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54

50

40

DO 39 1=1,3

DO 40 L=1,3

DO 50 K=1,3

DXP=DTP=0.

IF(L.EQ. 1.AND.DELTAX.EQ.(0.)) DXP=1.0
IF(K.EQ.1.AND.DELTAT.EQ.(90.)) :DTP=1.0
IF(DXP.EQ.(1.0)) GOTO 52
DXP=DELTAX*%(L-1)

CONTINUE

IF(DTP.EQ.(1.9)) GOTO 54
DTP=DELTAT*%(K-1)

CONTINUE

KL=38%(L-1)+K

IN=3%(N-1)+1I

A(IN,KL) =DXP*DTP

CONTINUE

CONTINUE

130



30

20

KB=3%(N-1)+I
B(KB) =RU(J-2+I,N)
C(KB)=S(J-2+I,N)
DELTAX=DELTAX+DX

- CONTINUE

DELTAT=DELTAT+DT

CONTINUE

CALL MV(A,9,9,B,X,DET, IDET, WORKMD

CALL MV(A,9,9,C,Y,DET, IDET, WORKM)

DO 60 N=1,3

DO 70 1I=1,3

IN=3%(N-1)+1I
UCOEF(I,N,J)=X(IN)
SCOEF(I,N,J)=Y(IN)
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60

10

€ONTINUE

CONTINUE

CONTINUE

END

132
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SUBROUTINE PPATH

COMMON ~ BLOCK1 - PHI(50,3),PHIBAR(50,3),PHIHAT(59,3), -
2 PHIUSED(50, 3) , PHITRUE(50,3) ,RU(50,3) ,D1(50,3) ,D2(50,3)
3,DUDX(50,3),5(50,3)

COMMON - BLOCK2 / RL,JJ,DT,DX,TIME, TIMEF,NTS

COMMON ~ BLOCK3 - UCOEF(3,3,50) ,PCOEF(5,50),SCOEF(3,3,59)
DIMENSION E(11) ,DEDAC(11,5),DEDX(11,5),DHDX(11,5),H{(3),A(4,4),B(4),
2WORKM( 4, 4) , X(4) , XX(5)

DIMENSION RLAMBDA(3,3),ALPHA(S) ,DADX(5,5)

RR=1.0/(6.0%DT)

DADX(2, 1) =RR
DADX(2,2) =-8. OXRR

DADX(2,4) =+8. 0¥RR

DADX(2,5) =-RR

RR=RE/DT

DADX(3, 1) =DADX(3,5) =—HR -
DADX(3,2) =DADX(3, 4) = 16 . O¥RR.
RR=2.0/(3.0%(DT*%3) )

DADX( 4, 1) ==RR

DADX(4,2) =2. 0%RR

DADX(4,4) =—2, 0XBR

DADX(4,5) =RR \ -
RR=RR/DT
DADX(5, 1) =DADX(5,5) =RR
DADX(5,2) =DADX(5 , 4) =—4. O¥RR

po 5 1=1,5
DADX(1,3)=DADX(1,1)=0.

CONTINUE

JJ1=JJ-1
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- DO 16 J=2,JJ1

Do 17 1=1,8

DO 19 N=1,83
RLAMBDA(I,N)=UCOEF(I,N,J)
CONTINUE

CONTINUE

XX( 1) =-DT*RU(J, 2)
XX(2)=-0.5%DT*RU(J, 2)

XX(3)=0.

XX(4)= 0.5%DT*RU(J,2)

XX(5)=DT*RU(J, 2)

ALPHA( 1) =ALPHA(3) =ALPHA(4) =ALPHA(5)=0.
ALPHA(2)=RU(J, 2)

DO 30 ITER=2,5
IFCITER.GT.2) ALPHACITER)=10.0%*(~ITER) :

DO 20 K=1,10

. EC1)=RLAMBDA(1, 1)

E(2)=RLAMBDA(2, 1) +RLAMBDA( 1,2) *ALPHA(2) -

E(3) =RLAMBDA(S3, 1) +RLAMBDA( 1, 2) *ALPHA( 3) +RLAMBDA( 2, 2) *ALPHA(2) + -
2RLAMBDAC( 1, 3) % ( ALPHA( 2) %%2)

E(4)=RLAMBDA(1,2)*ALPHA(4) +RLAMBDA(2, 2) *ALPHA(3) +RLAMBDA(3, 2) *
2ALPHA(2) +2.0%RLAMBDA( 1, 3) *ALPHA(2) ¥ALPHA(3) +RLAMBDA(2,3) *
S(ALPHA(2) %*%2)

E(5)=RLAMBDAC( 1, 2) *ALPHA(S5) +RLAMBDA(2, 2) *ALPHA(4) +RLAMBDA(S3, 2) %
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‘2ALPHA(3) +RLAMBDA( 1, 3) *( 2. 0*ALPHA( 2) *ALPHA(4) +( ALPHA(3) %¥2) ) +
32. 0*RLAMBDA( 2, 3) *ALPHA( 2) *ALPHA( 3) +RLAMBDA( 3 , 3) % ALPHA( 2) #%2)

E(6)=RLAMBDA( 2, 2) *ALPHA( 5) +RLAMBDA( 3, 2) *ALPHA( 4) +2. O*RLAMBDA( 1, 3) *
2(ALPHA(2) *ALPHA(5) +ALPHA( 3) *ALPHA( 4) ) +RLAMBDA( 2, 3) *( 2. 0*ALPHA( 2) *
SALPHA(4) +( ALPHA(3) %%2) ) +2. 0*RLAMBDA( 3, 3) *ALPHA( 2) *ALPHA(3)

E(7)=RLAMBDA( 3, 2) *ALPHA( 5) +RLAMBDAC( 1, 3) *(2. @%ALPHA( 3) *ALPHA(5) +
2(ALPHA( 4) ¥%2) ) +2. 0¥RLAMBDA( 2, 3) *( ALPHA( 2) *ALPHA(5) +ALPHA(3) %
SALPHA(4) ) +RLAMBDA( 3, ) *(2. O¥ALPHA( 2) *ALPHA( 4) +( ALPHA( 3) ¥*2) )
- E(8)=2.0%RLAMBDA( 1, 3) *ALPHA( 4) *ALPHA(5) +RLAMBDA( 2, 3) %( 2. 0¥ALPHA( 3)
2%ALPHA(5) +( ALPHA(4) %%2) ) +2. 0¥RLAMBDA( 3, 3) *( ALPHA( 2) *ALPHA(5) +
SALPHA(3) *ALPHA(4)) '

E(9) =RLAMBDAC( 1, 3) *( ALPHA(5) %%2) +2. 0*RLAMBDA( 2, 3) *ALPHA( 4) *ALPHA( 5)
2+RLAMBDA( 3, 8) (2. 0¥ALPHA( 3) *ALPHA(5) +( ALPHA( 4) *%2) )

E( 10) =RLAMBDA( 2, 3) *( ALPHA(5) %%2) +2. 0%RLAMBDA( 3, 3) *ALPHA( 4)
2ALPHA(5)

E(11) =RLAMBDA( 3, 8) *( ALPHA(5) %%2)

THE PARTIAL DERIVATIVES OF THE VELOCITY COEFFICIENTS

DEDA( 1,2)=0.

DEDA( 2, 2) =RLAMBDAC( 1,2)

DEDA( 3,2) =RLAMBDA( 2, 2) +2. 0*RLAMBDAC 1, 3) *ALPHA( 2)

DEDA( 4,2) =RLAMBDA( 3, 2) +2. 0*RLAMBDAC( 1, 3) *ALPHA( 3) +2. 0*RLAMBDA( 2, 3) *
2ALPHA( 2) '
DEDA(5,2) =2, 0%( RLAMBDAC 1, 3) *ALPHA( 4) +RLAMBDA( 2, 3) *ALPHA(3) +-
2RLAMBDA( 3, 3) *ALPHA(2) )

DEDA( 6 ,2) =2. 6% ( RLAMBDAC 1, 3) *ALPHA( 5) +RLAMBDA( 2, 3) *ALPHA(4) +-
2RLAMBDA( 3, 3) *ALPHA(3))

DEDA(7,2) =2, 0%( RLAMBDA( 2, 3) *ALPHA( 5) +RLAMBDA( 3, 3) *ALPHA( 4) )
DEDA( 8, 2) =2. 0¥RLAMBDA( 3, 3) *ALPHA(5)
DEDA(9,2) =DEDA( 10,2) =DEDA( 11, 2)=0.

DEDA( 1, 1)=0.
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DO 6 INDEXI=2,11

DEDA( INDEXI, 1) =0.

- DO 8 INDEXJ=3,5

DEDA(1, INDEXJ)=0.

DEDA( INDEXI, INDEXJ)=0.

IF( INDEXI.LT. INDEXJ) GOTC 8

DEDA( INDEXI, INDEXJ) =DEDA( INDEXI+2~INDEXJ, 2)

CONTINUE

CONTINUE

DO 50 KK=1,11

DO 50 LL=1,5

DEDX(KK,LL)=0.

DO 50 MM=2, ITER
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70

DEDX(KK, LL) =DEDX(KK, LL) +DEDA( KK, MM) *DADX( MM, LL)

CONTINUE

RT=-DT

DO 66 KK=2,5

RT=RT+0.5%DT

DO 70 LL=1,5

DHDX(KK, LL) =H(KK) =0.

DO 70 MM=1,11

DUMMY= ( (—=DT) *¥MM—~( RT**IMM) ) /FLOAT(IMM)

DHDX( KK, LL) =DHDX( KK, LL) + DEDX( MM, LL) **DUMMY

H(KK) = H(KK) +E( MM) *xDUMMY

CONTINUE

DHDX(KK, 1) =DHDX(KK, 1)-1.0

DHDX( KK, KK) =DHDX(KK,KK)+1.0
H(KK) =H(KK) +XX(KK) -XX( 1)
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69 CONTINUE

DO 86 1I=1,4

KK=11+1

DO 90 I1=1,4

LL=11

IF(I1.GE.3) LL=I1+1

ACII, I1)=DHDX(KK,LL)

20 CONTINUE

B(II)=-H(KK)

80 CONTINUE

C SOLVE FOR NEW VALUES OF XX

CALL MV(A,4,4,B,X,DET, IDET, WORKMD
XX(1)=XX(1)+X(1)
XX(2) =XX(2) +X(2)
XX(4)=XX(4)+X(3)
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XX(5)=XX(5)+X(4)

C RE-DEFINE COEFFICIENTS OF PARTICLE PATH

DO 18 III=2,ITER

- ALPHACIID)=0.
DO 18 JJJ=1,5
ALPHACIII)=ALPHACIII)+DADX(III,JJJ) *XX(JJJ)

18 CONTINUE

RINC=ABS(X( 1) /XX( 1)) +ABS(X(2) /XX(2) ) +ABS(X(3) /EX(4) )+ABS(X(4) /
2XX(5))

DELTA=1.0E~12

IF(RINC.LT.DELTA) GOTO 22

20 CONTINUE

WRITE(6,9050)

9050 FORMAT(///,30X,"WA RN I NG ..... ITERATION OF PARTICLE. PATH H
2AS NOT CONVERGED")

22 CONTINUE

30 CONTINUE

C DEFINE THE INTERSECTION OF THE PARTICLE PATH WITH THE X-AXIS
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16

D1(J,1)==-XX(1)
D2(J,3)=XX(5)

Do 16 I1=1,5

PCOEF(I,J)=ALPHACI)
CONTINUE

CONTINUE

RETURN
END

140
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SUBROUTINE PHIBARS .

COMMON ~ BLOCK1 / PHI(50,3),PHIBAR(50,3),PHIHAT(50,3), -

2 PHIUSED(50,3),PHITRUE(50,3) ,RU(50,3),D1(50,3) ,D2(56,3)
3,DUDX(50,3),8(50,3) :

COMMON - BLOCK2 / RL,JJ,DT,DX,TIME, TIMEF,NTS

COMMON - BLOCK3 / UCOEF(3,3,59) ,PCOEF(5,50),SCOEF(3,3,50)

" DIMENSION A(6,6),B(6),X(6),WORKM(6,6)

JJ1=JJ-1
TT=2.0%DT .
IF(TIME.LE.TT) GOTO 100

DO 16 K=1,5

A(1,K)=(-0.5%DX) ¥x(K~1)

A(2,K) =(0.5%DX) ¥x(K-1)
A(3,K)=(0.5%DX+D2(2, 1) ) *k(K-1)
A(4,K) =(1.5%DX) *x(K-1)
A(5,K)=(1.5%DX+D2(3, 1)) *%(K~-1)
A(6,K)=(0.5%DX~-DI1(2, 1)) *%(K~-1)
A(K,6)=0.

CONTINUE

A(6,6)=-1.0

B(1)=PHI(1,1)

B(2)=PHI(2,1)

B(4)=PHI(3, 1)

B(3)=PHIHAT(2, 1)

B(5)=PHIHAT(3, 1)

B(6)=0.

CALL MV(A,6,6,B,X,DET, IDET, WORKI
PHIBAR(2, 1) =X(6)
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30

435

20

100

DO 20 J=3,JJ1

DO 36 K=1,5

AC1,K0=(~1.5%DX **(K~1)
AC2,50=(-0.5%DX) ¥*(K-1)

A(3,K)=( 0.5%DX *k(K-1) -

AC4,K) =(~0.5¥DX+D2(J-1, 1) ) x*(K~1)
A(5,K) =(—1.5%DX+D2(J-2, 1) ) ¥%(K-1)
IF(J.NE.3) GOTO 35
AC5,K)=(0.5%DX+D2(J, 1)) ¥%(K-1)
CONTINUE

A(6,K) =(0.5%DX-D1(J, 1)) **x(K~1)
A(K,6)=0.

B(K) =PHI(J-3+K, 1)

CONTINUE

A(6,6)=-1.0
B(4)=PHIHAT(J-1,1)
B(5)=PHIHAT(J-2, 1)
IF(J.NE.3) GOTO 45 *
B(S5)=PHIHAT(J, 1)
CONTINUE

B(6)=0.

CALL MV(A,6,6,B,X,DET, IDET, WORKMD
PHIBAR(J, 1) =X(6)

CONTINUE

GOTO 200

CONTINUE
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DO 110 K=1,5

A(1,K)=(-0.5%DX) *x(K~1)
A(2,K)=(0.5%DX) **(K-1)
A(3,K)=(1.5%DX)**k(K~1)
A(4,K)=(2,5%DX) **(K-1)
A(5,K)=(3.5%DX) **(K~1)

A(6,K) =(0.5%DX-D1(2, 1)) **¥(K-1)
A(K,6)=0.

B(K)=PHI(K, 1)

CONTINUE

A(6,6)=-1.0
B(6)=0.

CALL MV(A,6,6,B,X,DET, IDET, WORKID

PHIBAR(2, 1) =X(6)

DO 120 J=3,JJ1

DO 136 K=1,5

AC1,K)=(-1.5%DX) **(K-1)
A(2,K)=(-0.5%DX) **x(K-1)
A(3,K)=(+0.5%DX) *%(K-1)
A(4,K)=(+1.5%DX) **x(K~1)
A(6,K)=(0.5%DX-D1(J, 1)) *x%(K-1)
A(K,6)=0.

B(K)=PHI(J-3+K, 1)

IF(J.NE.JJ1.0R.TIME.NE.TT) GOTO 140
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A(4,10 = (8. 5¥DX) *%(K~1)
140  CONTINUE
IF(J.NE.8) GOTO 500
A(5,K) =(2. 5%DX) ¥%(K=1)
COTO 130
500  CONTINUE
A(5,K) = (-2, 5¥DX) %% (K- 1)
130  CONTINUE

A(6,6)=—-1.0
B(6)=0.
IF(J.NE.JJ1.0R.TIME.NE.TT) GOTO 640
B(4)=PHI(J-4,1)

640 CONTINUE
IF(J.NE.3) GOTO 600
B(5)=PHI(J+2,1)
GOTO 630

600 CONTINUE
B(5)=PHI(J-3,1)

630 CONTINUE

CALL MV(A,6,6,B,X,DET, IDET, WORKM)
PHIBAR(J, 1)=X(6)

120 CONTINUE

200 CONTINUE

END
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SUBROUTINE SOLVE

COMMON ~ BLOCK1 - PHI(50,3),PHIBAR(59,3),PHIHAT(50,3),
2 PHIUSED(59, 3) , PHITRUE(50, 3) ,RU(50,3) ,D1(586,3} ,D2(50,3)
3,DUDX(50,3),S(50,3)

COMMON - BLOCK2 / RL,JJ,DT,DX,TIME, TIMEF,NTS

COMMON ~ BLOCK3 ~/ UCOEF(3,3,59) ,PCOEF(5,50),SCOEF(3,3,50) ¢
DIMENSION AA(4,4),BB(4,4),X(4),WORKM(4,4),A(12) ,B(16),C(17);D(7),
2DRDE(23, 17) ,DEDB(23,5) ,DSDP(5,5) ,DRDP(23,5), -
3AAA(6,6) ,BBB(6) , XXX(6) , WORKMM(6,6)

DIMENSION DB(4,35),DG(5,5)

DIMENSION RLAMBDA(3,3),ALPHA(S)

DIMENSION TJ(5)

JJ1=JJ-1

DO 58 J=2,JJ1

Do 17 1=1,5

DO 19 N=1,3

IF(1.€6T.3) GOTO 19
RLAMBDA( I, N)=UCOEF(I,N,J)
CONTINUE
ALPHA(I)=PCOEF(I,J)
CONTINUE

D(1)=RLAMBDA(1,2)
D(2)=2.0%RLAMBDA( 1, 3)*ALPHA(2) +RLAMBDA(2,2)
D(3)=2.0*(RLAMBDA(1,3) *ALPHA(3) +RLAMBDA(Z, 3) *ALPHA(2)) +
2RLAMBDA(3,2)
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D(4)=2,0%(RLAMBDA( 1, 3) *ALPHA(4) +RLAMBDA(2, 3) *ALPHA( 3) +RLAMBDA( 3, 3)
2:ALPHA(2))

D(5)=2,0%(RLAMBDA( 1, 3) *ALPHA(5) +RLAMBDA( 2, 3) * ALPHA( 4) +RLAMBDA(3, 3)
2%ALPHA(3))

D(6)=2.0%(RLAMBDA(2, 3) *ALPHA(S) +RLAMBDA(3, 3) *ALPHA(4) )

D(7)=2,0%RLAMBDA(3, 3) *ALPHA(S)

ACD=A(2)=AC11)=AC12)=A(10) =0,
A(3)=ALPHA(2) 42 '
A(4)=2. 0*ALPHA( 2) ¥ALPHA(3)

. A(5)=2.0%ALPHA(2) *ALPHA( 4) + ( ALPHA( 3) %%2).
A(6)=2. OXALPHA(2) XALPHA( 5) +2. 0%ALPHA( 3) *ALPHA( 4)
A(7)=2. 0*ALPHA( 3) *ALPHA(5) +( ALPHA( 4) %#2)

A(8) =2. 0XALPHA( 4) *ALPHA(5)
A(9) = ALPHA(5) %2

B(1)=B(2)=B(3)=B(14)=B(15)=B(16)=0.

Do 3 I1=5,13

B(I)=ALPHA(2)*A(I-1)+ALPHA(3) *A(I-2) +ALPHA(4)*A( I-3) +ALPHA(S) *
2A(1-4)

CONTINUE

B(4)=ALPHA(2)*A(3)

C(1)=C(2)=C(3)=C(4)=0.



14
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22

18

DO § 1=5,17
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C( I)=ALPHA(2)*B( I-1)+ALPHA(3) *B( I-2)+ALPHA(4) *B( I-3) +ALPHA(S) *

2B(I1-4)

CONTINUE

W=-0.5%D1(J, 1)
Z=0.5%D2(J,3)
TW=W/RU(J,2)
TW=-0.5%DT
TZ=Z/RU(J,2)
TZ= 0.5%DT

DO 16 ITER=1,50
Hi1=H2=DH1=DH2=0.

DO 14 I=2,5

H1=H1+ALPHACI) *(TWkx( I-1))
H2=H2+ALPHA( I) % (TZ%¥( I-1))

DH1=DHI1+FLOAT( I-1) *ALPHA( I) (' TWk*k(I-2)) )

DH2=DH2+FLOAT( I-1) *ALPHA( I) *( TZ*%*( I-2)) :

CONTINUE

Hi=H1-W

H2=H2-7Z

TW=TW-(H1/DH1)

TZ=TZ- (H2/DH2)
DUMMY=ABS(H1/DH1) +ABS(H2/DH2)
IF(DUMMY.LT.(1.0E-12)) GOTO 18
CONTINUE

WRITE(6,22)

FORMAT(5(/),30X," WA RNING ...
2CLE PATH HAS NOT CONVERGED")
CONTINUE

TJ(1)=-DT

TJ(2)=TW

THE TIME SEARCH FOR THE PARTI



TJ(3)=0.

TJI(4)=TZ

TJ(5)=DT

W=0.5%D1(J, 1)

All1=-2.0%W

Al12=4 ., 0% (Wkx2)

A13=-8.0%(Wkx3)

Al14=16.0%( Wkk4d)

A22=-2, 0% (Wk*2)

A23=6.0%( Wkx3) -

A24=-14.0%(Wx%4)
‘A33=8.0*(W**5)*Z+12.0*(W**4)*(Z**2)+4.0*(H**3)*(Z**3)
A34=-24 ., 0k (WkX6) ¥Z~28 .0k (WkkD) k(ZX%2) +4. Ok (Wkk3) k(Zxk4)
A43=8.0%(Wkx5) *Z+24 . 0% ( Wkk4) k(Zk*¥2) +16 . Ok ( (WXZ) k%3)
"A44=-24 OR(WKkKO) KZ—=56 . 0% (Wkk5) R (Z#%2) +32. 0% ( Wkk3) k( Z¥kk4)
DB(4, 1) ==2, 0k ( Wkk2) *Z—4, 0% Wk{ Zxx2)

DB(4, 2)=8.0%WxZXx(W+Z)

DB(4,3)=-2. 0%xWk(Wkk2+3. O WKZ+2 . Ok ( ZX%2) )

DB(4,4)=0.

DB(4,5)=2.0%(Wkx3)

DB(3, 1)=-2. 0XWkZX(W+Z)

DB(3,2)=4.0%WkZx(Z+2.0%W)
DB(3,3)=-2.,0%xWk( 2. 0X(Wkk2) +3 . OKWKZ+Zk%2)
DB(3,4)=4.0%x(Wkx3)

DB(3,5)=0.

DB(2,1)=DB(2,3)=-1.0

DB(2,2)=2.0

DB(2,4)=DB(2,5)=0.

DB(1,1)=1.0

DB(1,3)=-1.0

DB(1,2)=DB(1,4)=DB(1,5)=8.

DO 8 K=1,5

DG(5,K) =(A33%DB(4,K)-A43%DB(3,K) ) /( AB3*%A44—A43%A34)
DG(4,K)=(DB(3,K)-A34%DG(5,K) ) 7A33

DG(3,K) =(DB(2, K) -~A24%DG( 5, K) —A23*%DG(4,K) ) 7A22

148
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DG(2,K)=(DB(1,K) ~-A14%DG(5,K)~A13%DG(4,K)-A12*%DG(3,K) ) 7A11l
DG(1,K)=0.
8 CONTINUE
DG(1,3)=1.0

DO 1006 K=1,23

DO 200 KJ=1,17

DRDE(K, KJ) =0.

INDEXI=K+1-KJ

IF(INDEXI.LT. 1.0R. INDEXI.GT.7) GOTC 2090:
DRDE(K, KJ) =D( INDEXI)

200 CONTINUE

IF(K.GT. 17) GOTO 100

DEDB(K, 1) =DEDB(K, 2) =DEDB(K, 3) =DEDB(K, 4) =DEDB(K, 5) =0.
IF(K.E@.1) DEDB(K,1)=1.0

IF(K.GE.2.AND.K.LE.5) DEDB(K,2)=ALPHA(K}
IF(K.GE.3.AND.K.LE.9) DEDB(K,3)=A(K)
IF(K.GE.4.AND.K.LE. 13) DEDB(K, 4) =B(K)
IF(K.GE.5.AND.K.LE. 17) DEDB(K, 5) =C(K)
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100 CONTINUE

DO 3606 K=1,23

DO 400 KJ=1,5

DUMMY2=0.

DO 500 M=1,17

DUMMY1=0.

DO 600 MS=1,5

DUMMY1=DUMMY 1+ DEDB(M, MS) * DG(MS;KJ)
600 CONTINUE

DUMMY2=DUMMY2+DRDE(K, M) *DUMMY1

500 CONTINUE

DRDP(K, KJ) =DUMMY2

400  CONTINUE
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300 CONTINUE

DO 1906 L=2,5

RT=TJ(L)

DO 1100 IP=1,5

DUMMY=0.
DO 1200 K=1,23
RRTT=0.
IF(ABS(RT) .LT.1.0E-10) GOTO 1250
RRTT=RT**K
1256 CONTINUE
DUMMY=DUMMY+DRDP(K, IP)*( BRTT-(-DT) **K) /FLOAT(K) ¢

1260 CONTINUE

DSDP(L, IP) =DUMMY

11600 CONTINUE

DSDP(L,L)=DSDP(L,L)+1.0
DSDP(L, 1)=DSDP(L,1)-1.0

1600 CONTINUE



1600

1500

50

DO 1500 K=1,4

DO 1600 L=1,4
AA(K,L)=DSDP(K+1,L+1)
CONTINUE

BB(K) =-DSDP(K+1, 1) *PHIBAR(J, 1)

CONTINUE

CALL MV(AA,4,4,BB,X,DET, IDET, WORKIMD
PHI(J,2)=X(2)
PHIHAT(J,3)=X(4)

CONTINUE

DO 2000 K=1,5

AAA(2,K)=(-1.5%DX) **(K~1)
AAA(4,K)=(-.5%DX) *x(K-1)
AAA(6,K)=(0.5%DX) *%(K~-1)
AAA(K,6)=0.

o
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2100

2000

2200

2300

IF(TIME.LE.DT) GOTO:2100

AAA(S,K) =(~.5%DX+D2(JJ-1,2) ) %k (K-1)
AAA(3,K)=(~1.5%DX+D2(JJ-2,2) ) *¥k(K-1)
AAAC1,K)=(-2.5%DX+D2(JJ-3,2) ) ¥*%(K~-1)
GOTO 2000

CONTINUE

AAA(5,K)=(~4.5%DX) *%(K~-1)
AAA(3,K)=(-3.5%DX) **¥(K-1)
AAA(1,K)=(-2.5%DX) %*%(K-1)

CONTINUE

BBB(2) =PHI(JJ-2,2)
BBB(4) =PHI(JJ-1,2)
BBB(6)=0.
AAAC6,6)=—1.0
IF(TIME.LE.DT) GOTO 2200
BBB( 1) =PHIHAT( JJ-8, 2)
BBB(3) =PHIHAT( JJ-2, 2)
BBB(5) =PHIHAT(JJ-1,2)
COTO 2300

CONTINUE

BBB(5) =PHI(JJ-5,2)
BBB(8) =PHI(JJ-4,2)
BBB( 1) =PHI(JJ-8,2)
CONTINUE

CALL MV(AAA,6,6,BBB, XXX, DET, IDET, WORKMM)-
PHI(JJ,2)=XXX(6)

N=2
DO 5000 I=2,JJ

PHIUSED(I,2)=PHIUSED(I, 1)-DT*(RUCI, 1)*((PHIUSED(I; 1) -
2PHIUSED(I-1, 1)) /DX) +PHIUSED( I, 1) ¢ (RU(I, 1)-RUCI-1,1))/DXD)
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5000 CONTINUE

RETURN
END



155

SUBROUTINE PRINT( ISOL,NN)
COMMON ~ BLOCK! ~ PHI(50,3) ,PHIBAR(50,3),PHIEAT(50,3),
2  PHIUSED(50,3) ,PHITRUE(50,3) ,RU(50,3) ,D1(50,3) ,D2(50,3)
3,DUDX(50,3) ,8(50,3)
COMMON ~ BLOCK2 ~/ RL,JJ,DT,DX,TIME, TIMEF,NTS
COMMON ~ BLOCK3 ~ UCOEF(3,3,50) ,PCOEF(5,50) ,SCOEF(3,3,50)
WRITE(6,20) TIME
20  FORMAT(1H1,40X,"T I M E = ", F8.4,5X, "SECONDS ", /////):
WRITE(6,30)
30  FORMAT( 1X, "NODE NUMBER", 11X, "PHI", 10X,
1 "PHIBAR", 8X, "PHIHAT" , 8X, "DELTA1", 8%, °
2°DELTA2",7X, "VELOCITY",7X, "DUDX", 10X, "ALPHA", ///)
DO 10 1=1,JJ
WRITE(6,40) I,PHICI,1),PHIBARCI,1),PHIHATC(I,1),D1(I,1),D2¢I, 1),
1RUCI, 1) ,DUDX(I, 1) ,DUDX(I,3)
40  FORMAT( 7X,12,7X,8(E14.7,1X)
10  CONTINUE
I'TN=6%( ISOL-1) +1+(NN-1) /10
WRITE(6,3000) ITN
3000 FORMAT(1H1,10(/),47X,"T A B L E " 12)
WRITE(6,1100) (NN-1)
1100 FORMAT( 9(/),38X,"COMP ARIS ON ... AFTER",2X, I2,2X, "TIME
1 STEPS",//777)
WRITE(6,1150) TIME
1150 FORMAT(41X, "TOTAL TIME ELAPSED =",F8.4,8X, "SECS.",////)
WRITE(6, 1200)
1200 FORMAT( 15X, "NODE", 6X, "ANALYTICAL",7X," THIS ",6X," RATIO TO ",
27X,"  ONE ",6X," RATIO TO *,/,14X, "NUMBER",5X, * SOLUTION",B8X,
3" WORK ",6X,"ANALYTICAL",7X," SIDED ",6X,"ANALYTICAL®,5X,
4/,58%, " SOLUTION ",7X, "DIFFERENCE",6X," SOLUTION *,//)
K=1
DO 1400 I=1,JJ
DUMMY=FLOAT( I- 1) ¥DX
DUMMY1=(PHICI,K)+1.0E-20) /( PHITRUE(I, 1) +1.0E-20)
DUMMY2=( PHIUSED( I, 1) +1.0E-20) /( PEITRUE( I, 1) +1.0E~-20)



1500

1400

2100
2150

2200
2250

2300
2350
2400
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WRITE(6, 1500) I, PHITRUEC I, 1), PHIC I, K) , DUMMY1, PHIUSED( I, 1) , DUMMY2
FORMAT( 15X, I3, 3X,E15.8,3X,2(E15.8,E15.8,3%)

CALL PLOTPT(DUMMY,PHITRUE(I, 1),21)

CALL PLOTPT(DUMMY,PHI(I,K) ,22)

CALL PLOTPT(DUMMY,PHIUSED(I, 1),23)

CONTINUE

COTO (2100,2200,2300) , ISOL

WRITE(6,2150) .
FORMAT(////,43X, "( VELOCITY FUNCTION OF TIME ONLY ) ™)
GOTO 2400

WRITE( 6, 2250)

FORMAT( ////,43X, "( VELOCITY FUNCTION OF POSITION ONLY ) ")
GOTO 2400

WRITE( 6 ,2350)

FORMAT(////,47X, "( FULLY VARIABLE VELOCITY )")

CONTINUE

CALL OUTPLOT

RETURN '

END



200

204

206

SUBROUTINE PLOTR( ISOL)

COMMON ~ BLOCK1 ~ PHI(50,3),PHIBAR(50,3) ,PHIHAT(50,3), .
2 PHIUSED(59,3) ,PHITRUE(50,3) ,RU(50,3) ,D1(50,3) ,D2(50,3)
3,DUDX(50,3)

COMMON ~ BLOCK2 / RL,JJ,DT,DX, TIME, TIMEF, NTS

COMMON ~ BLOCK4 ~ PHIPLOT(5,3,51)

DIMENSION YMIN(5,2),YMAX(5,2),FACTORY(5,2),RATIO(5,3,51)
NT1=NTS+1

DO 200 L=1,5

DO 200 J=1,NT1

RATIO(L, 1,J)=(PHIPLOT(L, 1,J) +1.0E~10) /( PHIPLOT(L, 1 ,J) +1.0E~16)
RATIO(L, 2, J)=(PHIPLOT(L, 2, J) +1.0E~10) /( PHIPLOT(L, 1, J) +1.0E~10)
RATIO(L,3,J)=(PHIPLOT(L, 3,J) +1.0E~10) /( PHIPLOT(L, 1,J) +1.0E~10)
CONTINUE

XMAX=FLOAT( NTS) *DT

XMIN=0.

RNX=RNY=5.0

NXNY= IF IX( RNX+1.0)

DO 2 1G=1,2

DO 2 L=1,5

FACTORY(L, IG) =1.0E+100

YMAX(L, IG) =—1.0E+100

YMINCL, IG)=1.0E+100

DO 4 K=1,3

DO 6 J=1,NT1

GOTO (204,206) , IG

CONTINUE

IF(PHIPLOT(L,K,J) . GT. YMAX(L, IG)) YMAX(L, IG)=PHIPLOT(L,K,J)
IF(PHIPLOT(L,K,J) .LT. YMIN(L, IG)) YMINCL, IG) =FHIPLOT(L,K, J)
GOTO 6 ‘
CONTINUE

IF(RATIO(L,K, J) .GT. YMAX(L, IG)) YMAX(L, IG) =RATIO(L,K,J)
IF(RATIO(L,K,J) .LT. YMINCL, IG)) YMINCL, IG)=RATIO(L,K, J)
CONTINUE

SIZEY=3.00
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600

605

. 604

608
606
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DUMMY= (SIZEY+1.0E~20) /( ( YMAX(L, IG) ~YMINCL, IG) ) +1.0E~-20)
IF(FACTORY(L, I6) . GT. DUMMY) FACTORY(L, IG) =DUMMY
CONTINUE '
CONTINUE

SI1ZEX=4.75

FACTORX=S IZEX/TIME

CALL PLOT( 100.,10.5,60)

DO 10 1=1,5

DO 210 IG=1,2

XIG=-(0.75+4.7%(FLOAT( IG)~1.0))

CALL PLOT(XIG,0.0,40)

CALL PLOT(0.5,5.25,3)

CALL PLOT(3.5,5.25,2)

CALL PLOT(3.5,10.0,2)

CALL PLOT(0.5,10.0,2)

CALL PLOT(0.5,5.25,2) .
CALL LETTER(16,.10,90.,4.10,6.7,16ET I M E (SECS.))
IT1= ISOL+1

IT2=2%1+1G~-2

ENCODE( 10, 600, TITLE1) IT1

FORMAT(9HF IGURE 4., 11)

IFC(IT2.EQ. 10) GOTO 604

ENCODE(3,605, TITLE2) IT2
FORMAT( 1H., 11, 1H )

COTO 606

ENCODE(3, 608, TITLE2) IT2

FORMAT( 1H. , I2)

CONTINUE

RRR=7.6-1.8%(FLOAT( IG)—1.0)

CALL LETTER(10,.15,90.0,0.8,RRR, TITLE1)
RRR=HRRR+1.5

CALL LETTER( 3,.15,90.0,0.8,RRR, TITLE2)
IN=2%I

X=7.5-2.0%(FLOAT( IC)-1.0)

GOTO(250,260) , IC



250

700

260

710

270

1100

1200

1300
1400
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CONTINUE

CALL GREEK(2.0,3.70,0.59,90.0,21)

ENCODE(35,700,SUBT1) IN

FORMAT(23HCONCENTRATION AT NODE ,12,10H VS. TIME)

CALL LETTER(35,0.05,90.0,1.0,X,SUBT1)

GOTO 270

CONTINUE

CALL LETTER(28,90.10,180.0,3.4,4.10,28HRATIO TO ANALYTICAL SOLUTTON.
2)

ENCODE(39,710,SUBT2) IN

FORMAT(27HRATIO OF SOLUTIONS AT NODE ,I2,10H VS. TIME)

CALL LETTER(39,6.05,99.0,1.0,X,SUBT2)

CONTINUE

RRR=5.8+2.75%(FLOAT(1G)~1.0)

CALL LETTER(19,.05,90.0,3.0,RRR, 1I9HANALYTICAL SOLUTION )

CALL LETTER(20,.05,90.0,3.1,RRR,20HONE SIDED DIFFERENCE)

CALL LETTER( 9,.05,90.0,3.2,RRR, 9HTHIS WORK)
RRR=5.5+2.75%(FLOAT(IG)~-1.0)

CALL GRAF(2.95,RRR,0.1,1)

CALL GRAF(3.05,RRR,0.1,2)

CALL GRAF(3.15,RRR,0.1,3)

RRR=7.6-2.0%(FLOAT(IG)~-1.0)

GOTO (1100, 1200, 1390) , ISOL

CALL LETTER(32,.05,90.0,1.2,RRR,32H(VELOCITY FUNCTION OF TIME ONLY
2))

GOTO 1400

CALL LETTER(30,.05,90.0,1.2,RRR,30H (VELOCITY FUNCTION OF X ONLY))
GOTO 1400

CALL LETTER(390,.05,90.0,1.2,RRR,30H (FULLY VARIABLE VELOCITY) )
CONTINUE

DXL=SIZEX/RNX

DYL=SIZEY/RNY

DXN= ( XMAX-XMIN) /RNX

DYN=(YMAX(I, IG)-YMIN(I, IG))/RNY

XL=5.25-DXL



490

495

500

15

XN=-DXN

YL=3.575+DYL

YN=YMINC I, 16) ~DYN

DO 15 M=1,NXNY

XN=XN+DXN

XL=XL+DXL

YN= YN+DYN

YL= YL-DYL

ENCODE(9,490,Y) YN

FORMAT(E9 . 3)

IF(IG.EQ.2) ENCODE(9,495,Y) YN
FORMAT(F9.5) "
ENCODE( 9,500,%) XN

FORMAT(E9 . 2)

XX=XL-0.525

IF(M.EQ. 1) XX=XL-0.2

CALL LETTER(9,.100,90.0,3.75,XX,X)
CALL LETTER( 9,.075,90.0,YL,4.490,Y)
IF(IM.EQ. 1.0R.M.EQ.NXNY) GOTO 15
CALL PLOT(YL,5.20 ,3)

CALL PLOT(YL,5.80 ,2)

CALL PLOT(YL,9.95 ,3)

CALL PLOT(YL, 18.05 ,2) -
CALL PLOT(8.45 ,XL,3)

CALL PLOT(3.55 ,XL,2)

CONTINUE

DO 20 K=1,3

CALL PLOT(SIZEY+0.5,5.25,3)

DO 30 N=1,NT1

X1=FLOAT(N- 1) *DT*FACTORX

Y1= (PHIPLOT( I, K, N) ~YMINC I, IG) ) *FACTORY( I, IG)

IF(IG.EQ.2) Y1=(RATIO(I,K,N)-YMINCI, IG))*FACTORY(I, IG)

X1=X1+5.25
Y1=3.5-Y1
CALL PLOT(Y1,X1,2)
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30  CONTINUE
20  CONTINUE
DO 120 K=1,3
NN2=NTS/5
DO 130 N=1,NT1,NN2
X1=FLOAT( N~-1) *DT*FACTORX
Y1=(PHIPLOT(I,K,N)=YMINC I, IG) ) *FACTORY( I, IG) -
IF(IG.EQ.2) Y1=(RATIO(I,K,N)=YMINC I, IG))*FACTORY( I, IG)
X1=X1+5.25 ’
Y1=SIZEY+0.5-Y1
CALL CRAF(Y1,X1,0.100,K )
130  CONTINUE
120  CONTINUE
210  CONTINUE
CALL PLOT(12.0,5.25,-3)
10  CONTINUE
RETURN
END
END



