%R)

IF{IoYMeEG.1l) B=B/2.0D0

H=Hs{2%1)
PO=R1/DD
Ri1=R1/{2*R}

AV=16.020%RGFIFR /DO
IF(ISYM.EQal) wv=2.0D0%0nv

RF=2+0D0¥R
R=R/{2%R}

RATIGS[R1I+4+4R}/{2.0D0*R)
DX=2#R/{MiI-1)
DY=2%3/{M2~1)

IF{1SYMNCEQ.1) DY=Rr/{M2-1) PAJ?'B‘E]E;‘%

BI=DX/2Y
B8=B1%81

13



555

i2

5552
5557

c

21 MALN DATE = 77263

MEi=M2~}

I1C={M1+L)r2

JO=(M2+ 1) s2

IF{I3YM.EQ+1} JC=1 -
N3=(B/DY-0. 0001000 ) +1
VM3I={(R+R+4)/DX—J,0001000)+1
IC1=1C-1

JCl=JdC-1

1c2=1C+1

Mli=pll~-i

AN31=N3=]

MI1~M3—1

IF({1I3YM4eEQel) GO TO 555
FECRLIRC/IX~0.0001000) +1a)
JIC=U(B+RCI7DY—0.00010D0)+ 1

20 12 I=1sK3

DO 12 J=1l.42
ANGLE(IJ)=0.20D

RCA(1l, Jl=1.0D0
ROBR{I»11=1.030
ROBX{I,2)=] .00C
ROBY(1,J)=1.0D0

ROBY (24J)=1.000
Fll«Ji=0.000

CONTINUE

IF{IFG.EQ.Q} GO T2 3557
PO 5352 I=Z.M31

CALL INTPL{I)
READ(S+55533(F LI dedsdoed)
CUNTINUEZ

21 /4074l

wRITE IN2ST OATA FIR CHECK L S T et ey Y

WRITE(6+1313)

wWRITE(H4505) RGO GAMAL.TO,VE
WRITEL6:343) Ml,M2,hl+BsHLRCoRF DO
WRITE(6+310) [COM15YMIFS,IPAPJIFREVO
wRITE(H,329) ITHYAX+EPSMAX,Wils WOP
WRITE(6,330) IP,IVPLOT,,IPLT
WRITE(G6:3013 DADYsICyJCMILNI

CC S50LYE FOR INCQMP. FLUW e e e s T s Y ¥y i

C

(8]

IwR=0

ICan=0

CALE SHABAN

CALL A&ATEF

I1L3=0

CALL +4VYEL

CALL ABD_ A4
IF{ILOM.EQ.0) GO TD 818

ORIGINAL PAGE I3

oF POOR QU
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http:XD.YIC,JCM3.N3
http:MI,M2.KI,BH.RC,RF.DO
http:G4MATO.VE
http:IF(ISYM.EO.13

NIV G LEVEL

CC SULVE FUR CUMP. FLIw

<

717

114

glo

9

4“0

42

46

2t MA IN ~ DATE =

DO 2 I=2,43 .
CALL INTSL(1)

BO 2 J=JL,JU

PP{I+J)=1.2D02

VEG=VE

IT=0

InR=1

1F=1T+1

ERRUOKR=0.0D0

1C00=1

VE=VEQARUBY (2,2)

CALL SHAS3AN

CALL AWATEF

I1L0=0

CALL AVVEL

CALL A3D_AH

DO 7 I=2.+M3

CALL INT2L{1}

DO 7 J=JL,JU

SAV=PP{I 4+ J)
ERRDR=ERROR+DABS (2 (I J)I-SAVI®%2
D0 111 [=24M35

CALL INTPL{I)

20 111 J=JL a0y

Po(Isdi=>{1sJ0])

DO 112 1=2,M3

30 112 J=1,2
PBXI{i33=28BX{1s.4)

DO 114 J=2,M21

D0 114 I=142

PBYI {(I,J)=28Y{ L.J)}
IFIIT-.GE.ITMX2) GO TO 913
IF{TCRROGELEPSMX2) GU TD 717
WRITE(G6+14)

WRITE(G 407}

DO 9 I=2.,M43

WPITE(6+488) Is({FlIsd)sd=ieM21)
WRITE{6+4151) IT,ERROR,VE
WRITE{6.,404)

DO 49 J=1i.M21

WRITE(6:400) J+{P{IasJd)al=i,M3)
IF(ISYMZ2.1) GO TG &b
wRITE{&+421)

DO 42 I=2.83

WRITE{S,402) I4+{P3X{143J)sJ=1s2}
GO TO 45 -
WRITE( 654005}

DO 47 I=2.%3

ERITE(0+4606) T.PBX(1.2}
WRITE({&,403) -

DO 44 J=1.M2:

15

278

[N

21 745741
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http:PP(I,J)=I.OD

IV G LEVEL 21 MAIN PBATE = 77283 21745741 PALE QoOua

44 wRITE(G:402) J3+(P3IVLIaJ)1I=1,2)
IwR=3
CALL HVVEL
CALEL ABD_AH .
818 CJINTINUE
IF(IVPLIT.EQ.D) GO TO 7067
<
CC PLOTTENG 0T THE FLO& DIRECTIONS #3i etk dddd b sdknksainp ey tatss
c
ISKIP=1
JEKIP=1
D XD=0. 25
CALL BEG2_T
I CPm=2
ICPz i
DO 59 I=1,%3
DO 58 J=1.M2
XKET+J)={I—-1)}%D¥D
Y{IsJ)={J-1)*+DXD
58 CEeNTINUE
89  LOUNTINUE
WRITE{6>141
WRITE{S+5001)
DT 62 I=1.,M3
62 v RITE{(G+20) (X{Isd)sd=1.M2)
RRITE(G14)
WRITE(645002)
DO o4 1I=1.M3
64 WRITE(6.20) (YLl ,d),J=1,M2)
WRITE{O+14]
75 IF{ISYM.EQ.l) GO TO 746
CALL PLOT{1.5,1u5,23)
GO TO 77
76 CALL PLOT{] «553.5s23)
77 1uUPdDw=]
SIZE=D.14
I1S5YMBL =73
IF{ICP.EQ.1) 50 TI 11
IF(ICP.EQa2) GO T3 133
Il oD S0 I=2,M3
DO 50 J=1,421
VRR{I»J)=27 02 +ANGLE {TI4J)
S50 CONTINUZ
CALL PLIT{0.04+0+0,3)
DD 501 I=2,m31
CALL INTPL(L}
DO 511 J=J4L,4V
XXC=X L)
YYC=Y{(1l,d)
CALL SYMB8IL {(XRXCYYU2»SIZE» 18+ VRRII sJ) s=1)
511 CONTINUE
S0l CONTINULE
CALL P.IT (0.04+0.023)

ORIGINAL pacE
OF POOR QUALITY


http:WRITE{6.20
http:bITE(6.14
http:X(I.J).J=I.K2
http:Y.RITE(6.14
http:oXD=0.25

Ah IV G LEVEL 21 MAIN DATE = 772c3 21/45/41-
1CP= ICP+1
IF{ICP.GT..ICPM) GO TL 3
CALL PAUSE i
CALL PAUSE
GG TO 75
1332 CONTINUE

c

Co CONYOURS PLOT R E R REEFEI AT R FEEI LA TR ERT R RRR REwk

C

0O 510 1=14M3
D0 519 J=1,M2

510 VAR{I Ji=P(1.+J]
DO 514 [=2,43
CAEL ENTPLII}
J1=Jb~1
J2=J0+1
VARIL2J2)=PBX(1,2}
IF{ISYM.SGs1) GO TC S14
VAR(IWJ1)=PBX{3s1)

514 CONTIMNJE
20 515 J=2,M21
CALL IR_{J)
It=1i~1
12=IR+1
VARP{IL{+J)="BY(1:4)

515 VAR(IZ2.J)=PBY(2, J)
CALL PLOT (D0e02J.0:3)
DO 222 I2.=1.IP.T
READ(5,3) VISOSR
CALL PLTISOIM21,I5YMBL+iUP00%sSIZE,ViISOBR VAR XsY)
CALL PLOT({0+220.0,23)

222 CONTINUZ
CALL BLIOT {0.0,0.0,3)

3 CONT INUE
CALL ENDOLT

7007 CONTINUE

5 FGRAAT{FI2.0)

14 FORMAT(141}

20 FORMAT({10({6X+"6.3}}

100 FGRMAT{2110,6F10.2)

101 FORMAT{5I10}

162 FORMAT(A4F10.0)

151 FORMAT{2IX ' ITCOM= ", 15,7520 *ERROI=Z?,E2C.G, /1 2C%: Y X =, E20,%)

200 FORMAT{I10:3F10.0s

301 FORMAT( 20X *0X =P aF 104545X4P0Y T4 4FLO0.5s5040 10 = WaliGsers
1 204.*JC = 115, SXsTU3 =1, 110:5X+ 743 =41 104+/2

310 FIRMATI /220X, ICUM  =* 3l104+/ 22003 ISYM =2 ,110,/s20%:% IFG =%,
1 110,/+.20X2* IPAP =7,33103/ 320X+ IFREVO=",110,/)

320 FORHATI{/ 320X ITMAX=" 311 0+/ 420X "EPSMAXEY yF1 0.8,/ 20%s w0 ="y
1 F10e537 20K wOP =3,510.5:/)

330 FORMAT I/ 20Xt P S0 41104/ 2200 TIVPLOTT® 110+ /320X IPLT =3,
1 I10./7)

340 FORMATIL/s20Xs' Ml =¥3110s/320Xs7M2 =t 3110,/ +20X,7R1 =% ,F10.5

17 ¢

PAGE TOUS


http:I10,/.Zv
http:FGRMAT(10,3FIO.0j
http:EX.=.E20.S9
http:IF(ISYM.EO.1I

AN IV & LEIVEER 21 MALN DATE = 77283 L1lra5/41 PAGE QO06&

1 31/ 220X = 3T1 0.5 /7420K."H =0 ,F10e5e/220X4" RC =3,
1 Flla3+2/420X%0 SV F10eS+ 20 *INIT DiMa? s/ 2203R+% 00 =t WFlCsD
H 32X VUNLT QIMet /)

400 FORMATI/ /27 Xs%'d =%3124/510(5X+5015.6/})

431 FGRMAT(//.15X%,*1 T+SX«'P3X1%e laX,s 'PEX2")
402 FORMAT(/+10X+18s54+2{5X4D15461}
aC3 FORAATL//+15xy %3 4 ,SXy TRPIYLY L IOX,,PBEY2Y)

4C4 FORMAT (//,20X,*VALUES OF vE.DCITY 20TENTIAL 3{1.4) F3I3 COMPxESSIbL
1S FLOW®,/)

405 FORMAT (// 220X+ "GCAS CONSTANT =* 3T 10:5,/ 2200+ "GAMA = ,Fi1Ca3
1 4/+20Xsv5TAGe TENP. =% ,7F10.5:/320X, *RADs EXIT VELZ 1, F10.5,/)

406 FORMATI/,15X314s10X,015.6)

427 FORMAT (/+13X2*PIISSONS SDURCI DISe AT EACH GRID POINT! 4s7)

408 FORMATI// 37 X4%'1 =%+1102/+4(BF10.51)
1313 FURMAT{//+10X, "IN2UT DATA*+//)
4005 FORMAT(//»20X+*1 TiSXe TPBXZ2YS /)

S001 TORMATI// +20X+'R—L0GC0OKRDS OF THE PLOTTINw DOMALIN'S//)
3002 FORMAT (/720X *Y—J3030« 27 TAZS PLOTTING BOMAINT//)
7197 FORMAT(3119)
5553 FORMAT(B(F10.3))
7177 FORMAT{3I10)

s5TOP

END
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L1

21 AWATEF -

SUBRDUTINE AwWATEF
IMPLICIT REAL*8 (A—H,0-Z)}
COMMON ZONE/ V1

DATE = 772&3 21/45/41

COMMON /Tad/ IL3 Ik ISYMsIPaP,1C00:IPICOM

COMMION 7DI WS/ ReRCs-1+BaDXsDY 51,88

COMMON AFOAIM/S ML M2, 1C»J 02110 JJCaM3 N3

COMMON

/MSH/ 5155245395492 1 4P 2sP 3024 s JlsdUsita IR

COMMON /ZPHI/ P(50.301,PBY(2+30),P8%X(50+2)+PP({50,30)+s23Y1(2,3C)»

1 SBRIIS0,2)eFi 504302
COMMON /CAL/ M21.JC1,JC1eM1ITeN31.IC2

LOMMOIN /407 EPSMAX2»EPSMAZ+#0+n0P ETHAXS 1THMX2

€ CALCULATE POTENTIAL VELJICITY JDIST. IN THE

CC SOLVIMG POISSONS EQlve

C

2

1

15

wWITH!  NEUMANN De Ca

DG 1 1=1.M3

DO 1 J=1sM2
P{1sJ)}=0.000

1TER="

1 TER=] TER+!

EPS=0.000

DpC S I=2+M3
%XX1={IC—-1)FDX
X1=DABS{XX1)

YY1=DABS (R¥R—X 1%X1)
Y1=0DSQRT{YY1)

CALL INTP_(I}

DG & J=JL+JU

w=R0

Wi=1.0D0-¥

WB=W/ (2+200+2,000%88 ]
0D=1 .00 0-"E*8E
WB1=1.0D0-w8
Yya={JC-J)%DY
Y2=DABS(YY2)
XX22DABS{ IFR-Y 2 Y2}
X2=DSORT{XX2)
SAVP=R (1 »d)

cALL IR.3iJ)

CALL MESH{IsJ)
L11=1.020

L33=1.000
WEI11=1.0D0-wd&L11
WB12=140D20-nB%L3I3
C2a=1/{DYEDYE52%54)
C13=1/{DX6DXE51# 53}
$24=1/(DYEDY+{ 52454} )
S13=1/ {DX*¥DX*{S1+53}))
SIL=513+L11,
S§1K=S15%.33 '’
P11=L11%P1£S1 ¢
p2o=pa/ss2
P33=L33%9°3/S3

19
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a6

16

17

81

85

18

19

20

zZ1 AWATEF DATE = 77283 217457461

P44=P4/s54
IF (L sEQeMl s AND .J T 2eJUI GO0 TO 923
IF(I«EQalta ANDSJIa2Qe JLY GO TO BU
IF{T +EQeI_sANDMJ +EQeJUY G2 TI 85
1F{T.EG.ILY 30 TO 99
IF(I a0 12ANDWTEQa JL) 50 TY 91
1F{] «EQeTR «AND W s ZuedU) 33 TG 92
1F{1.EQ.IR} G0 TG 93
IFLJ+Z0.JL)Y GO TO G4
IF{J+EQaJUY GO TO 95
Pll1sd)=(1.000-v0P) R (1 )+ {nUP/(242%83))%(L11*P1+L 3323+
1 BB(P2+24)-F {1l +J)+DXEDX)
GC TO 477
CONTINUE
I1F({J+£Qs13 GO TO &1
Pa1=Y2¥B1%P{ [s J+LI/%X2
PE2=X1#3(1+1.J)/(31%¥Y1)
CRI={NASI_#*((1/S1}-Y23BL/X2) +RE524%( (1 /Sa)=X1/(B1%Y1)} ) /LCL13+C2%}
FFICKL 4GT 2 +999003 ANDC{1 4T 41001} GO TG 16
CK=1+000=CK1
GQ T 17
CKI=CK1 /4
Ch=1e000-2K1
wl=0.000
W=1,.,000
CONT INUE
Plls JI=(AL%PLI o)) +a%k{SI35{OB1+P33)+S524x(P22+PB2)—-F(l,.1)/2)
1 ZUC13+C2a) }/CK
GG TQ &77
CONT INUE
P{l+D)={n1%PR(] s )+ WOX{(2&TBXPR+P3I3I~F{1,3}50X*DX) I/ wELL
GO TD a&?7
CONT I MNUE
P3i=Y2%B1#PLI . =13 /X2
PB2=X1¥P(I1+1.43/{81xY1)
CRIS{wsS1L*{ {1 /51 )~Y2*Bl/X2i+w*3264%{ {1/52)-X1/{B1*Y1) )}/ {CL13+C24)
LE{EKe5T+e 0. 9050DULANDLK] +LT.1.001) GO FO 18
CR=10D0-CK1
GG TOH 1%
CRI=CK1/%
CK=1.0D3-CK1
wi=0.000
W=1,000
CONY INUE .
P{lsJI=(w1*P{] ) +WF{S135{PBL+P33)+524%{P44+PB2)=F(Is2}r%)
1 Z{C13+C24) }/CK
GG TO 477
CONTINUE
1F(J.GTL.32) GU TO 90¢
PERI=P{I.J+1l)RY2%31/X2
CRIS{WSESILE{L1 /51 )Y =Y2251/%2) ) /L(L13+C2a)
IF(CKL «GT «0.9950D0ANDWC<1sLTa12001) GO TO 20
CK=1+.0D2-CKE
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20

21

S 09

22

23

g1

24

25

910

26

27

S2

21 AWATES OATE = 77233 21745741

6o Ta 21

CRI=CKI/

CrK=1,000-CK1

wI=2.200

w=1.020

CONT INUE

PLIsJI=ia1 3Pl Ji+ws(S13£{PBI+PI3)+524%{P22+P44)}—F{1 . J)/ 2}
I ZLC13+C24) )/7CK

GO TO 477

CONTINUE

PEI=PL L. f-1 )28 1/02
CRI=(w*S5IL*¥{( (/51 }=Y2*BL/X2))/(C13+C24%)
IF{CK1 eGTe0.9990D)cANDSCK] LT «le001) GO TO 22
CK=1.0D00~-C2K1

G TO 235

CRI=CK1/%

CK=1.,0D0-CK1

wi=0,00D N

w=1.000

CONT INUE

Pll+J¥={n]l3Pll )+ W (S13x{PBL+P3I3)+3242(P224+P44)Fl1.13/2)
1 Z{C13+C24) )/7Ch

GO TO 477

CONTINUE

IF{J+EQ«1) GO TU 910
CRI={{WES1IK/S3)+ws524/54)/7{C13+C24)

LFILKY « 3T« 0.999000 2 ANDLCKL LT 1 200) GO TG 26
CK=]1 +0D00-CK1

GG TO 25

CRISCK1/W

CK=1 .0D00~2K1

W1=0.009

w=1, 000

CONT INUE

P Il )= {nl*P(I+J)+WH{SIIFPLI+SIKEVIXDX+S24%P22F (I +J)r2)

1 AlC13:C24) ) /0%

GO TO 477

CKI=wsS1</(S53%(C13+C241))

IF(CK1+GT e0999000+ANDCK1.LT14001) GO TO 25
Ch=]1.002~-CK 1

G0 Ta 27

CKI=CK1/n

CK=14+70%-LK1

w1=0.000

#=1.000

CONTINRUE

P EsJI=IWI®EPL] o) +wF {S13FPLILI+SIKRVIFDX+2¥S24%P22~F(l-J}7 2}

1 FLC13+C24) ) /CK

GC TO 477

CONTINUS

IF{J«GT«N3) GO TO 921
CRI=S({WxSIK/S3 )+ weS5264/52)/ (CL3+C24)

IF(CK] o5T e 0+99G0D0+ANDLCKI.LTIs001) GG TQ 28

21
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N Iv 6 LEVEL 21 AWATCF DATE = 772583 21/745/41 PALE 000z

CK=1.000-2K1
G0 T 2%
28 CKI=CKl/w
A CK=1.0D0O-IK
w1=C0D2
W=1.,0D0
29 COUNTINUE
PUlIlsJ)=(al®xP I+ ) +ax{SI3%PL1I+SIK#VIFOX+524%P44~F (1 +J)7 2}
1 ZIC13+C24) )/CK
GO YO 477
921 CONTINUE
IF{ISYM.Z8.1} Gu TD 922
IFL{J«GT.JJC) GG TI 922
XCI=RC~{1~M1 )*DX
¥YYC1=DABS({RCERC~XZ1 % XC1}
YCI=DSQRT(YYCL}
TE2=[RCH+BI-(J-11 %Y
AXC=DABS(AC*RC-YC2EYC2)
XC2=DSQRT(XXC}
PE2=XC1+2(1~1,4J) /(B1*YCL)
SEI=YC2FBIXP (Ll .J-1)/XC2
CRKIZ{W*524 % ({1 /32)=XCLl/7(BL¥YCI )} +WESIAF{{ 1/53)-YC2%I3 1/ X222} /(CL3
1 +C2%)
IFICKL «GT +0.99CG000,ANDC<1,.T«1,001}) GO TO 30
CK=] +2D3=LK1
68 T 31
30 CRI=CKL/ »
CX=1 +0D0-CK1
Wi=0.0D0
w=1.000
31 CONTINUE
Pile N={wl1xP1 :Ji+wF{S1Zc{PE3I+PLLI+S524%{P4a4+PR2}—~F{l.J}/2}
13 FECL3+C24) b7 ek
GO TO 477
922 CONTINUE
PB3=Y2+Bl1xP{1,J=1}/X2
PB2=X1#*P(I-1,J)/7(31%Y1)
CRIS{WESIKFE({(L1/53)«Y22BL/X2+ w5248 { {1 /52)-X1/(Gi*YL)}})/(Clo+C24)
IF(CKL aGT 3 +9993 03+ ANDCL1 4T+ 1,001} GO TO 32
CK=1.000-CK1L
G0 YO 33
32 CKI=CK1/s
CK=1.0D0~CK1
w1=C.0D0
»=1.002
33 CONTINUES
PLlad)=(nl*xP (Il e ) +ns={SI3%(PES+P11I+S24%(Pa4+PBE2I~F (I eI/}
1 F{CL3+C24) }7C4
GG TO 477
$3 CONTINUE
IF{J-GTN3I) GO 7O 530
CRI=WSIK/LS3{Z13+224))
IF(CK]1 oGT 0 +SF7 90U AND LK1 2L T2 1001) GG TO 34
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34

293¢

36

32

39

o4

21 AWATZF DATE = 77283 gls43741
CK=1.000-0K1

o0 TQ 33

CK1=CR1/W

CK=1,209-C<1

W1=0.000

w=1.000

CONT INUE

PlLaJdi={%wl =PIl ) #ws i3 13P11+51KAVISDX+524%(P22+Pa4)~F{l+J)}/2)
i SICI3+224))/7CK

GO TO 477

CONTINUE

IF{ISYM.Z0Q.1) GO TO 932

IF{JeGTeJdJC) GC TO 931

YC2={RC+B)={J=1)&DY

XXC=DABS({RC*RC-YL27YC2)

XC2=D5QRY (X X(C)

PB3I=YC2%B1&P(]I 4J-12/XC2
CRI={wsSIK*{{1/53)-YCRBRB1/XE2) }/{C13+C24)

IF{CK] «GT +0 999200 vANDLCLL T +1.,001) GO T 35
CK=1.000-CK 1

Gd VO av¥

CRI=CK1/a

CK=1.0D00-ZK1

Aal=C 003

»=1,0D0

CONTINUZ
PlIeJI={nl1$PLlIsJ )Wk (S1I3¥{PBI+PL1I+S24¥(P22+Pa4)—-F (1 s4)/2)
H SUC13+C24) }/CK

GG TO a77

CONT INUE *

IF{JaGT« JTIGE TO 932

SL{IsJISiNIYP{ I+ 3+ wBR{PLI+ESE[(P22+P44)~F{LJ}*DXEDX) )/ uBl2
GO TO 477

CONTINUE

PB3=Y2+B81+P {1, 1) /X2

CRK1I=(w2SIRF{ (1l /S3)~Y2*BL/X2}}/(C13+C24) .
IF(CN1a3T 049590006 ANDLCK] #LTA1.001) GO TO 358

CK=]1 «0D0-CK 1

GC 70 3%

CRISCR I/7W

CK=1 303041

wWi=0.000

wx=laGD0

CONT INUE

Pll+D)=(wlsP{l J)+Ws{SI3e{PRI+PIII+524%(P22+Pa4)=-F(l,4)/2}

1 ZLC13+824))/7CK

GO T3 477

CONTINUZ

IF{J«EQ+1) GO TO 945

IF{1+GE.IC) GO TO 940

PRA=X1#P(I+1,3)/7(B1%Y1)
CRI=(WHS24*({1/54)-X1/431%Y1}))/(CLt3+C24)
ITF(CK]L «GT «2 4939007 v AND oC<1 4. T1,001) GO TOD 40

23
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40

41

<45

Qap

L3+

42

S23

as0

44

951

1

21 AnATEF GATE = T72&3

CK=] +2D0~CK1

GO T3 41

CKI=CL 1/

CK=].9D3-CK!

Wl=w.0D0

w=1.000

CONTINUE

Iy N ={W1xPII ) bW {H13¥(P3TFPLLI+E24%{Pe2+PB4I-F(l+J)72)
SECL3+C24) )7 CK

GC TO a477

CONT INUE

PL{lsJI=N 1P {E, JI+FaBX{ PLI+3I3+2.000%38IP22-F( 1+ S)1F0XE2X])

GO TO 6477

CONT INUE

PlleJI={nl3P (s I +a3F(PLI+PI5+BBFP22~F {1 +1JIFIXFD X))}/ D02

GG TO 477

CONT INUE

IF(I.GE-IC)Y GD TO 950

PE2=X1+P{I+! . J1/(21+Y1)

CRKI={WHS24&{{1/52)-X1/7{B1£Y1)))}/{CL3+C24%]}

IF(CK] «GT oZ 4999005 s ANDeC< 1L T<14001} GO 10 42

CK=]1 «0DO=TK1

G0 TO 43

CKI=CK1/m

CK=1.,020-CK1

w1=0.000

w=1+000

CONTINUE

PlIsJI={WL%P {1 +J )+ {S13%(PII+PLI1I+524%{PaatPE2)-Fll.J)/2)
FLCL3+C24) M/ 0N ’

GO TO 477

CONT INUE

P{1.J)=0.0D00

GO TO 477

CONT INJE

IF{l«53T.81} GO TO 331

PB2=X1%P(1=-1+J4)7131%Y1)

CRI={WHS24% ({1 /52)-X1/7(31#%¥Y1}3)}/7{C13+C 24}

IF{CKL «53T+0.9990J00 + AND.CK1.LT.1.001) GO TQ 44

CK=1.0D00-2K1

60 TO 45

CKI=CK1l/W%

CK=1L .0D0-2K1

WE=0.202

W=140D0

CONT INUE

B I+ NI=(nl1FP{l ) +¥x(S13%{PII+PI1I+524F(Paa+PB2)~F{1,+J4)/2)
{C13+C24) )/CK

Ga TO 477

CONT INUE

IF{ISYMaZGal) GO TO 952

IF{I.GT.IIC) GO TI 952

XCI=RC~{I1-M1)*DX
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1

1

21 AwATES DATE = 77283 21/45/41

YYCI=DABS(RC*RC~XT1%Xx{1)

YC1=DSAAXTLYYCL )

PE2SXCI®2{ I=1+J)/{31%YC1)

CKI=w252a%( (1/52)-XC1/(B1*YC1 })/{CL3+C24)

IF{CK140Te 090600 0=ANDCK1+L.Tola005) GO TO 4o

CK=1 »0D0-CK L

GO T2 a7

CKISCK1/N

CK=] +0D3=-CK1

%wW1=3,000

#w=1.00D0

CONT INUE

PLIsd)=(WI*P(] sJ)+5* (S13F(PL1+P33I+S24*(Pas+PBZ)~F{led }r 2}
FUC13+024)) 78K

GO TO 477

CONTINUE

CKI=W2S24/{ S2:(C13+4C24))

IF(CK] eGT oD aG99ID2 o AND+C<1eaT+1001} GO TO 48

CK={+020-2K1

GO TO 49

CKI=CK1/»

CK=1.0D0-IK1

wi1=0.0D0

w=1.0D0

CUNTINUE

PlIe JIS{al®P{]lsd)+5F(S13F{PI1+PIT)+S24%¥PG4~F {1l + )/ 2}
/{CI3+CR4II/CK

477 CONTINUE

1100
2222

ERS=EPS+DABS(P {1+ )=5AVP}**2
CONTINUZ

CONTINUE

IF{ITER/IP*IP WNEe. ITER) GD 7O 2222
WRITE(6s102) EPS.JTER

DO 900 J=1,M2
WRITELS9E21){P{I+J3s1I=1+43)
WRITE(6,104)

DG 1000 I=1.+M3

WRITE(G21I03) [+{PBX{IaJd)sI=1:2])
ARITE(6H+105)

DO 1130 J=1s.M2

WRITE(G2103) Je{P3Y{1led)sl=1s2)
CONTINUZ

IF{E®S.T.1.2D0) G0 TG 3
WO=0.9Q0L0F WG

WUP=0.9020% w02

GO To 2

IF{ITER +GE« [TMAX)} GO TO 8
IFLEPS +G:.+ EPSMAX) GU TD 15
CONTINUE

WRITE (5+102) EPSJITER
WRITE(G6+14)

DE & I=2.M3

25
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2 oIv ¢ LEVEL 21 AWATEF DATE = 77283 21745/41 PAGE C00b

CALL INTPL{IL}

CALE BCSI{I)
-] CONT INUE

00 7 J=i M2

CALL IRL(J}

CALL BCSJJI.VL)
7 CAONTINUZ

IF{IAR «EQ.1) GO T3 222

WRITE(bs1D6)

DO 9 J=i.M2]
9 WRITE(S2101) JslPl1lsJd)el=1,M3)

IF(ESYM.CGe1) GD TO 333

WRITE(G, 104}

DO 10 I=2.M3
1G wRITE(64+103) I 4{PEBX(IsJ)sJ=1+2)

30 TD 44u
333 wRITE(ns107)

DG 12 [=2.+:M3
12 WRITE(S+108) 1.PBX{(I.2)
%44 KRITE{(S+123)

a0 11 J=1.M21
11 WRITE{(Ss103) J4(P3Y{1leJdlel=1+2}
14 FORMAT{///7 )0t ¥R XraFrdaBdr e i H TR LR E AR R R TFI RS F LR A RTFRET IR RE R EE kS u

1 R rd ek kb R E R R A F R R R R T E IR KRR E R R T T LI R R R AR R R R RTE RS , /7 )
101 FORMATL{//s7TXs*d =+,;]12:/+410({3X,5015.6/1)
1C2 FORMAT{//»10X+%EPs =93D12.4710Xe 'NIDs OF ITERATIONS=",1 4}
103 FORMAT(/+10X+]l 4s5Xe2(5SXs2155)1}
106 FORMAT (/ /2 15X+ "1 ' 2SRy TP3IX1"415Xs *PEX2)
105 FORMAT(//515X,%) " WSXSTPEY 1" 215Xy *POYZEY)
106 FORMATI/ /20Xy *VA_LUZS LF POTEINTIAL VELGCITY P{l.J) FOr INCOMPRESS

I1IBLE F.Intsr}
107 FURMATL{//+20x4%] P 2SXWPRP3X2Y /)
108 FUORMATL/»15Xs]1 452 10X+D15.6)
222 CONTINUE

RETURN

END
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W IV G LEVEL 21 ABDLAH DATE = 77283 21745/41

c

SUBR3JTINE A3D.AH
IMPLICIT REAL*E {(A—H.,0-2Z)
COxmdN s/ONES VI
COMMON /Tad/ ILI+InRs ISYMs IPAPL1CO2 1P 2iCuM
COMMON ZFORM/Z Ml aM2s 1CaJCsILCsJIC,M34N3
CtIMaOby US4/ S1352+53:54sPLaP24P3+P0sJdledUylLlslk
COMMON ZVEES/Uu{SCy30)a ViS5 a30)UBX(204+2)2VEBX{S0el)
1 UBY{2+30)+VBY(Z2+302,UL{50,30)4v0{50:30),UBX1{50,2)
1 s VEXIIS04+2)sUBYLI(2:,30)+VEBY L1(2430) sVVIS0.30) 2ANGLEI{S0+30)
COMMON /CAL/ MZ21:1Cl.+JCIsM1IsN31,1IC2
COPYMIN /3D/ VYVBXL50+2)+VVBY{230)sANGLLI(S50:,2) s ANG.2{ 2,30}

CC CALCULATE THE VELOCITY VECTOR V IN THE SCROLL CROSS SECTION 3Y
CC USING THE Twh COMPONINTS w,VY IN THE Xe¥ ODIRECTIONS

C

82

53

84

13-

a6

87

IF{IWR+EQ.1) GO T2 5

*RITE(6.16)

WRITE(6,149}

WRITE{62153)

CONTINUE

DO 2 I=2,M3

CALL INTPL(I}

DO 2 J=liL,Ju

U2=DABS{UlL,J)}

V2=DABS{V{IsJ})

VVIE » JI=DSORT( L2#U24+V23V2}
IF(U(I14J)aGTo0+0D0.ANDWV{1l2J)LT,0.0D0) GO TO 82
IF{ULI 23J)alT 2«2 00 «ANDWVIL23) «GT«0.300) GG T3 &3
IFIUCl 00} alTa0e0D0ANDaVIE ¢ J) ol To0.0D0) GO TO &4
1F(ULl]¢J) aEQeQ0U0MAND Y134} +GT20.0D0) GO TD &5
IF(ULl +J)aEQe0 00D oAND V(I3 ) sLT 40,000} GO TO 86
IFLULT 4 J)a3Ta0s0D0eANDL V(I +J) aEG.0.0D03 GG Tu 87
IF(U{I3)eaT0s000uANDVI{Isd) sEQ.0.0D0F GO TO &E&
IFCULE 2 J) e EQ.0 000 s AND VLI e J) 2EGL0,000) GO TG B7
ANGLE( 15 J)={DA TAN( V2 /U2) } 57 . 2956000

GO TO 1

ANGLELI +JI=(6.283000~(DATANIVZ/U2)) ) ¥5T+2900D0
GO0 TO 1
ANGLE!I+J1=(3.142300=-{DATANIV2/U2)) ) $57. 29602C
GO TOU 1

ANGLEL 1,01={3. 142000+ {CATAN(V2/U2) } }%57.2960D0
GO TG 1

ANGLE{I+J} =90, ODO

65 TO 1

ANGLE(13J3=270 302

56 T 1

ANGLEL L+J3}=0.0D0

60 70 1 =

ANGLE{I s J)=180,0D0

conTINuE  f

IF{IWREQ.1} GO TD 2

WRITE(64100) I4JsVVIIsd)s ANGLE{IsJ}

CONT INJE

PAGE Loul
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NIV

LEVEL

77

78
10

&3

21 ABOLAH

wRITE(S,200)

DC 4 1=2.,M3

20 3 Jd=1,2

J2=DABS{IBX( I, J})

V2=DABS (VBX (T4 J})

VVEXII » J)=DSQRTIUZRU2+VESVE)

IF{USXL{I+J) oGT a0 +Q00AND oY X{I v )T B-000) 50
IFEUBX (I sJd) sLT 0000 s ANDVEX[I4+J2+GT «0.0D0G) 30
IF{UBX{I aJ) e LT a0e 004 ANDAVEBXII v ) T« 0+0D0) GO
IF{UBSX{T14J) aEJ 40 a0D04AND «VBXII»J}aGTL0.9D0) G
IF{UBXLI sJ) e EQ a0+ e ANDSVEXLI 2 J}alT o 0-0D0) oL
IF(USX{ 1o J1»GT 404020+ ANDVBX(I+J)aZQe0.000) GO
IF(UBX{14J) 200 2D eANDVEX(I+J)eZ240.000) 30
ANGLEL{I 4 JI={DATANIV2/U2))X%57.2960D0

IFCUSAL Ted) oL T a0eQ30 ANL L VBX{l st} .EQ.CG.000) GO
GO TO 12

ANGLICTI 202 =2(5.283000={DATANIVZ/U2I))X5T 295000
GO TO 1§

ANGLI{I 2 F}={3+14223D0-{DATANIV2/U2)) ) *57 2960000
SU TO 106
ANGLI(I+J)=(3.1420D0+{DATAN{V2/U2)} }#574296020
GO 7O 12

ANGLI{1,J)=30C. 000

GO T8 10

ANGLLI{I«J}=270..000

GO T4 10

ANGL1(I+J)=0.000

GO TO 10

ANGL I{T +J2=13804000

CONT INUE

IF{InREQs1) GG TO 3

ARITE(S+ 100} LaJdaWVIR{E L) dANGL 11 J)

CONY INJE

wWRITE{64+300)

DO &4 J=2,M21

DO &4 I=1ls2

J2=DABS(UBY(1+J})

v2=pABSI{Vvar{Is N}

VVBY {1+ J)=D3QIT{UZ*FI2+V2EVER)

IF(UBY({I4J) eGTa0edD0cANDVET{I 9 J)alT «0.0D0) GG
IF{UBYUIsJ) elLT a0 40D0 AN VBY{I 4 J) 5T+ Ce0DO0) GO
IFUBY{I+J} alT wC ad DY wAND AV EBY (I .30+ T 0,003 30
IF{UDBYI1 o J) s EQs0e000 c ANDVEY{I+J1e5TL0.000) GO
IF(UBY{I+J}eZ0:040D0.ANDLVBY(T1+J3elL T4 0.0D0} 30
IF(UBYLI o) «GT a0 200 s ANUSVEBY{1sJ1+EQ+0.0003 S0
IFCUBY({I +2)} »LTa0s0D0ANCAVBY{i+4}ef0e0,0D0) GO
IF{UBY(I+J1 aEQ o0 e0D0ANDVBY{ 14+ J}sZ0Q.0.000} GO
ANGL2(I+J)=[DATAN{V2/UZ2})*5H7.2%60D2J

G0 TO 20

ANGLZ I+ J)= (6253003 —{DATANLY2/U2)) } 57256000
G0 TO 20

ANGL2{ I+ J1={3+142000-(DATANILV2/U2)) ) *57.2950D0
GO Ta 22

8
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TO
TO
TU
T0
TU
TG
TO

TG

TG
T0
TG0
U
T0
TO
TO
TO

Tz
73
T4
75
7o
77
77

78

&z
63
-5
&5
66
a7
68
o7
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21 ABDLAH DAYE = 77283

TANGL2(1.,91= (3142200 +{DATANIVR/U2)) )*57.29400¢C
5G TO 20
ANGLZ{ 1401290, 000
GG 1O 23
ANGL2(] + 2}=270.003
GO TO 20
ANGL2( I »J3=0.3D0
Gg TO 20
NGEL2(I1+J)=180.,000
CONT INUE
IF{lIWRsEQ.1) GO TO 4
WRITE{6, 100} I+dsvVIY(IuJdI+aANGLEZ(ILY)
CONTINUE
TLRMATI141)
FORAT (LOXe iS5y SXe IS+ 5%,E20.545X:F 8041}

FORMAT (7 412X * ASSOLJITE VE_JCITY & ITS DIRe wiTH THE X CJiUe
FORMAT(//»20Xs %1 P aSXet J *WSX.IVV V920X e*THETAY, /)
FORMAT{/ /20X LRS- PR YeBXy VVEBX 20X "THETA® 500
FOQRMAT{//7+20X4*1 *aSAsvJ TeSXs 'VVEY ', 20X. *THETA 'S/}
RETURN

END

2%
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talr)

FAGE 0003



AN Iv G L

EVEL

21 SHASAN DATE = 77283 2 fanse ]
SUSROUTI NE SHABAN

IMPLICIT REAL%8 (A-+H,0=-Z)

COMMON /ONE/ VI

COMMON ATwOrs ILO.lwR,i5vyMplPAP,ICO0D, LR, 1COM

COMYMON /50URZ RL4RF 4 IFREVL

COMMON /DIMS/ FefiCeMs B2DXe OV Bl 80

CUMMUR /TOURMN/ ML yM2,1C+dC 11 C s JdCa M3 s N3

COMMON /YMSH/ S1,82+539S4sP 1P 2:,P3»24 s JLaJUelLa1lfk

CCMMON /PAL/ P{52+3C)sPEY(2+30)+PEX{DU0+2)+sPP{S0s30)+23Y1{2,30})
1 PBXI1{S0+s2)+FI30+30)

COMMON /VEES/ULISO+d0) +VISOs30)sUBXIS0+2) o VEX{ST2) »
1 UBY(24+30),VBY(2+430),UI(350:30),V0{S0,30),uBX1 (50,2}

1 »VBXI{S0:2) yUBYL{2 30} ,VBY1{2+33)2V¥VISUsIU) s ANGLE(SC» 30}
COMMON F/CALY/ M21 ¢ IC13JC1 oML 1eN3ILIZ2

COMMON /SH/ RG sGAMASTUIWY WVE

COMMON /37 RUA[S0»30}ROBX{S0:+2)ROBYIL2,30)

COMMON AGD/ VYVEX{(S0.2)VVBY{Z2232)sANGLI{BO0-2)sANGL2(2.30)

CC CALCULATE 2JISsSONS SDURCE DIS. Fill.Jd)

c

400

555

55856

666

31336

401

777

BC 400 I=1.HM3
IF{IFG.S0.1) GG TO 101
DO 4G J=]l M2

F(Ls J}=0as0DD
IFLISYMLEQeL) ITC=MI
IF{ISY MeEGal +ANDJIPAPLEQel) GO TO 777
AA=0.0D0

DC S585 I=2,1C1

CALL INTPL{I)

AAFAAT{ JU-JLI*DYEDX

DD 5556 I=IC2:M11

CALL INTPL(1)
AAZAAF [ JU-JLI®DY*D X

DO 666 I=M1,M3

CALL INTPLCIL)

AA=AA+ (JU=-JLI*EDYHIX
AL={M3-11CI+(NI-2)*DX*DY
IFLISYMeEQel1) Al={M3—-11C)+(N3-1)*DX2DY
RH=3/[AA-ALl)}
IF({IFREVD.EG«1) G TO 3336
GO TO 1

CONTINUE

Al 1=RLl+H+R

DG 401 1=2,M1
R22=R1+H+{ML-1)%DX

CALL INTP_(I)}

DO 401 J=dL.JU
FllsJI=R11%RH/RES

G0 TO 3337

CONTINUZ

DG 11 I=2+M!1

CALL INTPL{I)

20 12 J=dl.JJ

30

PAac QGO1
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12
11
32337

18]

1

17

Ga4

8446

21 SHASAN DATE

X={1-1C)*DX
Y={J=3C)#2Y |
FlIvJ)=3.05090D0#3%F{ 14000 X¥X+TYRYI/S{KRIR])
CONTINUE

COMNT INUT

IF{ICDD.EQ.0) GD TT 7
IF(ICOD.ZQe0) GO TO 17
CALL HOSNY

DO 2 I=2.M3

CALL INT2LLI)

D0 2 J=JLs.JU
PLLlsJI=ROA(I+J)}

W 3 1=24M3

PBHXI T+ 1)=ROBX(1I, 1)
PBX(1+2}=ROBX{1I+2}

20 & J=14M21
PBRBY{(1,J)=R3IBY(1,J)
PaY(2.+J)=ROBY{2., 0}
1L0=1

CALL HVYE-
IF{IPAP,TG+1} R4=0.0D0
IF(IFREVO.EC.1) Rei=0.000
IF(ISYMWEQal} IIC=M1~]
DC 5 I=2+M3
IF({I.GTIIC) RH=0.,0D0
CALL INT2_{I)

20 S J=JLsJU

FlIsJISFllaJIR{RUBY{2+2}/ROALLsJII+RHFLIROBY (242} /RCA( L2 J) )~
(UL e S} FJLTe I HVOL IRV {1aJ) I R0A(1+J])

G0 TQ 7

DG & I=2:M3
IF(I«3T«IIC}) RH=0.00D0
CALL INT2L{l}
Ba 8 J=JLeJU
F{I+Jr=RH4
AE=0.0D0

DO 444 =2, IC1L
CALL INTPLLI)
J1=JL

42=0U~1

DO 446 JI=J1,J2

AESAEF({TUL s QY +F {1413 0)+F Ll o J¥ L) 4F (41 o +1) )74 JADXRDY

D0 4446 I=IC2.M11
CALL INTPL(I)
J1=JdbL

JasJu-1

DO 4446 J=J1l.42

AESAEH{ (Tl o JI4F (L1 +F (I J#LI+FLI-1 2 J+1 ) ) /4 )HDXEDY

DD 333 I=vl+M3
CALL INTPLALI}
Ji=J0

J2=Ju~-1

DO 333 J=Jd1sJ2

31

TTZba

2 /42/47)

PALe 000&
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353

29

30
1061

9
14
10¢

260
300

21 SHABAN DATE = 772&3 2lra5/41

AEZATF{L{F Ll s JI+F{I=T v JI+F{I 431} +E{I=EsJ+12)74)%DEXOY
ANSIG-NIISDY IS VIXROESY(242)

90 29 J=1leN31

ANZAN+VYI®DYSROBY (212)

IF(IBYMaZle 1aANDLIPAPWEGL.L) AA=143571430D0*R*K

DO 30 1I=2,M3

CALE INT2LEI}

30 30 J=dl.Ju

F{lsJ)=F{I,3)=(AE~AND AL

CONTINUE

IF{IWR+EJ41) GG TU 300

“RITE{5+2C00 )

20 9 1=2.M3

WRITE(S.100) I +(F{lsJd}sd=l,m21)

WRITE(b114)

TORMATL/ /7 « " TR LSk SERELRRE R AT TR REET R R R AT FFFFEF FRERAXE X XETRERE R SLE
JRE Ly I L Ty eI LT I TN DS
FORMATL/ /4T Xs']1l =%+ 110:/¢4(8F10.51)
TORMATL{/+110X+*POISSONS SOURCE DiSe AT EACH GRID PGINT /7))
CONT INUE

RETURN .

END

32.
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NIV

o

LEVEL

c

1

1

21

HUSKY DATE = 77263

SUBROJTINE HISNY
IMPLICIT RocAL¥S (A-~H,0-2)}

SUMMON
COMMON
COMMON
COMMUN
CCMMON
COMMON

ZTwO/ ILO2 IR ISYMeIPAPSICOD 1P ICOM

/FOUR/ RIZXFe IFREVD

FOIMS/ RaRCeH,B5+DXs0Y2 81,88

SEBANS Ml e M2 1C s JE 3l ICeJJCM3 4 N3

FMSH/ S1+5255305492P 132 2+P39P 4 JLedUsIuslR
IVEES/U(S0,,30) sVIiS0:30}3,UBRIS50,2).vVBX{50+,2),

USY(2430)+VIY{2:30),U1(50,30)sV0{50,30)»UBAL (50+2)

sVBX1(33+2) eJBYI{2.3C)sVBY1(2:30) +VVI{5C+30)ANGLE(S0C,30)

C CMMON
COMMEON
canMan
COMMON

CC CALCULATE

-

&3

ZCALY M214101 +JC M1 14N3L4IC2

FSH/ RG+GAMATO+wV e VE

/R0 ROA{S2s3C).+ROBX{50.2)+R3BY(2,30)

G/ VVEXI(S0:2) +VVBYI(Z2s303sANGLIISO»2) s ANGLELZ 30}

DENSITY ROA{I.J) AT EACH GRIv POIN

CP=RG*GAMA/({GAMA—]1 0D 0}
POVER=1.200/(5AMA—-1.0D0)
DK=VE¥VZ /{2.000¢CP*T0)
IF{IPAP +EQ.1} G T3 4
DG I I=2.M3

CALL INT2LII)

DG 1 J=

Jardu

VEL=VV L o ) EVVIIsd )+ WVERY

T= 1. 000=-2K* VEL
IF{TLLED«R0CJ1002) GO TO 80
RIALI + J)=TEEPOWER

CONT INUZ

GO 79 8

CONTINUE
DO S I=2,M3
CALL INTPL(I)

D0 5 J=

HheJdU

X={[-]C)*IX

Y={J~JC) ¥DY
WY=5.09030%B%( 1a ODO0/RFIF {1 4 0DO—~{ X¥X+Y*Y )/ (R¥R) )
VEL=YVL L+ d)®VYV L1 I+ WVFRY

T=1.0B0~DK*VEL

IF(T«LE.Q.0Q00010D0) GO TO 80

ROA{I+J I=T*2POVER

CONTINUE

pe 2 1=

2+M3

03O 2 J=1,2
VEL=VVBX (T + JIEWEX{144d)
T=1+ QD O~DK¥ VEL

IF({T . E«0.00001000) GO TO 80
ROBX {1 + JI=THEPONER

D0 3 J=2,M21

Do 3 I=

1s2

VEL=VVBY({I s 2)=vwBY(I.J}
T=1.000-DK*VEL
IF{T LE.0.00C01200) GO T3 BO

-7 33

21745741
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3 ROBY {1+ 2)=2T*XPOWER
GO TO 90
a0  CONTINUE
WRITE{D+32) I+JsTsVEL.DK
&2 FORMAT(SA2110,3FL12.7)
VE=.9000%VvE
WRITE(G+34} VE
E4 FTUORMAT{20X ' WES* 3Fl2474+/7)
GO TOoO 83
20 RETURN
END

ORIGINAL PAGE 18
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w1V G LEVEL 21 INTRPL DATE = 77283 21745741

SUBROUTINE INTPL(1}
c
CC SUBRGOUT INSE INTPL{ 1) FGHR DETZRMINING BOUNDARY POINTS FOR A GlVEN
CC COLUMN I+(Is2L(1}) 153 THE LI&«ER MOST INTERIOR PIINT AND
C2 {I+J3U{1)) IS THE UWPPEZIR MUST INKTERIOR POINT

[
IMPLICIT REAL*Z (A—h,0-Z)
COMMON ZTH0/ ILOEiwRKISYM,IPAPICODs IP»1CGH
CGMMON /DIMS/ R.RT+4+BsDXsDYa31,.88
COMMON /ZFORM/ MLaM241CeSCs IIC JUCaMI NI
COMMON /FS4/ 51452383354 sPLsP2+4P34PbsJdlsdUsllr Ik
c

IF(I +GT. IC) GO 7O 10
X={I~13%IX-R
YYZ2=DABS{R*R=X*X )
YY=DSarRT{YY2)
IF(ISYM«E2.1) GO TO 9
Y1=R=~YY
Y2=R+YY
JL={YI/2Y+0.01000001+2
SUZ(Y2/0Y =0 .0100000)+1
G4 TO 40

S JL=1
JUSLYY/DY =D 01C00)+1
GG TO 49

10 CONTINUE
IF{l1.EQeMi) GO TU 15
IF(IGT41) GO TO 20
X=(I~1)*%DX=-R
YY2=DABS{R*R=X*X)
YY=DSGRTIL{YY2)
IF(ISYMeEQel)} GO TO 18
JL=2
Y2=R+YY
JU={Y2/DY=-001020D0) +1
&6 TO &0

18 JL=)
JU=(YY/DY=0a010D00}+1
IF(YYLTeB) JU=N3
GO TO 40

20 CONTINUE
IF{ISYHM.EQ+1} GO TO 30
JL=2
1F{l1.GTLIIC} GO T3 30
X=RC={ I~M1 ) DX
YY2s0ABS{ITHRC—X*X)
YY=0SQRT{YY2)
Yi={RL4+BY-YY
JU={¥YL/DY-0.0100020)+1
GO TO 492

1% CONTINUZ
IF{ISYM.Z0Q.1) GO TO 30
JL=2

12
11
12
1a

13
17

1%

20

21

24

27

29

31


http:IF(I.GT.M1
http:IF(I.EQ.NI
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JUsJJIC 31M
GG TO 40 32
30 CONTINUZ 33
JL=2 e

IF{ISYMeZ0R. 1} JL=1

JU=s(B/0Y~0.0010000)+1
40  CONTINUE

RETURN

END

ORIGINAL PAGE IS
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IV G LEVEL 21 MESH DATE = 77283. 21745741

SUBROUTINE MEsSH{l.Jd}
IMPLICIT IEAL*8 {A~r,0-Z)
COMMON /THU/ ILOsIWRe ISYMs IPAP, ICODs 1P ICUM
COMMON /DIMSY RyRU+HBsDX.DYs»B1,.63
CUMMON /FOIM/ ML oM2s1lCedCeliCoJIC M3+ N3
COMMON /MSHYS 519524539543 213P2eP3e2 4L JUuslils IR
COMMGN /PHI/ PIS0+30)PBY(2430)PBX{S0+2)+sPPI5043u)PBY1L2,30)>
3 PEXI1(S0»23» F{S0+30)
c
CZ DETERMINE TAHAZ STAMIARD FIVE POINTS LARPLACE DIFF. OPERATJUR AND
CC TrPEIR POSITIONS S1eS2e53+54 2eeTs POINT Ol X»Y)
c
IF{JaEQudlaANDJLEQa JU) GO TO 101
IF{J«EQesJL} GO TO 50
IF({J.SQ.JJ3) GO TO 53
52=1.000
Pe=PilsJ+1])
36=1.000
Pa=p{isJ-1)
GO TO 70
SC CONTINUZE
IF{ISYH.Z0.1) GO TO 51
IF{l«GT-IC) &I TO 51
S52=1.0D0
P2=P{lyJ+13
A=R-{I=13%DX
YY2=DABS{RER=X%L)
YY=DSQRT(YY2)
Yi=YY={JC~J)*DY
S4=Y1/DY
IF{54:GTa10003 548=1,000
P4=Pax(l+1)
G0 TG 70
S1 CONT INUZ
52=1..700
P2=P(] ¢ J+1)
S4=1 .0D0
Pa=PBX{1,1)
&L TO 70
60 CONT INUE
IF{I+EQ.M1) GO TO 52
IF{l «GT4M1l) GD TO 65
X=(I1C~-13%DX
YY2=DABS(R®*R-X*X}
YY=DSQRT{YY2)
YI=sYY=(J=JdC)}*DY
52=Y1/70VY
IF{YYLTeB) S2=(B-{J-1i%DYIADY
IF{52+GT«140D93 S2=1.0D0
pz=rRxll.2)
S54=1 .0DO
Pa=P{Il+Jd~1}
s2 YO 7O

37

cet
Oz

[+ 302
0o
cor
qub
co9

0011
Céle

0019

oozl

uo23
0G24
G0esS
0037
0u3b

CC3C
0031

0034
oL3s

BAGS 00U1
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62

o4

101

70

80

21 MESH

CONTINUS

IF{ISYM.EQ.1) GO TU &4
$2=1.3D2

P2=P3X{[+2)

S4=1,000

PasP{Tvd=~1)

30 TG 70

CONT INUS

IF{ISYM.EQs1) GU TO o4
IF({I.GT.IIC) GE TL 64
XC=RC-{ I-M1)%DX
YY2=DABS {RCERC—XCkXC )
YY=DSORTIYY2)

Y CSE+RC~YY—{J=133DY
S2=YC/DY
IF(524G7.1.0D0) S2=1.0D0
Pe=PBX{Is2)

S4=1.0D0

Pa=p{IsJ~1)

GO TO 70

CONTINUE

Y2=8-(J-1)¥DY

S2=Y2/DY
IF{S2+GT+1+0D0) 22=1.000
22=28x%11,2)

$4=1.7D0

P&=P(L,J-1}

GU TO 7¢

CONT INUE

Y=6={J=1)%DY

S2=Y/0Y
IF(82GT«1.002) 52=]1.0D0C
P2=PBX{(1+2}

S4=1.0D¢

P4=P8X{1.1}

CONTINUE

IF{1.£Q.1-) SO To 80
IF{l1.EG.IR} GO TO 90
51=1.0D0

Pi=P(I-1s41 .
$3=1.002

P3=P(l+144d])

GO TO 100

CCNT INUE

Y=(JC~2)%DY

XX2=DABS({ IF*R~Y =Y}
XX=DSQRTIXX2)
X1=XX—{IC-I)}*DX
S1=X1/DX
IF(S1.GT.1.0D3) Si=1.,000
P1=P3Y{1:J})

53=1.0D0

P3=P(I+1+J)

BATE = 77283

18
Cﬂfﬁgﬂgfﬂ;‘PPd}Eqﬁz
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AN IV & LEVEL

S0

91

92

100

21 YESH

GC TO 100

CONTINUE

1F{J«GTeN3) G2 TO 91
S5i=} .000

P1=3{1=1,J)}
XX=H-{M3=v1)%Dx
S3=XX/0Dx
IF(S3.6T.1.0D0) S$3=1.0DU
P3=PBY (2.4}

GO T3 100

CONT INUZ
IF(15YM.ZQ41) GD TO 93
LF{JeGTaddC) GLC TO g2
Si=1.000

PI=P(I=-1.+0)
YC=B+RC~(J~1)*DY
XXC=DABS{RZHRC~YCHFYC)
XC=DSART (XXC?
X1=RC=-XC~(1~M1)=0X
S3=X1/0X
IF{S3.6T21.902) S3=1.6D0
P3=PBY(25sJ)

GO To ro00

CONT INUE

IF{J.GYsJI)} GO TG 93
S51=].2D%

P1=P{I-14+J)

$3=1.0D0

P3=PBY (2,4)

o0 YO 100

CUNT INUZ

S1=1.0D0

PI1=P{1-1sJ)
Y={J=JC}3DY
XX2=DABS{R2R-Y*Y)
RX=DSARTIXX2)
X1=XX=-(I~IC)*DX
S3=X1/70X
IF{534GT«1.000) 83=1.0D0
P3=PBY(2,43)

CONTINUE

RETURN

END

2I/S4374%1

0090
00101
0C10x

Co104
010
uUdlos

00107
wolo8
006109

Uulle

gGl1z
00113

Goil6
nQ117

oLl18
0Cii®
o120
0021

0oiz3

o012S
w0126
00127

uG129
€c130

00135
0o13e
00135
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SUBRIUTINE IRLIJ)
IMPLICIT REAL*S (A=H,0-2Z)
COMMON /Tw0/ ILO+IWR,ISYHsIPAPSICDBDIPsICOM
COMNMON /DIMSY ReRCri+BsDXA+DY 51453
COMMON JEORM/ ML aM24ECoeJCaliC,JICs M3 N3
CUMMON AMSH/ S1:52+534543P 1L +P21P3sP4% s JUs
C
CC SWUBRCUTINE IRL(J) FOr DETERMINING SO0UNDARY P
CC ROW JalJslIotJd)) IS THASZ FIRST INTERIOR PGINT &4
CC INTERIOR POINT
€ .
IF{JeST«N3) GO TO 1000
Y=(J4C-J)=DY
AX2=DABS{R¥R-Y=Y)
AX=DIIRTL{ XX 2)
Xi=R=XX
IL=({ X1 /0X+0+01000002+2
IR=M3
GO TO 4C00
1000 CONTINUE
IF{ISYM.EG«1l) GO TO 3000
IF{(J4GT+JJC) GO TGO z2o0¢C
Y=R=-{J~1)%DY
XX2=DAJISI{RIFR-Y Y}
XX=DSOQRT(xX3)
X1=R=XX
IL=(X1/0X+0.0100000)+2
Y C=8+RC~{ J—1}%Dy
XXC=DABS{RC*RC~YC*YC)
XC=DSART(XXC)
X1 =RC~=XC
IP={ X1/D0X~0+910G0I0)+M1
G0 TO 4000
2000 CONTINUE
IF{J.GT.JCZ)Y GO TU 3000
Y=(J=13}%DY—-R
XX2=DABS{R*R-YXY)
XX=D3ART{(XX2Z)
X1=R—XX
It=( X1/0X+001000D0O}+2
IR=M1-1
G0 7O 4393
3000 CONTINLE
Y={J=JC]*DY
XX2=DABS(R®R—Y#Y}
XX=DSART{ XX2}
X1=R=XX
IL={X1/70X+7.01000D01})+2
N IR={ XA/2X—30. 01 QGO0 0) +1IC
4000 CONTINUE
RETURN
END
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SUBROUTINE ECSIC(I}
IMPLICIT REALFE (A-r,0-Z)
COMMON /THO/ ILD s InRy ISTH, IPAP,ICOD+ IR L COM
CUOMMON /DIMS/ RsRCsHeB4DXeDY,81.B8
COMWON /FO0AMS FLaM2.1CsJ 01101 d3CsM3I o N3
CEMMON /MS5H/ S 1152353204 ¢213P24P3sP4sJledUslibslk
CCOMMON /PHLY/ PISUe30)sPEYI2.30):PEBRX(B0423+PPI50+30)},P8Y2(2,301,
1 P3X1{50,2)s F{S0530)
COMMON FINPC/ PL+PUSPT+PR

-

CC CALCULATE PITENTIAL SUNCTION ALING THE 5. FOR EACH 1 (P3X1,P8X2)

C
IF{l «GEa. IC) GO TOQ 180 1
SJ=Jdb 2
Catt IR.(J)
CALLL MESH(Is+J} 3
X=(IC-1)%DX 4

YY=DABS (R*R—X*X)
¥Y=DSORT{YY)
IF(ISYM.EQ.1Y GG TO 10¢
S5=54%DYEX+DX*Y 7
PL={1+S54)%P {14+ 1, J}~54%P{[+1sJ+1)
PEX{ e LY=( SEXDYEXFP_+DXEY¥PI{1,4J)} 3 /55
GO TO 101

100 PSX(Ll,1)=P{ls+J}
PL=PBX(I.11}

i1 J=Ju
CALL IRLTJ)
CALL HMESH{1sJ}

S5=52+DYRX+DXEY it
PU={ 1+S21%P({ I+ 15 J)-S2*¥P(I+1lsd-1]) 1z
PEX{L+21=(DX*Y ¥ (L, J)+DYFS2EXFPUI/SS 13
GG TO 900 14
180 CONTINUE 15
IF{I «GT. ICJ) &3 ¥2 190 io
S 17
PBRLIS1I=2(IsJ) isb
PL=pBX{is1)
J=JU 1%
PIX{1:2)=2{L+J)} 2¢
PU=sPEX (1,27
co o 900 21
190 CONTINUE 22
IF(E «GEs M1) G3 TO 210 23
J=Jl 24
PEXII+13=2(1.4) 25
PL=PBX(Isl)
J=JuU 20

IF{E+LEN3} GO TO 216

CALL IRL{J)

CALL MESH{I.J) 27
X=(F=~IC %X 28
YY=DABS (R¥R~X¥X)

41
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Y=DSQART(YY)

SESDYFS2EX+DXFY 31
PU={1+S2)*P{I~1yJ)~52%P({1l=~1sJ-12} a2
PEBXT{I +2)={DX¥Y *P (14 JI+S2¥DY*X+PU}/ 05 33
5C TO 900 34

2lo PEX{(1+2)=2(1+J)
PUsSPBX(I.2)

S0 TO 900
210 CONTINUE 35
IF(ISYMJ.EQs1) GO TO 214 ’
IF(l «GT.M1) GO TO 212 3o
J=Je 37
PEXII«1)=P{lsJ) 3u
PL=PBX{I4+1)
J=Jd <1
PBA(Ls2)}=PlI~1,44+1) L
PU=PBX{I .2)
GO TQ 9230 &1
212 CONTLINUE a2
IF{I «GT.IIZ) GO TO 214 43
Sz JL 4.4
PBX(Is1)=P(1sJ} % -]
PL=PBX{I+1)
J=au 40
CArL IRLLJ) .
CALL MESH{I s.J) &7
X=RC~(I-4l)*DX 4

YY=0ABS { RCERC~X¥X)
Y=DSARTL YY)

SS=DY*S2+X+DX*Y o1
PUS(1+352)*%P{I~1+ J)=52%P(I~-1+J~1) . S2
PRALI»2)={ Y52 X% PUFDXeY+P( 144} } /55 53
GO0 TO 992 54
2i4 CONTINUE
J=dr
PBX{Is+13=>01+4) 1)
PL=PBX(1s1}
J=3U 57
PEX{I»2)=3{I.4} 85
PU=PBX{1.2}
S00 CONTINUE 5%
RETURN
END
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SUBROJTINS BCSJ{J.V1)
IMPLICIT REAL¥E (A~Hl.0-£)

COMMON /TaQ/ ILI+IwR e ISYMs I2APICOD+IP+ICOM

COMMON 731mM5/ FReriCaH, B.DX+0Y+B1,.83
COMMEN /TLURIM/ Ml oM24 ICsJCsF1C,JUCeM3 4 N3

CCOMMON /ZMSHY 5195255395447 1sP2sP3e24JleJdUsiLs IR

21745741

COMMON ZPHIZ P(S5045302)+PBY(2+30)PBRIS0+2)sPP{50+30)+23Y1(2:+30),

1 PBXI{50+2}sFI{50,30)
COMMON ZINPO/ PLsPUSPT.PR

CC CALCULATE POTENTIAL FUNCTIUN ALING THE Be. FOR EACH J (PAY1.PBYZ2)

C

120

200

1F{J «GEs« JC) GO TGO 200
=1L

CALL INTPL{I)

CALL MES-(I +J)
Y={JC~Jd ) %IY

XX=DAB5 (R¥R~-Y %Y}
=DSART{ XX)
SS=DYEX4IX3SE*xY
PT={1451)*P(1s J+1)=51%P{I+1ed+1)
PBY( 1, J)=(DYEX#P (] 2 J)+DXF¥FSI¥Y*PT) /55
I=IR

CALL INTPL(I)

CALL MESA(1 ,J}

IF{e «GTe N3} GI TI 110
PSY(24+J)=PLI,,J)+DXF53%V1
PR=P3Y(Z2+J)

GO TO 900

CGNY I NUE

IF{J =67« JJC) S0 TO 120
Y=B+RC—{J-1)=DY
XX=DABS{RC¥*RC-T=Y)
X=DSQRTI{ XX)
S5=DX*S3¥r+DYFEX
PRE(1+53)%P([+J=1)}-53*P(I~14J—-1}
PBY{ 24 J)={OYRX*P (] 4 J}+DXES3*YRPR) /55
GG TO 922

CONTINUS

PBY(2423)=3(1s4)
PR=PAY {2+ 4]

GO 70 900

CONFINUS

IFlJ «GTe JC) GO TO 210
I=1L

PBY{1sJ)=3{[s4)
PT=PBY{1+J}

I=IR

CALL INT2L{I}

CALL MESHII +J}
IF{ISYMeZAal) GO TO 101
PEY{2+J42=R(1+d)

G0 TO 122

INAL PAGE IS
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PBY 2+3)=P{l+J)FDX353FV]

Pr=PdY{ 2.1}

GO TG 900

CONT INUE

I=IL

CALL INTS_ (1)

CALL MESHII s+ J)

Y={J-JC} DY

XX=DABS (R¥R—Y %Y}

X=DSORT{ XX}

5S=DX*S1+Y+DY4X
PT={1431)%P{led—1)=51%P(I+1sJ~1])
POY{ 1+ JI=(OXFS1HYEPTH+DY*XEP (L4 J) ) /55
I=IR

CALL INTPL{I)

CALL MESA{1 ,J)

IF(ISYM.EQ.O) GO TO 260
IF(Je3T«3) G2 TO 2560
PR3Y({2+232=2(1 +J)+DX¥53T*V1
PR=PEY{2,J)

GG TO 990

Y=1J—JC) kDY

AX=DASBS (RER-T*Y)

XK=DSORT{ XX)

SS=DXFESILYHOYEX
PP=(1+453)%P(1+J=13}-53%P[I-1eJ=1]}
PEY(2:JI={DYEX*P (]l S} +DXx*533Y*PH)/S5S
CONT INUE

RETURN

END
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SUSROUTINE AVVEL
IMPLICIT REAL*8 (A~H»0-Z)

COMMON
COMMON
COMMON
CGHMON
< GMMON
COMMHON

CLMMON

FONE/ V1

ZThD/ TLUSIWR,,ISYMyIPAP,ICOD,IP, 1C0M
SIS/ ReRT,,1:8.,0XsDY+B81+08

ZFORM/ PileM23 ICsJCeIICeJSCeMIINSG
SMSAS S51452353+54ePl+P2+P3ePi s dL s JJUs

21-/45/%1

iLs IR

/PHIZ 2{50+30)+PBY{ 2230} »PEBX(S0+2) +PP(50a30).P3Y1(2:,30)»

PBX1(52+.21sF(53430)
COMMON /VEES/U(S0+30) +V(50s30)UBX{50221sVBXRI{50+2)»
UBY(2:30)sVBY{2+30),UL{50:+430)sV0{50s3C)»UBXL{S5C+Z)

fVBX1{50¢2) +UBY1{24+30)sVBY1(2:+30}+VVI(S0,30)+ANGLE(S0,30)

ZINPO/ PLPUSPT+PR

CC CALCULATE VELOCITY COMPONENTS Js¥ 1IN THE XEY

C

z25

2¢
10

066
3¢

IF{INR+EC.17 GO T3 25
WRITE(6+s1%)

WRITE(S. 4001
KRITEL{6,107)

COGNT INUE

20 10 I=2+M3

CALL INTP_(1}

DO 20 J=JL»JU

CALL IRL{J)

CALL MESH{IsJt)
C13=31/7153%(33+51))
CII=S3/7(51%*{53451))
Cl={351-533/7(S1*53}
C24=382/(54% {52454} )
C42=S54/7052%(52+54) )
C2=(54-52)1/71{52%54}

U{Is J)={P3*%CI13-PL¥C31-P{Ll.J)=C1}/DX
IF{J+EQ.1) Pa=P2

Vi JI={22%5CH2-P4¥L24~P(lsJ }¥C2) /DY
IF{ILOsEQel) GLC TS 20
U1{1leJd)=dl{lasd)

VOIL ,2)=vI{IWgi
IF{LIWR«EGs1) GO TG 20
WRITE(S5,211) TedsdlilsJ)svileJd}
CONT INJE

CONTINUE

IEF{IWNR+EG1) &0 TD 30
IFLI3YM.EQuel)} GO TGO 666
WRITE(6,108)

G0 TO 30

WRITE{G6.,109)
IF{ISYMeZ0Qs1} [IC=M1

DO 50 I=2:43

CALL INTPLII}
IF{1.EQ.43) GO TOL 100

J=Jo

caLL IRL{J)

45

DIRe (USDD/7DX +V=DPAOY)

D

&

fu

ouv1
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CALL MESH(I . J)

CALL 3C€si1[1)

IF{L«GELIC) Po=23x{i+1.1)

UBA{TI.11=(PL-PBX(],1)]1/DX

VBX{I+13=(P( L+ J}—P3X{1,1}}/{54%DY)

=AU

CALL IRL(J)

CALL MESH(Is.J)

CALL BCS1(1)

IF(L+GELILIC) PU=P3IX{I+1,.,2)

JBX{ 12 2)={PU-PBX(I-2)) /DX

IF{I«BT&IC) UBX{LI+2)=-UBX(1:s2}

IF{leGELILIC) UBX(1,2)=~UBX({L,2)

VBX{I1»2)={REBX{ 1,2)-2{1,J)}/({52%DY)

GL TO 200

CONTINUE

J=0L

UBX(141)={PBX({1,1)=PEBX(I-141))/Dx

VEX(I.13=(P{1,J)-PBX(1+1))/DY

NEWN

CALL IRL(J)

CALL MESH(I+J)

CALL BCSIC])

USX({I#2)=(PBX{I1+2)-PBX(I-1,2))/DX

VEX{1+2)=(PBX{1s2)~PLI, )} /(S2+DY)

CONT INJE

IF{ILD.EC.1) GO 10 50

USXIC(L.1}=UBXt1e1)

VBX1(1.1)=vBX{1I,1)

UBXI(T.2)=UBX(I,2)

VEXIC(I+2)=VBX{1,2)

IF{1wR«E3+1) GO T3 S50

IF(ESYMJEDQ.1) GO TGO 103

WRITE(6:310) UBX{1a1)aVEX{1sL) 4UBXII2),vBXI1,2}

GD TO 30

WRITE{6+210) UBA(I +2) 4VEX{142}

CONT INUE

M21=M2—1

IF(I#R.ZQ.1) GO TO 15

WRITEL6:777)

CONTINUE

D0 o0 J=2,M21

CALL IR_(J)

i=1L

CALL INTPL{I)

CALL MESH(I.J}

CALL BCSJ{Jav1)

UBY{ 1sJ)}=(P(L+J]—-PBY(1+J))}/7(31%DX)

VBY{1sJISLOT=PEY(1.J) ) 0Y

IF{JGEJL) VBY{1,J)==VBY(1,J]}

I=Ix

CALe INTPLIGLY N

CALE MESd{lsJ) '
RN L Yin f

[1=9
Lt

21745741
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CALL 8CSJ{JsV1)

IF{J.5T.N3) GO TO 130
UBY(2+4)=({PBY{2,J)-P{153))/7(53%DX)
V3Y{2.J)=0.000

&0 TO 2000

CONT INUE

IF(ISYM.EQ.1} GO TO 240

IF{JaGT«JJIC) GO TO 190
UBYILZ2+J)=(2BY( 2+ J)=P(1+J)3/7{53%2X)
VBY(2:J41={PBY{2,J)-PR)/DY

GC T 2000

CONT INUYE

IF{J«3E+JC) GO TU 220

UBYL 2, J3={28Y{ 24 J)=P{1.,J)3} 7DX

VBY {2+ J)=(PBY{ 2. J+13—=PEY(2+4J) } /DY

GLC TO 2000

CONT INUE

IF{J «GT. JC) GO TO 240

UBY( 24 J)={PBY(2,J)~P(1,J)}/DX
VEY(2:2)={PBY{ 2 J)-PBY{(24sJ4=~1))/0Y

GG TOD 2000

CONTINUZE

UBY(Z2+J1=(28Y(24J)=-P{I4J)}/(S53%DX}
VBY{2:3)={PBY{243)~PR}/DY

CONT INUE

IF(ILI-EGW1) GO TI GO

UBYELl «J)=0BY{ 5. .00

VBY1{1.43=v8Y( 1, J)

UBYL(2+JISUBYI 2y 4}

VEYLIZ2+2)=VEY(2,J)

IF{IWREQL1) GO TO &0

WRITE{6+313) JBY{1sJ)}sVBYL{1sJ)sUBY{2:+3).:VBY{24J)
CONTINUE

FORMATI1A1)

FORMAT (/7 +10Xe "1 1,5%s %4 25X 'V "L20 XYV *)
FORMAT(//+10Xs%UBX1 *+15X."VBX1 FLlSXe0UBK2 * 215K *Voix2 )}
FOPMAT{ 10X+ ISs SXeI 55 10XeD156210X4215.6)
FORMAT{// 310X+ 2(5%:D15.653)
FORMAT(/ /2100 A(5X201546)}

FORMAT{10Xs *VELDCITY COMPa USV IN THE XL Y DIRa? 4//)
FORMAT(// 10X, *0BY1 '115Xp'V%Y1 915X 'UBY2 *s 15X, *VEY2)
FORMATI{ /721 5X«"UBX2 "2lSXstVBX2 t,/)

RETURN

END
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SUBROUTINE PLTISOCJHMAXG,ISYMIL»l1URPIDW 51 ZE+VISOBRsVAR » X 1)
IMPLICIT IT[|ALES (A«H,.0=7)

COMYMON /ZMSHS S1452+53254:P13P29P3924 4 lJUslIL, 1R
DLIMINSICN VAR(32,21)2A(32-,21),¥{(32,21)

IC=ISYMaL

ICA=IUPCDx

JMAXCI=JdMAaxG—]

NNN=1

CONT INJE

JC 1128 J4=1.JKAXOL

CALL IRL(J)

DO 1130 INV=ILSIR

116=1

IsIR+I.~INV

IFCIVARIT +J) oG TVISOBRY eAND A {VARII +J+1)GTVISOGBR)} L0 TL 1117
IF(LVARC L s J dal TuVISAER) +AND L IVARIL s J31) LT WAVISLBR)) GO Tu £117
Tigr1l

DS= X{IsJ+1)~ X(I,4d)

DSS=DS*{ VISOSR=VAR(I s+ J))A{VAR{ I s J#L)~VAR{I+Jd))}

Y'Y B= { YOIsdd+ YilaJd+1)i/2.

ON= Y{l,Jd#1)— Y{i,J)

LDNN=ON*{ VISO8R-VAR{1 +J}}/LVAR{I s JJ¥L)—~VARII+J4))

XX8= { X(Is+J)+D55S)

YYB= { YLI +J41)—{DN-DNN))

WRITEL G4 1114} AXBsYYB+lrsdy VISOBRWVARIL »J+i) 2 VARII #-F) D5+ Din
FORMAT (2X s " XXB=? 3 F 10 o 542X *YYE="3F10 642X 2 I=1,1342A»*J=5,12420)
1 'WISDGR=*F 144593 X24(F1l0.61))

IF{NNN.EQ.1) GD TQ 1116

CALL SYMBOL {XXBsYYE,SIZEsw1C+0 401 )

CALL SYMBUL {~YYB»XXBsSIZZeICsUe»~i)

CALL SYMBI. {XXBsYrBsSIZES IZ a0 es~1CA)

GG TO 1120

NiNN=O

CALL SYMBIL {XXBy YYB+SIZZE2IC +0ws—12

CALL SYMBOL (- YYD AXBsSIZE+ICsQes—1L1}

GO T 1120

IIB=2

IFI{VARII s J) 26T« VISUGBRIAND S (VARIL-1,3J)6T¥ISUBR)Y G TU 1123
IFL{VAR(I 22} eL T+ VISOBRI+AND e {VARLI“13J) +LTeVISOER}) GD TL 1123
DN=( Y{T+d)~ Y{I=~1sJ1})

DaN=DNE [ VI SOBR—VARLII~1 +J)IA{VAR(IvJI-VARII-1vJ)]}

Yy¥B= ¢ Y{IsJ}-{DN-DNN))

OS= X{I+Ji= X{I~1,d1}

DS5=0S%{ VISU3R-VAR(I-=1 s )} /{VAR{I+J)=VARI{I=1:+41})

xxg= { X{1.J)=LDS~2881])

WRITE{6+1114) XXBeTYYEsIsJry VISOBRIVAR(I=1JIsVAR{I s+ JI» D54 Dix
IF{NNN.EQ.1} GO TD 1118

I1CA=2

IF(TIIB.EQs2) ICA=1

CALL SYVYIIL{ XXBsYYB,SILE.JC 0. ¢~ICA)

CALL SYUBIL {-TY3.%XB«SI1ZZ4ICe0as=1}

IF(IIB.EQ.1) GO TD 1127

GG TO 1ti24

ORIGINAL PAGE I8
OF POOR QU

48

PAGE (4101


http:IF(IIB.EQ.21
http:I-I.J),VAR(I.JI),DS.DN

-
]

LEVEL 21 PLTLISO DATE = 283 21745741
1118 NNN=O
CALL SYMBOL ({XXBsYYBsSIZE1IC+TJ+s=1)
[ CALL SYMBOL {=YYB+XXBsSIZE+iCe0ea—])
IF{1I3.EQ+1) GO TU 1127
GO TQ 1124
1120 IFL{VAR{TI =1 2 JF1) aBT«VISOER)aANDe{ VAR([,J¥]1).6TLVISOBRI) GG TG
1 1124
IF{AVAR{I~12J+1) LT+ VISOAIR) «ANDW{ VARLI»J+1)LT+VISC3R)) GO TO
1 1124
1121 ON=( Y(lsJd+1)= Y{I-1leJ+1))
DM DN (VISOBR-VARII=1sJ+1 )2/ {VAR{Ll + J+1)—VAR(I—1sJd%1))
YYB= { Y{l 4 J+1)—{DN=-DNNJ)}
D5= X(IeJd+1)— X{I—-1sJ+1)}
DSS=DS*{VISOBR~VAR{I—1eJ+1} I/ {VAR(IsJ+1)—VAR(I—1,J+1})
AXB= { X(I,J+1)—(D5-28S5)}
RRITE(S 1114} XXBrYYBsIlsJaVISUBRIVARII =12 241 ) e VAR{I>J+1) sUS+DN
IF{NNN.EQ.1) GC TO 1122
CALL STYMBOL{XXB+YYBsSIZE+ILs0as—2 )

c CALL SYMBIL (- YYBs XXBeSIZZsIl+0s+~1)
cCC CALL SYMBOLU{XXBeYYB,SIZEIC0+4+~1ICA)
GO TO 1127

1122 NNN=O
CALL SYM3OL (XXE,YYBsSIZE+IC+Das—1)
C CALL SYMIIL [~ YrE ., 2XB Sl IS+1C ¢ 0as=11}
GO TO 13127
1124 IFULIVAR(I=]1 3J) aGTeVISOER) «AND o (VAR{I~1sJ%1)+GT oVISUBR ] sAND{ 1TB.EQ
1.1)) G3 T3 1109
IF{(VAR{I=13J) oL TaVISGEBR) e AND ¢ (VAR( I~ 1aJ*1) oL T+VISOBR) ANDo{11B.EQ
1.13) 50 70 L1073
IF(IVAR{ I=13J) «GTeVISOBR} a AN« (VAR{ 1 ~1+J+1}e0TaVISOBR) ARG {IIBaEQ
1+2}1) GC 7O 1121
IF(CVARII=1+J) al.Ta VISOBK) «ANDL {IVAR{ I=13J+1 )} LT «VISUEBR) sANDJ{I1B.EQ
1.2)) G0 T3 1121
GO 7O 1125
1123 lie=5
IF((YAR{I~1+J) aGT o VISOER}«AND e (VAR{ I- 340+ 1} 0T VISO33}) GO ¥0O 1127
IFC{VARLI-1 33} ol TaVISOBR) s ANDS IVAR( I =13 J+1}a Ta¥150584)) GO TL 1127
1128 DS= Xl I=~lsd+l)= X{(I-1+J)
DSS=D54(VISOBR-VAR(1I=1eJd} )/ {VAR{I=1vJ+ I}~ VAR I—EsJ3}
XaB= { XK{1-1+J24D58)
ON= Y(I=1,J¥%1)= Y(I~1sJ)}
DNN=SDONS{VISOBR-YAR{I~1sJ}}/{VAR{I-1,J+1)-VAR(I—1.J))
YYB= { Y(1=1sJ+1}=~(ON~DNN))
wRITE(621114) XXBsYYB+1+JsVISOBRIVARILI—1aJ}sVAR{TI=1sJ+1) «DS2DN
1F(NNNJ.EQ.1) GC 70 1126
1CA=2
[IF{1IB.EQeS) 1LA=]}
CALL SYNMIOL{XXBsYYZ,S1Z2E+IC+0a3~1CA)
IF(IIB.ES.5) GL TO 1121
G TO 1127
1126 NNN=0
CALL SYM3IDL {XXB+YYB+SI12Z3+1Ca04s-1)
o CALL SYM3IJL [=YYB.XXB+S1ZZsIC s 0ss—1)

¢
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http:J}VAR(-I.J+I).DS.DN
http:IF((VARCI--I.J).LT
http:IF(CVARCI-1.J).GT.VISOBk).AN.(VARCI-.J*1J.GT.V1SO6NJ.AND.(1I6.EQ
http:IF(VARI--.J).LT.VIOBR).ANU.CVAR(I-I.JI).LT.VISOBR.AN).(118.EQ
http:X(I-1.JI
http:IF(IIB.EQ

Iv © _ZVEL

1127
1130
1128

21 PLTISO

IF{IIB-EQ.5) GO T3 1121
CONT I nJE

CONT INUE

CONY INUE

NNN=1

RETURN

END

DATE
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INPUT DATA

In the following,. the different--paranéters used to épééify
the caéeé %hat can be computed using the computer program,
will be explained, then a description in details of how to
prepare the input data will be given.

Control Parameters for Computations

1. (a) Symmetric scroll cross section, ISYM = 1.

(b) Nonsymmetric scroll cross section, ISYM = 0.

2. The type of through flow profile is specified using the
parameters IFG, IFREVO, and IPAP.

(a) IrG = 1, IPAP = 0;'IFREVO = 0, for an arbitrary source
distribution. In this case the source strength is fed
as an input at all the interior mesh points.

(b) IPAP = 1, I¥G = 0, IFREVO = 0, for a circular paraboloid
source distribution.

(c) IFREVO = 1, IPAP = 0, IFG
distribution.

(d) IFG = 0, IPAP = 0, IFREVO

source distribution.

0, for free vortex source

fl

0, represents uniform

3. Either compressible or incompressible flow solutions are
obtained by specifying the value of the parameter ICOM.
Compressible flow solutions specify ICOM = 1, and for
incompressible flow case ICOM = 0.

1

How to Prepare the Input

The input is divided into seven sets, and is given in
the following.

First Set (Fluid Properties), one card
READ: RG, GAMA, TO, VE
according to format (4F10.0)

Second Set (Scroll Geometry), one card ORKHNA;TPAGﬁgﬁ
READ: M1, M2, DO, R, B, H, R, RC OF BOOR-QUALLEN
according to format (2I10, 6F10.0)
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Third Set (Control Parameters), one card
READ: ICoM, IS¥YM, IFG, IPAP, IFREVO
according to format (5I10)

Fourth Set (Numerical Parameters), one card
READ: ITMAX, EPSMAX, WO, WOP
according to format (I10, 3F10.0)

Fifth Set (Output Control Parameters), one card
READ: IP, IVPLOT, IPLT
according to format (3I10)

Sixth Set (Values for Velocity Potential Contour Plotting),
number of cards is equal to IPLT
READ: VISOBR
according to format (F10.0)

VISOBR Numerical values of the velocity potential
contours to be plotted as output.

Seventh Set (Arbitrary Source Distribution)

Is required only in the case of arbitrary source dis-
tribution, i.e., IFG = 1. The value of the source
distribution ¥F(I,J) is read in DO loop according to
format (8F10.0). The input data is fed starting from
I=14%t0 I =M
J

31 and marching in J direction from
JL, JU as shown in Fig. 3a. (Ref. 1)

QuUTPUT

The program output includes a printout of the pertinent flow
properties at all the grid points éﬁery IP iteration and of
two figures, one for the desired velocity potential contours as
specified by IPLT and VISOBR and the second showing the velocity
direction in the cross-sectional plane.

Samples of the program output are included in Ref., 1. -

ORIGINAL PAGE IS
OF POOR QUALITY
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