O 00000000000

Appendix A
Computer Program Listing

PROGRAM PPOF
PROGRAM TO CALCULATE TWO- PHASE EJECTOR FLOW BY
SPALDI NG S | PSA METHOD
| NCOMPRESSI BLE, PARABOLI C FLOW
M XI NG LENGTH TURBULENCE MODEL W TH WALL FUNCTI ON
SOLVES MOMENTUM CONTI NUI TY FOR BOTH PHASES
DCES NOT' SOLVE ENERGY EQUATI ON
GQUESSED DROPLET DI AMETER
CONTAI' NS BODY FI TTED GRI D
SOLVES FOR FLOW I N M XI NG SECTION UP TO PO NT OF RECI RCULATI ON.

| MPLICI' T DOUBLE PRECI SI ON (A-H, O 2)

DI MENSI ON R(2000) , U( 2, 2000) , V( 2, 2000) , UJ( 2, 2000) , V) 2, 2000)
2, UG 2, 2000)
2, VG 2, 2000) , VI SC( 2, 2000) , RHO( 2, 2000) , RHO( 2, 2000) , ALPHA( 2, 2000)
2, ALPHAU( 2, 2000) , VI SCU( 2, 2000)
2, RINT1S(2000) , Rl NTZN( 2000) , Rl NT2S(2000) , Rl NT2N( 2000)
2, RI NT4S( 2000) , RI NT4N( 2000) , Rl NT3M 2000) , RI NTE( 2000) , R NTW( 2000)
2, RI NT5( 2000) , DELPR( 2000) , Rl NT6S( 2000) , Rl NT6N( 2000) , C11 FD( 2000)
2, RDRAG( 2000) , GAM 2, 2000) , ALPHANEW( 2, 2000)
2, U3( 2, 85, 85), VI SCL( 2, 2000) , VI SCLU( 2, 2000) , VI SCT( 2, 2000)
2, VI SCTUY( 2, 2000)
2, V3( 2, 85, 85) , DELPR3( 85, 85) , P3(2000) , ALPHA3( 2, 85, 85)
2, RHO3( 2, 85, 85) , VI SC3( 2, 85, 85) , Rl NTE3( 85, 85) , Rl NT53( 85, 85)
2, RI NT4N3( 85, 85) , R NT6N3( 85, 85) , Rl NT3MB( 85, 85) , C1I FD3( 85, 85)
2, C11 FDX( 2000) , C11 FDR( 2000) , UTURBOLD( 2, 2000) , VI SCTURBOLDY( 2, 2000)
2, UTEMP( 2, 2000) , VTEMP( 2, 2000)
2, ALTEST( 2, 2000) , ALTEST2( 2, 2000)

DOUBLE PRECI SI ON LI NNERRCO, LOUTERRCO, JETTHI CK, LM X( 2000)
2, JETTHI CKOLD, KAPPA

OPEN( 13, FI LE=' QUT1. PRN )
OPEN( 14, FI LE=" QUT2. PRN )
OPEN( 15, FI LE=" QUT3. PRN )
OPEN( 16, FI LE=" QUT4. PRN )
OPEN(17, FI LE=" QUT5. PRN )
OPEN( 18, FI LE=' QUT6. PRN

| GOMLL=0

I NPUT AND SETUP ROUTI NES

CALL USERI NPUT( RE, XMAX, NCVX, NCVR, NCVRMOT, URATI O, RRATI O
2, SLI PMWN, SLI PSN, RHOVAPCR, VI SCVAPCR, ALPHAVAPORWN, ALPHAVAPORSN
2, | REA ME, | PHCONT, | PHDI SC, RHOLI Q VI SCLI Q

CALL GRI D( NCVX, NCVR, NCVRMOT, XVAX, DELX, DELR, M N, NMOT, R)

CALL FLU DPROP( RHOVAPCR, VI SCVAPOR, ALPHAVAPCORMN, ALPHAVAPORSN
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2, RHO VI SCL, ALPHA, RHOLI Q VI SCLI Q N, NMOT)

CALL I NI T(N, NMOT, R, RRATI O, URATI O, SLI PWN, SLI PSN
2, RHOVAPCR, ALPHAVAPORWN
2, VI SCVAPOR, ALPHAVAPORSN
2, UU, VU, RHOU, ALPHAU, VI SCLU, | MERGE, RHOLI Q VI SCLI Q

CALL GUESSVEL( UG, VG, WU, VU, N)
CALL PI NI T( DELPCOEFF, PW

CALL GLOBX1I NI T( DMOM N, DMOMOUT, PFI N, PFOUT, FVI SCTOP, PFTOP)
SET SOVE MOVENTUM CHECK TERMB TO ZERO

TOTFTAU2=0. 0DO

TOTFTAUL=0. 0DO

TOTPF2I N=0. 0DO

TOTPF1I N=0. 0DO

TOTPF20UT=0. 0DO0

TOTPF10OUT=0. 0DO0

TOTFI NT1=0. 0DO

TOTFI NT2=0. 0DO

O O O O

C
C
X=DELX
| =2
| PH=2
CALL GEOVCOEFF(N, R DELR, X, DELX, Rl NT1S, Rl NT1N, Rl NT2S, RI NT2N
2, RINT4S, RI NT4N, R NT6S, RI NT6N, R NT3M RI NTE, Rl NTW RI NT5, RDXM RTXE
2, | GOMALL, RDXW RDXE)
C
CALL CALCFLOW N(1 PHCONT, N, RHOU, ALPHAU, UU, RI NTW FLOW N, UAVE, UAVE2
2, TOTFLOAL, TOTFLOW2)
C
CALL GLOBCONT(!, M N, ALPHA, ALPHAU, RHO, RHOU, U, UU, RI NTW RI NTE
2, FLOW NTOT)
C
CALL PARTI CLESI ZE( N, RDRAG)
C
C INITIAL VALUES OF KAPPA AND B - TO BE USED I N FI NDNEARWALLPROFI LE
KAPPA=. 6D0
B=5. 0D0
C
C FIND A TAUMALL TO USE I NI TIALLY FROM EQN. 6-55 IN WH TE
TAUWALL655=RE* * (. 75D0) * (. 0396D0* RHO( | PH, N- 1) ** . 75D0
2% UAVE2* * (7. 0DO/ 4. 0DO) *VI SCL( 1 PH, N- 1) **. 25D0
2* (2. 0DO* RDXW ** ( - . 25D0) )
TAUWALL=TAUWALL655
C
C CALL TO SELECT A PO NT NEAR THE WALL W THI N RANGE YPLUS=30 TO 200
RLOW:90. 0D0
RH GH=140. 0D0
CALL FI NDINEARWALL( I PH, N, RE, RDXW R, RHO, TAWALL, RTM NUSRPLUS
2, RNEARWALL, RLOW RHI GH, JNEARWALL, VI SCL)
C

C CALL TO FIND THE VELOCI TY PROFI LE NEAR THE WALL BASED ON
C THE WALL FUNCTI ON
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CALL FI NDNEARWALLPROFI LE( | PH, N, JNEARWALL, KAPPA, B, RE, RDXW
2, TAUWMALL, RHO, R, VI SCL, U, UG)

C

C ESTABLI SH SOVE | NI TIAL VALUES OF JETTHI CKOLD AND CORETHI CKOLD
JIETTH CKOLD=NVOT
JETTH CKOLD=( 2. 0D0* DBLE( JJETTH CKOLD) - 3. 0D0) / ( 2. 0D0* DBLE( NCVR) )
JCOORETHI CKOLD=NVOT- 1
CORETHI CKOLD=( 2. 0D0* DBLE( JCORETHI CKOLD) - 3. 0D0) / ( 2. 0DO* DBLE( NCVR) )
JVALLTHI CKOLD=N- 1
WALLTH CKOLD=( 2. 0D0* DBLE( JWALLTHI CKOLD) - 3. 0D0) / ( 2. 0D0* DBLE( NCVR) )

2 KACCESS=0
JVWALLTHI CKPREV=0
JIETTH CKPREV=0
JCORETHI CKPREV=0
3 | PH=2
Dl RE=1. 0D0
| PHOTHER=1
KTAUI NTERP=1
KNEWEO
DO 950 J=2, N- 1
UTURBOLD( | PH, J) =0. 0DO
VI SCTURBOLD( | PH, J) =0. 0DO
950  CONTI NUE

5 CONTI NUE
C SEPARATE QUT THI CK AND TURBVI SC CPERATI ONS
C

C FINDS THI CKNESS OF THE JET, WALL, AND CORE TO BE USED I N TURBULENCE
C MCODEL
CALL THI CK2(N, I, 1 PH R U, DELR WALLTHI CK, JETTHI CK, CORETHI CK
2, IVALLTHI CK, JJETTHI CK, JCORETHI CK, | MERGE
2, CORETHI CKOLD, JCORETHI CKOLD, WALLTHI CKOLD, JWALLTHI CKOLD
2, JETTH CKOLD, JJETTHI CKOLD, KACCESS
2, JCORETHI CKPREV, JWALLTHI CKPREV, JJETTHI CKPREV)
C
C FI NDS TURBULENT VI SCOsI TI ES BY M XI NG LENGTH METHOD
10 CALL TURBVI SC(I, N, I PH, DELX, X, R, RDXM DELR
2, RE, UG, WU, DELPX, RHO, RHOU, VI SCL
2, VI SCLU, VI SCT, VI SCTU, VI SC, VI SCU, RCO, LI NNERRCO, LOUTERRCO, WALLTHI CK
2, JETTHI CK, CORETHI CK, | MERGE, LM X, RCOD, JRCOD
2, CORETHI CKOLD, JCORETHI CKOLD, WALLTHI CKOLD, JWALLTHI CKOLD
2, JETTHI CKOLD, JJETTHI CKOLD, JWALLTHI CK, JJETTHI CK, JCORETHI CK, KACCESS)

C

11 CONTI NUE

C

C FI NDS | NTERFACI AL DRAG FORCE

CALL | NTDRAG(I, N, | REG ME, | PHCONT, | PHDI SC, UG, UU, VG, VU, RHO, VI SCL
2, ALPHA, ALPHAU, ALPHAVAPORMN, RDRAG, RE, C1I FD)
DO 12 J=2,N- 1
ALTEST( | PHDI SC, J) =ALPHA( | PHDI SC, J)
12 CONTI NUE
C
C FINDS | NTERFACI AL MASS TRANSFER (DI SABLED | N THI S VERSI ON)
CALL | NTMASS( N, GAM)
KDELPI TER=1
DELPCOEFF=0. 0D0
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C BEG N | TERATI ON LOOP TO FI ND AXI AL PRESSURE GRADI ENT, DELPX

20 DELPX=DELPCCEFF* RHO( | PH, 1) *UU( | PH, 1) **2

PE=PWDELPX
C SOLVE CONTI NUQUS PHASE X- MOVENTUM EQUATI ON FOR U
C | TERATE ON DELPX UNTIL GLOBAL NMASS | S SATI SFI ED

CALL XIMOM ERRALPHA, I, M | PH, | PHOTHER, N, X, R, DELX, JNEARWALL
2, DELR, RHO, ALPHA, VI SC
2, W, UG VWY, VG U, V, PE, PW RE, ALPHAU, RHOU, C11 FD, GAM
2, RINT1S, RI NT1N, RI NT2S, RI NT2N, RI NT4S, RI NT4N, RI NT3M RI NTE, RI NTW

C
CALL FLOAERROR( | PH, N, RHO, ALPHA, U, FLOW N, RI NTE, FLOAERR)
C | F(ABS( FLOAERR) . LT. 1. 0D- 14) GO TO 30
C | F(ABS( FLOAERR) . LT. 1. 0D- 13) GO TO 30
| F(ABS( FLOAERR) . LT. 1. 0D- 10) GO TO 30
CALL DPI TER(DI RE, KDELPI TER, DELPCOEFF, FLOAERR)
GO TO 20
30  CONTI NUE
C SOLVE THE CONTI NUI TY EQUATI ON FOR CONT. PHASE FOR V
C | TERATE UNTIL U, UG AND V, VG CONVERGE
CALL CONT1(IPH, N, X, R DELX, DELR U, WU, V, RHO, RHOU, ALPHA, ALPHAU
2, GAM WU
2, RINT1S, RINTLN, R NT2S, R NT2N, Rl NT3M RI NTE, Rl NTW
CALL CONERROR(N, | PH, U, UG, V, VG, CONERR)
C | F( ABS( CONERR) . LT. 1. 0D- 13) GO TO 40
C | F( ABS( CONERR) . LT. 1. 0D- 10) GO TO 40
| F(ABS( CONERR) . LT. 1. 0D- 8) GO TO 40
CALL VELUPDATE(IPH, I, U, V, UG VG, N, JNEARWALL)
C
GO TO 10
C

40 CONTI NUE
70 FORVAT( 1X, 21 5, 5E14. 6)
C
C CHECK GLOBAL CONSERVATI ON OF X- MOVENTUM AND UPDATE TAU
CALL GLOBXIMOMLERROR( | PH, | PHOTHER, N, JNEARVWALL, U, UG UU, RHO
2, RHOU, ALPHA, ALPHAU
2, RENTW RI NTE, RI NT3M PE, PW TAUWALL, RI NT1N, RI NT2N, RE, GLOBX1MOMLERR
2, DMOM N1, PFI N1, DMOMOUT1, DMOMOUTINEAR, PFOUT1, FTAUWALL1, PFTOP1
2, C11 FD, RI NT4N)

C
RTM NUSRPLUSWRI TE=RE* * . 5D0* RDXW ( 1. 0D0- R( JNEARWALL) )
2% (RHO( | PH, N- 1) * TAUWALL) ** . 5D0/ VI SCL( | PH, N- 1)
C
C | F( ABS( GLOBX1MOMLERR) . LE. 1. 0D- 13) GO TO 28
C | F( ABS( GLOBX1MOMLERR) . LE. 1. 0D- 10) GO TO 28
| F( ABS( GLOBX1MOMLERR) . LE. 1. 0D- 8) GO TO 28
C
KNEWEKNEW1
| F( KNEW GT. 100) THEN
KTAUI NTERP=1
KNEWEO
ENDI F

C FI ND NEW TAUWALL (WALL SHEAR STRESS)
CALL FI NDNEWTAUWALL( 1 PH, N, INEARWALL, KTAUl NTERP
2, GLOBXIMOMLERR, TAUWALL)
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C | F RTM NUSRPLUS |'S W THI N RANGE 30 TO 200 DON T CHANGE JNEARWALL
C | E KEEP USI NG THE SAVE JNEARWALL AS LONG AS | T STAYS W TH N RANGE
RTM NUSRPLUSCHECK=RE* * . 5D0* RDXW ( 1. 0D0- R( JNEARWALL) )
2% (RHO( | PH, N- 1) * TAUWALL) ** . 5D0/ VI SCL( | PH, N- 1)
| F( RTM NUSRPLUSCHECK. GE. 30. AND. RTM NUSRPLUSCHECK. LE. 200) GO TO 310

C
RLOWES50. 0DO
RH GH=200. 0DO
CALL FI NDINEARWALL( I PH, N, RE, RDXW R, RHO, TAUWALL, RTM NUSRPLUS
2, RNEARWALL, RLOW RHI GH, INEARWALL, VI SCL)
C
310 CONTI NUE
C

C CALL TO FIND THE VELOCI TY PROFI LE NEAR THE WALL BASED
C ON THE WALL FUNCTI ON
CALL FI NDNEARWALLPROFI LE( I PH, N, INEARWALL, KAPPA, B, RE, RDXW
2, TAUWWALL, RHO R, VI SCL, U, UG

C
&0 TO 10

C

28 CONTI NUE
KNEW£O

C SAVE VALUES OF UQE | PHOTHER, J), VI PHOTHER, J) FOR FUTURE | TERATI ON
DO 910 J=1, N

UTEMP( 1, J) =UG | PHOTHER, J)
VTEMP( 1, J) =V | PHOTHER, J)
910  CONTI NUE
C REMEMBER CERTAI N VALUES FOR CONTI NUOUS PHASE THAT WLL BE OVERWRI TTEN
C BY DI SCONTI NUOUS PHASE
TAUWALL C=TAUMAL L
JNEARWAL LC=JNEARWAL L
RNEARWAL L C=RNEARVAL L
GO TO 75 FOR JUST SINGLE PHASE CALCULATI ON
GO TO 75

O0000

FIND THE PRESSURE GRADI ENT IN THE R-DIR FROM R1- MOVENTUM
CALL DELPRCALC(I, N, R, RI NT2N, RI NT2S, RI NT1N, RI NT1S, Rl NT4N, Rl NT4S
2, RINT6S, RINT6N, Rl NT3M RI NT5, RI NTE, RI NTW DELX, DELR, GAM C1I FD
2, RE, U, UU, VG, VU, RHO, RHOU, ALPHA, ALPHAU, VI SC, VI SCU, DELPR
2, | PH, | PHOTHER, RDXW RDXE)
C TWO PHASE CALCULATI ON
| PH=1
| PHOTHER=2
KTAUI NTERP=1
C
C TAUMALL FOR DI SCONTI NUOUS PHASE / BOUNDARY VELOCI TY FOR DI SC. PHASE
TAUWALLD=TAUMALLC* VI SCL(1, N- 1)/ VI SCL( 2, N- 1)
DO 71 J=JNEARWALL, N
UG(1 PH, J) =U( | PHOTHER, J)
U(1 PH, J) =U( | PHOTHER, J)
71 CONTI NUE
C
C TURBULENT VI SCOSI TY FOR DI SCONTI NUOUS PHASE
72 CONTI NUE
DO 73 J=2,N- 1
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UNE. 5D0* (UG | PH, J+1) +UX | PH, J))
US=. 5D0* (UG | PH, J) +UG( | PH, J- 1))
| F(J. EQ N-1) UN=0. 0DO
| F(J. EQ 2) US=UG( | PH, 2)

DUDR=( UN- US) / DELR

VI SCT(1 PH, J) =RE* RHO( | PH, J) * LM X(J) * * 2* DABS( DUDR) / RDXM

VI SCT(1 PH, J) =VI SCT(| PHOTHER, J) * RHO( | PH, J) / RHO( | PHOTHER, J)
VI SC(1 PH, J) =VI SCT( | PH, J) +VI SCL(1 PH, J)

73 CONTI NUE

C SOLVE FOR V2 FROM R2MOM - DI SCONTI NUOUS PHASE

1000 CONTI NUE

CALL RZMOM |, | PH, | PHOTHER, N, DELX, DELR, RHO, ALPHA, VI SC, UU, UG, VU, VG
2, V, RE, ALPHAU, RHOU, DELPR RI NT5, Rl NT6N, Rl NT6S, VI SCU, GAM C1| FD
2, RINT1S, RINTLN, R NT2S, RI NT2N, RI NT4S, Rl NT4N, Rl NT3M Rl NTE, Rl NTW
2, RDXW RDXE)
C SOLVE FOR U2 FROM X2MOM - DI SCONTI NUOUS PHASE
CALL X2MOM |, M | PH, | PHOTHER, N, X, R, DELX, JNEARWALL, DELR, RHO
2, ALPHA, VI SC, WU, UG, WU, VG
2, U, V, PE, PW RE, ALPHAU, RHOU, C1| FD, GAM TAWALLD
2, RINT1S, RINTLN, R NT2S, RI NT2N, RI NT4S, Rl NT4N, Rl NT3M Rl NTE, Rl NTW
C UPDATE GUESS VELOCI TIES - COMPARE U(I PH, J) W TH UG I PH, J)
C V(1 PH J) WTH VG I PH, J)
CALL ERRORVEL2(I, N, | PH, U, UG V, VG, ERRVEL2, ALPHA)
| F(ERRVEL2. LE. 1. OD- 8) GO TO 74
CALL UPDATEVEL2(1, | PH, N, U, UG V, VG
GO TO 72

74 CONTI NUE

C

C NEW | TERATI ON LOOP FOR SECOND PHASE VELOCI TY USED I N

C FI RST PHASE ROUTI NE

C COVPARE VALUES OF U CALC. HERE W TH UTEMP(| PHOTHER, J)

UTEMPADD=0. 0DO

UADD=0. 0D0

VTEMPADD=0. 0D0

VADD=0. 0D0

DO 920 J=2, N-1
UTEMPADD=UTEMP( 1, J) +UTEMPADD
UADD=U( | PH, J) +UADD
VTEMPADD=VTEMP( 1, J) +VTEMPADD
VADD=V( | PH, J) +VADD

920  CONTI NUE

UDI FF=UTEMPADD- UADD

VDI FF=VTEMPADD- VADD

WRI TE(*, *)' UDI FF, VDI FF = ', UDI FF, VDI FF

C REMOVE/ REPLACE FOR UDI FF | TERATI ON
C | F(ABS(UDI FF) . LE. 1. 0D- 13) GO TO 930
C | F(ABS( UDI FF) . LE. 1. 0D- 10) GO TO 930
| F(ABS(UDI FF) . LE. 1. 0D- 8) GO TO 930
| PH=2
| PHOTHER=1
GO TO 11
C
C
C
930  CONTI NUE

VRI TE(*, 931) IWALLTHI CK, JJETTHI CK, JCORETHI CK
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931

FORMAT( 1X, 31 7)

C RETURN TO THI CK ROUTI NE TO OBTAI N CONVERGENCE

940

941

932

75

| F(JWALLTHI CKPREV. EQ JWALLTHI CK. AND. JCORETHI CKPREV. EQ JCORETHI CK
2. AND. JJETTHI CKPREV. EQ JJETTHI CK) GO TO 940

| PH=2

| PHOTHER=1

JVWALLTH CKPREV=JWALLTHI CK

JOORETHI CKPREV=J CORETHI CK

JIETTH CKPREV=JJETTHI CK

G TO 5

CONTI NUE

SOLVE FOR VO D FRACTI ON ( ALPHA2) FROM DI SC.

PHASE CONTI NUI TY ( CONT2)

CALL CONT2(1, I PH, N, X, R, DELX, DELR, U, UU, V, RHO, RHOU, ALPHANEW
2, ALPHA, ALPHAU, GAM RI NT1S, Rl NT1N, RI NT2S, RI NT2N, RI NT3M RI NTE
2, RINTW

DO 941 J=2, N-1

ALTEST2( | PHDI SC, J) =ALPHANEW( | PHDI SC, J)

CONTI NUE

CHECK FOR ALPHA (VO D FRACTI ON) CONVERGENCE

CALL ERRORALPHA(N, | PH, | PHOTHER, ALPHA, ALPHANEW ERRALPHA)

WRI TE(*, 932) |, X*5. 0D0/ 16. 0D0, ERRALPHA, UVDI FF, PE* 1264. 4500, TAUALL

FORMAT( 1X, | 4, 5E14. 7)

| F(ERRALPHA. LE. 1. 0D- 12) GO TO 75
| F( ERRALPHA. LE. 1. 0D-8) GO TO 75

| F(ERRALPHA. LE. 1. 0D- 6) GO TO 75

CALL UPDATEALPHA(N, I, | PH, | PHOTHER, ALPHANEW ALPHA, ERRAL PHA)

| PH=2

| PHOTHER=1

& TO 5

CONTI NUE

VWRI TE(*, *)' RTM NUSRPLUS = ', RTM NUSRPLUSCHECK, |
VWRI TE(*, *)" TAUWALL = ', TAUWALL

C CHECK GLOBAL MOVENTUM BALANCE FOR SECOND PHASE

80

C

CALL GLOBXIMOMLERROR( | PH, | PHOTHER, N, JNEARVWALL, U, UG UU, RHO
2, RHOU, ALPHA
2, ALPHAU, R NTW RI NTE, RI NT3M PE, PW TAUWALLD, RI NT1N, RI NT2N
2, RE, GLOBX2MOWERR
2, DMOM N2, PFI N2, DMOMOUT2, DMOMOUT2NEAR, PFOUT2, FTAUWALL2
2, PFTOP2, C11 FD, RI NT4N)
VWRI TE(*, *)' GLOBX2MOWVRERR = ', GLOBX2MOMRERR

TOTFLOWEO. 0DO

TOTAREA=0. 0DO

DO 80 J=2, N1
RNORTH=R( J) +1. 0D0/ ( DBLE( N- 2) * 2. 0DO)
RSOUTH=R( J) - 1. 0D0/ ( DBLE( N- 2) * 2. 0DO)
AREA=. 5D0* ( RNORTH* * 2- RSOUTH * 2)
FLOWEAREA* U( 1, J)
TOTFLOWETOTFLOM-FLOW
TOTAREA=TOTAREA+AREA

CONTI NUE

UAVE=TOTFLOW TOTAREA

C WRI TE QUTPUT

| F(1. EQ 2) THEN
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DO 83 J=1, N
DVDOTVAP=RI NTE( J) * RHOU( 2, J) * ALPHAU( 2, J) * UJ( 2, J)
DVDOTLI Q=RI NTE(J) * RHOU( 1, J) * ALPHAU( 1, J) * UJ( 1, J)
| F(( DVDOTLI Q+DVDOTVAP) . EQ 0. 0D0) THEN

QUALI TY=0. 0DO

ELSE
QUALI TY=DVDOTVAP/ ( DVDOTVAP+DVDOTLI Q
ENDI F
C
WRI TE( 14, 70) 1 -1, J, R(J), X- DELX, UJ( 1, J) , UJ 2, J) , RTM NUSRPLUSCHECK
WRI TE( 15, 70) 1 - 1, J, WALLTHI CK, JETTHI CK, CORETHI CK, ALPHAU( 2, J)
2, QUALI TY
WRI TE( 16, 70) 1 -1, J, VI SCU( 1, J), 0. 0D0, VI SCU( 2, J), VU(1, J), VU( 2, J)
WRI TE( 17, 70) 1, J, 0. 0DO, 0. 0DO, 0. 0DO, 0. 0DO, 0. 0D0
83 CONTI NUE
VR TE( 18, *) X- DELX, PW
ENDI F
C
C FINDS QUALI TY I N EACH CONTROL VOLUME ( FOR TESTI NG PURPOSES)
C AND WRI TES OUTPUT TO FILE; | COONST CAN BE 1, 2, 4,8 ETC.
C DEPENDI NG ON FI NENESS

| CCONST=1

DO 82 | COARSE=2, (M 2) /1 CCONST+1
| FI NE=I CCONST* (| COARSE- 1) +1
I F(1.EQ I FI NE) THEN

DO 81 J=1, N
DVDOTVAP=RI NTE( J) * RHO( 2, J) * ALPHA( 2, J) *U( 2, J)
DVDOTLI Q=RI NTE(J) * RHO( 1, J) *ALPHA( 1, J) *U( 1, J)
| F(( DVDOTLI Q+DVDOTVAP) . EQ 0. 0DO0) THEN
QUALI TY=0. 0DO
ELSE
QUALI TY=DVDOTVAP/ ( DVDOTVAP+DVDOTLI Q
ENDI F
WRI TE( 14, 70) 1, J, R(J), X, U(1, J), U(2, J) , RTM NUSRPLUSCHECK
VR TE( 15, 70) 1, J, WALLTHI CK, JETTHI CK, CORETHI CK, ALPHA( 2, J) , QUALI TY
WRI TE( 16, 70) 1, J, VI SC( 1, J), DELPR(J), VI SC( 2, J), (1, J), (2, J)
WRI TE( 17, 70) 1, J, PE, CLI FD(J), LM X(J), TAUMALL, RNEARVAL L
81 CONTI NUE
VR TE( 18, *) X, PE

ENDI F

82  CONTI NUE
C REMEMBER SOME VALUES FOR GLOBAL X- MOM CHECK.
CALL GLOBXREM N, TAUWALLC, TAWALLD, RI NT4N, ALPHA, RE
2, PW PE, RI NTE, RI NTW RI NT3M ClI FD, U, TOTFTAU2, TOTFTAUL, TOTPF2I N
2, TOTPF20UT, TOTPF1I N, TOTPFL1OUT, TOTFI NT1, TOTFI NT2)
C FIND THE TOTAL | NLET MOVENTUM FLUX | F | =2
| F(1. EQ 2) THEN
TOTMOM N2=0. 0DO
TOTMOM N1=0. 0DO
DO 3000 J=2, N-1
TOTMOM N2=TOTMOM N2+RHOU( 2, J) * RI NTW J) * ALPHAU( 2, J) * UU( 2, J) ** 2
TOTMOM NL=TOTMOM N1+RHOU( 1, J) * Rl NTW J) * ALPHAU( 1, J) *UU( 1, J) ** 2
3000  CONTI NUE
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ENDI F

CALL VELUPDATE2( U, UU, UG, V, VU, VG, RHO, RHOU, VI SC, VI SCU, VI SCL, VI SCLU
2, VI SCT, VI SCTU, ALPHA, ALPHAU
2, N, PW PE)
C UPDATE THI CKNESSES
CORETHI CKOLD=CORETHI CK
JOORETHI CKOLD=J CORETHI CK
WALLTH CKOLD=WALLTH CK
JVWALLTHI CKOLD=JWALLTHI CK
JETTH CKOLD=JETTHI CK
JIETTH CKOLD=JJETTH CK
C
C |F AT END OF DUCT STOP PROGRAM
| F(1.EQ M 1) GO TO 50
C TAKE STEP DOWNSTREAM AND CONTI NUE CALCULATI ON
X=X+DELX
I =1 +1
CALL GEOVCOEFF(N, R DELR, X, DELX, Rl NT1S, Rl NT1N, Rl NT2S, RI NT2N
2, RINT4S, RI NT4N, R NT6S, RI NT6N, R NT3M RI NTE, Rl NTW RI NT5, RDXM RTXE
2, | GOMALL, RDXW RDXE)
GO TO 2
50  CONTI NUE
C FIND THE TOTAL OUTLET MOVENTUM FLUX
TOTMOMOUT1=0. 0DO
TOTMOMOUT2=0. 0DO
DO 2000 J=2, N-1
TOTMOMOUT1=TOTMOMOUT1+RHO( 1, J) * ALPHA( 1, J) *RI NTE(J) *U( 1, J) ** 2
TOTMOMOUT2=TOTMOMOUT2+RHO( 2, J) * ALPHA( 2, J) *RI NTE(J) *U( 2, J) ** 2
2000 CONTI NUE
C FIND THE GLOBAL MOVENTUM ERRCR
TOTERRMOML=( ( TOTMOMOUT1+TOTPF10UT- TOTPFLI N+ TOTFTAUL- TOTFI NT1)
2- TOTMOM N1) / TOTMOM NL
TOTERRMOMR =( ( TOTMOMOUT 2+ TOTPF20UT- TOTPF21 N+ TOTFTAU2- TOTFI NT2)
2- TOTMOM N2) / TOTMOM N2

WRI TE(*, *)' TOTMOM N2 = ', TOTMOM N2
VR TE(*, *)' TOTMOMOUT2 = ', TOTMOMOUT2
WRI TE(*, *)' TOTPF2IN = ', TOTPF2I N
WRI TE(*, *)' TOTPF20UT = ', TOTPF20UT
WRI TE(*, *)' TOTFTAU2 = ', TOTFTAU2
WRI TE(*, *)' TOTFINT2 = ', TOTFI NT2
WRI TE(*, *)' TOTERRVOMR = ', TOTERRVOMR
VR TE(*, *)
C
WRI TE(*, *)' TOTMOM N1 = ', TOTMOM N1
WRI TE(*, *)' TOTMOMOUTL = ', TOTMOMOUT1
WRI TE(*, *)' TOTPFLIN = ', TOTPF1I N
WRI TE(*, *)' TOTPFLOUT = ', TOTPF10UT
WRI TE(*, *)' TOTFTAUL = ', TOTFTAUL
WRI TE(*, *)' TOTFINT1 = ', TOTFI NT1
WRI TE(*, *)' TOTERRVOML = ', TOTERRVOML
C
CALL GLOBCONT(!, M N, ALPHA, ALPHAU, RHO, RHOU, U, UU, Rl NTW RI NTE
2, FLOW NTOT)
C

CALL CALCFLONMOUT( 1, M N, ALPHA, RHO, U, RI NTE, FLOACUT1, FLONOUT2)
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ERRFLOM.=( FLOANOUT1- TOTFLOM) / TOTFLOM
ERRFLOW2=( FLONOUT2- TOTFLOA2) / TOTFLOW2

VWRI TE(*, *)' FLON N1, FLOAOUT1 = ', TOTFLOM, FLOADUT1
VWRI TE(*, *)' ERRFLOM = ', ERRFLOA
VWRI TE(*, *)' FLON N2, FLOANOUT2 = ', TOTFLON2, FLOANDUT2
VWRI TE(*, *)' ERRFLON2 = ', ERRFLON2

C
STOP
END

C

C

C

C REMEMBERS SOME VALUES FOR GLOBAL X- MOM CHECK

SUBROUTI NE GLOBXREM N, TAUWALLC, TAWALLD, RI NT4N, ALPHA, RE
2, PW PE, RI NTE, RI NTW RI NT3M ClI FD, U, TOTFTAU2, TOTFTAUL, TOTPF2I N
2, TOTPF20UT, TOTPF1I N, TOTPFL1OUT, TOTFI NT1, TOTFI NT2)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON RI NT4N( 2000) , ALPHA( 2, 2000) , Rl NTE( 2000) , Rl NTW 2000)
2, RINT3M 2000) , C11 FD( 2000) , U( 2, 2000)
C WALL SHEAR
TOTFTAU2=TOTFTAU2+TAUWALLC* Rl NTAN( N- 1) * ALPHA( 2, N- 1) / RE
TOTFTAUL=TOTFTAUL+TAUWALLD* Rl NTAN( N- 1) * ALPHA( 1, N- 1) / RE
DO 100 J=2, N- 1
C PRESSURE FORCES
TOTPF21 NeTOTPF21 N+PW ALPHA( 2, J) * R NTW( J)
TOTPF20UT=TOTPF20UT+PE* ALPHA( 2, J) * Rl NTE( J)
TOTPF1l NETOTPFLI N+PW ALPHA( 1, J) * Rl NTW(J)
TOTPF1OUT=TOTPF1OUT+PE* ALPHA( 1, J) * Rl NTE( J)
C | NTERFACI AL FORCES
TOTFI NT1=TOTFI NT1+RI NT3M J) * C1l FD( J) * (U( 2, J) - U( 1, J))
TOTFI NT2=TOTFI NT2+RI NT3M J) * C11 FD( J) * (U( 1, J) - U( 2, J))
100  CONTI NUE
RETURN
END
C
C
C
C FINDS NEW WALL SHEAR STRESS ( TAUWWALL) FOR WALL FUNCTI ON APPROX.
SUBROUTI NE FI NDNEWTAUMALL( | PH, N, JNEARVWALL, KTAUI NTERP
2, GLOBXLMOMLERR, TAUWALL)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
C FI ND NEW TAUMALL BY LI NEAR | NTERPOLATI ON
TAUI NTERPFACTOR=. 1D0
| F( KTAUI NTERP. EQ 1) THEN
TAUWALL1ST=TAUWALL
GLOBX1MOML1ST=GLOBX1MOMLERR
KTAUI NTERP=KTAUI NTERP+1
TAUWALL=TAUMALL* ( 1. 0DO+TAUI NTERPFACTOR)
G0 TO 21
ENDI F
| F( KTAUI NTERP. EQ 2) THEN
TAUWAL L2ND=TAUWAL L
GLOBX1MOML2ND=GL OBX1 MOMLERR
KTAUI NTERP=KTAUI NTERP+1
TAUWALL=( ( TAUMALL2ND- TAUMALL1ST) / ( GLOBX1MOML2ND- GLOBX1MOML1ST))
2 * (- GLOBX1MOML2ND) +TAUWALL2ND
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&0 TO 21
ENDI F
| F( KTAUI NTERP. GE. 3) THEN
TAUWALL3RD=TAUWAL L
GLOBX1MOML3RD=GL OBX1IMOMLERR
| F( GLOBX1IMOML3RD* GLOBX1MOML2ND. LT. 0. 0DO) THEN
TAUALLIST=TAUWALL2ND
GLOBX1IMOML1ST=GL.OBX1MOML2ND
TAUALLZ2ND=TAUWALL3RD
GLOBX1IMOML2ND=GLOBX1MOML3RD
TAUWALL=( ( TAUWALL2ND- TAUWALL1ST) / ( GLOBX1MOML2ND- GLOBX1MOML1ST) )
2 * (- GLOBX1MOML2ND) + TAUWALL2ND
&0 TO 21
ELSEI F( GLOBX1MOML3RD* GLOBX1MOML1ST. LT. 0. 0DO) THEN
TAUALLZ2ND=TAUWALL3RD
GLOBX1IMOML2ND=GLOBX1MOML3RD
TAUWALL=( ( TAUWALL2ND- TAUWALL1ST) / ( GLOBX1MOML2ND- GLOBX1MOML1ST) )
2 * (- GLOBX1MOML2ND) + TAUWALL2ND
&0 TO 21
ELSE
TAUALLIST=TAUWALL2ND
GLOBX1IMOML1ST=GL.OBX1MOML2ND
TAUALLZ2ND=TAUWALL3RD
GLOBX1IMOML2ND=GLOBX1MOML3RD
TAUWALL=( ( TAUWALL2ND- TAUWALL1ST) / ( GLOBX1MOML2ND- GLOBX1MOML1ST) )
2 * (- GLOBX1MOML2ND) + TAUWALL2ND
&0 TO 21
ENDI F
ENDI F
VRI TE(*, *) "' SOVETHI NG VENT WRONG | N TAUWALL | TERATI ON
STOP
21 CONTI NUE
C ENSURE THAT TAUWALL NEVER FALLS BELOW ZERO
| F(TAUWALL. LE. 0. 0DO) TAUWALL=1. 0DO
RETURN
END

OO0

C CHECKS GLOBAL CONSERVATI ON OF X-MOM FOR CONT. PHASE TO DETERM NE | F
C WALL SHEAR ( TAUMALL) WAS GUESSED CORRECTLY).
SUBROUTI NE GLOBX1MOMLERROR( | PH, | PHOTHER, N, JNEARWALL, U, UG, UU, RHO
2, RHOU, ALPHA
2, ALPHAU, Rl NTW RI NTE, RI NT3M PE, PW TAUWALL, RI NT1N, Rl NT2N
2, RE, GLOBX1MOMLERR
2, DVOM NI, PFI N1, DMOMOUT1, DVOMOUTLNEAR, PFOUT1, FTAUWALL1
2, PFTOP1, ClI FD, Rl NT4N)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , U( 2, 2000) , UJ( 2, 2000) , RHO( 2, 2000) , RHOU( 2, 2000)
2, ALPHA( 2, 2000) , ALPHAU( 2, 2000) , Rl NTW 2000) , Rl NTE( 2000) , Rl NT1N( 2000)
2, RINT2N( 2000) , RI NT3M 2000) , C11 FD( 2000) , UG 2, 2000) , Rl NT4N( 2000)
DVOM N1=0. 0DO
DVOMOUT1=0. 0DO
PFI N1=0. 0D0
PFOUT1=0. 0D0
PFTOP1=0. 0D0
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FCHECK1=0. 0DO
FI NT1=0. 0DO
DO 26 J=2, N-1
DVOM NL=DMOM NL+RHOU( | PH, J) * ALPHAU( | PH, J) * R NTW J) * UU( | PH, J) **2
PFI NL=PFI N1+PW ALPHA( | PH, J) * RI NTW( J)
DVOMOUT 1=DMVOMOUT1+RHO( | PH, J) * ALPHA( 1 PH, J) * RI NTE(J) *U(1 PH, J) **2
FCHECK1=FCHECK1+RHO( | PH, J) * ALPHA( | PH, J) * RI NTE(J) * U(| PH, J)
PFOUT1=PFOUT1+PE* ALPHA( | PH, J) * Rl NTE( J)
FTAUMALL1=TAUWALL* Rl NTIN( N- 1) * ALPHA( | PH, N- 1) / RE
FTAUMALLCHECK=TAUMALL* RI NT4N( N- 1) * ALPHA( | PH, N- 1)/ RE
FI NT1=FI NT1+RI NT3M J) * C1I FD(J) * (UG( | PHOTHER, J) - U( | PH, J))
26 CONTI NUE
DVOMOUT 1NEAR=0. 0DO
DO 500 J=JNEARWALL, N-1
DVOMOUT 1NEAR=DVOMOUT LNEAR+RHO( | PH, J) * ALPHA( | PH, J) * Rl NTE( J)
2 *U(1 PH, J) **2
500  CONTI NUE
PFTOP1=. 5D0* ALPHA( | PH, N- 1) * ( PE+PW * RI NT2N( N- 1)
GLOBX1 MOMLERR=DVOMOUT1- DMOM N1+PFOUT1- PFI N1- PFTOP1+FTAUMALL1- FI NT1
RETURN
END

FINDS A PO NT W THI N WALL FUNCTI ON REG ON WHI CH CAN BE USED AS A
BOUNDARY
SUBROUTI NE TO FI ND JNEARWALL W THI N THE RANGE YPLUS=30- 200
DOESN T NECESSARI LY HAVE TO BE R(N-1)
THE SEARCH RANGE MAY BE TI GHTER THAN 30- 200 TO GET A M DDLE PO NT
SUBROUTI NE FI NDINEARWALL( | PH, N, RE, RDXW R, RHO, TAWALL, RTM NUSRPLUS
2, RNEARWALL, RLOW RHI GH, JNEARWALL, VI SCL)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , RHQ( 2, 2000) , VI SCL( 2, 2000)
5 CONTI NUE
DO 10 J=N-1,2, -1
RTM NUSRPLUS=RE* * . 5D0* RDXW ( 1. 0D0- R(J) )
2% (RHO( | PH, N- 1) * TAUWALL) ** . 5D0/ VI SCL( | PH, J)
| F(RTM NUSRPLUS. GE. RLON AND. RTM NUSRPLUS. LE. RHI GH) THEN
RNEARWAL L=R( J)
JNEARVALL=J
GO TO 20
ENDI F
10  CONTI NUE
| F(RLOW EQ 30. 0D0. AND. RHI GH. EQ 200. 0D0) THEN
RNEARVWALL=R( N- 1)
JNEARWALL=N- 1
RTM NUSRPLUS=RE* * . 5D0* RDXW ( 1. 0D0- R(N- 1))
2% (RHO( | PH, N- 1) * TAUWALL) ** . 5D0/ VI SCL( | PH, N- 1)
GO TO 20
ENDI F

O0000000

RLOMRLOW 10. 0DO

RH GH=RHI G+10. 0DO

| F(RLOW LE. 30. 0D0) RLOA£30. 0DO0

| F(RHI GH. GE. 200. 0D0) RHI GH=200. 0DO0
& TO 5
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20  CONTI NUE
RETURN
END
C
C
C FINDS THE VELOCI TY AT THE NEAR WALL PO NT (JNEARWALL) FROM THE
C WALL FUNCTION.  FINDS THE VELOCI TY PROFI LE BETWEEN THI'S PO NT AND
C THE WALL ASSUM NG A 1/7 POWER LAW PROFI LE
SUBROUTI NE FI NDNEARWALLPROFI LE( | PH, N, JNEARWALL, KAPPA, B, RE, RDXW
2, TAUWMALL, RHO, R, VI SCL, U, UG)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DOUBLE PRECI S| ON KAPPA
DI MENSI ON R(2000) , UG 2, 2000) , RHO( 2, 2000) , U( 2, 2000) , VI SCL( 2, 2000)
| F( TAUWALL. LE. 0. 0DO) THEN
GO TO 400
ENDI F
UG( | PH, JNEARWALL) =( ( TAUMALL/ RHO( | PH, JNEARWALL) / RE) ** . 5/ KAPPA)
2% LOG( RE* * . 5* RDXW ( TAUWALL/ RHO( | PH, JNEARWALL) ) **. 5
2* (1. 0D0- R(JNEARWALL) ) * RHO( | PH, JNEARWALL) / VI SCL( | PH, JNEARWALL) )
2+B* (TAUWALL/ RHO( | PH, JNEARWALL) / RE) **. 5
U(1 PH, JNEARWALL) =UG( | PH, JNEARVALL)
GET REST OF VELOCI TY PO NTS ABOVE JNEARWALL
BUT BELOW RTM NUSRPLUS=30
| F(JNEARWALL. EQ (N-1)) GO TO 400
GET REST OF VELOCI TY PO NTS ABOVE RTM NUSRPLUS=30 ( TO WALL)
ASSUM NG A 1/7 POAER LAW PROFI LE
DO 420 J=JNEARWALL+1, N-1
UG(1 PH, J) =(( (1. 0D0- R(J))/ (1. 0D0- R{JNEARWALL))) **( 1. 0D0/ 7. 0DO) )
*U( | PH, JNEARWALL)
U(1 PH, J) =UG( | PH, J)
420  CONTI NUE

OO 00

C
400 CONTI NUE
C
RETURN
END
C
C
C
C
C CALCULATES TURBULENT CONTRI BUTI ON TO VI SCOSI TY FOR JET FLOW
C AND DOMNSTREAM  USES SI MPLEST PCSSI BLE M XI NG LENGIH MODEL

SUBROUTI NE TURBVI SC( 1, N, I PH, DELX, X, R, RDXM DELR
2, RE, U, WU, DELPX, RHO, RHOU, VI SCL
2, VI SCLU, VI SCT, VI SCTU, VI SC, VI SCU, RCO, LI NNERRCO, LOUTERRCO, WALLTHI CK
2, JETTH CK, CORETHI CK, | MERGE, LM X, RCOD, JRCOD
2, CORETHI CKOLD, JCORETHI CKOLD, WALLTHI CKOLD, JWALLTHI CKOLD
2, JETTHI CKOLD, JJETTHI CKOLD, JWALLTHI CK, JJETTHI CK, JCORETHI CK, KACCESS)

C
| MPLI CI' T DOUBLE PRECI SI ON (A-H, O 2)
C
DOUBLE PRECI SI ON LM X(2000) , KAPPA, LI NNERRCO, LOUTERRCO
2, JETTHI CK, KAPPA2, KAPPANOT, LM XMERGE( 2000) , JETTHI CKOLD
C

DI MENSI ON U( 2, 2000) , UJ( 2, 2000) , RHO( 2, 2000) , R( 2000) , VI SCT( 2, 2000)
2, VI SCL( 2, 2000) , VI SCLU( 2, 2000) , VI SC( 2, 2000) , VI SCJ( 2, 2000)
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2, VI SCTUY( 2, 2000)
2, RHOU( 2, 2000)
C SOMVE CONSTANTS FOR TURBULENCE MODELS
| F(1. LE. | MERGE) THEN

KAPPA=. 6D0
C KAPPA=0. 01D0
A=26. 0D0
C KAPPANCT=. 08D0
KAPPANCT=. 12D0
ELSE
KAPPA=. 6D0
C KAPPA=0. 01D0
A=26. 0DO
C KAPPANCT=. 08D0
KAPPANCT=. 12D0
ENDI F
C COUTERWALL=. 09D0

COUTERWALL=. 12D0
CALL FI NDROQ( | PH, N, KAPPA, WALLTHI CK, R, RCO, RCOD, JRCOD)
C REG ME 1
C | F(1. LE. | MERGE) THEN
C TURBULENT VI SCOSI TY FOR CORE REG ON
DO 50 J=2, JCORETHI CK
VI SCT(1 PH, J) =0. 0DO
VI SC(1 PH, J) =VI SCL( 1 PH, J) +VI SCT(1 PH, J)
50  CONTI NUE
C TURBULENT VI SCOSI TY FOR JET REG ON
DO 200 J=JCORETHI CK+1, JJETTH CK
C DO 200 J=2, JJETTHI CK
UNE. 500* (U( | PH, J+1) +U(1 PH, J))
US=. 5D0* (U( | PH, J) +U(1 PH, J- 1))
C WRI TE(*, *) U(1 PH, N), U(I PH, 1), U(1 PH, 2)
| F(J. EQ N-1) UN=U( | PH, N)
| F(J. EQ 2) US=U( | PH, 1)
DUDR=( UN- US) / DELR
LM X(J) =KAPPANOT* ( JETTHI CK- CORETHI CK)
VI SCT(1 PH, J) =RE* RHO( | PH, J) * LM X(J) * * 2* DABS( DUDR) / RDXM
C SET VI SCT TO ZERO FOR TESTI NG PURPOSES
C VI SCT(1 PH, J) =0. 0DO
C
VI SC(1 PH, J) =VI SCL( 1 PH, J) +VI SCT(1 PH, J)
200  CONTI NUE
C
C TURBULENT VI SCOSI TY FOR WALL REG ON ( START AT JJETTH CK+1
C TO | NCORPORATE | NVI SCI D REG ON | NTO WALL REG ON)
C
DO 100 J=JJETTH CK+1, N-1
| F(1. EQ 2) THEN
VI SCTU( | PH, J) =0. 0DO
VI SCU( | PH, J) =VI SCTU( | PH, J) +VI SCLU( | PH, J)
ENDI F
UNE. 5D0* (U( | PH, J+1) +U(1 PH, J))
US=. 5D0* (U( | PH, J) +U(1 PH, J- 1))
| F(J. EQ N-1) UN=U( | PH, N)
| F(J. EQ 2) US=U( | PH, 1)
DUDR=( UN- US) / DELR
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C FIND

C

C

100

DUDRVMALL=( U( | PH, N) - U(1 PH, N- 1) ) / (. 5D0* DELR)
M XI NG LENGTHS FOR | NNER AND OUTER LAYERS AND | NVI SCI D CORE
| NNER LAYER
| F(R(J) . GT. RCO) THEN
C1=DABS( ( - RE* RHO( | PH, J) * RDXM DUDRWALL/ (VI SCL( | PH, N-1))))**. 500

C2=-(1.0D0-R(J))/A

C3=1. 0D0- DEXP( C2* C1)

LM X(J) =KAPPA* ( 1. 0DO- R(J) ) * RDXM C3
OUTER LAYER
ELSE

LM X(J) =COUTERWALL* ( 1. 0DO- WALLTHI CK) * RDXM
ENDI F

VI SCT(1 PH, J) =RE* RHO( | PH, J) * LM X(J) * * 2* DABS( DUDR) / RDXM

VI SC(1 PH, J) =VI SCL( 1 PH, J) +VI SCT(1 PH, J)

CONTI NUE

C LINEAR FIT FOR JET TO CORE LAYER BEFORE MERCGE
C TAKING 10% OF JET LAYER AND MAKING I T LI NEARLY FIT WTH CORE

900

| F(1.LT. | MERGE) THEN
LLAYER=. 1D0* JJETTHI CK
LLAYER=JJETTHI CK- LLAYER
DO 900 J=LLAYER, JJETTH CK
UNE. 500* (U( | PH, J+1) +U( | PH, J))
US=. 5D0* (U( | PH, J) +U(1 PH, J- 1))
| F(J. EQ N-1) UN=U( | PH, N)
| F(J. EQ 2) US=U( | PH, 1)
DUDR=( UN- US) / DELR
SL=(LM X( LLAYER) - LM X( JJETTH CK+1))
/ (R(LLAYER) - R(JJETTHI CK+1))
YI =LM X( LLAYER) - SL* R( LLAYER)
LM X(J) =SL*R(J) +YI
VI SCT(1 PH, J) =RE* RHO( | PH, J) * LM X(J) * * 2* DABS( DUDR) / RDXM

VI SC(1 PH, J) =VI SCL( 1 PH, J) +VI SCT(1 PH, J)
CONTI NUE
ENDI F

C LINEAR FIT FOR QUTER WALL LAYER AFTER MERGE

C

800

| F(1. GE. | MERGE) THEN
DO 800 J=JJETTH CK+1, JROOD- 1
UNE. 5D0* (U( | PH, J+1) +U( | PH, J))
US=. 5D0* (U( | PH, J) +U(1 PH, J- 1))
| F(J. EQ N-1) UN=U( | PH, N)
| F(J. EQ 2) US=U( | PH, 1)
DUDR=( UN- US) / DELR
SL=( LM X( JRCOD) - LM X( JJETTHI CK))

/ (R( JRCOD) - R(JIETTHI CK) )
YI =LM X( JJETTHI CK) - SL* R( JJETTHI CK)
LM X(J) =SL*R(J) +YI
VI SCT(1 PH, J) =RE* RHO( | PH, J) * LM X(J) * * 2* DABS( DUDR) / RDXM
VI SC(1 PH, J) =VI SCL( 1 PH, J) +VI SCT(1 PH, J)
CONTI NUE
ENDI F

C REMEMBER VALUES COF LM X(J) AT I =I VERCGE
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| (1. EQ | MERGE) THEN
DO 300 J=2, N1
LM XMVERGE(J) =LM X(J)
300  CONTI NUE
ENDI F

SET THE VALUE OF THE TURBULENT VI SCOSI TY NEXT TO THE BOUNDARY TO ZERO
THIS 1S DONE TO S| MULATE THE FACT THAT VERY CLOSE TO THE WALL, THE
LAM NAR VI SCOSI TY |'S DOM NANT OVER THE TURBULENT VI SCOSI TY.  SI NCE
IT 1S TH'S VI SCOSI TY THAT 1S | MPORTANT | N CALCULATI NG WALL SHEAR, AND
HENCE PRESSURE RI SE, | TS TURBULENT VALUE MUST BE SET TO ZERO.

VI SCT(1 PH, N- 1) =0. 0DO

VI SC(1 PH, N- 1) =VI SCL( | PH, N 1) +VI SCT( | PH, N- 1)

OO0 0000000

VALUES OF TURBULENT VI SCOSI TY AND TOTAL VI SCOSI TY AT THE BOUNDARI ES
VI SCT(1 PH, 1) =VI SCT(| PH, 2)
VI SCT(1 PH, N) =VI SCT(1 PH, N- 1)
VI SC(1 PH, 1) =VI SC( | PH, 2)
VI SC(1 PH, N) =VI SC( | PH, N- 1)
SET TURBULENT VI SCOSI TY TO ZERO FOR TESTI NG PURPOSES
DO 1000 J=2, N-1
VI SCT(1 PH, J) =0. 0DO
VI SC(1 PH, J) =VI SCT( 1 PH, J) +VI SCL(1 PH, J)
C1000 CONTI NUE
RETURN
END

C
C
C
C

OO0

FI NDS CROSSOVER POl NT BETWEEN OUTER AND WALL LAYER
SUBROUTI NE FI NDRCQ( | PH, N, KAPPA, WALLTHI CK, R, RCO, RCOD, JRCOD)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DOUBLE PRECI S| ON KAPPA
DI MENSI ON R(2000)
| OVER=1
RCO=1. 0DO- (. 09D0/ KAPPA) * ( 1. 0D0- WALLTHI CK)
DO 100 J=1, N
| F(R(J) . GE. RCO) THEN
| F(1 OVER EQ 1) THEN
RCOD=R( J)
JRCOD=J
| OVER=2
ENDI F
ENDI F
100  CONTI NUE
END

FI NDS THI CKNESSES OF JET, WALL, AND CORE LAYERS TO BE USED | N
M XI NG LENGTH TURBULENCE MODEL.
SUBROUTI NE THI CK2(N, I, I PH, R, U, DELR, WALLTHI CK, JETTHI CK, CORETHI CK
2, IVALLTHI CK, JJETTHI CK, JCORETHI CK, | MERGE
2, CORETHI CKOLD, JCORETHI CKOLD, WALLTHI CKOLD, JWALLTHI CKOLD
2, JETTH CKOLD, JJETTHI CKOLD, KACCESS
2, JCORETHI CKPREV, JWALLTHI CKPREV, JJETTHI CKPREV)

O0000
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| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DOUBLE PRECI SI ON JETTHI CK, JETTHI CKOLD
DI MENSI ON U( 2, 2000) , R( 2000)

EPS=. 1D0

| F( KACCESS. EQ 0) THEN
KACCESS=KACCESS+1
JIETTH CK=JJETTH CKOLD
JETTH CK=JETTHI CKOLD
JOORETHI CK=JCORETHI CKOLD
CORETHI CK=CORETHI CKOLD
JWALLTHI CK=JWALLTH CKOLD
WALLTH CK=WALLTHI CKOLD
RETURN
ENDI F
C
KACCESS=KACCESS+1
C FIND | NVI SCI D CORE TH CKNESS
DO 100 J=2, JCORETHI CKOLD
DELU=DABS( (U( | PH, J+1) - U(1 PH, J) )/ (R(J+1) - R(J)))
| F( DELU. GT. 0. 1D0) THEN
CORETHI CK=R( J)
JOORETHI CK=J
GO TO 200
ENDI F
100  CONTI NUE
C
200  CONTI NUE
C FI X CORE THI CKNESS AT J=2 FROM BEG NNI NG
JOORETHI CK=2
CORETHI CK=R( JCORETHI CK)
C | F THE CURRENT POSI TION |'S AFTER THE JET AND WALL LAYERS HAVE MERGED,
C USE THE OLD VALUES OF JETTH CK AND WALLTHI CK;
C IE JETTH CK AND WALLTHI CK DON' T MOVE AFTER TH' S PO NT.
| F(1. GT. | MERGE) THEN
WALLTH CK=WALLTHI CKOLD
JWALLTHI CK=JWALLTH CKOLD
JETTH CK=JETTHI CKOLD
JIETTH CK=JJETTH CKOLD
GO TO 600
ENDI F
C
C FI ND WALLTHI CKNESS
DO 300 J=JWALLTHI CKOLD, JJETTHI CKOLD, - 1
DELU=DABS( (U( 1 PH, J) - U(1 PH, J-1) )/ (R(J) - R(J-1)))

| F( DELU. LT. EPS) THEN
WALLTH CK=R(J)
JWALLTHI CK=J
GO TO 400
ENDI F
300  CONTI NUE
C
C | F ROUTI NE NEVER FI NDS THE LOW SLOPE WE KNOW THE LAYERS HAVE MERGED
WALLTH CK=WALLTHI CKOLD
JWALLTHI CK=JWALLTH CKOLD
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HE NEXT TWO STATEMENTS FORCE THE JET THI CKNESS
O BE ADJACENT TO THE WALL THI CKNESS

JETTH CK=WALLTHI CK- DELR

JIETTH CK=JWALLTHI CK- 1

| MERGE=I

GO TO 600

C
CT
CT

C
400  CONTI NUE
C FIND JETTH CKNESS
DO 500 J=JJETTH CKOLD, JWALLTHI CK
DELU=DABS( (U( | PH, J+1) - U(1 PH, J) )/ (R(J+1) - R(J)))
| F( DELU. LT. EPS) THEN
JETTH CK=R(J)
JIETTH CK=J
GO TO 600
ENDI F
500  CONTI NUE
C
600  CONTI NUE
C PREVENT THI CKNESSES FROM GO NG DOWN
| F( KACCESS. GT. 1) THEN

| F(JCORETHI CK. GT. JCORETHI CKPREV) JCORETHI CK=JCORETHI CKPREV

| F(JJETTHI CK. LT. JJETTH CKPREV) JJETTHI CK=JJETTHI CKPREV

| F(JWALLTHI CK. GT. JWALLTHI CKPREV) JWALLTHI CK=JWALLTHI CKPREV

CORETHI CK=R( JCORETHI CK)
JETTH CK=R(JJETTHI CK)
WALLTHI CK=R( JWALLTHI CK)
ENDI F
C

C IF JETTH CK TURNS QUT GREATER THAN WALLTHI CK, MAKE | T LONER ADJACENT

| F(JJETTH CK. GE. JWALLTHI CK) THEN
JIETTH CK=JWALLTHI CK- 1
JETTH CK=R(JJETTHI CK)

ENDI F
C
RETURN
END
C
C
C
C
C CALCULATES THE ERROR I N THE GLOBAL NMASS BALANCE

SUBROUTI NE GLOBCONT( |, M N, ALPHA, ALPHAU, RHO, RHQOU, U, UU, RI NTW RI NTE

2, FLOW NTOT)
| MPLI CI' T DOUBLE PRECI SI ON (A-H, O 2)

DI MENSI ON  ALPHA( 2, 2000) , ALPHAU( 2, 2000) , RHO( 2, 2000) , RHOU( 2, 2000)

2, U( 2, 2000) , U 2, 2000) , R NTW( 2000) , RI NTE( 2000)
| F(1. EQ 2) THEN

FLOW N1=0. 0DO

FLOW N2=0. 0DO

DO 100 J=2, N- 1
FLOW NL=FLOW NL+ALPHAU( 1, J) * RHOU( 1, J) *UU( 1, J) * Rl NTW J)
FLOW N2=FLOW N2+ALPHAU( 2, J) * RHOU( 2, J) * UJ( 2, J) * RI NTW J)

100  CONTI NUE
FLOW NTOT=FLOW N1+FLOW N2
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ELSEI F(1. EQ M 1) THEN
FLOADUT1=0. 0DO
FLOWDUT2=0. 0DO
DO 200 J=2, N- 1
FLOWDUT1=FLOAOUT1+ALPHA( 1, J) *RHO( 1, J) *U( 1, J) * RI NTE(J)
FLOWDUT2=FLOMNDUT2+ALPHA( 2, J) * RHO( 2, J) * (2, J) * RI NTE(J)
200  CONTI NUE
FLOWDUTTOT=FLOWDUT 1+FLOADUT2
FLOWERROR=DABS( ( FLOAOUTTOT- FLON NTOT) / FLOW NTOT)
ENDI F
RETURN
END

FI NDS FLOWRATE EXI TI NG DOVAI N
SUBROUTI NE CALCFLOWOUT( 1, M N, ALPHA, RHO, U, RI NTE, FLOADUT1, FLOWDUT2)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON  ALPHA( 2, 2000) , RHQO( 2, 2000) , U( 2, 2000) , RI NTE( 2000)
FLOADUT1=0. 0DO
FLOWDUT2=0. 0DO
DO 100 J=2, N- 1
FLOWDUT1=FLOAOUT1+RI NTE( J) * RHO( 1, J) * ALPHA( 1, J) *U( 1, J)
FLOWDUT2=FLOAOUT2+RI NTE( J) * RHO( 2, J) * ALPHA( 2, J) *U( 2, J)
100  CONTI NUE
RETURN
END

CALCULATES THE ERROR BETWEEN UG AND U, AND VG AND V
FINDS A TOTAL ERROR WH CH | NCLUDES ALL U S AND V' S
SUBROUTI NE ERRORVEL2( 1, N, | PH, U, UG, V, VG, ERRVEL2, ALPHA)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON U( 2, 2000) , UG( 2, 2000) , \( 2, 2000) , V& 2, 2000)
2, ALPHA( 2, 2000)
ERRORTOT=0. 0DO
DO 100 J=2, N- 1
ERRORV=DABS( ( V(1 PH, J) - V& | PH, J) )/ V(I PH, J
50 ERRORU=DABS( ( U( | PH, J) - UG( I PH, J) )/ U(I PH, J
ERRORTOT=ERRORTOT+ERRORU+ ERRORV
100 CONTI NUE
ERRVEL2=ERRORTOT
RETURN
END

O0000

))
))

OO0

UPDATES THE GUESS VELOCI TY TO BE USED | N THE NEXT | TERATI ON
SUBROUTI NE UPDATEVEL2(1, | PH, N, U, UG, V, VG
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON U( 2, 2000) , UG( 2, 2000) , \( 2, 2000) , V& 2, 2000)

C | NTERPOLATI ON FACTOR
Fl =. 7D0

C | (1. EQ 10) Fl =. 1D0

C

DO 100 J=2,N-1
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100

C
C
C

@

100

C
C

VG( | PH, J) =FI *V( | PH, J) +( 1. 0D0- FI ) * V& | PH
UG(1 PH, J) =FI *U(1 PH, J) +( 1. 0DO- FI ) * UG( | PH

CONTI NUE

RETURN

END

J)
J)

FI NDS A NEW ALPHA (VO D FRACTI ON) TO USE FOR THE NEXT | TERATI ON

SUBROUTI NE UPDATEALPHA(N, I , | PH, | PHOTHER, ALPHANEW ALPHA, ERRAL PHA)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON' ALPHA( 2, 2000) , ALPHANEW( 2, 2000)
| NTERPOLATI ON FACTOR
Fl =. 500
FI =. 99D0
DO 100 J=2, N- 1
ALPHA( | PH, J) =FI * ALPHA( | PH, J) +( 1. 0DO- FI ) * ALPHANEW( | PH, J)
ALPHA( | PHOTHER, J) =1. 0D0- ALPHA( | PH, J)
CONTI NUE
ALPHA( 1 PH, N) =ALPHA( | PH, N- 1)
ALPHA( | PHOTHER N) =1. 0D0- ALPHA( | PH, N)
ALPHA( | PH, 1) =ALPHA( | PH, 2)
ALPHA( | PHOTHER, 1) =1. 0DO- ALPHA( | PH, 1)
RETURN
END

C CALCULATES THE ERROR I N ALPHA (VO D FRACTIQN); | E GUESSED VS.
C CALCULATED VA D FRACTI ON.

100

C
C

SUBROUTI NE ERRORALPHA( N, | PH, | PHOTHER, ALPHA, ALPHANEW ERRALPHA)

| MPLI O T DOUBLE PRECI SION (A-H, O 2)

DI MENSI ON ALPHA( 2, 2000) , ALPHANEW( 2, 2000)

ERRORTOT=0. 0DO

DO 100 J=2, N- 1
ALPHANEW | PHOTHER, J) =1. 0D0- ALPHANEW( | PH, J)
ERROR=DABS( ALPHANEW | PHOTHER, J) - ALPHA( | PHOTHER, J))
ERRORTOT=ERRORTOT+ERRCR

CONTI NUE

ERRAL PHA=ERRORTOT/ DBLE( N- 2)

RETURN

END

C CALCULATES THE RADI US OF THE BUBBLE OR DROPLET

100

SUBROUTI NE PARTI CLESI ZE( N, RDRAG)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON' RDRAG( 2000)
DO 100 J=2, N- 1
RDRAG( J) =. 00063500
RDRAG( J) =. 002D0
RDRAG( J) =. 002D0
CONTI NUE
VR TE(13, *)' RDRAG = . 002'
CLOSE( 13)
RETURN
END
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O0000000
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OO0 00

DECI DES WHI CH FLOW REG ME W\E ARE | N AND SOVE PARAMETERS BASED ON | T
| REG ME=1 FOR BUBBLES IN LI QUI D NOTE: | PH=1 FOR LI QUI D
| REG ME=2 FOR DROPLETS I N VAPOR | PH=2 FOR VAPOR
SUBROUTI NE REG ME( | REG ME, | PHCONT, | PHDI SC)
| MPLICI T DOUBLE PRECI SI ON (A-H, O 2)
| F(1 REG ME. EQ 1) THEN
| PHCONT=1
| PHDI SC=2
ELSEI F(| REG ME. EQ 2) THEN
| PHCONT=2
| PHDI SC=1
ENDI F
RETURN
END

CALCULATES A CCEFFI CIENT WHICH | S USED TO CALCULATE THE
| NTERFACI AL DRAG FORCE
SEE ISH I, P. 112 ("TWO FLU D MODEL AND HYDRODYNAM C
CONSTI TUTI VE EQUATI ONS",
NUCLEAR ENG NEERI NG AND DESI GN 82 (1984), PP. 107-126)
SUBROUTI NE | NTDRAG( |, N, | REG ME, | PHCONT, | PHDI SC, UG, UU, VG, VU, RHO
2, VI SCL
2, ALPHA, ALPHAU, ALPHAVAPORW, RDRAG, RE, C11 FD)

| MPLI CI' T DOUBLE PRECI SI ON (A-H, O 2)

DI MENSI ON U 2, 2000) , UJ( 2, 2000) , VG 2, 2000) , VI 2, 2000) , RHQ( 2, 2000)
2, VI SCL( 2, 2000) , ALPHA( 2, 2000) , RDRAG( 2000) , C1I FD( 2000)
2, ALPHAU( 2, 2000)

DO 100 J=2,N-1

AVERAGE VELOCI TI ES AT THE M DDLE OF THE CV FOR EACH PHASE
UL=. 5D0* (UG 1, J) +UU( 1, J))

U2=. 5D0* (UG 2, J) +UJ( 2, J))

V1=V 1, J)

V2=, 5D0* (VX 2, J) +V& 2, J- 1))

MAGNI TUDE OF THE RELATIVE VELOCI TY VECTOR BETWEEN THE PHASES
VREL=DSQRT( ( UL- U2) ** 2+( V1- V2) * * 2)

| F(1 REG ME. EQ 1) VI SCM=VI SCL( | PHCONT, J) / (1. 0DO- ALPHA( | PHDI SC, J
| F(1 REG ME. EQ 2) VI SCM=VI SCL( | PHCONT, J) / (1. 0DO- ALPHA( | PHDI SC, J

2 **2.5D0
ALPHATERM=1. 0DO- ALPHAVAPORIVN

~—

)
)

| F(ALPHATERM LT. (1. 0DO- ALPHAVAPCRWN) ) ALPHATERM=1. 0DO- ALPHAVAPORWN

| F( ALPHATERM LT. 1. OD- 4) ALPHATERMEL. 0DO- ALPHAVAPORWN
C1=2. 0DO* RE* RDRAG( J) * RHO( | PHCONT, J) / VI SCM
C1=2. 0DO* RE* RDRAGTEST* RHO( | PHCONT, J) / VI SCM
C2=(3. 0DO0/ 8. 0DO) * ALPHA( | PHDI SC, J) * RHO( | PHCONT, J) / RDRAG( J)
C2=(3. 0DO0/ 8. 0DO) * ALPHA( | PHDI SC, J) * RHO( | PHCONT, J) / RDRAGTEST
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C C2=('3. 0DO/ 8. 0DO) *. 023D0* RHO( | PHOONT, J) / RDRAG( J)
C2=(3. 0DO/ 8. 0DO) * ALPHATERM RHO( | PHCONT, J) / RDRAG( J)
C1I FD( J) =24. 0DO* C2/ C1+( 2. 4* C2/ C1**. 25D0) * VREL* *. 75D0

50  CONTI NUE

100  CONTI NUE

RETURN
END

CALCULATES THE | NTERFACI AL MASS TRANSFER
(GAM) DUE TO EVAPORATI ON OR CONDENSATI ON
SUBROUTI NE | NTMASS( N, GAM)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON' GAM 2, 2000)
DO 100 J=2, N-1
GAM 1, J) =0. 0D0
GAM 2, J) =- GAM 1, J)
100  CONTI NUE

OO0

RETURN
END
C
C
C SOLVES 2ND PHASE CONTI NUI TY EQUATI ON FOR ALPHA
C THE PRI ME NOTATI ON REFERS TO THE FACT THAT THE "FLOAS'
C DO NOT CONTAI N ALPHA.
SUBROUTI NE CONT2(1, | PH, N, X, R, DELX, DELR, U, UU, V, RHO, RHOU, ALPHANEW
2, ALPHA, ALPHAU, GAM RI NT1S, Rl NT1N, RI NT2S, RI NT2N, RI NT3M RI NTE
2, RINTW
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , RHO( 2, 2000) , RHOU( 2, 2000) , ALPHANEW( 2, 2000)
2, ALPHAU( 2, 2000) , UU( 2, 2000) , V) 2, 2000) , U( 2, 2000) , V( 2, 2000)
2, GAM 2, 2000)
2, RINT1S(2000) , Rl NTZN( 2000) , Rl NT2S(2000) , Rl NT2N( 2000)
2, RINT3M 2000) , RI NTE( 2000) , Rl NTW 2000) , ALPHA( 2, 2000)
2, A(2000) , B(2000) , C(2000) , D( 2000) , SOL( 2000)
XE=X
XWEX- DELX
DO 100 J=2, N- 1
C EAST, VEST FLOWS

FEPRI ME=RI NTE(J) * RHO( | PH, J) *U( | PH, J)
FWPRI ME=RI NTW J) * RHOU( | PH, J) * UU( | PH, J)
C NORTH FLOW
RHONE. 5D0* ( RHO( | PH, J) +RHO( | PH, J+1))
UNE. 25D0* (U( | PH, J) +U( | PH, J+1) +UU( | PH, J) +UU( | PH, J+1) )
VNE. 5D0* (V( | PH, J) +V(| PH, J+1))
| F(J. EQ N-1) THEN
UN=0. 0DO
VN=0. 0D0
ENDI F
FNUPRI ME=- RHONF UNF Rl NT2N( J)
FNVPRI ME=RHON VN* RI NT1N( J)
FNPRI ME=FNUPRI ME+FNVPRI VE
C SOUTH FLOW
RHOS=. 5D0* ( RHO( | PH, J) +RHO(| PH, J- 1))
US=. 25D0* (U( | PH, J) +U(1 PH, J- 1) +UU( | PH, J) +UU( | PH, J- 1))
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100

C
C
C

VS=. 5D0* ( V(1 PH, J) +V(I PH, J- 1))
| F(J. EQ 2) THEN
VS=0. 0D0
US=U( I PH, 1)
ENDI F
FSUPRI ME=RHOS* US* RI NT2S( J)
FSVPRI ME=- RHOS* VS* Rl NT1S( J)
FSPRI ME=EFSUPRI ME+FSVPRI VE
SOURCE TERVB - W LL NEED TO BE MODI FI ED
SCGAMC2=RI NT3M J) * GAM | PH, J)
COEFFI CI ENTS | N TR DI AGONAL FORM
A(J) =- DMAX1( - FSPRI ME, 0. 0D0)
B(J) =FEPRI ME+DVAX1( FNPRI ME, 0. 0D0) +DVAX1( FSPRI ME, 0. 0DO)
C(J) =- DVAX1( - FNPRI ME, 0. 0DO)
D(J) =ALPHAU( | PH, J) * FWPRI VE+SCGAMC2
CONTI NUE
BOUNDARY CONDI TI ONS FOR COEFFI Cl ENTS ( MAY BE UNNECESSARY)
A(2) =0. 0D0
C(N- 1) =0. 0DO
SOLVE THE SYSTEM
| F=2
L=N-1
CALL TRIDAG(IF, L, A B, C D, SO)
DO 200 J=2, N1
ALPHANEW( | PH, J) =SOL(J)
| F( ALPHANEW( | PH, J) . GT. 1. 0D0) ALPHANEW( | PH, J) =
| F( ALPHANEW | PH, J) . LT. 0. 0D0) ALPHANEW( | PH, J) =
CONTI NUE
| MPOSE BOUNDARY CONDI TI ONS
ALPHANEW( | PH, N) =ALPHANEW( | PH, N- 1)
ALPHANEW( | PH, 1) =ALPHANEW( | PH, 2)
FORMAT( 1X, 5E13. 5, 21 4)
RETURN
END

1.0
0.0

SOLVES FOR V2 FROM THE R2- MOM  EQN.

SUBROUTI NE R2MOM( |, | PH, | PHOTHER, N, DELX, DELR
2, RHO, ALPHA, VI SC, UU, UG, WU, VG
2, V, RE, ALPHAU, RHOU, DELPR RI NT5, RI NT6N, Rl NT6S, VI SCU, GAM C1| FD
2, RINT1S, RINTLN, Rl NT2S, RI NT2N, RI NT4S, Rl NT4N, Rl NT3M Rl NTE, Rl NTW
2, RDXW RDXE)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , RHQO( 2, 2000) , RHOU( 2, 2000) , ALPHA( 2, 2000)
2, ALPHAU( 2, 2000)
2, VI SC( 2, 2000) , UY( 2, 2000)
2, UG( 2, 2000) , VU( 2, 2000) , V& 2, 2000) , U( 2, 2000) , \/( 2, 2000) , A( 2000)
2, B(2000)
2, C(2000) , D( 2000) , SOL( 2000) , GAM 2, 2000) , C11 FD( 2000)
2, RINT1S(2000) , Rl NTZN( 2000) , Rl NT2S( 2000) , Rl NT2N( 2000)
2, RI NT4S( 2000) , RI NT4N( 2000) , Rl NT3M 2000) , RI NTE( 2000) , Rl NTW( 2000)
2, DELPR( 2000) , RI NT5( 2000) , Rl NT6N( 2000) , Rl NT6S( 2000) , VI SCU( 2, 2000)

DO 100 J=2,N-1

EAST, VEST FLOWS
FE=RI NTE(J) * ALPHA( | PH, J) * RHO( | PH, J) * U( | PH, J)
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FWERI NTW( J) * ALPHAU( | PH, J) * RHOU( | PH, J) * UU( | PH, J)
NORTH FLOW
ALPHAN=2. 0DO* ALPHA( | PH, J) * ALPHA( | PH, J+1)
2/ (ALPHA( | PH, J) +ALPHA( | PH, J+1))
RHONE. 5D0* ( RHO( | PH, J) +RHO( | PH, J+1))
UN=. 25D0* (UG( | PH, J) +UG( | PH, J+1) +UU( | PH, J) +UU(| PH, J+1))
VNE. 5D0* (VG | PH, J) +V& | PH, J+1))
FNUPRI ME=- RHONF UNF RI NT2N( J)
FNVPRI ME=RHON VN¥ Rl NT1N( J)
FNPRI ME=FNUPRI ME+FNVPRI VE
FN=ALPHA( | PH, J) * DMAX1( FNPRI ME, 0. 0D0)
2 - ALPHA(1 PH, J+1) * DMAX1( - FNPRI ME, 0. 0DO)
| F(J. EQ N-1) FN=0. 0DO
SOUTH FLOW
ALPHAS=2. 0DO* ALPHA( | PH, J) * ALPHA( | PH, J- 1)
2/ (ALPHA( | PH, J) +ALPHA( | PH, J- 1))
RHOS=. 5D0* ( RHO( | PH, J) +RHO( | PH, J- 1))
US=. 25D0* (UG | PH, J) +UG( | PH, J- 1) +UU( | PH, J) +UJ(| PH, J- 1))
VS=. 5D0* (V& | PH, J) +V& | PH, J- 1))
FSUPRI ME=RHOS* US* RI NT2S( J)
FSVPRI ME=- RHOS* VS* Rl NT1S( J)
FSPRI ME=EFSUPRI ME+FSVPRI VE
FS=ALPHA( | PH, J) * DVMAX1( FSPRI ME, 0. 0D0)
2 - ALPHA(1 PH, J- 1) * DMAX1( - FSPRI ME, 0. 0DO)
| F(J. EQ 2) FS=0. 0D0
PRESSURE COEFFI Cl ENTS
CP1R2=RI NT5( J) * ALPHA( | PH, J) * DELX* DELPR( J)
SOVE AVERAGE VI SCOSI Tl ES
VI SCNE. 5D0* (VI SC( | PH, J) +VI SC(| PH, J+1))
VI SCS=. 5D0* (VI SC( | PH, J) +VI SC(| PH, J- 1))
VI SCOUS COEFFI Cl ENTS
CVIR2=2. 0D0* ALPHAN* VI SCN* RI NT4N( J) / ( RE* DELR)
CV2R2=2. 0D0* ALPHAS* VI SCS* RI NT4S( J) / ( RE* DELR)
| F(J. EQ 2) CV2R2=0. 0D0
| F(J. EQ N- 1) CV1R2=2. 0D0* CV1R2
REGULAR SOURCE TERMB
SVIR2=2. 0D0* VI SC( |1 PH, J) * ALPHA( | PH, J) *RI NT3M J) / ( RE* Rl NT5( J) **2)
FI ND DUDR TERVS ( EAST, VEST) AND SCLR2
DUDRE=( UG( | PH, J+1) - UG( | PH, J- 1))/ ( 2. 0DO* DELR)
| F(J. EQ N- 1) DUDRE=( UG( | PH, J+1) - . 5D0* (UG( | PH, J) +UG | PH, J- 1)) )/ DELR
| F(J. EQ 2) DUDRE=( . 5D0* (UG( | PH, J+1) +UG(| PH, J)) - UG | PH, J- 1) )/ DELR
DUDRWE( UU( | PH, J+1) - UU( | PH, J- 1))/ ( 2. 0DO* DELR)
| F(J. EQ N- 1) DUDRWE( UU( | PH, J+1) - . 5D0* (UU( | PH, J) +UU( | PH, J- 1)) )/ DELR
| F(J. EQ 2) DUDRWE( . 5D0* (UU( | PH, J+1) +UU( | PH, J)) - UJ(I PH, J- 1) ) / DELR
SCLR2=ALPHA( | PH, J) * VI SC(| PH, J) * DUDRE* Rl NTE( J) / RDXE/ RE
2 - ALPHAU( | PH, J) *VI SCU( | PH, J) * DUDRW RI NTW J) / RDXW RE
FI ND DUDR TERVS (NORTH, SOUTH) AND SC2R2
DUDRNE. 5D0* ((UG( | PH, J+1) +UU( | PH, J+1)) - . 5D0* (UG( | PH, J) +UU(1 PH, J)))
2 / DELR
| F(J. EQ N- 1) DUDRN=2. 0DO* DUDRN
DUDRS=. 5D0* ( (UG( | PH, J) +UU(1 PH, J)) - . 5D0* (UG( | PH, J- 1) +UU( | PH, J-1)))
2 / DELR
| F(J. EQ 2) DUDRS=0. 0D0
SC2R2=- ALPHAN* VI SCN* DUDRN* RI NT6N( J) / RE
2 +ALPHAS* VI SCS* DUDRS* Rl NT6S( J) / RE
| NTERFACI AL SOURCE TERMB
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SCl FDR2=RI NT3M J) * CLI FD{ J) * (. 5D0* ( V(| PHOTHER, J) +V( | PHOTHER, J- 1)))

SVI FDR2=RI NT3M J) * C1I FD( J)

SCGAVR2=DVAX1( GAM | PH, J), 0. 0D0) * Rl NT3M J) * (. 5D0* ( V(| PHOTHER, J)
2+V( 1 PHOTHER J-1)))

SVGAVR2=DMVAX1( - GAM | PH, J), 0. 0D0) * Rl NT3M J)

C | NTERFACI AL SOURCE TERMB FROM OTHER EQUATI ONS
SCGAMC2=GAM | PH, J) * Rl NT3M J)
C COEFFI CI ENTS OF THE TRI DI AGONAL MATRI X

A(J) = DVMAXL( - FS, 0. 0D0) - CV2R2
B(J) =FW-DMVAXL( - FN, 0. 0D0) +DVAXL( - FS, 0. 0D0) +CV1R2+CV2R2+SCGAMC2
2 +SVIR2+SVI FDR2+SVGAMVR2
C(J) =- DVMAX1( - FN, 0. 0D0) - CV1R2
D(J) =FW VU( | PH, J) - CP1R2+SCLR2+SC2R2+SCl FDR2+SCGAMVR2
C WRI TE(*, 101) J, A(J), B(J), C(J), D(J), CVIR2
100  CONTI NUE
101  FORMAT(1X, | 4, 5E13. 6)
C BOUNDARY CONDI TI ONS FOR COEFFI Cl ENTS ( MAY BE UNNECESSARY)
A(2) =0. 0D0
C(N- 1) =0. 0DO
C SOLVE THE SYSTEM
| F=2
L=N-1
CALL TRIDAG(IF, L, A B, C D, SO)
DO 200 J=2, N1
V(1 PH, J)=S0L(J)

C | F(ALPHA(1 PH, J) . LE. 1. 0D- 6) V(| PH, J) =V( | PHOTHER, J)
200  CONTI NUE
C | MPOSE BOUNDARY CONDI TI ONS

V(1 PH, N) =0. 0D0
V(1 PH, 1) =0. 0D0
RETURN
END
C
C
C SOLVES FOR THE R- DI RECTI ON PRESSURE GRADI ENT FROM THE R1- MOM EQN.
SUBROUTI NE DELPRCALC( I, N, R, RI NT2N, R NT2S, RI NT1N, RI NT1S, Rl NT4N
2, RINT4S
2, RINT6S, RI NT6N, Rl NT3M RI NT5, RI NTE, Rl NTW DELX, DELR, GAM C1| FD
2, RE, U, WU, V, VU, RHO, RHOU, ALPHA, ALPHAU, VI SC, VI SCU, DELPR, | PH, | PHOTHER
2, RDXW RDXE)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , Rl NT2N( 2000) , Rl NT2S( 2000) , Rl NT1N( 2000)
2, RI NT1S( 2000)
2, RI NT4N( 2000) , RI NT4S(2000) , Rl NT3M 2000) , RI NT5( 2000) , U( 2, 2000)
2, UY( 2, 2000)
2, V( 2, 2000) , VY 2, 2000) , RHO( 2, 2000) , RHOU( 2, 2000) , ALPHA( 2, 2000)
2, ALPHAU( 2, 2000) , VI SC( 2, 2000) , VI SCU( 2, 2000) , DELPR( 2000)
2, RI NTE( 2000) , RI NTW 2000) , Rl NT6S( 2000) , Rl NT6N( 2000)
2, GAM 2, 2000) , C11 FD( 2000)
DO 100 J=2, N- 1
C EAST, VEST FLOWS
FE=RI NTE(J) * RHO( | PH, J) * ALPHA( | PH, J) * U(| PH, J)
FWERI NTW( J) * RHOU( | PH, J) * ALPHAU( | PH, J) * UU( | PH, J)
C NORTH FLOW
ALPHAN=. 5D0* ( ALPHA( | PH, J) +ALPHA( | PH, J+1))
RHONE. 5D0* ( RHO( | PH, J) +RHO( | PH, J+1))

118



UNE. 25D0* (U( | PH, J) +U( | PH, J+1) +UU( | PH, J) +UU( | PH, J+1) )
FNU=- ALPHAN* RHON* UN* RI NT2N( J)
FNV=ALPHAN* RHON* V( | PH, J) * Rl NT1N( J)
FN=FNU+FNV
| F(J. EQ N- 1) FN=0. 0DO
SOUTH FLOW
ALPHAS=. 5D0* ( ALPHA( | PH, J) +ALPHA(1 PH, J- 1))
RHOS=. 5D0* ( RHO( | PH, J) +RHO(| PH, J- 1))
US=. 25D0* (U( | PH, J) +U(1 PH, J- 1) +UU(| PH, J) +UJ( | PH, J- 1))
FSU=ALPHAS* RHOS* US* RI NT2S( J)
FSV=- ALPHAS* RHOS* V(| PH, J- 1) * RI NT1S(J)
FS=FSU+FSV
| F(J. EQ 2) FS=0. 0D0
SOVE AVERAGE VELOCI TI ES
VME. 5D0* (V( | PH, J) +V(I PH, J- 1))
VMU=, 5D0* (MU( | PH, J) +VU( | PH, J- 1))
=M
VWEVVU
SOVE AVERAGE VI SCOSI Tl ES
VI SCNE. 5D0* (VI SC( | PH, J) +VI SC(| PH, J+1))
VI SCS=. 5D0* (VI SC( | PH, J) +VI SC(| PH, J- 1))
FI ND DVDR AND ASSOCI ATED COEFFI Cl ENTS
DVDRNE( V(| PH, J+1) - V(1 PH, J- 1))/ ( 2. 0D0* DELR)
| F(J. EQ N-1) DVDRN=( V(1 PH, J) - V(I PH, J- 1)) / DELR
DVDRS=( V(| PH, J) - V(| PH, J-2) )/ ( 2. 0D0* DELR)
| F(J. EQ 2) DVDRS=( V(1 PH, J) - V(| PH, J- 1)) / DELR
C1R1=2. 0DO* ALPHAN* VI SCN* DVDRN* Rl NT4N( J) / RE
C2R1=2. 0DO* ALPHAS* VI SCS* DVDRS* Rl NT4S(J) / RE
C3R1=2. 0D0* VI SC(1 PH, J) * ALPHA( | PH, J) * VM RI NT3M J) / ( RE* RI NT5( J) ** 2)
FI ND DUDRE, DUDRW AND ASSOCI ATED COEFFI Cl ENTS
DUDRE=( U( | PH, J+1) - U(1 PH, J- 1))/ ( 2. 0D0* DELR)
| F(J. EQ N-1) DUDRE=( U( | PH, J+1) - . 5D0* (U(1 PH, J) +U( I PH, J- 1)) )/ DELR
| F(J. EQ 2) DUDRE=( . 5D0* (U( 1 PH, J+1) +U( | PH, J)) - U(| PH, J- 1) ) / DELR
DUDRWE( UU( | PH, J+1) - UU( | PH, J- 1))/ (2. 0DO* DELR)
| F(J. EQ N- 1) DUDRWE( UU( | PH, J+1) - . 5D0* (UU( | PH, J) +U(| PH, J- 1)) )/ DELR
| F(J. EQ 2) DUDRWE( . 5D0* (UU( | PH, J+1) +UU( | PH, J)) - UJ(I PH, J- 1) )/ DELR
CARL=ALPHA( | PH, J) *VI SC( 1 PH, J) * DUDRE* Rl NTE( J) / RDXE/ RE
C5R1=ALPHAU( | PH, J) * VI SCU( | PH, J) * DUDRW Rl NTW J) / RDXW RE
FI ND DUDRS, DUDRN, AND ASSOCI ATED COEFFI Cl ENTS
DUDRN=. 5D0* (U( | PH, J+1) +UU( | PH, J+1) - U( | PH, J) - UJ( | PH, J) ) / DELR
| F(J. EQ N-1) DUDRN=( U( | PH, J+1) +UU( 1 PH, J+1) - U(1 PH, J) - UJ( | PH, J) )/ DELR
DUDRS=. 5* (U( | PH, J) +UU(1 PH, J) - U( I PH, J- 1) - UJ( | PH, J- 1))/ DELR
| F(J. EQ 2) DUDRS=0. 0D0
OBR1=ALPHAN* VI SCN* DUDRN* RI NT6N( J) / RE
C7R1=ALPHAS* VI SCS* DUDRS* RI NT6S(J) / RE
FI ND OTHER COEFFI Cl ENTS FROM | NTERFACI AL TERVS
TEMP. VALUES OF | FDR, GAMMA, | PHOTHER!

C8R1=RI NT3M J) * C1I FD( J) * ( V(| PHOTHER, J) - . 500* ( V(1 PH, J) +V( I PH, J-1)))
CORL=DVAX1( GAM | PH, J), 0. 0DO) * V(| PHOTHER, J) * Rl NT3M J)
CLORL=DVAX1( - GAM | PH, J), 0. 0DO) * VM RI NT3M J)
SOLVE FOR DELPR(J)
DELPR( J) =( FE* VE- FW VWWFN* V(| PH, J) +FS* V(1 PH, J- 1)

- C1R1+C2R1+C3R1- CARL+C5R1+CBR1- C7R1- C8R1- CORL+CLOR1)

/ (- RUNT5(J) * ALPHA( | PH, J) * DELX)
CONTI NUE
FORMAT( 1X, 4E14. 7, 21 3)

2
2
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RETURN
END
C
C
C FINDS AREAS FOR BODY FI TTED GRI D
SUBROUTI NE GEOVCOEFF( N, R DELR, X, DELX, Rl NT1S, Rl NT1N, Rl NT2S, RI NT2N
2, RINT4S, RI NT4N, R NT6S, RI NT6N, R NT3M RI NTE, Rl NTW RI NT5, RDXM RTXE
2, | GOMALL, RDXW RDXE)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , Rl NT1S(2000) , Rl NT1N( 2000) , Rl NT2S( 2000)
2, RI NT2N( 2000)
2, RI NT4S( 2000) , RI NT4N( 2000) , Rl NT3M 2000) , RI NTE( 2000) , R NTW( 2000)
2, RI NT5(2000) , RI NT6S( 2000) , RI NT6N( 2000)
XE=X
XWEX- DELX
XMe. 5D0* ( XE+XWY
CALL WALL(1 GOMLL, XW RTXW RBXW RDXW AL, B1, C1, D1, E1, F1)
CALL WALL(1 GOMLL, XE, RTXE, RBXE, RDXE, AL, B1, C1, D1, E1, F1)
CALL WALL(1 GOMLL, XM RTXM RBXM RDXM AL, B1, C1, D1, E1, F1)
DO 100 J=2, N- 1
RN=R(J) +DELR/ 2. 0DO
RS=R(J) - DELR/ 2. 0D0
ANS=. 5D0* ( RN¥ * 2- RS* * 2)
RNORS=RS
CALL RI NT(XE, XW RS, RN, RNORS, ANS, Al, B1, C1, D1, E1, F1, Rl NT1
RI NT2, Rl NT3, Rl NT4, Rl NT6)
RINT1S(J) =Rl NT1
RI NT2S(J) =Rl NT2
RI NT3M J) =RI NT3
RI NT4S(J) =R NT4
RI NT6S(J) =R NT6
RNORS=RN
CALL RI NT(XE, XW RS, RN, RNORS, ANS, Al, B1, C1, D1, E1, F1, Rl NT1
RI NT2, RI NT3, Rl NT4, Rl NT6)
RINT1N(J) =Rl NT1
RI NT2N( J) =Rl NT2
RI NT3M J) =RI NT3
RI NT4N( J) =R NT4
RINT6N( J) =R NT6
R NTE( J) =ANS* RDXE* * 2+RBXE* RDXE* ( R\- RS)
RI NTW J) =ANS* RDXW * 2+RBXW RDXW ( RN- RS)
RINT5( J) =R( J) * RDXM+RBXM
100  CONTI NUE
RETURN
END

N

N

C
C
C INITI ALI ZES VARI ABLES FOR G_OBAL MOVENTUM CHECK LATER ON

SUBROUTI NE GLCBX1Il NI T( DMOM N, DMOMCUT, PFI N, PFOQUT, FVI SCTOP, PFTOP)

| MPLI CI' T DOUBLE PRECI SI ON (A-H, O 2)

DMOM N=0. 0DO

DMOMOUT=0. 0DO

PFI N=0. 0DO

PFOUT=0. 0DO

FVI SCTOP=0. 0D0

PFTOP=0. 0DO
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O0000

RETURN
END

THI' S SUBROUTI NE SOLVES THE MOMVENTUM EQUATI ON FOR THE SECOND PHASE

SUBROUTI NE X2MOM( 1, M | PH, | PHOTHER, N, X, R, DELX, JNEARVALL
2, DELR, RHO, ALPHA, VI SC, UU, UG, VU, VG
2, U, V, PE, PW RE, ALPHAU, RHOU, C1| FD, GAM TAWALLD
2, RINT1S, RINTLN, R NT2S, RI NT2N, RI NT4S, Rl NT4N, Rl NT3M Rl NTE, Rl NTW
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , RHQ( 2, 2000) , RHOU( 2, 2000) , ALPHA( 2, 2000)
2, ALPHAU( 2, 2000)
2, VI SC( 2, 2000) , UY( 2, 2000)
2, UG( 2, 2000) , VU( 2, 2000) , V& 2, 2000) , U( 2, 2000) , \/( 2, 2000) , A( 2000)
2, B(2000)
2, C(2000) , D( 2000) , SOL( 2000) , GAM 2, 2000) , C11 FD( 2000)
2, RINT1S(2000) , Rl NTZN( 2000) , RI NT2S( 2000) , Rl NT2N( 2000)
2, RI NT4S( 2000) , RI NT4N( 2000) , Rl NT3M 2000) , RI NTE( 2000) , R NTW( 2000)
XE=X
XWEX- DELX
DO 100 J=2, JNEARMALL- 1
EAST, VEST FLOWS
FE=RI NTE(J) * RHO( | PH, J) * ALPHA( | PH, J) * UG( | PH, J)
FWERI NTW( J) * RHOU( | PH, J) * ALPHAU( | PH, J) * UU( | PH, J)
NORTH FLOW
ALPHAN=2. 0DO* ALPHA( | PH, J) * ALPHA( | PH, J+1)
2/ (ALPHA( | PH, J) +ALPHA( | PH, J+1))

RHONE. 5D0* ( RHO( | PH, J) +RHO( | PH, J+1))

UN=. 25D0* (UG | PH, J) +UG( | PH, J+1) +UU( | PH, J) +UU( | PH, J+1))

VNE. 5D0* (VG | PH, J) +V& | PH, J+1))

FNUPRI ME=- RHONF UNF RI NT2N( J)

FNVPRI ME=RHON VN¥ Rl NT1N( J)

FNPRI ME=FNUPRI ME+FNVPRI VE

FN=ALPHA( | PH, J) * DMAX1( FNPRI ME, 0. 0D0)
2 - ALPHA(1 PH, J+1) * DMAX1( - FNPRI ME, 0. 0DO)

| F(J. EQ N-1) FN=0. 0DO

SOUTH FLOW

ALPHAS=2. 0DO* ALPHA( | PH, J) * ALPHA( | PH, J- 1)
2/ (ALPHA( | PH, J) +ALPHA( | PH, J- 1))

RHOS=. 5D0* ( RHO( | PH, J) +RHO( | PH, J- 1))
US=. 25D0* (UG | PH, J) +UG( | PH, J- 1) +UU( | PH, J) +UJ(| PH, J- 1))
VS=. 5D0* (V& | PH, J) +V& | PH, J- 1))
FSUPRI ME=RHOS* US* RI NT2S( J)
FSVPRI ME=- RHOS* VS* Rl NT1S( J)
FSPRI MEEFSUPRI ME+FSVPRI VE
FS=ALPHA( | PH, J) * DMAX1( FSPRI ME, 0. 0D0)
2 - ALPHA(1 PH, J- 1) * DMAX1( - FSPRI ME, 0. 0DO)
| F(J. EQ 2) FS=0. 0D0
PRESSURE TERM COEFFI Cl ENTS
CXP1=ALPHA( | PH, J) * (Rl NTW J) +. 5D0* ( Rl NT2N(J) - RI NT2S(J)))
CXP2=ALPHA( | PH, J) * ( RI NTE( J) +. 5D0* ( Rl NT2S(J) - Rl NT2N( J)) )
VI SCOUS TERM COEFFI ENTS
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VI SCNE. 5D0* (VI SC( 1 PH, J) +VI SC(| PH, J+1))
VI SCS=. 5D0* (VI SC( | PH, J) +VI SC(| PH, J- 1))
CXV1=ALPHAN* VI SCN¥ RI NTAN( J) / ( RE* (R(J+1) - R(J)))

C REPLACE/ REMOVE FOR WALL FUNCTI ON

100
101

C
C
C

200

OO0

| F(J. EQ N-1) CXV1=0. 0D0

CXV2=ALPHAS* VI SCS*RI NT4S(J) / (RE* (R(J) - R(J-1)))
SOURCE TERVB

SCl FDX=RI NT3M J) * C1I FD( J) * U( | PHOTHER, J)
SVI FDX=RI NT3M J) * C1I FD( J)
SCGAMC=GAM | PH, J) * Rl NT3M J)
SVGAMK=RI NT3M J) * DMAX1( - GAM | PH, J) , 0. 0DO

SCGAMX=RI NT3M J) * DMAXL( - GAM | PH, J), 0. 0DO) * U( | PHOTHER, J)
CCOEFFI CI ENTS | N PATANKAR S FORM

AS=DNVAX1( - FS, 0. 0D0) +CXV2

ANEDVAX1( - FN, 0. 0DO) +CXV1

AVEFW

AP=AS+AN+AW-SVI FDX+SVGAMX+SCGAMC

COEFFI CI ENTS | N TRI DI AGONAL FORM

A(J) =- AS

B(J) =AP

o(J) =- AN

D(J) =AW UU( | PH, J) +PW CXP1- PE* CXP2+SCl FDX+SCGAVK

CONTI NUE

FORMAT( 1X, | 3, 4E13. 6)

BOUNDARY CONDI TI ONS FOR COEFFI Cl ENTS

A(2) =0. 0D0

C(N- 1) =0. 0DO

D( INEARWALL- 1) =D( JNEARMALL- 1) - C{ INEARWALL- 1) * U( | PH, JNEARWALL)
C( INEARWALL- 1) =0. 0DO

pvin)

REPLACE/ REMOVE FOR WALL FUNCTI ON

D(N- 1) =D( N- 1) - ALPHA( | PH, N 1) * TAUWALLD* Rl NT4AN( N- 1) / RE
SOLVE THE SYSTEM
| F=2
L=JNEARMALL- 1
CALL TRIDAGIF, L, A B, C, D, SOL)
DO 200 J=2, JNEARWALL- 1
(I PH, J) =SOL( J)
CONTI NUE
| MPOSE BOUNDARY CONDI TI ONS - FI RST ORDER FI T AT BOTTOM
U( 1 PH, N) =0. 0DO
(I PH, 1) =U( | PH, 2)

RETURN
END

THI S SUBROUTI NE SOLVES THE MOVENTUM EQUATI ON FOR THE FI RST PHASE
SUBROUTI NE X1MOM ERRALPHA, |, M | PH, | PHOTHER, N, X, R, DELX, JNEARWALL
2, DELR
2, RHO, ALPHA, VI SC
2, W, UG W, VG
2, U, V, PE, PW RE, ALPHAU, RHOU, C1| FD, GAM
2, RINT1S, RINTLN, R NT2S, RI NT2N, RI NT4S, Rl NT4N, Rl NT3M R NTE, Rl NTW
| MPLI CI T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , RHQ( 2, 2000) , RHOU( 2, 2000) , ALPHA( 2, 2000)
2, ALPHAU( 2, 2000)
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99

100

2, VI SC( 2, 2000) , UY( 2, 2000) , C11 FD( 2000)
2, UG( 2, 2000) , VU( 2, 2000) , V& 2, 2000) , U( 2, 2000) , \/( 2, 2000) , A( 2000)
2, B(2000)
2, C(2000) , D( 2000) , SOL( 2000) , GAM 2, 2000)
2, RINT1S(2000) , Rl NTZN( 2000) , Rl NT2S( 2000) , Rl NT2N( 2000)
2, RI NT4S(2000) , RI NT4N( 2000) , Rl NT3M 2000) , RI NTE( 2000) , R NTW( 2000)
XE=X
XWEX- DELX
DO 100 J=2, JNEARMALL- 1
EAST, VEST FLOWS
FE=RI NTE(J) * RHO( | PH, J) * ALPHA( | PH, J) * U( | PH, J)
FWERI NTW( J) * RHOU( | PH, J) * ALPHAU( | PH, J) * UU( | PH, J)
NORTH FLOW
ALPHAN=. 5D0* ( ALPHA( | PH, J) +ALPHA( | PH, J+1))
RHONE. 5D0* ( RHO( | PH, J) +RHO( | PH, J+1))
UN=. 25D0* (UG( | PH, J) +UG( | PH, J+1) +UU( | PH, J) +UU(| PH, J+1))
FNU=- ALPHAN* RHON* UN* RI NT2N( J)
FNV=ALPHAN* RHON VG( | PH, J) * RI NT1N( J)
FN=FNU+FNV
| F(J. EQ N- 1) FN=0. 0DO
SOUTH FLOW
ALPHAS=. 5D0* ( ALPHA( | PH, J) +ALPHA(1 PH, J- 1))
RHOS=. 5D0* ( RHO( | PH, J) +RHO(| PH, J- 1))
US=. 25D0* (UG | PH, J) +UG( | PH, J- 1) +UU( | PH, J) +UJ(| PH, J- 1))
FSU=ALPHAS* RHOS* US* RI NT2S( J)
FSV=- ALPHAS* RHOS* VG( | PH, J- 1) * Rl NT1S( J)
FS=FSU+FSV
| F(J. EQ 2) FS=0. 0D0
PRESSURE TERM COEFFI Cl ENTS
CXP1=ALPHA( | PH, J) * (Rl NTW J) +. 5D0* ( Rl NT2N(J) - RI NT2S(J)))
CXP2=ALPHA( | PH, J) * ( RI NTE( J) +. 5D0* ( Rl NT2S(J) - Rl NT2N( J)) )
VI SCOUS TERM COEFFI ENTS
VI SCNE. 5D0* (VI SC( | PH, J) +VI SC(| PH, J+1))
VI SCS=. 5D0* (VI SC( | PH, J) +VI SC(| PH, J- 1))
CXV1=ALPHAN* VI SCN¥ RI NTAN(J) / ( RE* (R(J+1) - R(J)))
CXV2=ALPHAS* VI SCS*RI NT4S(J) / (RE* (R(J) - R(J-1)))
SOURCE TERVB - W LL NEED TO BE MODI Fl ED
SCl FDX=RI NT3M J) * C1I FD( J) * UG | PHOTHER, J)
SVI FDX=RI NT3M J) * C1I FD( J)
SCGAMC=GAM | PH, J) * Rl NT3M J)
SVGAMK=RI NT3M J) * DMAX1( - GAM | PH, J) , 0. 0DO
SCGAMK=RI NT3M J) * DMAX1( - GAM | PH, J) , 0. 0D0) * U | PHOTHER, J)
COEFFI CI ENTS | N PATANKAR S FORM
AS=DNVAX1( - FS, 0. 0D0) +CXV2
ANEDVAX1( - FN, 0. 0DO) +CXV1
AWEFW
AP=AS+AN+AW-SVI FDX+SVGAMX+SCGANC
COEFFI CI ENTS | N TRI DI AGONAL FORM

pviuv)

A(J) =-AS
B(J) =AP
o(J) =- AN

D(J) =AW UU( | PH, J) +PW CXP1- PE* CXP2+SCl FDX+SCGAVK
FORMAT( 1X, | 3, 5E13. 6)

CONTI NUE
BOUNDARY CONDI TI ONS FOR CCEFFI Cl ENTS
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A(2) =0. 0D0
C C(N- 1) =0. 0D0
D( INEARWALL- 1) =D( JNEARMALL- 1) - C{ INEARWALL- 1) * U( | PH, JNEARWALL)
C( INEARWALL- 1) =0. 0DO
C SOLVE THE SYSTEM
| F=2
L=JNEARWALL- 1
CALL TRIDAG(IF, L, A B, C D, SO
DO 200 J=2, JNEARMALL- 1
U(1 PH, J) =SOL( J)
200  CONTI NUE
C | MPOSE BOUNDARY CONDI TI ONS - FI RST ORDER FI T ON BOTTOM
U(1 PH, N) =0. 0DO
U(1 PH, 1) =U( | PH, 2)

C
RETURN
END
C
C
C
C
C CALCULATES V1 FROM 1ST PHASE (CONTI NUOUS) CONTI NUI TY EQN.

SUBROUTI NE CONT1( 1 PH, N, X, R, DELX, DELR, U, UU, V, RHO, RHOU, ALPHA, ALPHAU
2, GAM WU
2, RINT1S, RINTLN, R NT2S, R NT2N, Rl NT3M RI NTE, Rl NTW
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000) , RHQ( 2, 2000) , RHOU( 2, 2000) , ALPHA( 2, 2000)
2, ALPHAU( 2, 2000)
2, UJ( 2, 2000) , VU( 2, 2000) , U( 2, 2000) , V/( 2, 2000) , GAM 2, 2000)
2, RINT1S(2000) , Rl NTZN( 2000) , RI NT2S(2000) , Rl NT2N( 2000)
2, RINT3M 2000) , RI NTE( 2000) , Rl NTW 2000)
XE=X
XWEX- DELX
DO 100 J=2, N- 1
C EAST, VEST FLOWS
FE=RI NTE(J) * RHO( | PH, J) * ALPHA( | PH, J) * U(| PH, J)
FWERI NTW( J) * RHOU( | PH, J) * ALPHAU( | PH, J) * UJ( | PH, J)
C NORTH FLOW
ALPHAN=. 5D0* ( ALPHA( | PH, J) +ALPHA( | PH, J+1))
RHONE. 5D0* ( RHO( | PH, J) +RHO( | PH, J+1))
UNE. 25D0* (U( | PH, J) +U( | PH, J+1) +UU( | PH, J) +UU( | PH, J+1) )
FNU=- ALPHAN* RHON* UN* RI NT2N( J)
| F(J. EQ N- 1) FNU=0. 0D0
C SOUTH FLOW
ALPHAS=. 5D0* ( ALPHA( | PH, J) +ALPHA(1 PH, J- 1))
RHOS=. 5D0* ( RHO( | PH, J) +RHO(| PH, J- 1))
US=. 25D0* (U( | PH, J) +U(1 PH, J- 1) +UU(| PH, J) +UU( | PH, J- 1))
FSU=ALPHAS* RHOS* US* RI NT2S( J)
FSV=- ALPHAS* RHOS* V(| PH, J- 1) * RI NT1S( J)

FS=FSU+FSV
| F(J. EQ 2) FS=0. 0D0
C SOURCE TERM
SCGAMC=GAM | PH, J) * Rl NT3M J)
C SOLVE FOR V

V(1 PH, J) =( FW FE- FS- FNU+SCGANMC) / ( ALPHAN* RHON* RI NT1N(J) )
100 CONTI NUE
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C | MPOSE BOUNDARY CONDI TI ONS
V(1 PH, N-1) =0. 0D0
V(1 PH, N) =0. 0D0
V(1 PH, 1) =0. 0D0
RETURN
END

OO0

C FINDS ERROR BETWEEN GUESSED AND CALCULATED VELOCI TI ES FOR CONTI NUOUS
C PHASE.
SUBROUTI NE CONERROR( N, | PH, U, UG, V, VG, CONERR)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON U( 2, 2000) , UG 2, 2000) , \( 2, 2000) , V& 2, 2000)
CONERR=0. 0D0
DO 100 J=2, N 2
CONERR=CONERR+ABS( ( U( | PH, J
2 +ABS( ( V(1 PH, J
100 CONTI NUE
J=N-1
CONERR=CONERR+ABS( ( U( | PH, J) - UG( | PH, J)))
CONERR=CONERR/ U( | PH, 1)
RETURN
END

~—

-UX1PH J)))
-V 1PH J)))

OO0

UPDATES VELOCI TI ES FOR NEW | TERATI ON W THI N CONTI NUOUS PHASE
SUBROUTI NE VELUPDATE( | PH, I, U, V, UG, VG, N, JNEARWALL)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON U( 2, 2000) , V( 2, 2000) , UJ 2, 2000) , V& 2, 2000)
FI =. 8D0
DO 100 J=2, JNEARMALL- 1
UG(1 PH, J) =U( | PH, J) *FI +UX | P
VG( | PH, J) =V(1 PH, J) *FI +V& | P
100 CONTI NUE
DO 200 J=JNEARWALL, N
UG(1 PH, J) =U( I PH, J)
VG | PH, J) =V(1 PH, J)
200  CONTI NUE
UG(1 PH, 1) =U( I PH, 1)
VG( | PH, 1) =V(1 PH, 1)
RETURN
END

IT
(S,

)*(1.0D0-FI)
)*(1.0D0-FI)

O000

UPDATES VELOCI TI ES FOR BOTH PHASES
SUBROUTI NE VELUPDATE2( U, UU, UG, V, VU, VG, RHO, RHOU
2, VI SC, VI SCU, VI SCL, VI SCLU, VI SCT, VI SCTU, ALPHA
2, ALPHAU, N, PW PE)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON U( 2, 2000) , UJ( 2, 2000) , UG 2, 2000) , V( 2, 2000) , V) 2, 2000)
2, VG( 2, 2000) , ALPHA( 2, 2000) , ALPHAU( 2, 2000) , RHO( 2, 2000) , RHOU( 2, 2000)
2, VI SC( 2, 2000) , VI SCU( 2, 2000) , VI SCL( 2, 2000) , VI SCLU( 2, 2000)

125



2, VI SCT( 2, 2000) , VI SCTY( 2, 2000)
DO 200 | PH=1, 2
DO 100 J=1, N
UG(1 PH, J) =U( I PH, J)
UU(1 PH, J) =U( I PH, J)
VG( | PH, J) =V(1 PH, J)
VU( I PH, J) =V(1 PH, J)
ALPHAU( | PH, J) =ALPHA( | PH, J)
RHOU( | PH, J) =RHO( | PH, J)
VI SCU( | PH, J) =VI SC( 1 PH, J)
VI SCLU( | PH, J) =VI SCL( | PH, J)
VI SCTU( 1 PH, J) =VI SCT( | PH, J)
100  CONTI NUE
200  CONTI NUE
PW=PE
RETURN
END

oo

SUBROUTI NE USERI NPUT( RE, XMAX, NCVX, NCVR, NCVRMOT, URATI O, RRATI O
2, SLI PMWN, SLI PSN, RHOVAPCR, VI SCVAPCR, ALPHAVAPORWN, ALPHAVAPORSN
2, | REA ME, | PHCONT, | PHDI SC, RHOLI Q VI SCLI Q

| MPLICI' T DOUBLE PRECI SI ON (A-H, O 2)

| REG ME=2

CALL REG ME( | REG ME, | PHCONT, | PHDI SC)

C TWO- PHASE CONDI TI ONS FROM HAKAN' S DATA
C ASSUM NG ULM\E275 FT/'S, AND UVMN=100 FT/ S FROM GREG S PREVI QUS RUNS

RE=3490648. 0D0

XMAX=20. 0DO

NCVX=40

NCVR=100

RRATI O=. 72D0

SLI PWN=0. 39D0

SLI PSN=1. 0DO

RHOVAPCR=. 019D0

RHOLI Q=1. 0DO

VI SCVAPCR=. 049D0

VI SCLI @=1. 0DO

QUALI TY=. 26202

ALPHAVAPORMN=QUALT TY/ ( QUALT TY+SLI PMN* (1. ODO- QUALI TY) * RHOVAPCR)

ALPHAVAPORSN=0. 9999999999999D0

URATI G=. 519D0

VWRI TE(*, *) "' ALPHAVAPCRWN = ', ALPHAVAPORWN
VWRI TE(*, *) "' ALPHAVAPCORSN = ', ALPHAVAPORSN
VWRI TE(*, *)" ALPHALI QUI DW = ', 1. 0D0- ALPHAVAPCRWN
VWRI TE(*, *)" ALPHALI QUI DSN = ', 1. 0DO- ALPHAVAPCORSN

NCVRMOT=DI NT( RRATI O* NCVR)
C ENTER USERI NPUT CONDI TI ONS TO FI LE

WRI TE( 13, *)' NCVX = ', NCVX
WRI TE(13,*)' NCVR = ',

WRI TE( 13, *)' NCVRMOT = ', NCVRMOT
WRI TE( 13, *)' XMAX = ', XMAX

WRI TE( 13, *)' RRATI O = ', RRATI O

WRI TE(13,*)' RE = ',
WRI TE( 13, *)' SLI PMN
WRI TE( 13, *)' SLI PSN

", SLI PIMWN
", SLI PSN

1 II%
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VWRI TE( 13, *) " URATIO = ', URATI O

WRI TE( 13, *)' RHOVAPCR = ', RHOVAPCR
WRI TE( 13, *)' VI SCVAPCR = ', VI SCVAPOR
WRI TE(13, *)' RHOLIQ = ', RHOLI Q
WRI TE(13, *)' VISCLIQ = ', VI SCLI Q
WRI TE( 13, *)' QUALI TY (MN OUTLET) = ', QUALITY
WRI TE( 13, *)' ALPHAVAPORWN = ', ALPHAVAPORWN
WRI TE( 13, *)' ALPHAVAPORSN = ', ALPHAVAPORSN
WRI TE(13, *)' IREG ME = ', | REG ME
RETURN
END
C
C
C GRID -- GEOMETRI C PARAVETERS OF THE GRI D
SUBROUTI NE GRI D{ NCVX, NCVR, NCVRMOT, XVAX, DELX, DELR, M N, NVOT, R)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON R(2000)
DELR=1. 0D0/ DBLE( NCVR)
DEL X=XMAX/ DBLE( NCVX)
NENCVR+2
NMOT=NCVRMOT+2
MENCVX+2
C ESTABLI SH THE VALUES OF R FOR EACH CELL
R(1) =0. 0D0

DO 10 J=2, N-1
R(J) =( 2. 0D0* DBLE( J) - 3. 0D0) / ( 2. 0DO* DBLE( NCVR) )
10  CONTI NUE
R(N) =1. 0D0
RETURN
END
C
C
C FLU D PROPERTI ES ( ASSUMED CONSTANT)
SUBROUTI NE FLUI DPROP( RHOVAPOR, VI SCVAPOR, ALPHAVAPORWN, ALPHAVAPORSN
2, RHO, VI SCL, ALPHA, RHOLI Q VI SCLI Q N, NMOT)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON RHO( 2, 2000) , VI SCL( 2, 2000) , ALPHA( 2, 2000)
DO 100 J=1, N
RHO( 1, J) =RHOLI Q
RHO( 2, J) =RHOVAPCR
VI SCL( 1, J) =VI SCLI Q
VI SCL( 2, J) =VI SCVAPCR
100  CONTI NUE
DO 200 J=1, NMOT- 1
ALPHA( 1, J) =1. 0DO- ALPHAVAPORMWN
ALPHA( 2, J) =ALPHAVAPORMWN
200  CONTI NUE
DO 300 J=NMOT, N
ALPHA( 1, J) =1. 0DO- ALPHAVAPORSN
ALPHA( 2, J) =ALPHAVAPORSN
300  CONTI NUE
RETURN
END

OO0
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C INITIAL VALUES AT | NLET FOR SEVERAL PARAVETERS
SUBROUTI NE | NI T(N, NMOT, R, RRATI O, URATI O, SLI PMN, SLI PSN, RHOVAPCR
2, ALPHAVAPORMN, VI SCVAPCR, ALPHAVAPORSN
2, UU, VU, RHOU, ALPHAU, VI SCLU, | MERGE, RHOLI Q VI SCLI Q
| MPLI CI T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON UU( 2, 2000) , VU 2, 2000) , RHOU( 2, 2000) , ALPHAU( 2, 2000)
2, VI SCLU( 2, 2000) , GAM 2, 2000) , R( 2000)
C CONDI TI ONS | N MOTI VE PORTI ON
DO 200 J=2, NMOT- 1
UY(1, J)=1.0D0
UY( 2, J) =1. 0DO* SLI PMN
C INITIAL RADI AL VELOCI TY DI STRI BUTI ON
VU( 1, J) =0. 0DO
VU( 2, J) =0. 0DO
VU( 1, NVOT- 1) =0. 0DO
VU( 2, NVOT- 1) =0. 0DO
VU( 1, NMOT- 2) =0. 0DO
VU( 2, NMOT- 2) =0. 0DO
VU( 1, NMOT- 3) =0. 0DO
VU( 2, NMOT- 3) =0. 0DO
VU( 1, 2) =0. 0DO
VU( 2, 2) =0. 0DO
VU( 1, 3) =0. 0DO
VU( 2, 3) =0. 0DO
VU( 3, 3) =0. 0DO

RHOU( 1, J) =RHOLI Q
RHOU( 2, J) =RHOVAPCR
ALPHAU( 1, J) =1. 0DO- ALPHAVAPORWN
ALPHAU( 2, J) =ALPHAVAPORWN
VI SCLU( 1, J) =VI SCLI Q
VI SCLU( 2, J) =VI SCVAPCR
GAM 1, J) =0. 0D0
GAM 2, J) =GAM 1, J)
200  CONTI NUE
C CONDI TI ONS | N SUCTI ON PORTI ON
DO 100 J=NMOT, N- 1
UY( 1, J) =URATI O
UY( 2, J) =URATI O SLI PSN
VU( 1, J) =0. 0DO
VU( 2, J) =0. 0DO
RHOU( 1, J) =RHOLI Q
RHOU( 2, J) =RHOVAPCR
ALPHAU( 1, J) =1. 0DO- ALPHAVAPORSN
ALPHAU( 2, J) =ALPHAVAPORSN
VI SCLU( 1, J) =VI SCLI Q
VI SCLU( 2, J) =VI SCVAPCR
GAM 1, J) =0. 0D0
GAM 2, J) =- GAM 1, J)
100 CONTI NUE
C BOUNDARY CONDI TI ONS VALI D FOR BOTH PORTI ONS
UY(1, 1) =1. 0D0
UY( 2, 1) =SLI PMN
UY( 1, N) =0. 0D0
UY( 2, N) =0. 0D0
VU( 1, 1) =0. 0DO
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VU( 2, 1) =0. 0DO
VU( 1, N) =0. 0DO
VU( 2, N) =0. 0DO
VU( 1, N- 1) =0. 0DO
RHOU( 1, 1) =RHOLI Q
RHOU( 2, 1) =RHOVAPCR
RHOU( 1, N) =RHOLI Q
RHOU( 2, N) =RHOVAPCR
ALPHAU( 1, 1) =1. 0DO- ALPHAVAPORWN
ALPHAU( 2, 1) =ALPHAVAPORWN
ALPHAU( 1, N) =1. 0DO- ALPHAVAPORSN
ALPHAU( 2, N) =ALPHAVAPORSN
VI SCLU( 1, 1) =VI SCLI Q
VI SCLU( 2, 1) =VI SCVAPCR
VI SCLU( 1, N) =VI SCLI Q
VI SCLU( 2, N) =VI SCVAPCR
C INITIALI ZE VALUE OF | MERGE, THE | POSI TI ON FOR WHEN THE
C JET AND WALL BOUNDARY LAYERS HAVE MERGED
| MERGE=100000000
C

RETURN
END
C
C
C CALCULATES THE | NLET FLOARATE FOR THE CURRENT PHASE
SUBROUTI NE CALCFLOW N( 1 PH, N, RHOU, ALPHAU, UU, Rl NTW FLOW N, UAVE
2, UAVE2, TOTFLOAL, TOTFLOWR)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON RHOU( 2, 2000) , ALPHAU( 2, 2000) , UJ( 2, 2000) , R( 2000)
2, RI NTW 2000)
DO 100 J=2, N- 1
FWERI NTW( J) * RHOU( | PH, J) * ALPHAU( | PH, J) * UJ( | PH, J)
FLOW N=FLOW N+FW
100  CONTI NUE
C CALCULATE THE AVERAGE VELOCI TY BASED ON | NLET FLOARATE

TOTFLOWEO. 0DO
TOTAREA=0. 0DO
TOTFLOM.=0. 0D0
TOTFLOW2=0. 0D0
TOTAREA2=0. 0DO
DO 300 J=2, N- 1
TOTFLOWETOTFLOM-RI NTW J) * ( RHOU( 1, J) * ALPHAU( 1, J) * UU( 1, J)
2 +RHOU( 2, J) * ALPHAU( 2, J) *UU( 2, J))
TOTFLOM =TOTFLOAL+RI NTW J) * RHOU( 1, J) * ALPHAU( 1, J) * UJ( 1, J)
TOTFLOMW=TOTFLOW2+RI NTW J) * RHOU( 2, J) * ALPHAU( 2, J) * UJ( 2, J)
TOTAREA2=TOTAREA2+RI NTW J) * ALPHAU( 2, J)
TOTAREA=TOTAREA+RI NTW( J)
300  CONTI NUE
C  ASSUME VAPCR DENSI TY HOLDS
UAVE=TOTFLOW ( TOTAREA* RHOU( 2, N 1))
UAVE2=TOTFLOW2/ ( TOTAREA2* RHOU( 2, N- 1))
WRI TE(*, *)' TOTFLOAL = ', TOTFLOAL
VR TE(*, *)' TOTFLOAR2 = ', TOTFLOA2
WRI TE(*, *)' TOTFLOW = ', TOTFLOW
RETURN
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END
C
C
C INITIAL GUESS VELOCI TI ES
SUBROUTI NE GUESSVEL( UG, VG, UU, VU, N)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON UJ 2, 2000) , VG 2, 2000) , UJ( 2, 2000) , VI 2, 2000)
DO 100 J=2, N- 1
UG 1, J) =Uy( 1, J)
U 2, J) =U( 2, J)
VG 1, J)=VU( 1, J)
VG 2, J) =VU( 2, J)
100 CONTI NUE
UG 1, 1) =Uy( 1, 1)
UG 2, 1) =UY( 2, 1)
U1, N=UJ1, N
U2, N =UuJ2, N
VG( 1, 1) =VU(1, 1)
VG2, 1) =V 2, 1)
VG 1, N =VU(1, N
VG2, N)=VU( 2, N)
RETURN
END
C
C
C I NI TIALI ZES | NLET PRESSURE AND COEFFI Cl ENT FOR PRESSURE GRADI ENT
SUBROUTI NE PI NI T( DELPCOEFF, PW
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DELPCOEFF=0. 0D0
PW=0. 0DO
RETURN
END

FI NDS ERROR | N CONTI NUOUS PHASE FLOWRATE BASED ON GUESSED
PRESSURE GRADI ENT
SUBROUTI NE FLOAERROR( | PH, N, RHO, ALPHA, U, FLOW N, RI NTE, FLO/ERR)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON U( 2, 2000) , RHO( 2, 2000) , ALPHA( 2, 2000) , RI NTE( 2000)
FLOWDUT=0. 0D0
DO 100 J=2, N- 1
FE=RI NTE(J) * RHO( | PH, J) * ALPHA( | PH, J) * U(| PH, J)
FLOWDUT=FL ONDUT+FE
100 CONTI NUE
FLOWERR=( FLOAOUT- FLOW N) / FLOW N
RETURN
END

C
C
C
C

G VES THE CCEFFI CI ENTS FOR THE EQUATI ON OF THE LI NE

FOR THE TOP AND BOTTOM BOUNDARY COF THE DQOVAI N.
SUBROUTI NE WALL( 1 GOWALL, X, RT, RB, RD, A, B, C, D, E, F)
| MPLI CI' T DOUBLE PRECI SI ON (A-H, O 2)
| GOMLL=] GCOMLL+1

C SI MPLE STRAI GHT DUCT

A=0. 0DO

C
C
C
C
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O0000

C
C
C

C

C

B=1. 0D0
C=0. 0D0
D=0. 0D0
| F(1 GOWALL. EQ 1) THEN
WRI TE(13, *)' WALL GEOMVETRY'
WRI TE( 13, *)' A=0. 0'
WRI TE(13, *)' B=1. 0’
WRI TE( 13, *)' C=0. 0’
WRI TE( 13, *)' D=0. 0'
ENDI F
E=A-C
F=B- D
RT=A* X+B
RB=C* X+D
RD=E* X+F
RETURN
END

FI NDS AREAS FOR BODY FI TTED CELLS BASED ON SHAPE OF TOP AND BOTTOM
BOUNDARY OF DOMAI N.
SUBROUTI NE RI NT( XE, XW RS, RN, RNORS, ANS, A, B, C, D, E, F, RI NT1, Rl NT2
2, RINT3, RI NT4, Rl NT6)
| MPLI O T DOUBLE PRECI SION (A-H, O 2)
RNS=RN\- RS
RI NT1=. 5D0* ( XE* * 2- XW * 2) * ( RNORS* E+C) +( XE- XW * ( RNORS* F+D)
RI NT2=( RNORS* E+C) * (. 5D0* ( XE* * 2- XW * 2) * ( RNORS* E+C) +( XE- X\
2* (RNORS* F+D) )
RI NT3=( 1. 0D0/ 3. 0D0) * ( ANS* E* * 2+C* E* RNS) * ( XE* * 3- X\W * 3)
2+. 5D0* ( 2. 0D0* ANS* F* E+D* E* RNS+F* C* RNS) * ( XE* * 2- X\W * 2)
2+( ANS* F* * 2+D* F* RNS) * ( XE- XV
| F(E. NE. 0. 0D0) THEN
R NT4=( RNORS+C/ E) * ( XE- XW +( D E- F* ¢/ E* * 2) * DLOG( ( E* XE+F) / ( E* XWF) )
Rl NT6=( RNORS* * 2* E+RNORS* C) * ( XE- XW +( RNORS* E+C) * ( C* ( XE- XW / E
2 +( DI E- CFF/ E**2) * DLOG( ( E* XE+F) / ( E* XWF) ) )
ELSE
RI NT4=( C/ (2. 0DO* F) ) * ( XE* * 2- XW * 2) +( RNORS+DY F) * ( XE- XW
Rl NT6=( RNORS* * 2* E+RNORS* C+D* ( RNORS* E+C) / F) * ( XE- XV
2 +C* ( RNORS* E+C) * ( XE* * 2- XW * 2) / ( 2. 0DO* F)
ENDI F
RETURN
END

ROUTI NE TO QUI CKLY FIND THE NEXT GUESS AXI AL PRESSURE GRADI ENT.
SUBROUTI NE DPI TER( DI RE, KDELPI TER, DELPCCEFF, FLONERR)
| MPLICI' T DOUBLE PRECI SI ON (A-H, O 2)
| F BOUNDED THEN JUMPS | MVEDI ATELY TO BOUNDED PART OF ROUTI NE
| F( KDELPI TER. GE. 3) GO TO 10
ESTABLI SHES FI RST TWD VALUES OF DELPCOEFF
| F( KDELPI TER. EQ 1) THEN
DEL PCOEFF1=DEL PCOEFF
FLONERR1=FLOAERR
Dl R=- 1. 0D0O* DI RE
DEL PCOEFF=DELPCOEFF1+Dl R*0. 1D0
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KDELPI TER=KDELPI TER+1
RETURN
ELSEI F( KDELPI TER EQ 2) THEN
DEL PCOEFF2=DEL PCOEFF
FLOWERR2=FL ONAERR
ENDI F
C DECIDES | F VALUES 1 AND 2 ARE BOUNDED
| F( FLOAERRL* FLOWERR2. LT. 0. 0D0) GO TO 10
CIF VALUES 1 AND 2 ARE UNBOUNDED
| F( ABS( FLOAERR?) . LE. ABS( FLOWERRL) ) THEN
DEL PCOEFF1=DEL PCOEFF2
FLOWERRL=FL ONERR2
DEL PCOEFF=DEL PCOEFF2+DI R* 0. 1D0
RETURN
ELSEI F( ABS( FLOAERRL) . LT. ABS( FLOAERR2) ) THEN
DI R=1. 0D0* DI RE
DEL PCOEFF=DEL PCOEFF1+Dl R* 0. 1D0
RETURN
ENDI F
CIF VALUES 1 AND 2 ARE BOUNDED
10  KDELPI TER=KDELPI TER+1
| F( KDELPI TER EQ 3) THEN
DEL PCOEFF=- FLOWERR2* ( ( DELPCOEFF1- DELPCOEFF2)
2/ (FLOAERRL- FLONERR?) ) +DEL PCOEFF2
RETURN
ELSE
FLOWERR3=FL ONERR
DEL PCOEFF3=DEL PCOEFF
| F( FLOAERR3* FLOWERR2. LT. 0. 0D0) THEN
DEL PCOEFF1=DEL PCOEFF2
FLOWERRL=FL ONERR2
DEL PCOEFF2=DEL PCOEFF3
FLOWERR2=FL ONERR3
DELPCOEFF=- FLOWERR2* ( ( DELPCOEFF1- DELPCOEFF2)
2/ ( FLOAERRL- FLOWERR?) ) +DEL PCOEFF2
RETURN
ELSE
DEL PCOEFF2=DEL PCOEFF3
FLOWERR2=FL ONERR3
DEL PCOEFF=- FLOWERR2* ( ( DELPCOEFF1- DELPCOEFF2)
2/ ( FLOAERRL- FLOWERR?) ) +DEL PCOEFF2
RETURN
ENDI F
ENDI F
END

THOVAS ALGCRI THM TO SOLVE A TRI DI AGONAL NMATRI X OF LI NEAR EQUATI ONS.
SUBROUTI NE TRIDAG I F, L, A B, C D V)
TRI DI AGONAL MATRI X SOLVER
A B, C D = COEFFI CI ENTS IN THE TRI DI AGONAL SYSTEM
\% SOLUTI ON VECTOR

ALY *V(I-1) +B(1)*V(1)+C(1)*V(I +1) =D(1)

O000000 000

(NOTE THAT PATANKAR S NOVENCLATURE CORRESPONDS TO
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C  AP=B(l), AW-A(l), AE=C(1) )
C

C IF,L = BEG N NG (FIRST) AND ENDI NG (LAST) | NDEXES FOR V
C  SOLUTION (USUALLY IF=1 OR 2 AND L=LMAX OR LMAX- 1

C DEPENDI NG ON BOUNDARY CONDI TI ONS)

C

C REMOVE THE COMMENT C I N FRONT OF THE FOLLOW NG LI NE TO USE
C DOUBLE PRECI SI ON

| MPLI O T DOUBLE PRECI SION (A-H, O 2)
DI MENSI ON A( 1), B(1), C(1), D(1), (1), BETA( 2000) , GAMVA( 2000)

C
BETA(| F) =B(| F)
GAMVA( | F) =I( | F) / BETA(I F)
| FP1=| F+1
C
DO 1 I=IFP1,L
BETA(1)=B(1)-A(1)*C(I-1)/BETA(I - 1)
5 FORMAT( 1X, | 2, 1X, 4F8. 3)
1 GAMVA( 1) =(D(1)-A(1)*GAMVA(I - 1))/ BETA(I)
V(L) =GAMMA( L)
LAST=L- I F
C
DO 2 K=1, LAST
| =L- K
2 V(1) =GAMVA( 1) - C( 1) *V( 1 +1)/ BETA(I)
RETURN

END
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