








FY(M1)=1.
FYM(M1)=0.
CON,AP,U,V,RHO,PC AND P ARRAYS ARE INITIALIZED HERE
DO 95 J=1,M1
DO 95 I=1,L1
PC(LJ)=0.
U(L,T)=0.
V(1,7)=0.
CON(I,))=0.
AP(I,])=0.
RHO(LJ)=RHOCON
P(L,])=0.

95 CONTINUE
IF(MODE.EQ.1) THEN
PRINT 1
WRITE (45,1)

END IF
IF(MODE.EQ.2) THEN
PRINT 2
WRITE (45,2)
END IF
IF(MODE.EQ.3) THEN
PRINT 3
WRITE (45,3)
END IF
PRINT 4
WRITE (45,4)
RETURN
C

ENTRY SETUP2

COEFFICIENTS FOR THE U EQUATION
CALL RESET
NF=1
IF(NOT.LSOLVE(NF)) GO TO 100
IST=3
IST=2
CALL GAMSOR
REL=1.-RELAX(NF)
DO 102 I=3,L.2
FL=XCVI(D)*V(I,2)*RHO(I, 1)
FLM=XCVIP(I-1)*V(I-1,2)*RHO(I-1,1)
FLOW=R(1)*(FL+FLM)
DIFF=R(1)*(XCVI()*GAM(I, 1)+XCVIP(I-1)*GAM(I-1,1))/YDIF(2)
CALL DIFLOW

102 ATM(1,2)=ACOF+AMAX1(0.,FLOW)

DO 103 J=2,M2
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FLOW=ARX(J)*U(2,J)*RHO(1,])
DIFF=ARX(J)*GAM(1,))/(XCV(2)*SX()))
CALL DIFLOW
AIM(3,])=ACOF+AMAX1(0.,FLOW)
DO 103 I=3,1.2
IF(1.EQ.L2) GO TO 104
FL=U(LJ)*(FX(D)*RHO(LJ)+FXM()*RHO(I-1,]))
FLP=U(I+1,J)*(FX(I+1)*RHO(I+1,))+FXM(I+1)*RHO(L,J))
FLOW=ARX(J)*0.5*(FL+FLP)
DIFF=ARX(J)*GAM(LJ)/(XCV(1)*SX(7))
GO TO 105
104 FLOW=ARX(J)*U(L1,J)*RHO(L1,])
DIFF=ARX(J)*GAM(L1,J)/(XCV(L2)*SX(7))
105 CALL DIFLOW
AIM(I+1,))=ACOF+AMAX1(0.,FLOW)
AIP(LT)=AIM(I+1,])-FLOW
IF(J.EQ.M2) GO TO 106
FL=XCVI()*V(LJ+1)*(FY(J+1)*RHO(L,J+1)+FYM(J+1)*RHO(L,J))
FLM=XCVIP(I-1)*V(I-1,]+1)*(FY (J+1)*RHO(I-1,J+ 1 )+FYM(J+1)*
1 RHO(I-1,7))
GM=GAM(LJ)*GAM(LJ+1)/(YCV(I)*GAM(LJ+1)+YCV(J+1)*GAM(IL,T)+
1 1.0E-30)*XCVI(T)
GMM=GAM(I-1,))*GAM(I-1,J+1)/(YCV(I)*GAM(I-1,]+1)+YCV(J+1)*
1 GAM(I-1,))+1.E-30)*XCVIP(I-1)
DIFF=RMN(J+1)*2.*(GM+GMM)
GO TO 107
106 FL=XCVI(I)*V(I,M1)*RHO(I,M1)
FLM=XCVIP(I-1)*V(I-1,M1)*RHO(I-1,M1)
DIFF=R(M1)*(XCVI(I)*GAM(I,M1)+XCVIP(I-1)*GAM(I-1,M1))/YDIF(M1)
107 FLOW=RMN(J+1)*(FL+FLM)
CALL DIFLOW
AIM(IJ+1)=ACOF+AMAX1(0.,FLOW)
AJP(L,))=AIM(L,J+1)-FLOW
VOL=YCVR(J)*XCVS(I)
APT=(RHO(I,]))*XCVI(I)+RHO(I-1,])*XCVIP(I-1))
1/(XCVS()*DT)
AP(L))=AP(L])-APT
CON(I,J)=CON(L,I)+APT*U(LJ)
AP(LJ)=(-AP(L,J)*VOL+AIP(I,]))+AIM(L])+AJP(1,))+AIM(LJ]))
1/RELAX(NF)
CON(LJ)=CON(LJ)*VOL+REL*AP(L,))*U(1,J)
DU(IJ)=VOL/(XDIF(I)*SX(J))
DU(1,))=DU(1,J)/AP(L])
103 CONTINUE
DO 1001 I=1,L1
DO 1001 J=1,M1
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DO 1101 K=1,5
1101 BCOFI1(LJ,K)=COF(LJ,K)
1001 BCON1(I,J)=CON(,]J)
C TEMPORARY USE OF PC(1,J) TO STORE
UHAT ~
DO 151 J=2,M2
DO 151 I=3,L.2
151 PC(LT)=(AIP(LJ)*U(I+1,0)+AIM(LI)*U(I-1,1)+ATP(LI)*U(LJ+1)+
1ATM(IJ)*U(LJ-1)+CON(LJ))/AP(LJ)
100 CONTINUE
COEFFICIENTS FOR THE V EQUATION
CALL RESET
NF=2
JF(NOT.LSOLVE(NF)) GO TO 200
IST=2
JST=3
CALL GAMSOR
REL~1.-RELAX(NF)
DO 202 [=2,1.2
AREA=R(1)*XCV(l)
FLOW=AREA*V(I,2)*RHO(L 1)
DIFF=AREA*GAM(I,1)/YCV(2)
CALL DIFLOW
202 AJM(I,3)=ACOF+AMAX1(0.,FLOW)
DO 203 J=3,M2
FL=ARXJ())*U(2,J)*RHO(1,)
FLM=ARXJP(J-1)*U(2,J-1)*RHO(1,J-1)
FLOW=FL+FLM
DIFF=(ARXJ()*GAM(1,J)+ARXJP(J-1)*GAM(1,J-1))/(XDIF(2)*SXMN(J))
CALL DIFLOW
AIM(2,])=ACOF+AMAX]1(0.,FLOW)
DO 203 I=2,1.2
IF(1.EQ.L2) GO TO 204
FL=ARXJ()*U(I+1,1)*(FX(I+1*RHO(I+1,])+FXM(I+1*RHO(L,)))
FLM=ARXJP(J-1)*U(I+1,J-1)*(FX(I+1)*RHO(I+1,J-1)+FXM(I+1)*
1 RHO(LJ-1))
GM=GAM(LJ)*GAM(I+1,])/(XCV()*GAM(I+1,])+XCV(I+1)*GAM(LJ)+
1 1.E-30)*ARXI(J)
GMM=GAM(LJ-1)*GAM(I+1,]-1)/(XCV(I)*GAM(I+1,J-1)+XCV(I+1)*
1 GAM(L,J-1)+1.0E-30)* ARXJP(J-1)
DIFF=2.*(GM+GMM)/SXMN(J)
GO TO 205
204 FL=ARXJ(J)*U(L1,Jy*RHO(L1,J)
FLM=ARXJP(J-1)*U(L1,J-1)*RHO(L1,J-1)
DIFF=(ARXJ(J)*GAM(L1,J)+ARXIP(J-1)*GAM(L1,J-1))/(XDIF(L1)*SXMN(J))
205 FLOW=FL+FLM
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CALL DIFLOW
AIM(I+1,])=ACOF+AMAX1(0.,FLOW)
AIP(LT)=AIM(I+1,])-FLOW
IF(J.EQ.M2) GO TO 206
AREA=R())*XCV(I)
FL=V(LJ)*(FY J)*RHO(LJ)+FYM(J)*RHO(L,J-1))*RMN(J)
FLP=V(LJ+1)*(FY(J+1)*RHO(LJ+1)+FYM(J+1)*RHO(L]))*RMN(J+1)
FLOW=(FV(J)*FL+FVP(J)*FLP)*XCV(I)
DIFF=AREA*GAM(LJ)/YCV(J)
GO TO 207 |
206 AREA=R(M1)*XCV(])
FLOW=AREA*V(I,M1)*RHO(I,M1)
DIFF=AREA*GAM(I,M1)/YCV(M2)
207 CALL DIFLOW
AIM(1,J+1)=ACOF+AMAX1(0.,FLOW)
AJP(LI)=ATM(LJ+1)-FLOW
VOL=YCVRS({J)*XCV(I)
APT=(ARXJ(J)*RHO(LJ)*0.5*(SX(J)+SXMN(J))+ARXIP(J-1)*RHO(L J-1)*
10.5%(SX(J-1)+SXMN(D))/(YCVRS(J)*DT)
AP(LT)=AP(LJ)-APT
CON(LJ)=CON(LJ)+APT*V(LJ)
AP(LT)=(-AP(L])*VOL+AIP(L])+AIM(LI)+ATP(LI)+AIM(L]))
1/RELAX(NF)
CON(I,J)=CON(IJ)*VOL+REL*AP(LT)*V(LJ)
DV(I,J)=VOL/YDIF(J)
DV(LJ)=DV(L,J)AP(LJ)
203 CONTINUE
DO 1002 I=1,L1
DO 1002 J=1,M1
DO 1102 K=1,5
1102 BCOF2(I,J,K)=COF(1,J.K)
1002 BCON2(I,J)=CON(LJ)
200 CONTINUE
COEFFICIENTS FOR THE PRESSURE EQUATION
NF=4
IF(NOT.LSOLVE(NF)) GO TO 500
IST=2
IST=2
DO 402 I=2,1.2
ARHO=R(1)*XCV(I)*RHO(L,1)
CON(1,2)=ARHO*V(I,2)
402 AIM(1,2)=0.
DO 403 J=2,M2
ARHO=ARX(J)*RHO(1,7)
CON(2,])=CON(2,))+ARHO*U(2,J)
AIM(2,1)=0.
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DO 403 1=2,L.2
IF(LEQ.L2) GO TO 404
ARHO=ARX(J)*(FX(I+1)*RHO(I+1,))}+FXM(I+1)*RHO(L,T))
FLOW=ARHO*PC(I+1,])
CON(I,J)=CON(LJ)-FLOW
CON(I+1,7)=CON(I+1,])+FLOW
AIP(I,))=ARHO*DU(I+1,J)
AIM(I+1,)=AIP(L])
GO TO 405

404 ARHO=ARX(J)*RHO(L1,J)
CON(L,J)=CON(IJ)-ARHO*U(L1,7)

AIP(L1)=0.

405 IF(J.EQ.M2) GO TO 406
ARHO=RMN(J+1)*XCV(D)*(FY(J+1)*RHO(L J+1)+FYM(J+1)*RHO(LJ))
VHAT=(AIP(LJ+1)*V(I+1,J+1 )+ AIM(LI+1)*V(I-1, ]+ 1)+ATP(L,J+1)*
1V(LI+2)+AIM(LI+1)*V(LI)+CON(LJ+1))/AP(L,J+1)
FLOW=ARHO*VHAT
CON(,J)=CON(LJ)-FLOW
CON(L,J+1)=FLOW
AJP(LT)=ARHO*DV(IJ+1)

ATM(1,J+1)=AJP(L])
GO TO 407

406 ARHO=RMN(M1)*XCV(I)*RHO(I,M1)
CON(I,J)=CON(L,J)-ARHO*V(I,M1)

AJP(L,1)=0.

407 AP(LT)=ATP(LT)+AIM(LT)+AJP(LI)+ATM(L])

403 CONTINUE

C WRITE(1) COF
DO 1003 I=1,L1
DO 1003 J=1,MI
DO 1003 K=1,5
1003 BCOF3(1,J,K)=COF(LJ,K)
IF(ITER.LE.1) GO TO 409
DO 408 J=2,M2
DO 408 1=2,1.2
AP(L])=AP(L,])/RELAX(4)
CON(I,J)=CON(IJ)+(1.-RELAX(4))*AP(LJ)*P(1,])

408 CONTINUE

409 CONTINUE
CALL SOLVE
NF=1
IST=3
IST=2
DO 910 I=3,L.2
DO 910 J=2,M2

910 F(1,J,9)=F(L,J,NF)
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DO 1004 I=1,L1
DO 1004 J=1,M1
DO 1104 K=1,5
1104 COF(LJ,K)=BCOFI1(LJ,K)
1004 CON(L,J)=BCONI(LJ)
DO 413 J=2,M2
DO 413 I=3,L2
413 CON(I,T)=CON(LT)+DU(LT)*AP(LJ)*(P(I-1,))-P(L]))
CALL SOLVE
NF=2
IST=2
JST=3
DO 912 I=2,1.2
DO 912 J=3,M2
912 F(1,J,10)=F(I,J,NF)
DO 1005 I=1,L1
DO 1005 J=1,MI
DO 1105 K=1,5
1105 COF(LJ,K)=BCOF2(LJ,K)
1005 CON(L,J)=BCON2(L,J)
DO 414 J=3,M2
DO 414 1=2,1.2
414 CON(ILT)=CON(IT)+DV(I,1)* AP(L,)*(P(LJ-1)-P(LJ))
CALL SOLVE
COEFFICIENTS FOR THE PRESSURE CORRECTION EQUA TION-------mvrrmmen-
C READ(1) COF
DO 1006 I=1,L1
DO 1006 J=1,M1
DO 1006 K=1,5
1006 COF(I,J,K)=BCOF3(LJ,K)
NF=3
IF(NOT.LSOLVE(NF)) GO TO 500
IST=2
IST=2
CALL GAMSOR
SMAX=0.
SSUM=0.
DO 410 J=2,M2
DO 410 I=2,L2
VOL=YCVR()*XCV(l)
410 CON(L,J)=CON(I,J)*VOL
DO 474 12,12
ARHO=R(1)*XCV(I)*RHO(,1)
474 CON(I,2)=CON(I,2)+ARHO*V(I,2)
DO 475 J=2,M2
ARHO=ARX(J)*RHO(1,J)
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CON(2,7)=CON(2,J)+ARHO*U(2,])
DO 475 I=2,1.2
IF(LEQ.L2) GO TO 476
ARHO=ARX(J)*(FX(I+1)*RHO(I+1,J)+FXM(I+1)*RHO(,J))
FLOW=ARHO*U(I+1,J)
CON(L,J)=CON(IJ)-FLOW
CON(I+1,J))=CON(I+1,))+t FLOW
GO TO 477

476 ARHO=ARX(J)*RHO(L1,J)
CON(L,J)=CON(I,J)-ARHO*U(L1,J)

477 IF(J.EQ.M2) GO TO 478
ARHO=RMN(J+1)*XCV(D*(FY(J+1)*RHO(LJ+1 +FYM(J+1)*RHO(LJ))
FLOW=ARHO*V(LJ+1)
CON(,J)=CON(L,J)-FLOW
CON(I,J+1)=CON(I,J+1)+FLOW
GO TO 479

478 ARHO=RMN(M1)*XCV(I)*RHO(I,M1)
CON(I,J)=CON(I,J)-ARHO*V(I,M1)

479 PC(1J)=0.

SMAXO=SMAX
SMAX=AMAX1(SMAX,ABS(CON(LJ)))
IF(SMAX.NE.SMAXO)IMAX=I
IF(SMAX.NE.SMAXO)IMAX=]
SSUM=SSUM+CON(L])
. 475 CONTINUE
CALL SOLVE
COME HERE TO CORRECT THE VELOCITIES
DO 501 J=2,M2
DO 501 =2,L.2
IF(LNE.2) U(LJ)=U(L,))+DU(LI)*(PC(I-1,])-PC(L]))
IF(J.NE.2) V(L1)=V(LJ)+DV(L)*(PC(LI-1)-PC(LJ))
501 CONTINUE
500 CONTINUE
COEFFICIENTS FOR OTHER EQUATIONS
IST=2
JST=2
DO 600 NF=5,NFMAX
IF(NOT.LSOLVE(NF)) GO TO 600
DO 914 1=2,1.2
DO 914 J=2,M2
914 F(1,],9)=F(L,J,NF)
CALL GAMSOR
REL=1.-RELAX(NF)
DO 602 =2,L2
ARBA=R(1)*XCV(I)
FLOW=AREA*V(I,2)*RHO(I, 1)
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DIFF=AREA*GAM(I,1)/YDIF(2)
CALL DIFLOW
602 ATM(1,2)=ACOF+AMAX1(0.,FLOW)
DO 603 J=2,M2
FLOW=ARX(J)*U(2,J))*RHO(1,])
DIFF=ARX(J)*GAM(1,J)/(XDIF(2)*SX(J))
CALL DIFLOW
AIM(2,])=ACOF+AMAX1(0.,FLOW)
DO 603 I=2,1.2
IF(LEQ.L2) GO TO 604
FLOW=ARX(J)*U(I+1,])*(FX(I+1)*RHO(I+1,1)+FXM(I+1)*RHO(L,J))
DIFF=ARX(J)*2.*GAM(L,)*GAM(I+1,1)/(XCV(I)*GAM(I+1,7)+
1 XCV(I+1)*GAM(LJ)+1.0E-30)*SX(J))
GO TO 605
604 FLOW=ARX(J)*U(L1,]))*RHO(L1,])
DIFF=ARX(J)*GAM(L1,])/(XDIF(L1)*SX(J))
605 CALL DIFLOW
AIM(I+1,))=ACOF+AMAX1(0.,FLOW)
AIP(LT)=AIM(I+1,])-FLOW
AREA=RMN(J+1)*XCV(I)
IF(J.EQ.M2) GO TO 606
FLOW=AREA*V(I,J+1)*(FY(J+1)*RHO(I,J+1)+FYM(J+1)*RHO(,J))
DIFF=AREA*2.*GAM(IJ)*GAM(LJ+1)/(YCV(I)*GAM(IJ+1)+
1 YCV(J+1)*GAM(I,J)+1.0E-30)
GO TO 607
606 FLOW=AREA*V(I,M1)*RHO(I,M1)
DIFF=AREA*GAM(I,M1)/YDIF(M1)
607 CALL DIFLOW
ATM(L,J+1)=ACOF+AMAX1(0.,FLOW)
AJP(LT)=AJM(L,J+1)-FLOW
VOL=YCVR(J)*XCV(])
APT=RHO(L,J)/DT
AP(LJ)=AP(I,])-APT
CON(I,J)=CON(LJ)+APT*F(L],NF)
AP(LT)=(-AP(I,])*VOL+AIP(,)}+AIM(LJ)+AJP(LI)+AIM(L]))
1/RELAX(NF)
CON(I,J)=CON(LJ)*VOL+REL*AP(L,J)*F(LJ,NF)
603 CONTINUE
CALL SOLVE
600 CONTINUE
TIME=TIME+DT
ITER=ITER+1
C IF(ITER.GE.LAST) LSTOP=.TRUE.
C  IF(F(LJ,5).EQ.1) LSTOP=TRUE.
RETURN
END
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCe
SUBROUTINE SUPPLY
C******************************************************************
LOGICAL LSOLVE,LPRINT,LBLK,LSTOP
CHARACTER*8 TITLE
COMMON F(500,500,10),RHO(500,500),GAM(500,500), CON(500,500),
1 AIP(500,500), AIM(500,500), ATP(500,500),AIM(500,500), AP(500,500),
2 BCON1(500,500),BCON2(500,500),BCOF1(500,500,5),BCOF2(500,500,5),
3 BCOF3(500,500,5),X(500),XU(500),XDIF(500), XCV(500), XCVS(500),
4Y(500),YV(500), YDIF(500),YCV(500),YCVS(500),
5 YCVR(500),YCVRS(500), ARX(500),ARXJ(500), ARXIP(500),
6 R(500),RMN(500),SX(500),SXMN(500),XCVI(500),XCVIP(500),
7 EM(500,500),ALP(500,500),DLX(500,500), DLY(500,500),DLLX(500),
8 DLLY(500),REM(500,500),DELY(500), DELX(500),TT(500,500),
9 DDLX(500),DDLY(500),DDELY(500), DDELX(500),SETA(500,500),
+ YILD(500,500), HPURE(500),RPURE(500,500), BPURE(500,500),MM(500)
COMMON DU(500,500),DV(500,500), FV(500),FVP(500),
1 FX(500),FXM(500),FY(500),FYM(500),PT(500),QT(500)
COMMON/INDX/NF,NFMAX,NRHO,NGAM,L1,L.2,L3,M1,M2,M3,
1IST,JST,ITER,LAST, TITLE(12), RELAX(12),TIME,DT,XL,YL,

2IPREF,JPREF,LSOLVE(10),LPRINT(12),LBLK(10),MODE,NTIMES(10),RHOCON
3NUSS1,NUSS2,NUSS
DIMENSION U(500,500),V(500,500),PC(500,500),P(500,500)
EQUIVALENCE(F(1,1,1),U(1,1)),(F(1,1,2),V(1,1)),(F(1,1,3),PC(1,1))
1 (F(1,1,4),P(1,1))
C******************************************************************
10 FORMAT(26(1H*),3X,A10,3X,26(1H*))
20 FORMAT(1X,4H I =,16,619)
30 FORMAT(1X,1HJ)
40 FORMAT(1X,12,3X,1P7E9.2)
50 FORMAT(1X,1H)
51 FORMAT(1X,' =,2X,7(14,5X))
52 FORMAT(1X,'X =',1P7E9.2)
53 FORMAT('TH =',1P7E9.2)
54 FORMAT(1X,"J =',2X,7(14,5X))
55 FORMAT(1X,'Y =',1P7E9.2)

(O3 sk ke ke s sk sb sk ok sk sk ok 3k ok se ok sk sk ok 3k ok ke sk ok ofe ke she ke ok s sbe sk ok ok sk e ke ke ok sk sl sk sk st sk skeoke ok sbeske sk skeske ke okeoke ke sk ok ok ke ke ke ke

C

ENTRY UGRID
XU(@2)=0.
DX=XL/FLOAT(L1-2)
DO 11=3,L1

1 XU(I)=XU(I-1)+DX
YV(2)=0.
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DY=YL/FLOAT(MI-2)
DO 2 =3 M1
2 YV()=YV({-1)+DY
RETURN
C************************************************
ENTRY PRINT
IF(NOT.LPRINT(3)) GO TO 80

 CALCULATE THE STREAM FUNCTION
F(2,2,3)=0. |
DO 82 I=2,L1
IF(LNE.2) F(1,2,3)=F(I-1,2,3)-RHO(-1,1)*V(I-1,2)
1*R(1)*XCV(-1)
DO 82 J=3,M1
RHOM=FX(I)*RHO(I,J-1)+FXM(I)*RHO(I-1,J-1)

82 F(L,J,3)=F(1,J-1,3)+RHOM*U(1,J-1)*ARX(J-1)

80 CONTINUE
IF(.NOT.LPRINT(4)) GO TO 90

CONSTRUCT BOUNDARY PRESSURES BY EXTRAPOLATION
DO 91 J=2,M2
P(1,))=(P(2, J)*XCVS(3)-P(3 J)*XDIF(2))/XDIF(3)

91 P(L1,J)=(P(L2,])*XCVS(L2)-P(L3,J)*XDIF(L1))/XDIF(L2)
DO 92 I=2,L.2
P(L,1)=(P(1,2)*YCVS(3)-P(1,3)*YDIF(2))/YDIF(3)

92 P(I,M1)=(P(I,M2)*YCVS(M2)-P(I,M3)*YDIF(M1))/YDIF(M2)
P(1,1)=P(2,1)+P(1,2)-P(2,2)
P(L1,1)=P(L2,1)+P(L1,2)-P(L2,2)
P(1,M1)=P(2,M1)+P(1,M2)-P(2,M2)
P(L1,M1)=P(L2,M1)+P(L1,M2)-P(L2,M2)
PREF=P(IPREF,JPREF)

DO 93 J=1,MI
DO 93 I=1,L1

93 P(LJ)=P(LJ)-PREF

90 CONTINUE
PRINT 50

WRITE (45,50)
C **********************SEPT 5 1993 ok 3k ok sk ke sk sk sk sk
WRITE(31,50)
write(32,50)
WRITE(33,50)
WRITE(34,50)
C 3% s ok ok ok sk sk ok sk ok sk ok o Sk sk ok sk ok s dfe ok ke sk vl ofe dke ok ok ok ske 3k sk oke sk sk sk ok Sfe sk ke sk sk ke sk
IEND=0
301 IFJEND.EQ.L1) GO TO 310
IBEG=IEND+1
IEND=IEND+7
IEND=MINO(IEND,L1)
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PRINT 50
WRITE (45,50)
C ************************SEPT 5, 1993 seslesk sk sk sieskoksk
WRITE (31,50)
write (32,50)
WRITE (33,50)
WRITE (34,50)
C ke e s sk ok st 2k ke 3k 3k 2 ok sk s ok sk sk ofe ok ok ok sk e ok oo s sk 3k ok oo ok e sk sfe sk sk sk sk sk ok sk sk ok
PRINT 51,(I,[=IBEG,IEND)
WRITE (45,51) (LI=IBEG,IEND)
C ************************SEPT 5’ 1993 Heokokskskokskkok ok
WRITE(31,51) (I,I=IBEG,IEND)
write(32,51) (i,i=ibeg,iend)
WRITE(33,51) (LI=IBEG,IEND)
WRITE(34,51) (L,I=IBEG,IEND)
C 3§ ok ok 3 3k she sie 3k sle ok 2k vk e 3k 2 3¢ she e sk ok sk e sk s vk ske ke sk sk she sik s sfe 3k sfe e sfe ske e 3 sk sfe ofe 3¢ sk she Sk
IF(MODE.EQ.3) GO TO 302
PRINT 52, (X(1),I=IBEG,IEND)
WRITE (45,52) (X(I),I=IBEG,IEND)
C ************************SEPT 5’ 1993 sk ok 3 ofe ok ofe e ok sk ke ok
WRITE (31,52) (X(1),I=IBEG,IEND)
write (32,52) (x(i),i=ibeg,iend)
WRITE (33,52) (X(I),I=IBEG,IEND)
WRITE (34,52) (X(1),I=IBEG,IEND)
C she sk 3 2 3 sk 3¢ o sk ok ske ol sk sk she sfe she ke e s 3¢ o s sfe 3fe ok sfe sk she ske e she she sfe ke e Sk o e e e ofe e e she v ok
GO TO 303
302 PRINT 53, (X(I),I=IBEG,IEND)
WRITE (45,53) (X(I),I=IBEG,IEND)
C ************************SEPT 5’ 1993 o5 s sfe sfe sfe ofe ok ofe sfe e ok
WRITE(31,53) (X(1),I=IBEG,IEND)
write(32,53) (x(i),i=ibeg,iend)
WRITE(33,53) (X(1),I=IBEG,IEND)
WRITE(34,53) (X(1),I=IBEG,IEND)
C sk sk i sk sk ok 2 ofe ok 2k sk ok >k sk ok 3k sk ok 3k 3 3 e dle sk ohe sk sk 3ie o3k ok sk > ok sfe ok ofe s e ofe o sk s sk ke ke oke sk ke sk
303 GO TO 301
310 JEND=0
PRINT 50
WRITE (45,50)
C ************************SEPT 5’ 1993 ¢ afe afe dfe e vle ofe sfe ok A afe ok
WRITE (31,50)
write (32,50)
WRITE (33,50)
WRITE (34,50)
C ke e ske sk she Sk 3k ofe e ske she 3k vke 3k 2k e sk ok 3k she sk sfe ske s ske she ke S ske sk v she she oje e she ok ok ok s she sfe ke sfe e sk v ok
311 IFJEND.EQ.M1) GO TO 320
JBEG=JEND+1
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JEND=JEND+7
JEND=MINO(JEND,M1)
PRINT 50
WRITE (45,50)
C ************************SEPT 5, 1993 Sk ok 3k ok ok ok ok sk ok sk sk ok
WRITE (31,50)
write (32,50)
WRITE (33,50)
WRITE (34,50)
C sfe sk sie s 2 ok sk oke 3k s e e s ke sk she 3 ohe ohe sbe ofe ok s ok ofe ohe Sfe ke o e ke ok o sk sk sk s she sl ks she sheske sk sk skook
PRINT 54, (J,J=IBEG,JEND)
WRITE (45,54) (J,J=JBEG,JEND)
C ************************SEPT 5’ 1993 ok she ok ofe ofe ok e ke sk s ke ok
WRITE (31,54) (J,J=IBEG,JEND)
write (32,54) (j,j=jbeg,jend)
WRITE (33,54) (J,J=JBEG,JEND)
WRITE (34,54) (J,J=JBEG,JEND)
C sk ok 3k she sfe ok sk sk sk o ke 3k ole sfe sk sk ke 3k ke ok Sk she e ok ofe ok sk 3k 3 3k sfe Sk she Sk 3k sk e oke sfe oke sk ok ke sk sk sie sk sk ke
PRINT 55, (Y(J),J=JBEG,JEND)
WRITE (45,55) (Y(J),J=JBEG,JEND)
C ************************SEPT 5’ 1993 sk sk 3 ofe ske sk sk sk sk sk sk e ok
WRITE (31,55) (Y(J),J=JBEG,JEND)
write (32,55) (y(j),j=jbeg,jend)
WRITE (33,55) (Y(J),J=JBEG,JEND)
WRITE (34,55) (Y(J),J=JBEG,JEND)
C 3§ 3k 2k 3k 2k ok sfe 3k ofe ok ofe 3 3k 2k sk 2k ok ofe sle ofe ok ok ok 3k ok 3k ke 3k e 3o she 3o ok ok sfe ofe sfe she e ke e she sk e sk sk she sk sk ok
GO TO 311
320 CONTINUE
DO 999 NF=1,NGAM
[F(.NOT.LPRINT(NF)) GO TO 999
PRINT 50
Commmmeen SEPT 5,1993----- WRITE (45,50)
PRINT 10, TITLE(NF)
C----- SEPT 5,1993----- WRITE (45,10) TITLE(NF)
IFST=1 '
JFST=1
IF(NF.EQ.1.OR.NF.EQ.3) IFST=2
IF(NF.EQ.2.0R.NF.EQ.3) JFST=2
IBEG=IFST-7
110 CONTINUE
IBEG=IBEG+7
IEND=IBEG+6
IEND=MINO(IEND,L1)
PRINT 50
C------ SEPT 5,1993------ WRITE (45,50)
PRINT 20, (I, I=IBEG,IEND)
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C-—-rn- SEPT 5,1993------ WRITE (45,20) (L,I=IBEG,IEND)
PRINT 30
C------ SEPT 5,1993---— WRITE (45,30)
JFL=JFST+M]1
DO 115 JJ=JFST,M1
J=JFL-JJ
PRINT 40, J,(F(LJ,NF),I=IBEG,IEND)
C----- SEPT 5,1993wnn- WRITE (45,40) J,(F(LJ,NF),I=IBEG,IEND)
115 CONTINUE
IF(IEND.LT.L1) GO TO 110
999 CONTINUE

C ***********************SEPT 5.1993 e s 3k 3k ok ok ok ok 3 ke 3k dkeoke 3k
]

cc  if(nfne.8.0r.6) goto 1999
WRITE (31,50)
WRITE (32,50)
WRITE (33,50)
WRITE (34,50)
WRITE (31,10) TITLE(8)
WRITE (32,10) TITLE(6)
WRITE (33,10) TITLE(7)
WRITE (34,10) TITLE(10)
C 2k ok 3 of o ok ok 3k ok ok ok ok 3k ok ok 3k 3k ok 3k ok ke 2k ok 3k ok ok 3k ok ok ok 3f¢ ofe ok 3k 3k 3¢ ok 3k ok ok 3k vk ok 3k vk ok sk ks ok 3k
IFST=1
JEST=1
IF(NF.EQ.1.OR.NF.EQ.3) IFST=2
IF(NF.EQ.2.0R.NF.EQ.3) JFST=2
IBEG=IFST-7
1110 CONTINUE
IBEG=IBEG+7
IEND=IBEG+6
IEND=MINO(IEND,L1)
C ************************SEPT 5’ 1993 ok sfe.ske Sk sle e Sk oke e 3¢ sfe e ke dle ok 3k
WRITE (31,50)
WRITE (32,50)
WRITE (33,50)
WRITE (34,50)
WRITE (31,20) (IL,I=IBEG,IEND)
WRITE (32,20) (LI=IBEG,IEND)
WRITE (33,20) (I,I=IBEG,IEND)
WRITE (34,20) (LI=IBEG,IEND)
WRITE (31,30)
WRITE (32,30)
WRITE (33,30)
WRITE (34,30)

C 3 e 3k sk 3¢ o 3k e 3 Sk 3 e ofe She 3 sfe She o 3 ke e she sk e 2k S 2k e S she o ok e ohe ok ke o s s sk sfe sk e she sheske sk sk sfeok sk sk ok
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JFL=JFST+M1
DO 1115 JJ=JFST,M1
J=JFL-1J
C ************************SEPT 5’ 1 993 sk 3k ok sk sk ok 3k sk ok sk she sk ok skeske ok
WRITE (31,40) J,(F(LJ,8),I=IBEG,IEND)
WRITE (32,40) J,(F(LJ,6), I=IBEG,IEND)
WRITE (33,40) J,(F(1J,7),I=IBEG,IEND)
WRITE (34,40) J,(F(1,J,10), I=IBEG,IEND)
C e sk she 3k sk she ke dfe dle 3¢ 3k she ke 2k e 3k ke Ske e she 2k she sk 3k 3¢ 336 she she 2K e 3 she sfe Sk ok e sfe e de ke oo e ke s sk ke sk sk e e sk ok
1115 CONTINUE
IF(IEND.LT.L1) GO TO 1110
1999 CONTINUE
RETURN
END
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C PROGRAM FOR SQUEEZE CASTING
C
SUBROUTINE USER
C
LOGICAL LSOLVE,LPRINT,LBLK,LSTOP
CHARACTER*8 TITLE
COMMON F(500,500,10),RHO(500,500),GAM(500,500),CON(500,500),
1 ATP(500,500),AIM(500,500), ATP(500,500), ATM(500,500),AP(500,500),
2 BCON1(500,500), BCON2(500,500),BCOF1(500,500,5),BCOF2(500,500,5),
3 BCOF3(500,500,5),X(500), XU(500), XDIF(500),XCV(500),XCVS(500),
4 Y(500),YV(500),YDIF(500),YCV(500), YCVS(500),
5 YCVR(500), YCVRS(500), ARX(500),ARXJ(500),ARXJP(500),
6 R(500),RMN(500),SX(500),SXMN(500), XCVI(500),XCVIP(500),
7 EM(500,500),ALP(500,500),DLX(500,500),DLY(500,500),DLLX(500),
8 DLLY(500),REM(500,500),DELY(500),DELX(500),TT(500,500),
9 DDLX(500),DDLY(500),DDELY/(500),DDELX(500),SETA(500,500),
+ YILD(500,500), HPURE(500),RPURE(500,500),BPURE(500,500), MM(500)
COMMON DU(500,500),DV(500,500), FV(500),FVP(500),
1 FX(500),FXM(500),FY(500),FYM(500),PT(500),QT(500)
COMMON/INDX/NF,NFMAX,NRHO,NGAM,L1,L2,1.3,M1,M2,M3,
1IST,JST,ITER,LAST, TITLE(12), RELAX(12),TIME,DT,XL,YL,

2IPREF,JPREF,LSOLVE(10),LPRINT(12),LBLK(10), MODE,NTIMES(10),RHOCON
3NUSS1,NUSS2,NUSS
COMMON/CNTL/LSTOP
COMMON/SORC/SMAX,SSUM,IMAX,JMAX
COMMON/COEF/FLOW,DIFF,ACOF

DIMENSION U(500,500),V(500,500),PC(500,500),P(500,500)
EQUIVALENCE(F(1,1,1),U(1,1)),(F(1,1,2),V(1,1)),(F(1,1,3),PC(1,1))
1 (F(1,1,4),P(1,1))
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C
DIMENSION E(500,500),T(500,500),SE(500,500),UUU(500,500)
1 ,VVV(500,500),YXY(500,500), KCOND(500,500),CCP(500,500)
2 ,G1(500,500),G2(500,500),G3(500,500),G4(500,500), RRPURE(500,500),
3 G5(500,500),G6(500,500),G7(500,500),G8(500,500),GG(500,500),
4 SHX(500,500),SHY(500,500)
EQUIVALENCE (F(1,1,5),T(1,1)),(F(1,1,6),E(1,1))
C

ENTRY GRID
MODE=2
XL=0.08
YL=0.0508
R(1)=0.
L1=79
M1=49
CALL UGRID
RETURN
ENTRY START
PRINT*,'ENTER LASTTIME (SEC) = '
READ *, LAST
WRITE(45,*) 'ENTER TIME (SEC) = ', LAST
MMM=220
NNN=200
DIAM=0.05
VELO=0.01
MIU=6.97E-07
DT=0.1
C  RT=0.005
APURE=70
TPOUR=690
TFT1=200
TFT=275
TFR=275
TFB=275
YYZYY=695
C

DO 90 K=1,4
LSOLVE(K)=TRUE.
CLPRINT(K)=.TRUE.
90 CONTINUE
LSOLVE(5)=.TRUE.
C  LPRINT(5)=-TRUE.
C LPRINT(6)=.TRUE.
TITLE(5)="TEMPERATURE'
TITLE(6)='E'
RELAX(1)=0.9
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RELAX(2)=0.9
RELAX(5)=0.95
g Skkkkk PROPERTIES OF SOLID AMSOA********************************
RHOS=1710.
CPS=1220.
CONDS=80.
C
C sk kok ok PROPERTIES OF LIQUID AMSOA s 3k sk 3§ 3k sk sk ok 3 ok 3k ok 3k ske ske o sk sk sk ok ske 3k sk sk 3k ok sk sk ske s ok
TREF=620
BETTA=0.0007
RHOL~=1650.
CPL=1320.
CONDL=100.
g o ok v sk ok PROPERTIES OF M‘USHY AMSOA*******************************
LH=370000.
TL=893 *EXP(2.486¢-05* APURE*1E06/LH)-273.
WRITE(45,*) 'LIQUIDUS TEMPERATURE = ', TL
TS=708.*EXP(2.486e-05* APURE*1E06/LH)-273.
WRITE(45,*) 'SOLIDUS TEMPERATURE = ', TS
RHOM=(RHOS+RHOL)/2.
CPM=(CPS+CPL)/2.
CONDM=(CONDS+CONDL)/2.
DELTAT= TL-TS

C
C *¥*x% HEAT TRANSFER COEFFICTENTS % shokok sk sk sk e e e sk ok ke s ek koo
C AT TOP SURFACE (PUNCH/CASTING)

HTCT1=25.6
¢ HTCT=4000
HTCT=1990.5+94.8* APURE
C AT RIGHT SURFACE (DIE/CASTING)
CHTCR=5000
HTCR=1990.5+94.8* APURE
C AT BOTTOM SURFACE (BOTTOM/CASTING)
C  HTCB=6000
HTCB=1990.5+94.8* APURE
g************* INITIAL TEMPERATURE OF CASTING *%#*bokoko stk
DO 100 J=1,M1
DO 100 I=1,L1
T(1,J)= TPOUR
UUU(LJ)=TL
100 CONTINUE
[ R— INITIAL VELOCITIES AND DENSITY ----rscemmemmenn-
DO 105 J=1,M1
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DO 105 I=1,L1

U(L,1)=0
V({1,J)=0
¢ UUUEI)=0
¢ VVV(I))=0
105 CONTINUE

C
C ddckdokskokkkkk®k TNTTIAL ENTHALPY OF CASTING 3k 3¢ 3k 3K s ok 3 3k ok ok e 3k ke ok ke

CDO 110 J=1,M1
CDO 110 I=1,L1
CE(LJ)= 1 + (T(IJ)- DELTAT - TS)*CPL/(LH+CPM*DELTAT)
C110 CONTINUE
RETURN
ENTRY DENSE
¢-----—--CALCULATE DENSITY AS A FUNCTION OF TEMPERATURE, ---
DO 150 J=1,M1
DO 150 I=1,L1
CCP(1,3)=0.4836*T(1,J)+1006.7
KCOND(L,J)=-0.0003*T(LJ)*T(L,J)+0.29*T(1,J)+35
IF(T(,)).GT.624) THEN
RHO(I,J)=(-0.2818*T(LJ) + 1820.2)
END IF
IF (T(1,J).LE.430) THEN
RHO(I,J)=-0.1304*T(L,J) + 1770.1
END IF
IF (T(1J).LE.435.AND.T(1,J).GT.430) THEN
RHO(LJ)=-T(I,J)+ 2144
ENDIF
IF (T(1,J).LE.440.AND.T(1,J).GT.435) THEN
RHO(L,7)=1709 |
ENDIF
IF (T(1,J).LE.560.AND.T(1,)).GT.440) THEN
RHO(LJ)=-0.0167*T(LJ) + 1716.3
ENDIF
IF (T(1,J).LE.624.AND.T(LJ).GT.560) THEN
RHO(LJ)=-0.0188*T(I,J)*T(LJ) + 21.407*T(LJ) - 4390
END IF
YILD(L,J)=-0.282*T(LJ)+125
IF (T(1,]).GT.435) THEN
YILD(,J)=2
END IF
EM(LJ)= -0.0546*T(LJ)*T(1,J)-33.857*T(L,]) + 44140
IF (T(1,J).LE.399.75) THEN
ALP(I,]J) =2.50E-05
END IF
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IF (T(1,]).LE.400.25.AND.T(1,]).GT.399.25) THEN
ALP(I,]J) =1.75E-06*(T(1,])-399.5)+2.50E-05
END IF
IF (T(1,7).GT.400.25.AND.T(1,J).LE.429.75) THEN
ALP(I,J) =2.59E-05
END IF
IF (T(1,J).LE.430.25.AND.T(1,]).GT.429.75) THEN
ALP(1,J) =3.3788E-04*(T(I])-429.75) + 2.59E-05
END IF
IF (T(1,J).GT.430.25.AND.T(L,J).LE.434.75) THEN
ALP(I,J) = 1.95E-04
END IF
IF (T(1,)).GT.434.75.AND.T(1,J).LE.435.25) THEN
ALP(L]) = -3.897E-04*(T(1,])-434.75) +1.95E-04
END IF

IF (T(1,]).GT.435.25.AND.T(1,J).LE.439.75) THEN
ALP(L]) =0
END IF

IF (T(1,]).GT.439.75.AND.T(LJ).LE.440.25) THEN
ALP(LJ) = 6.5E-06*(T(1,])-439.75)
END IF

IF (T(1,J).GT.440.25.AND.T(I,J).LE.559.75) THEN

ALP(1,])=3.25B-06

END IF
IF (T(1,]).GT.559.75.AND.T(I,]).LE.560.25) THEN
ALP(LJ) = 7.16624E-05*(T(1,J)-559.75)+3.25E-06
END IF

IF (T(IJ).LE.560.25.AND.T(L,J).GT.569.75) THEN
ALP(L,]) =3.911E-05
END IF

IF (T(1,3).GT.569.75.AND.T(1,J).LE.570.25) THEN
ALP(I,]) = 7.86E-05*(T(1,])-569.75) + 3.911E-05
END IF

IF (T(1,J).GT.570.25.AND.T(I,J).LE.584.75) THEN
ALP(L,]) = 7.84E-05
END IF

IF (T(1,J).LE.584.75.AND.T(L,J).GT.585.25) THEN
ALP(L,]) = 1.1863E-04*(T(1,J)-584.75)+7.84E-05
END IF

IF (T(LJ).GT.585.25.AND.T(L,J).LE.594.75) THEN

ALP(1,])=1.38E-04

END IF
IF (T(1,J).GT.594.75.AND.T(1,}).LE.595.25) THEN
ALP(L)) = 2.082E-05*(T(1,])-594.75)+1.38E-04
END IF

IF (T(1,J).GT.595.25.AND.T(1,)).LE.602.75) THEN
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ALP(L,]) =1.48E-04
END IF
IF (T(1J).GT.602.75.AND.T(L,J).LE.603.25) THEN
ALP(LJ) = 1.0028E-04*(T(1,])-602.25) + 1.48E-04
END IF
IF (T(1,7).GT.603.25.AND.T(L,J).LE.609.75) THEN
ALP(L]) = 1.98E-04
END IF
IF (T(1,7).GT.609.75.AND.T(1,J).LE.610.25) THEN
ALP(LJ) = 8.11B-05*(T(1,])-609.75)+ 1.98E-04
END IF
IF (T(1,J).GT.610.25.AND.T(I,J).LE.614.75) THEN
ALP(L,])=2.39E-04
END IF
IF (T(1,]).GT.614.75.AND.T(1,]).LE.615.25) THEN
ALP(L]) = 4.544E-04*(T(1,])-614.75)+2.39E-04
END IF
IF (T(1,J).GT.615.25.AND.T(L,J).LE.617.75) THEN
ALP(L,]) =4.66E-04
END IF
IF (T(1,)).GT.617.75.AND.T(1,J).LE.618.25) THEN
ALP(LJ) = 4.72E-04*(T(1,])-617.75) + 4.66E-04
END IF
IF (T(1,7).GT.618.25.AND.T(L,J).LE.619.75) THEN
ALP(L]) = 7.02E-04
END IF
IF (T(1,)).GT.619.75.AND.T(L,J).LE.620.25) THEN
ALP(L7) = 1.013E-03*%(T(L,])-619.75) + 7.02E-04
END IF
IF (T(1,J).GT.620.25.AND.T(1,J).LE.620.75) THEN
ALP(L,]) = 1.21E-03
END IF
IF (T(LJ).GT.620.75.AND.T(I,J).LE.621.25) THEN
ALP(LJ) = -1.47328E-04*(T(L,])-620.75)+ 1.21E-03
END IF
IF (T(1,J).GT.621.25.AND.T(1,]).LE.623.75) THEN
ALP(L,])=4.72E-04
END IF
IF (T(LJ).GT.623.75.AND.T(1,J).LE.624.25) THEN
ALP(L]) = -7.716B-04*(T(LJ)-623.75)+4.72E-04
END IF
IF (T(1,J).GT.624.25.AND.T(1,J).LE.649.75) THEN
ALP(L,]) =8.61E-05
END IF
IF (T(L,J).GT.649.75.AND.T(L,J).LE.650.25) THEN
ALP(LJ) = -6.158E-05*(T(1,])-649.75) + 8.6 1E-05
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END IF
IF (T(L,J).GT.650.25.AND.T(L,J).LE.799.75) THEN
ALP(I,]) = 5.53E-05
END IF
150 CONTINUE
RETURN
ENTRY BOUND
IF (ITER.GT.NNN.AND.ITER.LT.MMM) THEN
DO 155 J=1,M1
DO 155 I=1,L1
U(1,J)=-0.055
V(IL,1)=0
¢ UUU@J)=0
¢ VVV(ILI)=0
155 CONTINUE

ENDIF
IF (ITER.EQ.MMM) THEN
DO 165 J=1,M1
DO 165 I=1,L1
U(IL,1)=0
V(L,D)=0
¢ UUUQEI)=0
¢ VVV(J)=0
165 CONTINUE
ENDIF
C
C e sk ok vk o sk sk dke ok sk sk ok AXISYMMETRICAL LINE e 2k 3 3k sk 2 3 ofe ok e 3k o sk e sk e ke ke sk sk sk sk
DO 200 1=2,1.2

CE(L1)=E(L2)

T(L,1)=T(12)
U,1)=U1,2)
V({1,1)=V(1,2)

200 CONTINUE

C
C AT TOP SURFACE (TOP DIE/CASTING)
XXDIF=XDIF(2)
C  HTCT1=10.0*(ITER+])
DO 250 J=2,M2
V(1,7)=0
¢ U(1,J)=0
T(1,J) = (KCOND(1 J)*T(2,J)/XXDIF+HTCT1*TFT1)/(KCOND(1,J)/XXDIF
1+HTCTI)
IF (ITER.GT.(MMM)) THEN

c TFT=275+0.2*(ITER-MMM)
HTCT=1990.5+94.8*BPURE(1,])
T(1,]) = (KCOND(1,1)*T(2,J)/ XXDIF+HTCT*TFT)/(KCOND(1,J)/XXDIF
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1+HTCT)

END IF
250 CONTINUE
C AT RIGHT SURFACE (DIE/CASTING)

YYDIF=YDIF(M1)
C  HTCR1=200.0%(ITER/20+1)

HTCR1=2000
DO 280 1=2,L.2

V(I,M1)=0

¢ UQMI1)=0

C TILD=T@2)
T(I,M1)=(KCOND(I,M1)*T(I,M2)/YYDIF+HTCRI*TFR)/(KCOND(,M1)/YYDIF
1+HTCR1)
280 CONTINUE
IF (ITER.GT.NNN.AND.ITER. LT.MMM) THEN
ITERR=L1-5*ITER
DO 290 I=2,ITERR
T(,M1)=(KCOND(I,M1)*T(I,M2)/YYDIF+HTCR1*TFR)/(KCOND(I,M1)/YYDIF
1+HTCR1)
290 CONTINUE
DO 300 I=ITERR+1, L2
HTCRR=6000
T(L,M1)=(KCOND(I,M1)*T(I,M2)/YYDIF+HTCRR*TFR)/(KCOND(L,M1)/YYDIF
1+HTCRR)
300 CONTINUE
ENDIF
IF (ITER.GE.(MMM)) THEN
¢ TFR=275+0.2*(ITER-MMM)
HTCR=1990.5+94.8*RPURE(1,49)
T(I,M1)=(KCOND(I,M1)*T(I,M2)/YYDIF+HTCR*TFR)/(KCOND(IL,M1)/YYDIF
1+HTCR)
C  PRINT 427,HTCR
C427 FORMAT(I1X,1P6E12.3)
ENDIF
C AT BOTTOM SURFACE (BOTTOM/CASTING)
BXDIF=XDIF(L1)
C  HTCBI1=200.0%(ITER/20+1)
HTCB1=2000
DO 350 J=2,M2
cV(L1,7)=0
U(L1,1)=0
T(L1,))=(KCOND(L1,J)*T(L2,J)/BXDIF+HTCB1*TFB)/(KCOND(L1,J)/
1 BXDIF+HTCB1)
IF (ITER.GT.MMM) THEN
¢ TFB=275+0.2*(ITER-MMM)
T(L1,))=(KCOND(L1,])*T(L2,J)/BXDIF+HTCB*TFB)/(KCOND(L1,J)/BXDIF
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1+HTCB)

END IF
CIF(E(L1,J).GE.1.)
C 1 E(L1,)=1+(T(L1,J)- DELTAT - TS)*CPL/(LH+CPM*DELTAT)
CIF(E(L1,7).GT.0.AND.E(L1,J).LT.1.) E(L1,J)=(T(L1,J)-TSYDELTAT
CIF(E(L1,J).LE.0.) E(L1,J)= (T(L1,J)-TS)*CPS/(LH+CPM*DELTAT)
350 CONTINUE

RETURN
ENTRY OUTPUT
IF(ITER.NE.0) GOTO 400
PRINT 401
WRITE(45,401)
401 FORMAT(ITER' 4X, TTER*RT' 4X,'E(11,1),
1 4X,T(11,1)4X,E(11,21)',4X,"T(11,21)'4X,'T(11,11))

C
C #*#*xxxxssts CONVERT ENTHALPY TO TEMPERATURE*###%k x4+
400 DO3701=2,L2

DO 370 J=2,M2

IF(T(1,]).LE.TS) THEN
C  IF(T(L)).LE.TS.OR.ITER.LE.MMM) THEN

F(L,J,1)=0

F(L,J,2)=0

ENDIF

IF(ABS(F(L,J,1)).LT.1E-4) THEN
C  IF(T(LJ).LE.TS.OR.ITER.LEMMM) THEN

F(L,J,1)=0

ENDIF

IF(ABS(F(1,J,2)).LT.1E-4) THEN
C  IF(T(L)).LE.TS.OR.ITER LEMMM) THEN

F(LJ,2)=0

ENDIF
370 CONTINUE
402 IF ITER.LT.MMM) GOTO 444

DO 412 J=1,M1
DO 412 I=1,L1

C  IF(ITER.EQ.0) THEN

¢ DLX(LJ)=XL/L1)

¢ DLY(I,))=YL/(M1)

C ENDTF
DLX(L,)=(XL/L1y*ALP(LJ)*(T(LJ)-TT(L]))

C  DDLX(IJ)=DDLX(LJ)+DLX(L,J)
DLY(I,])=(YL/M1)*ALP(LI)*(T(1,))-TT(LJ))

C  DDLY(J)=DDLY(LJ)+DLY(,])

412 CONTINUE
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DO 415 I=1,L1
DLLY(I)=0
DO 415 J=1,Ml
DLLY(I)=DLLY(I)+DLY(L])
415 CONTINUE

DO 416 J=1,M1
DLLX(J)=0
DO 416 I=1,L1
DLLX(J)=DLLX(J)+DLX(LJ)
416 CONTINUE
C-mmmmm- Stress change in Height direction
C417 FFACTOR=0.2+0.01*(ITER-MMM)
C IF (ITER.GT.350) THEN
C FFACTOR=0.4
C END IF
DO 418 I=1,L1
Q=L1-1
FRICT=0
DO 417 K=1,Q
YXY(K,49)=1.5
IF (T(K,49).GT.TS) THEN
YXY(K,49)=2
END IF
c  YXY(K,49)=T(K,49)/TL
FRICT=FRICT+4*YXY(K,49)*YL*YILD(K,49)/(L1*0.1016)
C FRICT=FRICT+0.3*YL*APURE/(L1*0.1016)
417CONTINUE
HPURE(I)=APURE-FRICT
IF(HPURE(I).LE.0) HPURE(I)=0
418 CONTINUE
C PRINT 422,YILD(25,49)
C422 FORMAT(1X,1P6E12.3)

DO 420 J=1,M1
DELY(J)=0
DO 420 I=1,L1
DELY(J)=DELY(J)+YILD(,J)
420 CONTINUE
DO 422 I=1,L1
DELX(I)=0
MM(D)=0
DO 422 J=1,M1
IF (YILD(L,J).LE.10) GOTO 422
DELX(I)=DELX(I)+YILD(LJ)
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MM(D)=MM(I)+1

422CONTINUE

DO 423 J=1,M1
DO 423 1=1,L1

C  RPURE(D=(DELY(D)-(YL-DLLY(I)))*EM(I,M1)/YL
RPURE(L,J)=HPURE(I)-YILD(1,48)
if (HPURE(I).LT.YILD(LJ)) then
RPURE(L,J)=RRPURE(LJ)
end if
RRPURE(1,J)=RPURE(,J)

423 CONTINUE

Commomemeen DEFORMATION AND PRESSURE IN HEIGHT DIRECTION
DO 425 J=1,M1
DO 425 I=1,L.1
BPURE(L))=HPURE(1)*EXP(16*2*0.3*YL*J/M1)/EXP(16*2*0.3*YL)

c BPURE(LJ)=HPURE(1)+DLLX(J)*EM(1,J)/XL

C BPURE(LJ)=(YILD(1,J)*RPURE(],J))

C IF (RPURE(LJ).LE.YILD(LJ)) THEN

C BPURE(LJ)=RPURE(],J)

C END IF

C BPURE(,J)=RPURE(],J)/0.35

425 CONTINUE

DO 430 J=1,M1
DO 430 I=1,L1
SETA(LJ)=(BPURE(],J)**2+RPURE(LJ)**2-BPURE(LJ)*RPURE(L]J)
+ )**0.5/YILD(1,J)
430CONTINUE
Cmmomeee- temperature gradient
DO 432 J=2,M2
DO 432 1=2,1.2
G1(L,)=ABS((T(I-1,])-T{,1))/XDIF(I))
G2(L)H)=ABS((T(1-1,J+1)-T{,J))/YDIF(J))
G3(1,))=ABS((T(1,J+1)-T(1,J))/ YDIF(J))
G4(1,))y=ABS((T(I+1,J+1)-T(L,J))/XDIF(J))
G5(L)=ABS((T(I+1,1)-T(1,J))/XDIF(J))
G6(LI)=ABS((T(1+1,J-1)-T(1,J))/YDIF(J))
G7(L,))=ABS((T(L,J-1)-T(,3))/YDIF(J))
G8(I,))=ABS((T(I-1,J-1)-T(1,7))/YDIF(J))
GG(L)=MAX(G1(LJ),G2(1,3),G3(L,J),G4(1,J),
+ G5(1,J),G6(1,)),G7(L)),G&(1,)))
GG(L,J)=0.001*GG(LJ)/((TT(LI)-T(LI)**0.5)
432 CONTINUE
O last location pressure
SXMI=0
SXMA=0
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SYMI=0
SYMA=0
SHX2=0
SHY2=0
PPX=0
PPY=0

DO 436 I=2, L1

IF (T(1,2).LT.TS) GOTO 436

SHX(I,2)=I

IF (PPX.EQ.0) THEN

SXMI=SHX(I,2)

END IF

IF (SHX(1,2).GT.SHX2) THEN

SXMA=SHX(L,2)

PPX=1

END IF

SHX2=SXMA
436CONTINUE

DO 438 J=2, M1

IF (T(40,J).LT.TS) GOTO 438
SHY(40,)=]

IF (PPY.EQ.0) THEN
SYMI=SHY (40,])

END IF

IF (SHY(40,)).GT.SHY2) THEN
SYMA=SHY(40,])

PPY=1
END IF
SHY2=SYMA
438CONTINUE
Cmmmmmmmmem check if P can make plastic deformation---------
TRIPK=0

DO 440 I=SXMI, SXMA
IF (HPURE(]).GT.YILD(1,49)) TRIPK=TRIPK+1
440 CONTINUE

IF (TRIPK.EQ.0) THEN

DAREA=0

EMM=0

DO 441 J=SYMILSYMA

DO 441 I=SXMILSXMA

DAREA=DAREA-+(XL*YL/(L1*M1))*(1-(1+ALP(L])*(T(L))-TT(LJ)))*
++(1+ALP(LI*(T(LI)-TT(LT))))

EMM=EMM+EM(1,J)
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441 CONTINUE
DIFFX=SXMA-SXMI
DIFFY=SYMA-SYMI
DTTP=3-(DAREA*EMM*L1*M1)/((DIFFX**2)*(DIFFY**2)*XL*YL)
IF (FFF.GT.1) THEN |
DTTP=TTTP-(DAREA*EMM*L1*M1)/((DIFFX**2)*(DIFFY**2)*XL*YL)
FFF=FFF+1
END IF
TTTP=DTTP
END IF
DO 448 J=1,M1
DO 448 I=1,L1
IF (T(L,J).LE.TL.AND.T(I,]).GE.TS) THEN
EWXWW=EWXWW-+(TT(LJ)-T(LJ)*(XL/L1)*(YL/M1)*
1 CCP(IJ)*RHO(IJ)+0.5%258000*(1-(TL-T(LJ))/(TL-TS))*
2(XL/L1)*(YL/M1)*RHO(L,J)
ENDIF
IF (T(LJ).LT.TS.AND.TT(1,J).GE.TL) THEN
EWXWW=EWXWW-+(TT(LJ)-TLI)*(XL/L1)*(YL/M1)*
1 CCP(LJy*RHO(LJ)+0.5*5160000*
2(XL/L1)*(YL/M1)*RHO(LJ)
ENDIF
IF (T(LJ).LT.TS.AND.TT(IJ).LT.TL.AND.TT(LJ).GT.TS)THEN
EWXWW=EWXWW-(TT(,J)-T(,1)*(XL/L1)*(YL/M1)*
1 CCP(LJy*RHO(LJ)+0.5*258000*(1-(UUU(LJ)-TS)/(TL-TS))*
2(XL/L1)*(YL/M1)*RHO(L,])
ENDIF
IF (T(L,J).LT.TS.AND.TT(L,J).LT.TS) THEN
EWXWW=EWXWW+(TT(LJ)-T(LI)*(XL/L1)*(YL/M1)*
1 CCP(LJ)*RHO(L])
END IF
IF (T(1,J).GT.TL.AND.TT(LJ).GT.TL) THEN
EWXWW=EWXWW+TT(LJ)-T(LI)*(XL/L1)*(YL/M1)*
1 CCP(LJ)*RHO(L))
END IF
448 CONTINUE

DO 434 J=1, M1

DO 434 1=1,L1

TT,D)=T(L]J)
434 CONTINUE
444PRINT 450,ITER,ITER*DT,T(50,2), T(50,22),T(50,45)
450 FORMAT(I6,1P6E12.3)

C
C WRITE TEMPERATURES AT DIFFERENT LOCATIONS VS TIME
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C MODITER=100*100/500

C IF(MOD(ITER,MODITER).EQ.0) THEN

C

WRITE (11,*) ITER*DT, T(2,2),T(10,2), T(20,2),T(30,2),T(40,2),
¢ 1 T(50,2),T(60,2),T(70,2),T(78,2)

C  WRITE (11,*) ITER*DT,T(40,2),T(40,25),T(40,47)

WRITE (11,*) ITER*DT, T(40,2),T(50,2),T(60,2)

WRITE (8,*) ITER*DT,BPURE(3,3),BPURE(3,25),BPURE(3,47),
1 RPURE(3,49),T(3,49),RPURE(40,49),T(40,49), RPURE(77,49), T(77,49)

C  WRITE (11,*) ITER*DT,U(40,20),V(40,20),F(40,20,1)
C
WRITE (8,*) ITER*DT, T(49,49), WWXWW/(49*49), XX WXX/(49*49)
C 1 ,YYZYY/(49*49)
¢ WRITE (50,¥) ITER*DT,T(12,1),T(12,3), T(12,5),T(12,7), T(12,9),
¢ 1 T(2,11),T(12,13),T(12,15),T(12,17),T(12,19),T(12,21)
IF((ITER*DT).GE last) GOTO 480

IF(T(30,1).LE.ts) GOTO 480
RETURN
480 LSTOP=TRUE.
CALL PRINT

WRITE (7,*) 'VARIABLES="X","Y" "TEMP""

WRITE (7,*) 'ZONE I=',L1,' J=" M1,' F=POINT"
DO 490 J=1,M1

DO 490 I=1,L1
[oju— DATA FILE FOR ISOCONTOUR PLOT VIA SURFER ---errmermeemee
WRITE(7,*) Y(3),(XL-X(1)),T(L,J)
490 CONTINUE

WRITE (50,*) 'VARIABLES="X","Y","G"
WRITE (50,*) 'ZONE I=',L1,’ J=", M1, F=POINT"
DO 492 J=1,M1
DO 492 I=1,L1
[o— DATA FILE FOR ISOCONTOUR PLOT VIA SURFER --e-rmmermmene-
WRITE(50,*) Y(J),(XL-X(I)),GG(LJ)
492 CONTINUE
(o — DATA FILE FOR ISOCONTOUR PLOT VIA SURFER --srrmerrmmeee-
WRITE (22,¥) 'VARIABLES="X","Y" "V1" "V2"
WRITE (22,) 'ZONE I=',L1,' J=' M1,' F=POINT'
DO 495 I=1,L1
DO 495 J=1,M1
CWRITE(22,*) X(I),Y(J),
C 1 F(J,1),F(1J2)
WRITE(22,*¥) Y(J),XL-X(D),
1 F(,3,2), -F(Q1J,1)
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495 CONTINUE
RETURN
C
ENTRY GAMSOR
C set GAM for energy equation
IF (NF.EQ.5) THEN
DO 500 J=1,M1
DO 500 I=1,L1
CCP(1,3)=0.4836*T(1,J)+1006.7
KCOND(1,J)=-0.0003*T(1,J)*T(1,J)+0.29*T(1,J)+35
TC=T(J)
IF(T(1,J).GT.624) THEN
RHO(L,J)=(-0.2818*T(1,J) + 1820.2)
END IF
IF (T(1,J).LE.430) THEN
RHO(1,J)=-0.1304*T(1,J) + 1770.1
END IF
IF (T(LJ).LE.435.AND.T(1,J).GT.430) THEN
RHO(LT)=-T(I,))+ 2144
ENDIF
IF (T(1,J).LE.440.AND.T(1,J).GT.435) THEN
RHO(1,J)=1709
ENDIF
IF (T(1,J).LE.560.AND.T(L,J).GT.440) THEN
RHO(1,J)=-0.0167*T(1,J) + 1716.3
ENDIF
IF (T(1,J).LE.624.AND.T(1,J).GT.560) THEN
RHO(L,J)=-0.0188*T(1,))*T(LJ) + 21.407*T(1,J) - 4390
END IF
GAM(LJ)=KCOND(LJ)/(CCP(LJ))
500 CONTINUE
DO 910 J=2,M2
DO 910 I=2,L2
TL=893 *EXP(2.486e-05* APURE*1E06/LH)-273.
TS=708.*EXP(2.486¢-05* APURE*1E(06/LH)-273.
IF (ITER.LE.MMM) THEN
TL=620
TS=435
END IF
IF(T(1,J).GT.TL) THEN
CON(L))=0
AP(L1)=0.
UUU))=TL
END IF
IF (T(LJ).LE.TL.AND.T(1,J).GE.TS) THEN
C CON(1,J)=1.5*%258000*(1-(TL-T(L,))/(TL-TS))
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CON(I,7)=0.5%258000*(1-(TL-T(L1))/TL-TS))
UUULY=T(L])
ENDIF
IF (T(L,J).LT.TS.AND.UUU(LJ).GE.TL) THEN
C  CON(,J)=1.5*5160000
CON(L,J)=0.5*5160000
UUULD)=T(,])
ENDIF
IF (T(LJ).LT.TS.AND.UUU(LJ).LT.TL.AND.UUU(LJ).GT.TS)THEN
C  CON(J)=1.5*258000*(1-(UUU(J)-TS)/(TL-TS))
CON(1,7)=0.5*258000*(1-(UUU(LJ)-TS)(TL-TS))
UUULD)=T(J)
ENDIF
IF (T(L,J).LT.TS.AND.UUU(IJ).LT.TS) THEN
CON(IJ)=0
AP(L,1)=0.
UUUT)=T{,])
END IF
VVV(II)=VVV(LI)+CON(,J)
C  IF (VVV(LJ)).GE.1.5%5160000) CON(IJ)=0
IF (VVV(LJ).GT.0.5%5160000) CON(LJ)=0
910 CONTINUE
END IF
[oRm— SET MOMENTUM VALUES FOR GAMMA
C  IF (ITER.LEMMM)GOTO 995
C  IF (ITER.GT.200)GOTO 995
IF (NF.EQ.1.OR.NF.EQ.2) THEN
DO 800 J=1,M1
DO 800 I=1,L1
IF(T(1,)).GT.624) THEN
RHO(I,J)=(-0.2818*T(L,J) + 1820.2)
END IF
IF (T(1J).LE.430) THEN
RHO(LJ)=-0.1304*T(1,J) + 1770.1
END IF
IF (T(1,J).LE.435.AND.T(L,J).GT.430) THEN
RHO(L))=-T(LJ)+ 2144
ENDIF
IF (T(1,J).LE.440.AND.T(1,7).GT.435) THEN
RHO(I,J)=1709
ENDIF
IF (T(1,J).LE.560.AND.T(1,J).GT.440) THEN
RHO(I))=-0.0167*T(LJ) + 1716.3
ENDIF
IF (T(1,]).LE.624.AND.T(1,3).GT.560) THEN
RHO(L])=-0.0188*T(L,T)*T(L,J) + 21.407*T(LJ) - 4390
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CRHO(I))=1650
END IF
IF (T(L,J).LT.TL) GAM(LJ)=(1E+27*EXP(-0.1102*T(L])))
C  IF(T(LJ).LT.550) GAM(L])=1E+27
IF (T(1J).GE.TL) GAM(I,J)=(0.0133*EXP(-0.0035*T(1,J)))
GOTO 800
C740 F(LJ,1)=0
C  F(@1J2)=0
800 CONTINUE
END IF

IF (NF.EQ.1) THEN

DO 900 J=2,M2
DO 900 I=2,L.2
TASTER=0.5*(T(I,))+T(I-1,7))
IF (T(1,J).GE.TL) THEN
BETTA = -2B-11*T(I,J)**3-3B-9%T(I,])**2+2E-05*T(I,)-0.0053 .
GRN=9.806*BETTA*RHOL

C  CON(,J)=-9.806*RHO(L,J)

CON(I,J)=GRN*(TASTER-TREF)
CON(LJ)=CON(L,J)-GRN*(TASTER-TREF)
END IF

900 CONTINUE
END IF

IF (NF.EQ.2) THEN

IF (T(1,]).GE.TL) THEN
DO 950 J=2,M2
DO 950 1=2,1.2
PRLA=(0.0133*EXP(-0.0035*T(L,])))
CON(I,1)=0
AP(LJ)=-PRLA/(RMN(J)**2)

950 CONTINUE
END IF
END IF

99SRETURN

END
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