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SUMMARY



This report describes and explains the 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.
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COMPUTER PROGRAM



The Fortran 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 allocable 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 each 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:direction of the velocity in the axial-radial plane.



The logical relations of the main program and subroutines



are shown in Figures A-l, 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 scroll 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 (see Fig. A-4).



Subroutine MESH(I,J):



It is called from the main program and the subroutines to


identify the interior mesh point neighbors, calculate the coeffi
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cients of the five points Laplace difference operator, and to



determine the most recent values of the potential functions at



the interior mesh points.



Subroutine SHAB1AN: 

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 values



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 
or POOR QUALITY 

Subroutine BCSJ(J): 

It is called from the subroutine AWATEF, to determine the



values of the potential function at the boundary points on a
 


given J mesh line.



Subroutine HVVEL:



It is called from the main program to determine the values 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.



Subroutine PLTISO:



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



constant potential function.
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Additional library subroutines, namely, PLOT (Xl, X2, X3),


SYMBOL (Yl, Y2, Y3, Y4, Y5, Y6), and ENDPLT, are called from


the main program, and used in the plotting of both the potential



contours and the velocity direction.





FIG. 1, SYMMETRIC SCROLL CROSS SECTION



ORIGINAL PAGE IS 
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FIG, 2, NON SYMMETRIC SCROLL CROSS SECTION,
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DEFINITION OF SYMBOLS AND FORTRAN LISTING



Symbols 	 Description



B 	 Width of the scroll exit (Figs 1, 2).



DO 	 Scroll inlet diameter.



EPSMAX The largesL tolerable value of the square of the
 


sum of the absolute values of the deviations of



i'j from their previously computed values.



F 	 Vector containing the values of Poisson's source



strength at each grid point.
 


GAMA 	 Ratio of specific heats.
 


H 	 Length of scroll exit nozzle, Figs. 1 and 2.



ICOM 	 Parameter to control type of calculations.



ICOM = 0 for incompressible flow and ICOM = 1



for compressible flow.



IFG, IPAP, Parameters to control the mass source distribution


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


IP 	 Frequence of intermediate printout. Solutions



are printed after every IP iteration.



IPLT 	 Number of contours in the output plot for the



potential velocity.



ISYM 	 Parameter to control type of scroll cross section.



For symmetric cross-section ISYM = 1, and for



unsymmetric cross-section ISYM = 0.
 


ITMAX 	 Maximum allowable number of iterations.
 


IVPLOT 	 Parameter to control plotting of program output,



IVPLOT = 1, a plot is prepared; if IVPLOT = 0,
 


no plot is prepared.



Ml,M2,M3,N3 	 Number of mesh lines of the scroll cross-section,



Fig. (A-4).



ORIGINAL PAGE IS 
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Symbols 
 

p 
 

PBX,PBY 
 

Pi (i=0,l,2,3,4) 
 

R 
 

RC 
 

Rl 
 

RG 
 

ROA 
 

ROBX,ROBY 
 

TIIETA 
 

TO 
 

U,V 
 

UBX,UBlY 
 

VBX,VBY 
 

VE 
 

Description



Vector containing the values of the potential 

function * at all grid potnts. 
Vectors containing the values of on the scroll 

boundaries.



The values of the potential function at the standard



five points Laplace difference operator.



Radius of the scroll cross-section equal 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 values 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.
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Symbols Description 

VISOBR Numerical values of the velocity potential con

tours to be plotted as output. 

VV Vector containing the absolute values of the 

velocity vector V, at each grid point. 

VVBX,VVBY Vectors containing the absolute values of the 

velocity vector V, at the boundary points for 

each I and J mesh lines, respectively. 

WOWOP Successive relaxation factors. WO for interior 

mesh points, and WOP for the points adjacent to 

the boundaries. 
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PROGRAM LISTING



IV G EVEL 21 MAIN DATh = 17283 21/4o/41 fPla 0001 

-IMPLICIT REAL*8 (A-H,O-Z 
DIM.NSION X(50,21),Y(50.21J.VAR(50.21),VR(50.21J 
CCM4ON /ONE/ Vi 

CO,AMON /TAO/ ILDIR.IbY,IPAPICO),IP,ICOM 
CCMMON /=UR/ RI ,RF.IFREVO 
CU.AOV /DIMS/ RRC ,qt.UXDY.BIBB 
COMMDJ4 /FORM/ MI.M2, IC,JC.IIC,JJC,M3,N3 
-CMMON /Mb1J SI,$2, 3,S4.Pl P2.P3.4.JLJU.IL,Ii 
COMMON /'HI/ 'L50.30).PY(2,4O).PBX(50.2) PP(5O.30),PBYI (2.30). 

I PSXI(50.2),F(zD.30) 

C.CMVON /VEES/U(50,30),V(50.30).UBX(50.S2)VBX(502), 
I U 0 Y(2.30),VBY(2,30),UI(50,30),VO(50,30).UBXI (50,2) 
I .VBXI(50.2),UBYI(2.30),VBYI2.33).VV(50,30),AN.LE(50.30) 
COMMJV /CA./ M21 ,ICI.JCI.MI I .N31 .1 2 

CC'MON /SH/ RG.GAMATO.UV.VE 
COMMON /40/ EPSMAX.EPSMX2.WO,WOPIrMAX.ITMX2 

COMMON /R3/ ROA(5030),RDBX(50.2),ROBEL2.30) 
COMMOJ /G/ VVEX(53.2).VVBY(2,30).ANGLI(50.2).ANGL2(2,30) 
CALL UND=LW 

C 
CC CALCULATE 2-DI. PSTENSIONA- FUNCTION G VELOCITY VECTOR V IN THE 
CC SCfdLL CROSS SECTION FOk INCOMP. I COMP. FLOw 

C 
CC: READ INPJT DATA 

C 
READ(3.102] RG .AMA.TOVE 
READ(5,103) MI,M2,DO,RI,.HR.RC 
READ(5,101) ICOMISYM.IFG.IPAP.IFREVO 
READ(5,2GO) ITMAXEPbMAX,O,.OP 
READ(5.7177) IP.IVP-OT,IP-T 

c 
C 

ITNX2=ItMAX 

EPSMX2=EPSMAX 

C 
C 

VI=I.ODO 
RC=RC/(ZtR) 
,=8/(2*R) 
IF(ISYM.EO.I) 8=B/2.ODO 
H=H/(2*4) 
PQ=RI/DO 

RI=R1/(2*R) 
.V=16. 0.)RO*3R/3O 

IF(ISY4.EQ.I) WV=2.DDOfVh 

RF=2.000*R 
R=R/(2* ) 
RATI0=RI+-+R)(2.0DOR) 

DX=2*R/(MI-1) 

DY=2*R/( V.2-i)$ 
IF(ISYM.EO.1) DV2R/CM2-I) 

a=DX/DY 
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iN IV 6 LEVEL 21 	 MAIN DATE = 77263 21/4o/41 PAoE UUO0 

N21=M2-1



JC=(M21+)/2



IF(ISYM.EO.13 JC=I


N3=(O/tY-O. OOOID0)0lI



v3=((R+R+J/DX-O.000I0D)e1



ICI= IC-I


JCI=JC-I 
lC2= IC+l 

NBI=N3


m S l~mS- I


IF(ISY.A.EO.1) GO TO 555



I IC=(tC/ZfX-O0.00UIOZO)+M1



JJC=(+RC)/DY-O.OOOODO)+1



C 
555 	 DO 12 I=.t3



DO 12 J=1.42


AGLE(I.J)=O.ODD



RCA(1,JIn. 000


ROBA(I,)=IoO 
 
ROBX(I.2)=I.ODC


POBY(IJJ)=I.ODO



ROsY(2,J)=I.000



F(I.J)=.000



12 	 CONTINUE



IF(IFG.EQ.0) GO T3 5557


DO 5552 12.MSI



CALL INTPL( I)


5552 RAO(55553(F(IJ).J=J..JU)


5557 CUNTINUE



C 
cc %RITE 1q'JT DATA FP Cd=-C< 
C 

WRITE(6,1313)



WRITE(6.405) RG,G4MATO.VE


WRITE(6,343) MI,M2.KI,BH.RC,RF.DO



WRITE(6.310) ICOM.ISYM.IF;.IPAP,IFRUVO


,RITE(6,320) ITMAK.EPSMAXWO,WOP



iRITE(6,330) IPIVPLOTIPLT


WRITe(6,301) )XD.YIC,JCM3.N3



C



CC SOLVE FOR INCOMP. FLUU ****~*tfl*.****4*



C 
IAR=O



ICOD=O



CALL SH4BAN


CALL AaATEF



I LO-=0


CALL IVVEL


CALL ABD-A1


IF(ICDM.EO.O) GO TO 818



c 

ORIGINAL 'PAGE IS
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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


N IV G LEVEL 21 MA IN DATE = 77c63 -2l,/b/41 	 - PAI;E'OfG3-

CC SOLVE OL) CUM-. FLJIM


C



DO 2 1=2.'3


CALL INT-L(I)


DO 2 J=JL.JU



2 	 PP(I,J)=I.OD:


VEO=VC



IT=0



717 IT=IT+1



ERROR=O.ODO


ICOZ)=I 

VE=VO/ROBY(2,2)


CALL SHA3AN



CALL AWATEF


IL0=0


CALL rVVEL



CALL ABD-AH



DO 7 1=2.M3


CALL INTDL(I)


DO 7 J=JL.JU



SAV=PP(I.J)


7 	 ERDOR=ERROR+DABS{ (1,J)-SAVl42



DO III 1=2.M3



CALL INTPLCI)


:O III J=JLJU



III 	 P-(:,J): (I Jj



DO 112 1=2,M3



JO 112 J=1,2


112 PaXI (IJ)='BX(IJ)



0O 114 J=2.MZ2


O 114 1=1,2



114 PBYI (I.J)='SY(i.J)


IF(IT.GE.ITMX2) GO TO 919


IFCERRD;.GE.EPSMX2) GU TO 717



919 	 WRITE(6,14)


wRITC(6,407)


DO 9 1=2,43



9 PITE(6,408) I, JJ1.M 1)


wRITE(6.151) IT,ERROR,VE



WRITE(6.&O4)



DO 40 J=I,M21


40 	 wRITE(6,4003 J,(P(IJ).11,t43)



IF(ISYM.Ea.1) GO TO 46


%RITE(6.431)



D0 42 1 2.M23


42 %RITE(6,402) (S( J Jl2



GO TO 43



46 WRITE(6,4005)


DO 47 12,M3



R1TE(o,406) 1.PB'C(I.2)


45 WRITE(6.403)



DO 44 J=l,21



15



47 

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


,N IV G LEVEL 21 	 MAIN 
 DATE = 77283 21/45/41 PALE 00u4



44 	 WRITE(6,402) Jj(p~v( ,J),11,2)


IR=O


CALL HVVEL


CALL ASDAH



818 CONTINUE


IF(IVPLJT.EO.O) GO TO 7007



C


0


CC 	 LOTTING 0= THE FLOh O)IRECTIflNS************tf****


C



ISKIP=I


JSKIP=l


oXD=0.25


CALL BEGT


ICP=2


1CP=


DO 59 I1.V.3


00 58 J=lM2



Y(I.J)=(J-I)*DXD


58 CONTINUE


59 CONTINUE



Y.RITE(6.14)



wRITE(6.5001)


Do 62 1=1,MB



6; 71ITE(6,2C) {X(I.J).J=I.K2)



bITE(6.14)


URITE(6.5002)


DO 04 I=1.M3



64 WRITE{6.20) (Y .),= }



WRITEC 6, 14)


75 IF(ISYM.EQ.L) GO TO 76



.ALL PLOT(1.5,1.5,23)



GO TO 77


76 CALL PLDT(I.5,3.5,23)


77 IUPODW=1



SIZ2E0.*14


I5YMBL=75


IF(ICP.Et.1) S0 T 11


IF(ICP.EO.2) GO T: 133



11 	 00 50 12.M3


DO 50 J=1,M21


VRR(IJ)=270.D+ANGLE(I.J) 

50 	 CONTINUE



CALL PLiT(.O,O .O03



00 501 I=2.31


CALL INTPL(I)


00 511 J=JL.JU


XXC=X(I .J


YYC=Y(I,J)



CALL SY'IBJL (XXCYYC.SIZE.I8.,RR(I,J),-)


511 CONTINUE



501 CONTINUE


CALL P.AT (0.0.0.0.3)



QRIGINAL PAGE IS


OP POOR QUALrry
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\N IV G LEVEL 21 	 MAIN DATE = 772.3 21/45/41- PAGL 6OUO5 

ICP=ICP+I


IF(ICP.GT.ICPM) GO TO 3


CALL PAUSE


CALL PAUSE


GO TO 75



133 CONTINUE



C


C-- CONTOURS PcOT 
 **t 

C


DO 510 1=1,M3


DO 513 J=lM2



510 VAR(I.J)=P(IJ


DO 514 1=2. 3


CALL INTPL(I)



JI=JL-I


J2=JU+i


VAR{I.J2)=P8X(I,2)



IF(ISYM.EO.1I GD TO 514


VAR(I.JIW=PBX(I,1)



514 CONTINUE


O 515 J=2M21


CALL IR(J)



I IL-1


12=IR+1


VAP(II.J)=BY(1J)



515 	 VAR(12.JW=PBY(2,JI


CA.L PLOT (0.0,0.0,3)


DO 222 1'-=1,1P.T



READ(5,5) VISOSR


CALL PL¥ISOtM21,1SYMBLIU'OD.SIZEVISOBRVAk.X,y)


CALL PLOT(O.0.O.0,23)



222 CONTINUE


CALL PLUT (0.0,0.0,3)



3 CONTINUE



CALL ENO'LT


7007 CONTINUE


5 FORAATCF1).0)


14 FORMAT(I-11)



20 FORMAT(IO(6X.=6.3))


I00 FGOMAT(2110.6FI.3)


101 FORMAT(5I10)


102 FORMAT(AFIO.0)


151 FORMAT(2)X,'TCO4*=,I5,/.20x.-ERROR=EC9, 2CX, -V EX.=.E20.S9)


200 FGRMAT(10,3FIO.0j


301 FORMAT(ZOX.'DX ,FlO.5.:SX.3'Y %FIO.5,5X,'IC '.11O./.



1 20X..J: 113. 5X.'43 %1I05,'3 , I0/


310 F3RiAT(/,20X.'ICUM '.I10,/.Zv)..15YM %1IV./s20X.IFG =.



I 11O./.20X,'A' =',II0/,20X.'IFREVO='.I1O./)


320 FOR AT/,2OX.ITAX=%1l./.2OX.,EPSMAX=',FIO.S,/2UA'D =,



1 FIO.5,/.20X,'WOP t.10.5./)


330 FORMATL/,20X.'IP = O110./.20Xs'IVPLT='.110./.20X,'IPLT



I l1O.//


340 FORMAT(/.2OX,'MI =s1I0,/,2OXM2 =,10,/,20X,'RI =FIO.5
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http:I10,/.Zv
http:FGRMAT(10,3FIO.0j
http:EX.=.E20.S9
http:IF(ISYM.EO.1I


N IV G k5VEt 21 MAIN DATe = 77263 41/45/41 

1 /.20x..s .. 0.5,/20X08 %FIO.5./. oX.'dC =.


I FICa35/.20X.Wu ,FIQ.5.2X.JNITO1M.%./,.- SA.J0 
 ,FIC~b 
1 .2X.'UNIT OXM.,-/)



400 FORMAT(//.7X,'J =%I2/, i5X,5015.b/f)



401 FORMAT(//.15X,'I ',SX.PBXI*.1OX.'PSXZ')


402 FORMAT(/,I0X.I4.5x.2(SX.D15.6))



AC3 FOR4AT//,I5X, J 'SX'P3YI,.I5X. PBY2')

4r4 FORMAr(//,aox,lVA_.ES 0F VL.OCLTY OTLNT1AL -tI.JJ F34 COMPNESS1bL


IS FLOW'./)


a05 FORMAT(//.2OX.-GAS CONSTANT rj 5,t,2QX*,AMA ,rF0.5

I */.20X,'STA6. TEMP. =-.FIO.5/,20X,'RAD. EXIT VE_=.FIO.5./)


406 FORMAT(/,I5XI4.I0X,0I5.61


407 FORMAT(/.I3X.'P3ISSONS bOURCE DLS. AT EACH GRID POINT'.//)


1313 FURAT(//.IOX,'IN'UT DATA-.//) 

4005 FORMAT(//.20X.I SAX.PSX2 /)



5001 =ORMAT(//,20X.-X-CO ok OF THE PLOTTIN DOMAIN-,//)


= 
 

5002 FDRMAT(//.2OX,'Y-C3O D. 3 THE PLOTTING DOMAIN-.//)



7177 FORMAT(31I0)


5553 FORMAT(5(FIO.,3


7177 FORMAT(3110)



STOP



END



ORIGINAL PAGE I
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http:FORMAr(//,aox,lVA_.ES


A ATEF - DATE = 772b3 2-1/45/41N IV G LEVEL 21 

SOBROUTINE AWATEF



IMPLICIT REAL*8 (A-HO-Z)



COMMON /ONE/ VI


COMMON /TAO/ IL3)IVR.ISYMNIP.P,ICO),IP.ICOM



COMMON /DI4S/ RRC.4,B,DX,DY,BIBB



COMION /FOAM/ MI.m2,IC.JCIIC.JJC.M3,N3



CCMMOM /MSH/ 51,S2.S3,S,4.I.P2.P3.'4
,
JLJU1L.I

R



.
 
COMMON /'HI/ P(5030).PBY(2.30) P.pX(5O 2),PP(50,30).'BYI(2.30).



I 'aXI(502).F(50.30)


COMMON /CAL/ M2I.ICI.JCI.MII.N31IC2


COMMON /40/ EPSMAX.EPSMX2..O.AOP,IrMAX.IMX2



C


THE SCRULL CROSS bECTION BY
C CALCULATE POTEJTIAL VEL3CITY 21ST. IN 
 

CC SOLVING POISSONS EUN. W1TH;NEUMANN 
 L. C. ThE ITER. METHJO IS S.Oe&.



C



2 D0 1 1=1.3


DO I J=1M2



I P(1.J)=0.Q0D



ITER=O


15 	 ITER=ITER+1



EPS=0.0 0


DO 5 I=2,M3


XXI=(IC-I)tDX



XI=DAESSXXI)



YYI=DABS(R*R-KI*XI)


YI=DSORT(YYI)



CALL INTP-(I)


DO 4 J=JLJU


%=WO


W1=I.0DO-W



DD=L.ODO-COBB



WBI=I.)0-WB



YY2=(JC-J)*DY


Y2=DABS(YY2)


XX2=DABS( R-Y2*Y2)



X2=oSQRTXX2)


SAVP=P(I.J)



CALL IR_.J)



CALL MESH(IJ)


LI1=!.0:0)


L33=10DO


WBII=.OD0-B*Lll


WBI2=I.020-%B*L33



C24=1/(Y*DY*S2*S41 
C13=1/(2X*DX*SI*S3)


S241I/DY*DY*fS2+S41) 
SI3=I/DX*DX*(SI+S3)


SIL=513*LI1


SIK=S*L33


Pl1=LI*PI/S'



P22=P2/S2


P33=L33*'3/S3
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P44=P4/S4 
IFiL.EQ.1.ANU.J.EQ.JU) GO TO 923


IF(I.EO.IL.AND.J.EOQ.JL) GO TO 8



IF(I.EQ.I_.AND.J.L'QJUI G5 T3 85


IFII.EQ.IL) 30 TO 90


IF(1.EQ.fZ.AND.J.QO.JL) GO TU 91



IFII.EQI..AND.J.ES.JU) 33 TO 92


IF4i.EQo.IR) GO TO 93


IF(J.EO.JL) GO TO 94


1F(J.EQ.JU) GO TO 95


P(2,J)zLI.ODO-dJPl*P(I .J)+(w(JP/t2+2#Safl1*(LII*p1+,33*'3+



IB t(P2.-4-F(I.J)*DX*DX)


GO TO 477



80 	 CONTINUE


IE(J.Eq.1) GO TO bi


PB]=Y25B1*P(I.J+I)/X2



CKItW*SI1-.(CI/Sl-Y2*81/X2)+e*S24*((I/S4)-XI/(B1*Y1)))/LC1Z+C24)


IF(CK1.GU.3.999OLf.ANO.C(l.T. .O01 GO TO 16


CKI1.0Q-LK1


GO TO 17



16 CK1=CKI/A


CK=1.000-:KI



I=o.ODO


W=3 . 000



17 CONTINUE


P(1.J)=(JtI P(IJ )+.,*S13*('BI+pS33) s24*P22+?B82-FCI.J)/2)



I /(C13+C24))/CK


GO TO 477



81 	 CONTINUE


P(1,JV=(Vd P(I,J)i-W6*(2*38*P2+P33-P1I.J)*DX*0XJ 2/WEll


GO TO 477



85 	 CONTINUE



PBI=Y * PCI*J-1})/X2


PB2=XI*P(I+I.J)/(BI*Y1)


CK1=CwSIL({/S1)-Y281X2)+*324#((i/S2)-XI/(Bl*Y1)))/CC13+C24)


I=(CKlGT,0.QQOO.AND.K1.LTI.001) GO TO 18



CKfl .OOO-CKI


GO TO 19



I CKI=CKI/W


CK=1.0D3-CKI


I=OoDO



W I *000



19 CONTINUE


PC1,J)=(I1*P([.J)+W*tS13t(Ptbl+P33)+b24t(P44tP62)-FCI.J)/2)



I /(C13+CZ4))/CK


GO TO 477



90 	 CONTINUE



IF(J.GT.JC) GO TO 909


PBI=PI .J+I)*Y2*5l/X2


CKj=(W*SiL((1/5I)-Y2*j/X2))/(C13+C24I


IF(CKI.GT.O.99SODO.ANDC(I.LT.1.001) GO TO 20



CK=I .ODO-CKI 
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G13 foai2


20 CKI=CK1/1%



CK=I.000-CK1



WI=O.DDO



21 CONTINUE


P(I,JI=(nl*P(I.J )+wCS13t{PBI+P33)+S24(P22+P44)-F(I .Jb/2


I /[C13lC24 )/CK



GO TO 477


909 CONTINUE



PBI=P IJ-I)*Y2*51/x2


CKI=(WS1L*((I/I)-Y2*BI/X2))/(CI3fC24)



IF(CKI.GT.o.999003.AND.CKI.LT.I.001I GO TO 22


CK=1.ODO-:KI


GO TO 23



22 	 CKI=CK/


CK=I.ODO--=KI



W=0 .0 DO


W=IoODO



23 	 CONTINUE


P(I.J)=CI*P(I.J)+t*S13*(PB1+P33)+S244(P22+P44)-F(I.JJ)/2



I /fC13+C24))/CK


GO TO 477



S1 CONTINUE


IFCJ.EQo.l) GO TU 910


CKX=LCW*S1K/S3)+w*S24/S4)/(CI3+C24)


IF(CKI.ST.O.999003.ANDO.CKI.LT.1.001J GO TG 24


CK=I.00D-KI



GO TO 25



24 	 CKI=CK1/W


CK=I.ODO-ZKI


W1=0.0D3


W=.OO



25 CONTINUE


P(I.J)=(I*PCIsJ)+W (SI3*PI+SIK*V1*DX+S24*P22-FLIJ)/2)



1 /(C13+C24)/C(


GO TO 477



910 	 CKI=W*Sl</CS3*(C13+C24])


IF(CKI.GT.O.999000.AND.CKI.LT.I.OOI) GO TO 26


CK=.ODO-CKI


GO TO 27



26 CKI=CK1/



CKI .ODO-CKI


WI=o.oDo



4=IQODO


27 CONTINUE



P{IJ)=I*P(I .J)+W*(S13*PI+S1K*VI*DX+2*S24*P22-F(I.J)/2



1 /tC13+C24))/CK


GO TO 477



92 CONTINUE


IFLJ.GT.V3) GO TO 921



CKI=((W*StK/S3)V,*W24/S2)/(C3+C24I


IF(CKI.GT.O.9990DO.AND.CKI.LT.I.O1) GO TO 28
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CK=1.OOO-:K1



GO TO 29



26 	 CKI=CK1/,



CK=1.ODO-ZKI


*I=C.IOI


W=C.OO



29 	 CbNTINUE



P(I.J)=(Ai*P(I,.J)fl*LS13*PI1+SIC*V1*ox+S24#P44-F(I.J)/2


I /tC13+C24))/CK


GO TO 477



921 	 CONTINUE


IF{ISYM.EQ.1) GO TO 922



IFLJ.GT.JJC) GO T3 922



XCI=RC-11-M)*0X


YYCI=OA3S(RC*RC-XCI*XCI)


YC1L=SQRT(YYCI)


YC2=(RC+G)-(J-1)*DY


XXC=DAS( tC*RC-YC2*YC2)


XC2=DSORT(XXC)


P82=XCI*D(I-lJ)/(BI*YCL)



.B3=YC2*BI*P(1 .J-I)/XC2



CKI=(W*S24*C(1/32)-XCL/(BI*YCI)1+W*SIh*f((i /3)-YC2*31/XZ2)/(CI3


1 +C2 )



IF(CKI.GT.O.999000.AND.C<I.LT.I.001) GO TO 30


CK=I .3D3--KI 

GO TO 31


30 CKI=CKI/*



CK=I.ODO-CKI


WI=O.ODO



31 	 CONTINUE



P({I.J)=(WI*P(I.J+14IhSIZU[PD3+P1I)*S24*(P44+PB2-F(I.JI/2


I /(C13+C24))/C<


GO TO 477



922 CONTINUE


P83=Y281*P(1,J-I)/X2


PB2=Xt*P(I-1 .J)/{SI YI)



CKI=(W*SIK*({l/SJi-Y2*BI/X2)+ *S24((I/S2)-Xl/CB1*YI)))/LClj+C24)



IF(CK1.GT.O.9993D).AN.CI.T.I.001) GO TO 32



CK=1.000-CKI


GO TO 33



32 CKI=CKI/W


CK=I.ODO-CK1



I1=0.0[)0


'IV.ODO



33 CONTINUE



I /(C13+C24) 1/C<


GO TO 477



93 	 CONTINUE


IFCJ.GT.N3) GO TO ;30



CKl=*SIK/LS3t(Z13+Z24))


GO T0 4
jF(CKI.GT.O.999OUI.AND.C<I.LT.I.OOIj 
 

oBIGI',1- pAG, IS 

OF POOR UALITY 
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CK=I .OO-CK I 
GO TO 35 

34 CKI=CKI/W

CK=l .')03-C<1I 

wl=O.oO00


W=*000



35 CONTINUE


P(I,J)=(wI*PCI.J)+WLS13*PIL+S1K*V1*DX+S24*(P22+P44)-FqIJ)/2J



I /CC13+24))/CK


GO TO 477



930 CONTINUE


IF(ISYM.EO.IJ GO TO 932


IF(J.GT.JJC) GC TO 931


YCain(RC+3)-( J- t)sDY


XXC=)ABS(RC*RC-YC2#YC2)


XC2=DSQRT(XXC)


PS3=YC2*BI*PI *J-I)/XC2


C)I={WVSI *(1/53)-YC2*B1/XC2)}/(C13+C24J



IF(CK1.GT.O.993D..AO.CI.-T.1.001) GO TO 36


CK=1.000-CKI



GO TO 37


36 CKI=CKI/A



CK=1.o0D0-:K


.1-0.003



U=1.000


37 CONTINUE



P(I.J)=(.I*P(ItJ)+W*(SI3*(PB3+Pll)fS24*(P22 Pq44-F(IJ)/ )



1 /(C13*C24) )/CK


GO TO 477



931 CONTINUE



IF(J.ST.JCJGC TO 932


(IJ)=CvI*P(I.J)4-B8*PII*B3*(P22+P44)-FIt.JjDX*UX))/wGIZ



GO TO 477


932 CONTINUE



P33Y2*BI*PC 1.J- 1)/X2 
CK1=W*SIK* (I/S3)-Y2*BI/X2))/(C13+C24)



IF(CKI.3T.0.99900G.AND.CK1.LT.I.001) GO TO 38


CK=I.000-CKI


Go TU 39



38 CKI=CKI/W


CK=I.3DM-C<l



W1=0.o000


t,=1.000



39 CONTINUE


P(I.J)=(WI*P(I.J)+W*CS13*(PB3+Pl1)+S24*(P22tP44)-F(I.J]/2)


1 /CC1Z+C24)f/C<



GO TO 477


94 CONTINUE



IF(J.EQ.II GO TO 945


IF(I.GE.IC) GO TO 940


P)4=X1*P(l+1,J)f(B1*Y1)


CKI=(W*S24*(I/S4)-X/(BItYI)))/(C13+C24)



IF(CK1.GT°l.9990D.ANt.C(l.-T.1.001) GO TO 40
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CK I.3DO-CKI



GO TO 41


40 CKI=C<1/A



CK=I OD3-CK1


WI=o.ODO


=I.0DO



41 	 CONTINUE


DEIJ)=(W1PUiJ}lW (5s13*(P33+Pj1+s244P 2+P34-FU.J/2



I /(CI3+C24))fC<



GC TO 477


945 CONTINUE



P(I1,J)d1*P(IJ)+.*( PIj+'33+2.ODO~gBtPZ2-F( [,J)1 X)



GO TO 477


940 CONTINUE



P( IJ) 1*IP( lJ 2 B*CPLI+'33+BB*?22-F(I.J 1*)X*DX] 3/))



GO TO 477


95 	 CONTINUE



IF(I.GE.IC) G3 TO 950


PB2=XItP(I+I.J)/(3IYI)


CKX=(W*S24#((1/S2-XI/tbI*YL)))/(C13+C24)



IF(CK1.GT.C.999gD3.AND.C(I.LT.I.O0I) GO 10 42


CK=I.ODO-CKI



GO TO 43


42 	 CKI CKIte



CK=1.O0DO-CKI



I10.000

w=IoODO



43 	 CONTINUE 

I /CC13+C24))/C.



GO TO 477


923 CONTINUE



P(I.J)=0.000


GO TO 477



950 CCNTINUE


IF(I.GT.MI) GO TO 951



CKl=(W*S24*((t/2)-XlI/(BI*YI)))/(CI3+C24)


IF(CKI.ZT.O.99900D.ANO.CK1.LT.I.O0I) GO TO 44


CK=1.ODO-:Kl



GO TO 45


44 	 CKI=CKI/



CK=1.ODO-:K1


11=0 .33


W=I°ODO



45 	 CONTINUE


PCIJ)=(.1*PI.J+ (SI3*CP33+PII)+S24*CP44+PB2)-F(I .4)/2)



I /CC13+C24))/CK


GO TO 477



951 	 CONTINUE



IF(ISYM.EG.I) GO TO 952


IF(I.GT.IIC) GO T3 952



XCI=RC-(I-M )*DX



ORIGINAL PAGE IS


OF POOR QUAI 1I ,
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- YYCI=DABS'(RC*RC-XCI*XCI)


YCI=DSOkT(YYCI)


PB2=XCI*' I--I.J)/(Bs*YCL)



CKI=4S2 (CI/S2)-XCI/tb*YCI))/(CO3+C24)


IF(C<I.GT.O.99;O3D0.AND.CKI.LT.I.0O1) GO TO 4o


CK=L.000-CKI



GO TO 47


4b CKI=CK1/W



CK=I.000-CKI


%1=O.000


W=1oODO



47 CONTINUE


P(1.J4=WI*P(1.J)4b* (S13Z(PI1+P33)+S24*(P44+P2)-F(I.J)/2)


1 /(C13+C24f)/CK


GO TO 477



952 CONTINUE



CKI=W*S24/ S2*CC13+C24i


IFCCK1.ST.O.9993D2.AND.C<.-T.I.001) GO TO 46


CK1.02O0-ZK1



GO TO 49


48 CKI=CKI/'



CK=I.ODO-ZKI



WI=O.00


W=I.oDO



49 	 CONTINUE



I /(C13+C24))/CK


477 CONTINUE



EPS=EPS+DAS(D(L[J)-SAVP)**2


4 CONTINUE


5 CONTINUE



IF(ITER/IP*IP sNE. ITER) GO TO 2222


WRITE(6.102) EPS.ITER



DO 900 J=I,M2


900 WRITECS.1D1)(PCIJII,43)



WRITE6,1042



DO 1000 Il.M3


IDC" wRITE(6.103) I,(PBX(I.J).J=I2)



RITE(6.105)



DO 110 J=1.M2


1100 tRITE(6.103) J.(P3Y(I.J)l=nI.2)



2222 CONTINUE


IFIEDS.T.I.CDO) GO TO 3


WC=e. 90O0* Wc 
WOP=0.90DO*WQ 

GO TO 2


3 IF(ITER *GE. ITMAX) GO TO 8



IF(EPS *Ga. EPSMAX) GU TO 15



S 	 CONTINUE


WRITE (6,102) EPS,ITE&


WRITEC 6,14)



DO 6 1=2.M3
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CALL INTPL(I)


CALL BCSI(I)


CONTINUE


D0 7 J=M.M21


CALL IRL(J)


CAL, BCSJ(J.Vi)



7 CONTLNUE


IF(IWR.E:).1j GO TO 222


WRITE(oIO6


DO 9 J=1,M21



9 WRITE(6,sO1) J,(P(I,J).I11.M3



IF(ISYM.EQ.l) GO TO 333


%RITE(6.104)



DO 10 1=2.43


IC wRITE(6.103) I.(PBX(1sJ),J=1,2J



GO TO 44.


333 wRITE(o.107)



DO 12 1=2,MZ


12 wRITE(6,108) I.PBX(I.2)


444 *RITE(6,135)
 


D0 II J=I.M21


II WRITE(6,t03) J.(PBY(I.J).l=,21



101 FO;R4AT(/f,7X. tJ = ,12,/,I0(5X.SDIS.6/)2


iC2 FORMAT(//.IOX.'EP. =%.DIZ.4/IOX. NO. OF ITERATIONS=%,14)


103 FORMAT(/.IoX.I4,SX.2(bX.013.5))


104 FORMAT(//.SX,I 1.SX,'P3XI*,15X.*PBX2']


115 FORlAT(/ISX.-J -. SX.-PBYII5XppBYZ)


106 FORMAT(//,20X.-VAUSS GF 
 POTENTIAL VELOCITY P(I.J) FOR 1NCOMPRESS



ISBLEFfwf


107 FOrMAT(//20XUI ',5X.'PXZ,/


108 FORHAT(/.I5XsI4,IOXsDI5.6)



222 	 CONTINUE


RETURN



END



ORIGINAL PAGE IS
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SUBR3JTINE ABOA


IMPLICIT REAL*8 CA--tO-Z)



COMMON /ONE/ VI


COMMON /To3/ ILJ.1 R.1SYMIPAP.ICOJ.1PtiCCM


COMMON /FORM/ MI.M2.IC.JC.IICJJCM3N3



CUMON /fSd/ S1.S2.53.S4.PI.PZ.P3,P4.JLJUIL.1&


COMMON /VEES/U(5O,30).V(533).UBX( O.2I.VBX(50.2).



I U5Y(2.30,VBY(2,3a).UI(5.30.VO(50.30),JbXlI(O.2)


1 *VGXI(5O,2).UBYI(2,30).VYI(2.30).VV(5.O30).ANGLE(50.30)



COMMON /CAL/ M21.ICIJC1.MI1.N31,IC2


COMMON /GD/ VVBX(5O.2),VVBY(2.30).ANGLI(SO.2J.AtGL2(2.33)



C



CC CALCULATE THE VELOCITY VECTOR V IN THE SCROLL CROSS SECTION BY



CC UaING THE TWO COMPONENTS VuV IN THE X&Y DIRECTIONS



C


IFIiR.EQ.I) GO TO 5



*RITEt 6.14)


%RITE(6.149)


WRITEI6.I5



5 	 CONTINUE


00 2 1=2,M3


CALL INTPL(C)



DO 2 J=JL,JU


U2=DABSU(I.J) J


V2=DABS(V( I.J))


VV(I.J)=SQRT(L2*U2+V2*VZ)



IF(U(I.J).GT.O.ODO.AND.V(I.J).LT.O.ODO GO TO 82



IF(UC1,J).LT.O.OOO.AND.VCI.J).GT.O.ODO) GO TO 83



IFLU(I.J).LT.O.ODO.AND.V(IJ).LT.O.ODOJ GO TO 84



IF(J(,J).EO.O.OOO.AND.VLI.J).GT.O.O0O) GO TO 85


IFCU(I.J).EO.O.003.AND.V(I.J.LT.O.O0O) GO TO 86



IFCU(I.J).ST.O.ODO.AND.V(I.JI.LQ.O.ODOj GO TO 67


IFU(I,J)..T.O.ODO.AND.V(I.J).EO.O.ODO GO T0 6


IFU(I.J).EO.O.O0O.AND.V(I.J).EG.O.ODO) GO TO 87



ANGLE( I.J)=(OA TAN( V2/U2) l*57.2960D 
GO TO 1



82 ANGLECIJ)=(6.2530DO-(DArAN(V2/U2) )*57.29oOD


GO TO 1



53 ANGLE(I,J)=(3.14ZOD0-(DATA'4(V2/U2))J*57.296020



GO TO 1


84 ANGLE(I.J)=(3.1420DO+(OATAN(V2/U2)))*5?.29bOO



GO TO 1


65 ANGLE(I.J)=90.OLDO



GO TO 1


66 ANGLE(IsJ)=2lO.3DD



GO TO 1


87 ANGLECI.J)=0.O0O



GO TO 1 "t



88 ANGLE(I.J)=180.ODO



I 
 CONT'INUE


IFCIWR.EO.1) GO TO 2


lRITE1(6.I0O) lJVV(IJ). ANGLE(I.J)



2 
 CONTINJE
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WRITEC6,200) 

DC 3 L=2M3 
DO 3 J=l.2 

J2=DBS(JSX( 1, J) 
VZO=ABS(VBX(I.J)) 

VVCXI.J)=DSQRT(U2U2tV2*V2 
IF(U3XC1.J.GT.O.OOo0.ANiV3XXI.J).-T.COD0) GO TO 72 

IF(JBXI.4) LT.O.O0uAND.VSX(I.J).GT.OODO) 30 TO 73 

IF(Uay(I.J).LT.t.0O30.AND.VBXLIJa..T.O.ODO) GD TO 74 

IF(UBXLIJ).E3.O.ODO.AND.VaBXL.J).GT.O.ODO GO TO 75 

IF(UBX(IJ) EO.O.OJ3.AND.VtX(i.J).Lr.OODO) GC TO 70 

IF(UgX{1.J).GT.O.O20.AN0.VBX(IJ). Q..OO0O) GO TO 77 

IF(UBX(I.J).E.0.D.AND.oVXCIJ).=3.0.0D0) 3 TO 77 
ANGLI(I.J)=(DATAN(V2/U2J)57.2960DO 

IF(UBX(I.J).LT.O.Oao.ANO.VBX(1.J).EQO..OO) GO TO 76 
GO TO Il 

72 ANGLI(I.J)C=6.283000-CDATANCV2/U2)))*57.296000 
GO TO 10 

73 ANGL1(1.J)=(3.242DO-CDATANtV2/U2)))*57.2960)O 
GO TO 10 

74 ANGLI(I,J)=C3.1420DO+[DATAN(V2/UZN))t57.29603O 

GO TO 13 
75 ANGLI(I.J)=90.ODO 

GO TO 10 
76 AGLI(I.J)=270.O0 

GO TO 10 

77 ANG-IICJ)=O.OO 
GO TO 10 

78 ANGLI(I IJ)=180.O00 

10 CONTINUE 
IF(IWReEQ.1) GO TO 3 
*RITE(6.100) IsJVV3X(IJ).ANGLI(I.J) 

3 CONTINJE 
WRITE(6.300) 

DO 4 J=2.M21 
DO 4 1=1.2 

U2=DABS(UBY(I.J)) 
V2UDABSV3Y( I. J)) 
VVBY(I.J)=DSOlT'U2tJ2+V2tVZ) 

IF(UBY(I.J).GTO.3DO.AND.VBY4I.Jj.LT.O.ODO) GO TO 62 

IFCUBY(I.J).LT.O.O)0.AND.VBY(IJ).GT.C.000) GO TO 63 

IF(USY(I.J).LT.C.DO.AND.VSYL.J).-T.o.ODO) GO TO 4 

IF(CUOYCI1,.J)a.EO.0.3)DO.AND.VSY(1I.J).GT.O000O) GO TO065 
IF(U3Yt1.J).E3.O.OD0.ANb.VBY(I.J).LT.O.ODO) GO TO 65 

1F(USY(I.J).GT.O.OO.ANO. VBY(I.J).E2.0.OD0) GO TO 67 

IF(U0Y(I.J).LT.UO.OD0.AND.VBY(1,J)s.O..ODO) GO TO 6a 

IFCUeY(IJ).EO.0.000.AND.VBY(I.JJEO0.ODO) GO TO T 

ANGLZ(I.J)=CDATAN(V2/U2l)*57.2960D 
GO TO 20 

62 ANGLZ(I.J)=(6.230O3-(DATAN(V2/U2)) )*57.2960DO 
GO TO 20 

63 ANGL2CIJ)=(3.142000-(DATANLV2/U2)))*57.296000 
GO TO 23 
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b4 ANGL2(1.J)=(3.1423 +(DArANIV.2JU2)))*57.2960DC 
GO TO 20 

65 ANGL2CIJ)=9G. C30 
GO TO 2Z 

6o ANGL2(I.J)=270.000 
GO TO 20 

67 ANGL2( I J)=0., DO 
GO TO 20 

6 ANGL2( I. J)=180.000 
2C CONIINUE 

IFLIWR.EQ.I) GO TO 4 
WRITE(6, 1001 I .J.VVRY( I.J]ANGL2(1.J) 

A CONTINUE 
14 'GRMAI(111) 
100 FOP'AT(4OXI5. SXX5.SX,220.9.5XF8.4) 
149 FORMAr(/.13X.'ABSCLJTE VEOCITY & ITS DIR. 1ITH THE X CJ(D. 's/) 
150 FORMAT(//.2OX.*I .SXl.J '.SX.VV '2OX.*ThETA',/) 
200 FORNAT(//,2OX. %SX.J %.SX'VVSX *.2a0X.THErA'.-) 
300 FOR'4AT(//,2OX,'I ".5,,5 J *'.5X.VVaY '%20XTI-tETA*./ 

RETURN 

END 
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SU3ROUTINE SHASAN


IMPLICIT REAL*8 (A--i,O-Z)



COMMON /ONE/ VI


COMMON /T.OI ILOIwR.ISYMIPAP,ICO:)IP.ICO


COM 0 /OUR/ Rt.RF,1FREV6



COMMON /DIMS/ R. AC.HM6.DX.OY.5,B1


CCJMMUN / URK/ MI1,M2,1CJC.IICJJC.M3.N3


COMMON /MSH/ SI.S2.S3,S4,PI.P2,P3P4.JLJU.ILk



COMMON /PHI/ P(b),30).PBY(2.30),PE3X(50.2PP(50.30),'3YI42.30)


I PBXI(50.2),Ft50,30)


COMMON /WEES/U(50,30)V(50,30),UBX(5O,2).VBXtbC.2.



1 UBY(2,30),VBY(2.33),UI(50.30),VC(50.30)UBXI (50.2)


. VaxI(sO,2I uBYI(2.30h vByI(a.3n).VV(5u.4U).ANbLLCSO,3O)



CCMMON /CAL/ 121.ICIJCI,MII.N3I1Z2


COMMON /SH/ RGGAMA.T).WV.VE



COMMON /43/ ROAC50.3O).RO3Xi50.2).kO5Y(2.30)


COMMON /GD/ VVE(50.2),VVBY(2.30).ANGLI(50.2).ANGL2(2.30)



CC CALCULATE -2ISSONS SOURCE DIS. FPI.JI 
C



DO 400 1=1 3


IF(IFG.EO.I) GO TO 101


DO 401 J=IM2



400 	 F(I.JJ)0.OD0



IF(ISYM.EO.1) hcICmI


IFCISYM.EO.I.ANt.IPAP.EQI GO TO 777



AA=O.ODO


DC 555 1=2.ICI



CALL INTPL(I)


555 	 AA=AA+(JU-JL)*DY*2X



DO 5556 I=IC2,Mi


CALL 	 INTPL(I)



5556 AASAAtLJU-JLJ*DY*:X
 


Do 666 1'41,M3


CALL INTPL(I)



666 AA=AA+(JU-JL)*DY*:)X


At=(M3-1 IC)t.(N3-2)*OX*DY


[F(ISYM.EQ.I) AI=(M3-1iC)*(N3-1)4DXWDY


RH=S/5AA-AI)



IF(IFREV3.EQ.I) G3 TO 3336



GO TO I


3336 CONTINUE



RII=R+H+R


00 401 I=2,,MI


R2---RI+H+CMI-I)*OX



CALL INT-.I)



DO 401 J=JL.JU


401 F(I.JI=RIItRH/R22



GO TO 3337


777 CONTINUE



DC 11 1 2.mll



CALL INTPL(L)



DO 12 J.JL,JU
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X=(I-IC)*DX


Y=(J-JC)*)Y


F(I.j)=5.39O93D)t*5(I.OD0-(X*XYY)/(k4RJ)



12 CONTINUE


11 CONTINUE



3337 IF(ICOD.EQ.O) GO TO 7


1 IF(ICOD.EO.O) GO TO 17



CALL HOSNY



DO 2 1=2.M3


CALL INT'L(1)


DO 2 J=JL.JU



2 P(I.J=ROA(IJ)


DU 3 1=2,M3


PEX(IIW=ROBX(I,)



3 PBX(I.2)=ROBX(I.2)



)0 4 J=1.M21


PBY(1,J) R36Y( IJ)



4 PE3Y(2.J)R06Y(2.J)


IL0=1



CALL HVgE.



IF(IPAP.EQ.1) R1=0.ODO


IFIFREVD.EQ.1) Rr=O.DDO


IF(ISYM.EO.I IIC=4j-1



DO 5 1=2,M3


IFCI.GT.IIC) RH=O.0DO


CALL INT'.CI)



D0 5 J=JLJU


5 F(IJ)=F(IJ)*(RBY(22)/ROALJJ)lRH*(ROY(2.2)/ROA(1JJ)-


I CUICI .)JLUIJ)+VO( 1.J)*V( laji)/iOA(1.J)



GO TO 7



17 DO S 1=2M3


IF(I.GT.IIC) RH=O.ODO


CALL INT'L(I)


DO 8 J JL*JU



S 	 F(I.J)=R


7 	 AE=O.ODO



DO 444 1=2,IC1



CALL INTPL(I)


J4=JL


J2=JU-t


D 444 J=J.J2



444 AE=AE+((=(IJ)+F(I+1.J)+F(IJ+I)+F(I+IJ+!))/4)*DX*Dy


D 4446 I=IC2.Mll



CALL INTPL(I)


JI=JL


J2=.JU-I



DO 4446 J=j.J2


4446 AE=AE+(UCI.J)+CI-1J.CI.J.I)+F(-I.J+1))/4)*DX.Dr



DO 333 1 41.M3


CALL INTPL(I)


JI=JL


J2=JU-1



DO 333 J=J.J2
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3Z3 AE=AE+(IF(IJ)+FLI-IJ)+FCIJ+I+F(I-1.J+1)J/4)*DX*JY 
ANI(B-N314OY)#VI*RO5Y(2,2) 
00 29 J=1,431 

29 AN=AN+VI*DY*ROBY(2,23 
IF(ISYM.2.1.AND)IPAP.E.1) AA=1.57143000*Rtk 
00 30 1=2.M3 

CALL INTOLLI) 
D0 30 J=JL.JU 

30 F(IJ)sF(IJ)-(AE-AN)/AA 

101 CONTINUE 
IF(IWR.E3.I GO TU 300 

WRITE(6.20O) 
DO 9 1=2M3 

9 1RITEC6.100) I ,F(I=J).J=I.M2IJ 

WRITE(O.14) 

100 FORMAT&//,7X.'I =.110./.4(8FI0.53) 
200 rORMAT(/,10XPOISSUNS SOURCE 015. AT EACH GRID POINT'-/) 

300 CONTINUE 
RETURN 
END 
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SUSROJTINE H3SY


IMPLICIT RLAL*8 (A-H,O-2)


CUMMON /TWO/ I LO.IWRISYM.tPAPtICOD ,IP.ICOM



COMMON /FOUR/ R1,:FIFREV3


COMMON /IMS/ R.RCH,B,OX.DY.81.BB 
COMMON /rO4M/ Wl,M2.IC.JC.XIC.JJC.M3,N3



CCMMON /4SH/ SI,5SZS3.54.PIt.2.P3.P JL.JUof s1F



COMMON /VEES/U(5O.30).ViSOt.30).UBX(502).VBX(50.2).


I UdY(2,3U),V3Y(2,30),UL(5O.30).VO(SO.30).UBXI(50.2)



1 VBXI(i.2) .JBYI(2.3C),VBYI(2.3:) VV(5C.30J.ANGL.E(5O.30)


CGMON /CALI M21.ICI..JCI.M11.N31.IC2
 

COMMON /SH/ RS.GAMA.TO.,VVE



COMMON /RO/ ROA(5O,3OJ.ROBX O.2).RDBY(23O) 
COMMON /G:/ VVEX(502),VVSY(2.30),ANGLI50.2),AbLN2(230



C


CC CALCULATE DENSITY ROA(I.J) AT LACH GRID POIN



CP=RG*GAA/(G4MA-I.oDO)



POWER= .100/(GAMA-1 .0DO)


83 DK==V*VE/2.030#CPtTO)



IF(IPAP.EO.1) GO TO 4


Do 1 1=2,M3


CALL INT-L(I)


DO I J=J.,JU


VEL=VV C I.J) *VV (1.4 )flVflV


T= I. 	 ODO-2K* VEL 
IF(T.LE.D.OOC3103) GO TO 80


ROA(I ,J)=T**POER 

I 	 CONTINUE


GO TO 8



* 	 CONTINUE



DO 5 =2,M3


CALL INTPL(I)



DO S J=JL.JU


X=( -IC)*Dx


Y=(J-JC)*DY


tV=5.O90O)*B(1.0O)/RF)*{I.ODO-(X*X+YY)/(R*R))



VEL=VV( I.J)*VV(I.J)+WV*WV


T=1.ODO-DK*VEL


IF(T.LE.O.000010DO) GO TO 80



ROA(I, J )=T**POWER



S 	 CONTINUE


8 	 DO 2 1=2.M3



DO 2 J=1,2


VEL=VVBX(I*4)W*VVBK(,J)


T=I.ODO-DK#VEL 
IF(T.LE.O.00001000) GO TO SO 

2 	 FOBX(I.J)=T**PO R 
DO 3 J=2M21


00 3 1=1.2



VEL-VVBY(I.J)*VVBY (1,4) 
T=I.ODO-DK*VEL 

IF(T.LE.0.00001D) GO TO 80 

- 33
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ROBYI,J)=T**0WE


GO TO 90



60 	 CONTINUE


* SITEt..52) I.JT.VL.DK



52 	 FGOMAT(5X,2I1O,3FLZ.7)


VE=.90DO*VE



WRITE(6,B4) VE



84 	 =ORMAT(20X.sVE=-.FI.7.,/)


GO TO 83



90 RETURN


END
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SUBROUTINE INTPL(/)



C


CC SUBROUTINE INTPL(I) FOR DETERMI'ING BOUNDARY POINTS FOR A GIVEN



CC COLUMN I.(I.JL(I)2 15 THE L3AER MObT INTERIOR P3IN7 AN)



C: (IJU(I)) IS THE UPPER hOST INTERIOR POINT



C 
IMPLICIT REAL*d (A-hO-Z)


COMMON /TWO/ ILO.flk.ISYMIPAP.ICOD,IP.ICOM



COMMON /)IMS/ R.R:,-i,BDX.DY.81.6B


COMMON /FORM/ MIM2.IC.JCIIC.JJC.M3,N3


CONMON /WS-/ SIS2.S3,S4.PI.P2,P3.P4.JL.JU.IL.I&



C


IF(I .GT. IC) GO TO 10 1



X=(1--*)X-R 2



YY2=DABS(R*R-X*X)


YYDS-RTCYY2)


IF(ISYM.E2.1) GO TO 9


yI=R-yy 5



Y2=R+YY


JL=(YI/)Y+0.01000)0)+2



JU=(Y2/DY-0.OIOOODO)+I


GO TO 40 9



9 JL=1


JU(=YY/DY-3.OICDO)+I



GO TO 40



10 CONTINUE 
 10



IF(I.EQ.NI) GO TO 19 11



IF(I.GT.M1) GO TO 20 12



X=(I-t-)*X-R 14



YY2=DABS(R*R-X*X)


YY=DSORTLYY2


IF(ISYM.EQ.1) GO TO 18



JL=2 13



y2=R+YY 17



JU=(Y2/DY-O.0I10D01+I



GO TO 40 is



18 JL=I



JU=(YY/DY-O.O1ODO)+1


IFCYY.LT.B) JU=N3



GO TO 40



20 CONTINUE 20



IF(ISYM.EO.1) GO TO 30



JL=2 21



IF(I.GT.IIC) GO T) 30



X=RC-(I-MI)*DX 24



YY2=DABS(RC*RC-X*X)


YY=DSORTCYY2)



YI=CRC+B)-YY 
 27


J U=(YI/BY-O.010D00)+I



GO TO 40 	 29



19 	 CONTINUE 30



IFCISYM.EQ.I) GO TO 30



JL=2 31
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JUJ JC 1M 
GO TO 40 32 

30 CONTINUE 33 
JL=2 34 
IF(ISYM.,O.) JL= 

JU=(B/DY-0.0010000)+ 1 
40 CONTINUE 

RETURN 

END 

ORIGINAL PAGE IS 
OF POOR QUALITY 

36 



*N IV G LEVEL 21 	 MESH DATE = 772b3 21-/45/41 PAGc 0001



SUBROUTINE MElI(,J)


IMPLICIT REAL*8 (A-H,D-Z)


COMMON /TMO/ ILO.1$.ISYM.IPAP.ICOI).IP.ICM


COMMON /DIMS/ RRC.H.8.OX.QY.EBI,


CUMM0N /F0IM/ MI.M2.IC.JC.IC.JJC.43.N3


CCMMON /MSH/ SISZ.S3.S4.'1.PZ.P3.'4,JL.JUILIf


COMMON /011/ P(SO.2),PBY(2.30).PBX(50.2).PP(50.3u),POY1 2.3u),


SPBXI(50.2),F(50.30)



C


C: DETERNMINE TIE STANDARD FIVE POINTS LAPLACE DIFF. OPERATUR AND


CC ThEIR POSITIONS 51SE2.S3,S4 A.R.T. POINT O(X.Y)


C



[F(J.EO.JL.ANO.J.EO.JU) GO TO 101


IF(J.EQ.JL) GO TO 50 001


IF(J.EQO.JJ) GO TO 53 0a


S2=1.000


P2--P.J+1) 00


$4=1. 000


PA=PCI.J-1) 00O


GO TO 70 C07



50 CONTINUE 008


IF(ISYM.=Q.I) GO TO 51



IF(l.GT.IC) GO TO 51 009


52=*000


P2=PI.J+1) 0011


X=R-I-)*DX 00e


YY2=DABS(R*R-X*A)


YY=DSORT(YY2)


YI=YY-(JC-J)*DY


S4=YI/DY


IF(54.GT.I.000) S=1.000


P4=PaX(I.1)


GO TO 70



51 	 CONTINUE 0019


S2=1.DDC


P2=P(I .J+1) 0021


S4=1.OD0


P4=PB(1.1) 0023


GL, TO 70 0024



60 	 CONTINUE GO05


IFCI.EO.M1) GO TO 52 0037


IF(I.GT.413 GO TO 65 003b


X=(IC-I}*oX



YY2=DABS(R*R-X*X)


YY=0SORT(YY2)



YI=YY-CJ-JC)*DY 	 OC30


S2=Y1 /Y 0031


IF(YY.LT.B) S2=CB-(J-1I*DY)/DY


IF(SZ.GT.I.00 52=1.00


P2=PBX(I.2) 	 0032


S4 	 .000


P4=P(I.J-I) 	 0034



GO TO 70 	 0035



37



http:IF(SZ.GT.I.00
http:IFCI.EO.M1
http:IF(l.GT.IC
http:IF(J.EQO.JJ
http:IF(J.EQ.JL
http:F(J.EO.JL.ANO.J.EO.JU
http:SPBXI(50.2),F(50.30
http:MI.M2.IC.JC.IC.JJC.43.N3


AN IV G LEVEL 21 MESH DATE 77263 2I/4D/
4 
1 PAsb 0002 

62 CONTINUE OU48 
IF(ISYM.EQ.1) GO TO 64 
32=1.3D 
P2=P2X(,2) o050 
S4=1.ODC 
P4=P £1,J-1) 0052 
GO TO 70 U053 

65 CONTINUE 0054 
IF(ISYM.Qo.I) GO to o4 
IF(I.GT.11C) GO TO 64 O&55 
XC=RC-t I-Mi)4DX 005b 
YY2=DABS(RC*RC-XC*XC) 

YY=DSORT(YY2) 
YC=S+RC-YY-(J-Ii*DY 0059 
S2=YC/DY 0060 
IF(S2.GT.I.ODO) 52=1.ODO 
F2=PBX(I,2) 00ol 
S4=1.OD 
PP(I J.1J) 0063 
GO TO 70 00 4 

04 CONTINUE oob5 
Y2=9-J-1)*DY 0006 
S2=Y2/DY 0057 
IF(S2.GT.10DO) 2=1.00O 
2='BX(1.2) 000s 

S4=1. DO 
P4=P(I.J-1) 0070 
GO TO 70 

101 CONTINUE 
Y=-(J-1)*DY 
S2=Y/DY 

IFtS2.GT.I.D2) S2=1.ODO 
P2PX( I,2) 

S4-1 .000 
P4=PBXCI.1) 

70 CONTINUE (071 
IF(I.EQ..) G TO 80 0073 
IF(1.EQ.IR) GO TO 90 0074 
SI=I.ODO 
PI=P(I-I.J) 0076 
S3=1.OD 
P3=P(1+IJ) 007b 
GO TO 100 0079 

80 CCNTINUE 0010 
Y=(JC-J)*DY 
XX2=DABS(*R-Y*Y) 

XX=DSORrtxx2)
XI=XX-(IC-I)*DX o OOioO GALTY

Q0085 
X/DX006 

IF(SI.GT.I.ODZ) Si=1.000 
Pl=PIY(I.J) 0087 
$3=1.0D0 

P3=P(I+1*J) 
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5O 
GO TO 10 
CONTINUE 0090 
1FCJ.GT.N3) GD TO 91 0010o 

SI=1o00 00102 
P1=(I--1J) 
XX=H-IM3-41 *DX 

00104 
00104 

S3=X /DX 00106 

IF(53.GT.i.0D) 
P3=P6Y{2J) 

S3=1.000 u0106 

0010? 
GO TO 10000137 

91 CONTINUE 00109 

IF(ISYM.EQ.1) GO TO 93 
IP(J.GT.JJC) GC TO 02Si=1°000Ulu 
SI=PI-oZoUvJ) 

YCB=*RC-(J-1).Dy 
P1PC11 .4)00112 

06113 
XXC=DABS(RC*RC-YC*YC 
XC=DSQRT(XXCI 
XI=RC-XC-C1-M1)*DX 
S3 =-Xl/oX0 001161 6 

IF(S3.GT.I.ODD) S3=1.000 
0011? 

P3=PBY(2*J) 

92 
GO TO 100 
CONTINUE 

0011s 
0CI19 

IF(J.GT.JZ) GO TO 93 00120 

SI=I.DD 00121 
PI=P(I-.40J0 

S3=1.000 00123 

P3=PBY(2.J) 
GO TO 100 00125 

93 CUNTINUE G0126 

51=1 .000 0027 

Y=(J-JC )*2Y 00129 

XX2=DABS(R*R-Y*y) 00130 

XX=)SQRT(XX2)
XI=XX-(-IC)*DX 

S3=XI/DX 00134 

IF(S3.GT.1.ODO) S3=I.ODO 00134 

P3=PSY(2.Z 
100 CONTINUE 00135 

RETURN 00136 
END 00139 

END9 
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SUBROUTINE IRL(J)


IMPLICIT REALtS (A-H,O-Z)



COM3N /TWO/ ILO,IWRISYM.LPAPICU3sIP.ICOM


COMMON /DIMS/ R.RC.,,BDX.DYBIsBB


CCMMON /FORY,/ MI,M2.IC.JC.IICJJCM3,N3


CUMON /4SH/ S1,S2,S3,54,PIPZ.P3.P4.JLJU.ILU



C


CC SUBRCUTINE IRL(J) FOR DETERMINING BOUNDARY POINT5 FOi A IV=ta


CC RO J.(JsI.AJ)) IS TIE FIRST INTERIOR POINT &(J.Ih[J)) IS THE MAXIMUM


CC INTERIOR POINT



C


IF(J.GT.N3) GO TO 1000 01



Y=(JC-J)*DY


XX2=DABS(RR-Y*Y)



XX DSQRT(XX2)


XI=R-XX 05


IL=(X1/DX0.O100001+2



1R=M3 07


GO TO 4C00 Ob



ICCO CONTINU3 O9


IF(ISY,.EO.I) GO TO 3000


IF(J.GTeJJC) CO TO 2000 010



Y=R-{J-1)#DY oll



XXZ=DABS(R*R-Y*Y)


XX=DSORTCXX2)



XI=R-XX 	 014



IL=X1/OX0.O1000DO)+2


YC=+RC-{J-I)*DY 016



XXC=DABS(RC*RC-YC*YCI



XC=DSORTCXXC)


XI=RC-XC 019


IP=(X1/DX-O.0 I000)O)+MI


GO TO 4000 021



2000 	 CONTINUE 022



IF(J.GT.JC) GO TO 3000 023



Y=(J- )tDY-R 024


XX2=DABS(R*R-Y*Y


XX=DSQRT(XX2)



XI=R-XX 027


IL-( X/DX+0.OIOOODO)+2



IR=M -1 029



GO T0 4'03 030


3000 	 CUNTINU (3J



Y=(J-JC*DY


XX2=DABS{R*-Y*Y)


XX=OSQRT(XX2)


XI=R-XX 	 045



IL=CXI/DX+).010000D1t


IR=(XX/DX-0.0I OOODO)IC



400 CONTINUE Gin


RETURN



END 
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USR0UTINE ECS! ()


IMPLICIT REAL*6 (A-H,O-Z)


COMMON /TrO/ ILJ.I*R,ISYMI'AP.1C:32IP.[COM


COMMON /DIMS/ P.RCf.8DYB1 .8


COMiON /FORM/ WI1M2.ICJC.IICJJC.M3.N3


CEMMON /MSH/ SI.S .SJ,.4.2I.P2.P3A4.JL.JU.1LIlk


CCMMON /PII/ p(S.30).P8Y(2.30).PE(50.23.PPLSO30).P YI(2,30i.



1 PBXI(8O,2).F(SO,30)


CCMMON INPC/ PL.PUPT.PR



z



CC CALCULATE P)TENTIAL =UNCTION AL)NG THE B. FOR EACH I (PXIXPKX2)



C 
IF(I *GE. IC) GO TO 180 1



J=JL 2



CALL IR.AJJ



CALL MESH(I.J) 3


x=(IC-I)*:)x 4


YY=DABS(R*R-X*X)



Y=OSORT(YY)


IF(ISYM.EQ.L)'GO TO 100



7SS=S4*DY*X+OX Y 
PL=CI+S4) P(I+1.J)--S4*P(I+.J+I)


P8X( I. tW(S4*)Y*X*p.-DX*y*PCI,J)l/SS


GO TO 101



100 PXlC. 1=p(I sJ)


PL=PBX(I*1)



101 	 JJU


CALL IRL(J)



CALL MESH(I.J)


SS=S2*DY*X+DX*Y 11


PU=(1#S2)*P(I+.J)-S *P(1+1.J--1J 1



PBX(I.2)=(DX*Y*P(I.J)+DY*52VXtPU)/SS 13



GD TO 900 	 -14



180 	 CONTINUE 15



IF(I .GT. IC) CO 12 190 lb



J=JL 17



PBxCI,l)='(I.J) 

PU=PBX(I.2)



lb


PL=PBX(I*1)



J=JU 	 is,



PSX( I.2)'2(I.J) 20



GO TO 900 21



190 	 CONTINUE 4a



IF(I .GS. MI) GO TO 210 23



J=JL 24



PaxfI *I='(I.J) 25


PL=PX CI.I)


J=JU 20



IF(J.LE.N3) GO TO 216



CALL IRL(J)



CALL MESH(I.J) 27



X=CI-IC)*2)X 26


YY=OABSCR*R-X*X)
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Y=DSQRT(YY) 
SS:DYM2*X+DX*Y 31 

PU=(l+S2)*P(I-1,J)-S2'P(I-I.J-I) z2 
PBX(I.2)=(DX*YP(I.J)+S2*DY*X*PU)/ S 33 

GO TO 900 34 

21o PSX(I2)0(I.J) 
PU=PSXCI 2) 

GO TO 900 
210 CONTINUE 35 

IF(ISYM.EO.I) GO TO 214 
IF(1.GT.MI) GO TO 212 30 
J=JL 37 
PBXII)=P(I*J) 3b 
PL PBX(1,1) 
J=Jj 35 

PBX(I.2)=PCI-IJ+I) 40 
PU=PBX(1 2) 
GO TO 930 41 

212 CONTINUE 42 
IF(I.GT.11 ) GO TO 214 43 

J=JL 44 

PBX(I1I)=PI.J) 45 
PL=PBX(I,1) 

J=JU 4. 
CALL IRL(J) 

CALL MESrI(IJ) 47 
X=CC-(1-MI*)DX 4b 

YY=OASSCRC*RC-XtX) 
Y=OSORT(YY) 
SS=Ys*S2X+DXtY b1 

PU=(1+S2)*P(I-1.J)-S2*P(I-1.J-I) 52 
bX 1.2)=C:)Y S2*X PU+DX* YPL IJ)) /S5 5 
GO TO 90i 54 

214 CONTINUE 

J=JL 
PBX( Iil)=( 1.J) 5b 

PL=PBX(I.1) 
J=JU 57 
PSXLI.2):( I.J) Sb 
PU=PBX(1.2) 

900 CONTINUE 59 
RETURN 
END 
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SUBROJrINS SCSJ(J.V1)


IMPLICIT FEAL*S (A-H.O-L)


COMMON /TnO/ ILJ.IRISYM.I'AP.ICOJ.IP.ICOM


COMMON /LPI.S/ RRC.H, sBDX.OY.BXI Bt



COMMON /=UM/ MI.M2.[C.JC.IIC.JJC.M3.N3


CCM ON /MSH/ SI.S2S3,S4. I.P4.P3.'4.JL.JU.[L.Ir


COMMON /PHI/ P(50,33),PBY(2.30),PBK(50.2),PP(50,30J,'Y1(2.30),



I PBXI(5O.2).F(50,30)


CCMMON /INPO/ PR.PU.PT.PR



CC CALCULATE POTENTIAL FNCTIUN A-3NG THE B. FOR EACH J (PBYI.PBY2)



C


1F(J .GE. JC) GO TO 200


I=IL



CALL INTbL(1)


CALL ME5i(I J)



Y={JC-J) OY


XX=OABS(R*R-Y*Y)


X=DSQRT(XX)



SS=DY*X+)XtSI*Y 
PT=CI+SI).P(I. 4I)-SI*P( +1.J+1I


PEYC 1.J)=(DYtX*PCI .4)+OX*SI*Y*PT)/SS


I=IR


CALL INTPL(I)



CALL MESH(I J)


IF(l *GT. NS) G3 TJ 110


PSY(2,J)=P(I.J)+DX*53*V1


PR=PSY2.J)



GO TO 900


110 CONTINUE



F(J .GT. JJC) GO TO 120


Y=+RC-(J-l)*DY


XX=DAS(RC*RC-Y*Y)



X=DSQRT(XX)


SS=oX*S3*f+DY*X 
PR=(I+3)*P(I,J-I)-S3*P(I-1.J-1)


'BY(2.J)=CDY*X*P(IJ)+DX*S3*Y*PR)/SS



GO TO 93D



120 CONTINUE


POYC 2.J)='( 1.)



PR=PS(2.J)


GO TO 900



200 CONTINUE


IFtJ tGT. JC) GO TO 210


1=IL



PT=PBY ( 1 *)


I=IR


CALL INT'L(I)



CALL MES1(I.J) pAGE 18 
IF(ZSYM.EOI) GO TO 101 oLPAGNAI 

GO TO 152 OF poo.-" 
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101 PBY(2.JJ=P(IJ)+DK53*V


102 Pm=PJY(2.J)



GO TO 900


210 CONTINUE



l=IL


CALL INT'_(I)


CALL. MESH(I. J)



Y=(J-JCI*DY


XX=OABSCR*R-Y*Y)


X=DSORT(XX)



5S=OX*SI*Y+DYX


PT=(I+Sl)*P(I.J-)-Sl*P(I IJ-12



PSYCI.J)=(DX*SIY*PT+DY*X*P(c1J))/SS


I=Ik



CALL INTPL(I)


CALL MESd(1 ,J)


IF(ISYM.LQ.O) GO TO 260



IF(J.GT.N3) GO TO 260


PDY(2.J)'(I .J)+DXtS3*VI


PR=PSY (2.J)



GO TO 900


Zo Y=J-JC)3Y



XX=DABS(Rk*R-Y*Y)



X=DSQRT(XX)



Ss=X*S3tY+DY*X


P=-+S3)tP(I,J-1)-S3*P(1-1,J-1)



PSYC2.J)=(DY*X*P(1 .J)+OX*S34Y*PH)/&S


900 CONTINUE



RETURN


END
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SUBROUTINE HVVEL 
IMPLICIT REAL*8 (A-H.O-Z) 
COMMON /ONE/ VI 
COMMON /T*O/ ILUIWRISYM.IPAPICOO,IPICOM 

COMMON /DIrS/ RRC-.,B.DX.DY.B1.8B 
COMMON /FORM/ '1M2.IC.JC.IICJJC.M3,NS 
ZOMMON /M5 / S1,S2 S3,S4.PI.P2,P3,P4.JLJU.IL.I 
COMMON /PI/ D(50,30})PBY(2.30).PX( 50-2)- P'(5O30)P3Y1 (2.30). 

I 	 P5X1LS02),F(S,30)



COMMON /VEES/U(50.30) .V(50.30).UBX(50.2}hVBX(S0.2).


I UBY(2.30),VBYC2.30),UI(50s30).VO(5Oo3C).UXI(4C.2)



I *VBXI(50.2), UBYI(2.30)VBYI(2.30),VV(5O,3),ANLE(bO30)



CUON /INPO/ PL.;U.PT.PR


C


CC CALCULATE VELOCITY COMPONENTS J.V IN THE XtY DIR. (U=0'/DX V=DP/Y)



C 
IF(IR.EQol) GO TO 25



WRITE(6.14)


WRITE(6.400)


WRITE(6.107)



25 	 CONTINUE


2O 10 1=2,m3


CALL INTP.Al)


DO 20 J=JL,JU



CALL IRL(J)


CALL MESH(I.J)



C2133l/(SI*($3+51))


Cl=(Sl-S3)/(Sl S3)



C24$2/(S4*jS2+S4))


C423-4/( 52*( 52*54)) 
C2=(S4-S2)/(S2*54)


U(I.J)(=P3*CI3-Pl*C31-PCI.J)*CZ)/DX



IF(J.EQ.I) P4-P2


V(I.J)('2Z*C42-P4*C24-P(I.J)*C22/Dy


IF(ILO.EQ.1) GC TO 20



UI(I1J)=J(I.J)


VO(I ,J=V(.J)


IF(IWR.EQ.I) GO TO 20


tRITE(6,111) I.J.J(I,4),V(I.J)



20 CONTINUE


10 CONTINUE



If(AIR.EG.I) GO TO 30


IF(ISYM.EQ.I) G TO 666


WRITE(6,108)



GO TO 30


066 	 WRITE(6.109)


30 	 IF(ISYA.EQ.I) IIC=MI



DO 50 1=2,03


CALL INTPL(I)


IFCI.EO.M3) GO TO 100


J=JL


CALL IRL(J)
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CALL MES-IIJ)


CALL JCSI[I)


IF(I.GE.IC) = {+I1



UBC 1.I)=(PL-PBX(I,I31/DX


VBX(I.t=('(IJ)-P3X1II))/(S4*DY)

J=JU



CALL LRL(J)



CALL MESHCI.J)


CALL BCSI(I)


IF(i.GE.IIC) PU=PBX(I+1,2)



JBX(I.2)={'U-PBX(I.2))/DX


IF(I.GT.ICI UBXCI,21=-UBX(1.2)



IF(I.GE.IIC) UBX(I.2)=-UBX(1,2)


VBX([.2)=(PBX{ I,2)--(IJ))/(S2*DY)


GC TO 900



100 	CONTINUE



J=JL


UBX(1,1)=CPBX(I1.)-PBX(I-II))/OX


VBX(I.I)=P(I.J)-PBX(I.1))/DY



J=JJ


CALL IRL(J)



CALL MESHIJ)


CALL BCSI(I)


USX(1,2) (PX( I,2)-PBX(I-I.2))/DX


Vax(1.2)=[PBx(1.2)-P{Itj))/CS2*DY)



900 CONTINUE


IFCILO.EQOI) GO TO 50


UBX1(II)=UBXt 1.1)



VBXI(I.I)=VBX(II)



.JBXI(I.2)=UBX(I.2)


VsXI(1,Z)=VBX(I. )


IF(IWR.Ea.I) GO TJ 50


IF(ISYM.EQ.1) GO TO 103


WRITE(6.310) UEXICl.1)VbX(1l.).USX(I.2),VBXLI,2)



GO TO 50


103 WRITE(6.210) USX(I.2).VSX(I.2)


50 CONTINUE



M21M2-1



'IF(IR.EQ.I) GO TO 15


WRITEC6,777)



15 CONTINUE



DO oU J=2,M21


CALL IRA(J)


1=IL



CALL INTPL(I)



CALL MESHI(IJ)


CALL BCSJIJ.VI)


UBYCIJ)(P(I.J)-PBY(1IJ))/CSItDX)



VOY(I.J)=C T-PBY(1.J))/DY



IF(J.GE.JC) VBYCI.J)=-VSY(I,J)

i=Ia



CALL INTPL;(I) 
CALL MESr I.J)
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CALL SCSJ(J.VI)
 

IF(J.GT.N3) GO TO 160


U8YC2,J)=(PBY(2,J)-P(I,J))/S*DX]


VBY(2,J)=O.00O



GO TO 2000


180 	 CONTINUE



IF(ISYM.EQ.1I) GO TO 240


IF(J.GT.JJC) GO TO 190



UDY(2.J)=C'SY(2.J)-PC I.J])/(S3 :.s)


VBY(2.J)=(PBY{2.J)-PR)/DY



GO TO 2000



190 CONTINUE


IF(J.GE.JC) GO TO 220


UaY12.J)=(CBYC 2.J)-PI .J))/DX


VeY(t.J)=(PDY2.J+)-PY(2.J))/DY


GO TO 2000



220 	 CONTINUE


IF(J .GT. JC) GO TO 240


LJB(2,J)=(PEY(2,J)-PI,.J)/DX


VBYC2,J)=(PBy( .J)-PBY(2.J-1)DY


GO TO 2000



240 CONTINUE


JBY(2,J1=C'8Y(2J)-P(I.J))/(S3S*X)



VBYC2,J)=(PBY(2.J)-PR)/DY


2000 CONTINUE



IF(1L3.EG.l) GO T3 60


UsYI (1 *J)=UBY IJ) 
VBY11.J3=VBY( IoJ) 
UBYL C2.J)U6Y(2,J)


VBYI(2.J)=VBY(2J)



IFCIWR.EO.I) GO TO 60


WRITE(6.313) JBY(IJ).VBYCI.J),UBY(2,JJ.VBY(2.J)



60 CONTINUE



14 FORMAT(IHIJ


IC7 FORMATC//.IOX.*I *.SX,'J *.5KX.U S.20X.V .


106 FORMAT(//uIOX.'UX 1sx..VBxI *.I5X.Ub,2 s15k. VoX2 U


III FOPMATCIOX.15.5X.IE.IOX.3i5.6.1OX15.6)



210 	 FORMAT(//,IOX.2(X5D15.6))


310 	 FORMAT(//.IOX.4(5XKDI5.6))


5

400 FORMAT(IOX, VELf-CITY COMP. U&V IN THE X& Y DIR..1//)


777 FORMAT(//.IOX,'UBYI ".ISX..VBYI %5X'UBY2 ',1SX.VBY2U)


109 FORMAT(//5X.*UE X2 %15X.'VBA2 3s/)



RETU RN 

END
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SUSkOUTINE PLTISU(JMAXGISYM3L.IUPODWtbiZEVISOBF.VA:.X.Y)


IMPLICIT qEALV8 (A-H.D-ZI


CCMMON /MSH/ SI.SZ.53.S4,PI.P2.P3J.4.JL.JU.IL,LR


)IMENSICN VAR(32,21).X(32.21V.Y(32,21)
 


IC[ISYMBL


ICA=IUPOD


JMAXOI=JMAXC-1


NNN I



1115 CONTINJE



1113 DC 1128 J=I.JMAXOI


CALL IRL(J2



DO 1130 INV=IL,IR


IIB=l



1 1R+I_-INV


1103 IF((VAR(I.J).GT.VISOBR).AND.(VARI .J+I).GT.VISOBR)) GO Tb 1117



IF(UVAR(I.J).L1.VISOSk).AND.{VAR(I ,J+I).LT.VIbLBR)I GO TU 1117



= 
 
D5 X(IJ+1)- X(I,J)


DSS=DS*(VISOsR-VAk(I .J))/{VAR(IJ+I)-VARI.J))



C YYB= C Y(IJ)+ Y(1,J*1))/2.


= 
 

)N Y(IJ 1)- Y(l.J)



UNN=DN*(VISOBR-VAR(1tJ)/LVAR(I.J+I)-VAR1,J)I


XXa= C X(I.JJDS)



YYB= C YCIJ+1)-DN-DhN)I


wRITE(6,1114) XXB.YYB.I.J.VISDBR.VkCI.J+I).VAR(IJ).OS,DN



1114 EORMATCX.UXB.FID b2X.'YY8,'FIO.6.2X.I='.I32,%1%1=,22X



'VISOBR= FI4.6,3X.4(FIO.6)



IF{NNN.EO.l) GO TO 1116


CALL SYMBOL(XXB.YYS.SlZE.IC.0.*.-I


CALL SYMBOL C-YYBXXB,5SIZi.C.O..L1



CCC CALL SYMS5-(XXBYY,SIZE.IC.D.,-ICA)



GO TO 1120


1116 NNN=O



CALL SY'B3L(XXBYYB.SIZ.IC.O.,-I)



C CALL SYMBOL (-YYB.XXB.SIZE.IC.O.-Il


GO TO 1120



1117 IIB=2


IF((VAR(IJ).GT.VISOBR).AND.CVAR(I-I.J).GT.VISUSR)) G) Tb 1123


IF((VAR(I.J).LT.VIS0OR).AND.CVAF(I-1.J).LT.VISOSR)I GO TL 112Z



1109 DN=( Y(IJ)- Y(I-I.J)}



DNNDN*(VISOBR-VAR(I-IJ))/(VAP(I.tJ)-VAR(I-I.J)J


YYB= C Y(I.J)-(DN-)NNJ)


Os x{IJ)- X( I-I.J)



DSS=LS*(VISGdR-VARCI-1,J})/(VAU(I,J)-VARI-I.J)l


= 
 

XX6 ( X(I.J)-(DS-)SS])



WRITEC6,11141 XXB.YYB.I,J.VISOBR.VAR( I-I.J),VAR(I.JI),DS.DN



IFCNNN.EQ.I) GO TO 1118


ICA 2


IF(IIB.EQ.21 ICA=I


CALL SYV3LCXXB.YYS.SILEIC...-ICA)



C 
 CALL SYMBDL C-YYB.XXB.SIZE.IC.0-.-I


IF(IIS.EQI) GO TO 1127



GO TO 1124



ORIGINAL PAGE W8 
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1115 NNN=O


CALL SyMBO(XX8.YYsSIZeIC*3..-1)



C 
 CALL SYMBOL (-YYB.XXB.SIZE.IC0o--I


IF(IIB.EQ.!) GO TU 1127


GO TO 1124



1120 IF((VARCI- J,1).ST.VISJBR).AND.( VAR( LJ+J.GT.VISOBfl) O I0



1 1124


IF((VARCI-I.J+I).LT.VISOBR).AND.( VARLIJ+I).LT.VISQOR)) GO To



I 1124



1121 	 DN=( Y(I.J+I)- Y(I-1.J+I))



DNN-,DN*(VISOR-VARI-I.J+I))/(VAR(I.J+I)-VAR(I-.J4I))


YYB= I Y(I.J+I)-DN-DNNJ)


05= XCIJ+I)- X(I-1.JI)



DS=05*(VISOBR-VAR{I-1.J+I)/(VAR(IJ+I)-VARCI-I,J+I))


XXB= I X(I J+1 )-{(OS-2SSI)


wRITE(6.1114) XXB.YYBS.IJ.VISOBR.VARI-I.J+I).VAR(I.J+I) .US.DN



IF(NNN.EQ.1) GO TO 1122


CALL SYMBOL(XXBYYB.SZZZIC.O.--2 I



C CALL SYMBL. -YYB.XXB.SIZ!.IC.0.,-I)


CCC CALL SYMSOLXXB.YYBSIZEIC.O.,-ICA)



GO TO 1127



1122 NNN=O


CALL SYMBOL(XXS.YYB.SIZEIC.0.,-,1)



C CALL SYM3BL (-YYWXXS.SXZE.IC.O..-)


GO TO 1127



1124 IF((VAR(I-I.J.GT.VISOR).AND.cVARtI-I.J+I.GT.VISUBR).ANO.I1B.E



1.1)) G3 T3 1109


IF(VARI--.J).LT.VIOBR).ANU.CVAR(I-I.JI).LT.VISOBR.AN).(118.EQ



1.1)1 G0 To 1109



IF(CVARCI-1.J).GT.VISOBk).AN.(VARCI-.J*1J.GT.V1SO6NJ.AND.(1I6.EQ


1.2)) GO rO 1121



IF((VARCI--I.J).LT. VISOBn).ANU.CVARCI-1 J+I).LT.VISCMR) .AND.(C11-.EU



1.2)) GO T" 1121


GO TO 1125



1123 	 118=5


IFC(VARCI-1.J).GT.VSORR).AND.(VAR(I-1.J+I).GT.VISOf)) GO TO 1127



IFC(VAR(I-1 .JLT.VISOBR).AND.VARCI-1.J+).-T.VISCB))GO rf, 1127



1125 	 DS= XCI-1.J+t)- X(1-1,J)

OD5*S(VISO6RW-AR1--1.J))/(VARCI-lJ+I)-VARL1.41Ji



XXB= X(I-1,J)+DSS)



DN= Y(I-1,J+I)- YCI-I.J)


DNN-ODN*CVISOBR-VAR(I-I.J))/(VAR(I-1.J+I)-VAR(-I1.J))


YY8= I Y(I-I.J+1)-(DN-DNN)) 

*RITE(6.1114I XXBYYBI,JVISOBR.VAR(I-1 J}VAR(-I.J+I).DS.DN



IF(NNN.EQI) GG 10 1126


ICA=2


IF(IIB.EO.5) ICAnI



CALL SYMSOL(XXBS.YYB.SIZEICO.,-CA)


IF(IIS.E:,5) GC TO 1121


GO TO 1127



1126 NNN-=O


CALL SYM53L (XX.YYB.SIZE.IC.O..-I)



C 
 CALL 	 SYMBJ. -YYXXBSIZZIC,0.-I
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IV C _..VEL 21 PLTISO DATE = 77263 21t4511 PA.E 000 

IF(IID.EO.5) GO 
1127 CONTINUE 
1130 CONTINUE 
1128 CONTINUE 

NNNI 

RETURN 

END 

TD 1121 

50





INPUT DATA



In the following, :the different--paraetters used to specify



- the cases that 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) 	 IFG = 1, IPAP = 01 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, IFG = 0, IFREVO = 0, for a circular paraboloid.



source distribution.



(c) IFREVO = 1, IPAP = 0, IFG = 0, for free vortex source



distribution.



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



source distribution.



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.
 


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 Geometryl, one card ORIGQNAL PAGE IS


Ml, M2, DO, RI, B, a, R, RC 
 OF 9R9 ,U0A.
READ: 


according to format (21M0, 6F10.01
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Third Set (Control Parameters), one card



READ: ICOM, ISYM, IFG, IPAP, IFREVO



according to format (5110) 

Fourth Set (Numerical Parameters), one 

READ: ITMAX, EPSMAX, WO, WOP 

according to format (I10, 3F10.0) 

card 

Fifth Set (Output Control Parameters), 

READ: IP, IVPLOT, IPLT 

according to format (3110) 

one card 

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 = 1 to I = M 3 , and marching in J direction from



J = JL, JU as shown in Fig. 3a. (Ref. 1)



OUTPUT



The program output includes a printout of the pertinent flow



properties at all the grid points every 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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