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Poner Law

power law
Patankar

(1980)
exponential (Patankar, 1980)
F
D Fe=pule
De=~- ( 3.2) power law aE
1 Forpe<-10
4G /p
D, g
aE :—Fe
2. For-10<pe<(
a,=D.(L. +0.iP.y-F.
3. For 0<pe<10
A =(1-0.1p
at =D ,(1.-0.1P]
4. Forpe>10
% -g
De
a, =0
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£ power law
upwind differencing [Pe|> 10 -
10
10 Ipj < 10



Malalasekera, 1995)
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Taylor (Taylor Series)
Taylor
y(X) X+AX y

derivatives y X

A r A=A Y HA 0 @D20300 (AW () 3

h=Ax dy/dx-f(xD 1d¥/dx?=f(xi,...

Fchh) =)+ VI # A [V )+ At ()

/ (x+h)= f(x)+hf'(x)

0(h3 2 h h

o{h*)<o(h2)< O(h)

Taylor
/(*'»):/(*)-v" -+®p/' +ooot A ["

2 4



f(x + e hy=2/V)+~ - 11 +0(Al)..

(Finte Difference Formulas)

1 (Foward Fnite Difference Formulas)
1
frix )~ * I 0(A)
frY\ - f(Xi#2)+ 41 (Xitl)- 3/fo) )
| 2h RIS, e 0( 2)
' 2
o V(7 42) - 2 (D) £ ] (5
A v /J """"""""""""" O(A)
LT -/(*143)+ 4f (xt2)- 5F(Xi#l)+ 26(x,) ofa!)
J Ki) W2 ./ /] TREERAL i '
2 (Backwerd Fnite Difference Formulas)
1
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" joft)
FOY V. TE{Xi)-4A Xi-\)+ A Xi-]) ,
] AyHULALONGKORN UNIVERSITY
2
) o\ LA XD~ 2A ;(iz-\)+ AXi2) 0A)

j-.y Yy 2A xi)- 4A xi\)+ 4A xi-2)- 2/(*,_3)
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staggered Grid

staggered grid
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Program for calculated Double-Pipe Heat Exchanger(DHEX)

1Steady Stated used SIMPLE algorithm (Patankar ]]972)
2.Discretised convection term and conduction term by Power law scheme
3.Unstedy state used Implicit method

PARAMETER (M=32,N=26)

DIMENSION TOLD(N,M), TNEW(N,M),POLD(N,M),PNEW(N,M)
DIMENSION ZOLD(N,M-1),ZNEW(N,M-1),ROLD(N+1,M),RNEW(N+1,M)
REAL TOLD,TNEW,POLD,PNEW

REAL ZOLD,ZNEW,ROLD,RNEW

INTEGER N.MJTNOJTRESULT

OPEN(UNIT=1 ,FILE="STEADYZ)
OPEN(UNIT=2FILE="STEADYR')
OPEN(UNIT=3,FILE='STEADYP")
OPEN(UNIT=4,FILE='STEADYT)

OPEN (UNIT=5, FILE="STEADYERR)

OPEN(UNIT=111 FILE='UNSTEDYZ)
OPEN(UNIT=112,FILE='UNSTEDYR')
OPEN(UNIT=113,FILE='UNSTEDYP')
OPEN(UNIT=114,FILE='UNSTEDYT')
OPEN(UNIT=1 IS.FILENUNSTEDYERR')

LINPUT CASE OF STUDY

CALL STUDYNO(STEAD)

2. INPUT CONDITION OF DHEX

CALL INPCONST(QHIN,QCIN, THIN, TCINAUDT)
IF(STEAD.EQ.2.) THEN

CALL NEWINPUT(QHIN,QCIN,THIN,TCIN,CHOICE)
CALL ATTIME(TIMEEND)

END IF



C 3.DHEX PARAMETER
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
UNO =1
ITRESULT=1
UNSTEADY=0.0
C 4.CONVERSE FLOW RATE TO VELOCITY
CALL HOTVELO(QHIN.VHIN)

CALL COLDVELO(QCIN.VCIN)

C 5.CALC.REYNOLD NO. AND HYDRODYNAMIC ENTRANCE LENGHT

D

CALL HREYNO(THIN,VHIN,HREY,HLEGHT)

C CALL CREYNO(TCIN,VCIN,CREY,CLEGHT)

C 6.INITIAL GUESS CONDITION IN INITIAL CONDITION
CALL GUESSTNEW(THIN,TCIN,TNEW,N,M)
CALL GUESSPNEW(PNEW.VHIN.THIN,VCIN.TCIN,AL.N.M)
CALL GUESSRNEW(RNEW,N,M)

CALL GUESSZNEW(ZNEW,VHINYVCIN AL, N,M)

CALL GUESS(TNEW,TOLD,N,M, 1.N.UNSTEADY)
CALL GUESS(PNEW,POLD,N,M,1,N.UNSTEADY)
CALL GUESS(RNEW,ROLD,N +1,M, 1,N+1.UNSTEADY)

CALL GUESS(ZNEW,ZOLD,N,M-111.N.UNSTEADY)

C

C 7.CALC. STEADY STATE
CALL EQUAT(UNSTEADY,ZNEW,ZOLD,RNEW,ROLD,PNEW,TNEW,TOLD,N.M.AL.DT)
WRITE(111%) 'ZFLOW IN STEADY *

C mm ©

C 8.UNSTEADY STATE PARAMETER

TIME =00

999  uUNSTEADY=1.0
DT =1.0
TIME =ITNO*DT
TIMESTEP =1.0

ERRMIN  =0.00001

98
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9090

10000

ERROR =00

9. GUESS NEW CONDITION OF UNSTEADY STATE

CALL GUESS(TNEW,TOLD,N,M, 1.N.UNSTEADY)

CALL GUESS(PNEW,POLD,N,M,1,N.UNSTEADY)

CALL GUESS(RNEW,ROLD,N +1,M, 1,N+1.UNSTEADY)

CALL GUESS(ZNEW,ZOLD,N,M-1,1.N.UNSTEADY)

IF(CHOICE.EQ.1.) CALL THOTCHAGE(TNEW, THNEW,TCNEWAL.N,M)
IF(CHOICE.EQ.2.AND.TIME.LE.TIMESTEP)THEN

CALL HOTNEW(ZNEW,N,M,ITNO,VHIN.QHNEW.TIMESTEP, TIME,DT)

ENDIF

IF(CHOICE.EQ.3.AND.TIME.LE.TIMESTEP) THEN

CALL COLDNEW(ZNEW,N,M,ITNO,VCIN,QCNEW, TIMESTEP, TIME,AL.DT)

ENDIF

WRITEC,*) ‘ITNO =IITNO,’ TIME =", TIME

10. CALC. UNSTEADY STATE

CALL EQUAT(UNSTEADY,ZNEW,ZOLD,RNEW,ROLD,PNEW.TNEW,TOLD,N.M,AL.DT)
CALL ERRCHECK(ZNEW,ZOLD,TNEW,TOLD,N.M,ERROR)

WRITEC, 'ERRORIERROR

WRITEC, 1

IF(ERROR.LE.ERRMIN) GoTO 10000

CALL WTIME(ITNOJIME)

CALL WUNSTED(ZNEW,RNEW,PNEW, TNEW,N,M)
ITNO  =ITNO+1

ITRESULT=ITRESULT+1

coTo 999

coTo 9090

CALL WENDPRG(TIME.ITNO)

CALL WRESULT(ZN EW, RNBV, PNEW, TNEWN,M)
GALL WUNSTED(ZN EW,RNEW, PNEW, TNEW, N ,M)
WRITEC,* ' TIME', TIME

END

19
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SUBROUTINE ERRCHECK(ZNEW,ZOLD,TNEW,TOLD,N,M,ERROR)

REAL ZNEW/(N,M-1),ZOLD(N,M-1), TNEW(N,M), TOLD(N,M)
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

IHIN =1

IHOUT =NHIN-1

ON  -NHOUT+1

ICOUT =NCIN-1

JIN =2

JOUT  =M-1

CALL ERRCALC(ZNEW,ZOLD,IHIN,IHOUT,JIN,JOUT,N,JOUT,ZERRHOT)
CALL ERRCALC(ZNEW,ZOLD,ICIN,ICOUT,JIN,JOUT,N,JOUT,ZERRCLD)
CALL ERRCALC(TNEW,TOLD,IHIN,N,JIN,JOUT,N.M,TERROR)
WRITE(Y) 'ZERRHOT 'ZERRHOT

WRITE(Y) 'ZERRCLD ".ZERRCLD

WRITEfV 'TERROR '.TERROR

IF(ZERRHOT.GT.ZERRCLD) THEN

ERROR-ZERRHOT

ELSE

ERROR=ZERRCLD

ENDIF

IF(TERROR.GT.ERROR) ERROR=TERROR

RETURN

END

SUBROUTINE ERRCALC(A,B IN,IOUT.JIN,JOUT,NROW.MCOL,ERROR)
REAL A(N ROW,MCOL),B(NROW,MCOL)

REAL XDIMENS,YDIMENS,ALLCELL,AMEAN .ERROR

MEAN:

A() :NEWMATRIX INPUT
B(:) .OLDMATRIX OR GUESSMATRIX INPUT
IN/JIN :NO. START ROW / NO.START COLUMN TO CALC. INPUT
IOUT/JOUT :NO. END ROW / NO. END COLUMN TO CALC. INPUT
NROW :NO.ROW OF A(:),B() INPUT

MCOL :NO.COLUMN OF A(:)1B(:) INPUT

100
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¢ ERROR [CALCULATED PERCENT ERROR ;OUTPUT

ASUM=0.0
AERR=0.0
DO 1I=IN,IOUT
DO 1J=JIN,JOUT
ADIFF  =ABS(A(1,J)-B(1,J))
ASUM =ASUM+ABS(A(I,J))
AERR  =ADIFF+AERR
1 CONTINUE
XDIMENS=IOUT-IN+1.
YDIMENS=JOUT-JIN+1.
ALLCELL=XDIMENS*YDIMENS
AMEAN =ASUM/ALLCELL
IF(AMEAN.NE.O.)THEN
ERROR-AERR/AMEAN/ALLCELL
ELSE
ERROR=0.0
ENDIF
RETURN

END

¢ FOR: WRITE TIME AND ITERATION NO. OF UNSTEADY STATE CASE

SUBROUTINE WENDPRG(TIME.ITNO)

REAL TIME

WRITE(111,*) 'UNSTEADY STATE CONVERSE AT TIME=',TIME
WRITE(112,*) 'UNSTEADY STATE CONVERSE AT TIME="TIME
WRITE(113,*) 'UNSTEADY STATE CONVERSE AT TIME="TIME
WRITE(114,*) 'UNSTEADY STATE CONVERSE AT TIME="TIME
WRITE(111,*) 'NO.ITERATION="ITNO

WRITE(112,*) ‘'NO.ITERATIONA,ITNO

WRITE(113,*) 'NO.ITERATION="ITNO

WRITE(114,*) 'NO.ITERATIONA,ITNO

RETURN

END
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FOR: WRITE TIME AND ITERATION NO. OF STEADY STATE CASE
SUBROUTINE WTIME(ITNO.TIME)

REAL TIME

WRITE (L,*) 'ITNO ='ITNO,' TIME="TIME

WRITE (2,*) 'ITNO ='ITNO,’ TIME= TIME

WRITE (3, 'ITNO='ITNO, TIVE ="TNIME

WRITE (4, 'ITNO="ITNO: TIME =“TIME

RETURN

END

SUBROUTINE HOTNEW(ZNEW,N,M,ITNO,VHIN,QHNEW,TIMESTEP, TIME,DT)
REAL ZNEW(N,M-1)
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
IF(ITNO.EQ.I) THEN
CALL HOTVELO(QHNEW.VHNEW)
HOTDIFF=(VHNEW-VHIN)/(TIMESTEP/DT)
ENDIF

IF(TIME.LE.TIMESTEP) THEN

DO 1 1= NHIN-L

ZNEW(,)  =ZNEW(l1)+HOTDIFF
CONTINUE

ENDIF

RETURN

END

SUBROUTINE COLDNEW(ZNEW,N,MITNO,VCIN,QCNEW,TIMESTEPTIME AL DT)
REAL ZNEW(NM-1)
CALL DHEXMETER(NHINNHOUT NCINNCOUT,DR D2)
IF(ITNO.EQ.I) THEN
CALL COLDVELO(QCNEW.VCNEW)
COLDIFF  =(VCNEW-VCIN)(TIMESTEPIDT)
VCLDNEW ~ =VCIN
ENDIF
IF(TIVE LE TIMESTEP) THEN
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VCLDNEW  =VCLDNEW+COLDIFF

DO 11 I=NHOUT+LNCIN-L
ZNEW(L1)  =AL*VCLDNEWA{L -AL*ZNEW(, 1)
ZNEW(1 M) =AL*ZNEW(I,M-1)+{AL-L)'VCLDNEW

il CONTINUE
ENDIF
RETURN
END

C

C  FOR:CALC. VELOCITY, PRESSURE AND TEMPERATURE OF STEADY STATE AND
c UNSTEADY STATE
SUBROUTINE EQUAT(USTD,ZNEW,ZOLD,RNEW,ROLD,P, TNEW,TOLD,N,MXAL,DT)
REAL ZNEW(N,M-1) ZOLD(N,M-1)
REAL RNEW(N+LM),ROLD(N+1M)
REAL TNEW(N,M), TOLD(N,M)
REAL P(N.M)PC(NM)

ITNO =1
ITRESULT=1

C ERRMIN =0.00001
ERRMIN=0.00000001
TERR =00
ZERR =00
CONVH =0.0
CONVC=0.0
CONVERSEH=0.0
CONVERSEC=0.0

CALL GUESSZERO(PCN.M,LN)

CALL DHEXMETER(NHIN,NHOUT NCINNCOUT,DR D2)
C
C SIMPLE: HOT FLOW EQUATION
10000 IF(CONVH.NE.999) THEN

AL =1.0
15T -1



AVASSMIN - =0.000005

WTZ =0.8

CALL FLDFLW(TNEW,TOLD,ZNEW,ZOLD,RNEW,ROLD,P,PCN,MALDT,IST,
& |END,USTD,CONVH,ERRZH AMASSMIN, SUMH WTZ)
ENDIF

SIMPLE: COLD FLOW EQUATION

|F(CONVC.NE.999) THEN

ALC =XAL

ISTC =NHOUT+1

IENDC =NCIN-1

AMASSMIN ~=0.00003

WTZC =0.5
CALL FLDFLWFTNEW,TOLD,ZNEW,ZOLD,RNEW,ROLD,P,PCN,MALCDT.ISTC,
& IENDC.USTD.CONVC.ERRZCAMASSMIN.SUMCWTZC)
ENDIF

SIMPLE: HOT &COLD FLOW EQUATION
IF(CONVERSEH.EQ 999.AND.CONVERSEC.EQ 999.) THEN

AL =1.0
15T =1
[END =NHIN-1
AMASSMIN ~ =0.000005
WTZ =0.8
CALL FLDFLW(TNEW,TOLD,ZNEW,ZOLD,RNEW,ROLD,P,PCN,MALDT,IST,
& IEND,13STD.CONVERSEH.ERRZH AMASSMIN SUMHWTZ)
ENERGY EQUATION
INCASE OF TEST PRESSURE TERM
ST =1
ITEND =N

CALL ENERGY(USTD,P,ZNEW,RNEW, TOLD, TNEW,N,M,DT XAL,ITST,ITEND, TERR)

CHECK ERROR



c IF(ERRZH.GE.ERRZC) ZERR=ERRZH*100.
c IFERRZH.LT.ERRZC) ZERR=ERRZC" 100.
IF(ERRZH.GE.ERRZC) ZERR=ERRZH
IFERRZH.LT ERRZC) ZERR=ERRZC
IF(ZERR.GEJERR) THEN
ERROR-ZERR
ELSE
ERROR=TERR
ENDIF
9000  IF(ERRORLEERRMIN) GOTO 999
ITNO =ITNO+1
GOTO 10000
GOTO 9000
999 WRITE(V) 'ITNO ITNO,ICONVSE HOT . MH: CONVSE COLD".SUMC
RETURN
END

C FOR: CALC. ONLY VELOCITY AND PRESSURE (SIMPLE ALGORITHM)
SUBROUTINE FLDFLW(TNEW,TOLD,ZNEW,ZOLD,RNEW,ROLD,P.PCN,MALDT
& ISTIEND.USTDY,CONVSE,ZERRAMASSMIN,SUMWTZ)
REAL TNEW(N,M), TOLD(N,M),USTDY
REAL ZNEW(N,M-1) RNEW(N+1,M) P(N,M)
REAL ZGUSS(N,M-1),PC(N,M)
REAL ZOLD(N,M-1),ROLD(N+1M)
REAL APU(N,M-1),PRX(N+1,M)
MEAN:
PC(:) : CORRECTION PRESSURE MATRIX
APU(;): COEFT. OF PRESSURE DIVIDE COEFT ZNEW(.) SET IN MATRIX
PRX( )COEFT. OF PRESSURE DIVIDE COEFT RNEW(:) SET IN MATRIX
USTDY : UNSTEADY STATE OR STEADY STATE(0=UNSTEADY,1=STEADY)
CONVSE: CONVERGENCE IF CONTINUTY CONVERSE TO ZERO YET
IST . START ROWTO CALCULATE
IEND :END ROW TO CALCULATE

O OO O OO OO

c UNSTEADY EQUAL 1.0 MEAN MATRIXGUESSO) = MATRIXNEWO)
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UNSTEADY=L0
DO 1 MST.IEND
DO 1J=1M
PC(1,J)=0.75*PC(l)
1 CONTINUE
CALL GUESS(ZNEW,ZGUSSN,M-1,1ST IEND,UNSTEADY)
CALL ZMOMT(ZNEW,RNEW,ZOLD, TNEW,TOLD,P,APUNM,ALDT, 1STENDWTZ)

CALL RMOMT(RNEW,ZGUSS,ROLD.TNEW, TOLD,P,PRX,N,M,AL,DT,IST+L,IEND)
CALL PCORT(ZNEW,RNEW,TNEW,TOLD,PC APUPRXNMALDT
& 11ST, IEND, USTDY,CONVSE AMASSMIN, SUM)
CALL CORECT(ZNEW,RNEW,P,PC APU,PRX AL, IST.IENDN,M)
CALL ERRCALC(ZNEW,ZGUSS/IST,IEND 2, M-2N,M-1,ZERR)
IF(CONVSE.EQ.999) ZERRO.0
RETURN
END

c FOR CALC. ENERGY

SUBROUTINE ENERGY(USTD,P.ZNEW,RNEW, TOLD, TNEWN,M,DT XAL
&  ISTIENDTERR)

REAL ZNEW(N,M-1),RNEW(N + 1, M), TOLD(N,M), TNEW(N,M), TGUESS(N.M)
REAL P(NM)

REAL PW(M),PE(M),PP(M),PB(M) A(M),C(M)

ITNO =0

FACT 0.6

ERRMIN =0.00001

WT =0.8
CALL DHEXMETER(NHIN,NEIOUT,NCIN,NCOUT,DR DZ)
CALL GUESS(TNEW, TGUESSNM,LN,L)

Cc

50  SUMDIFF =0.0
TOTAL =0.0
¢ Assume TDMA COEFFICIENT MATRIXS ARE ZERO.
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caLL ZERO(PW,PE,PPPBAC,M)
DO 1NIST.IEND
D02 =2M-
TPO  =TOLDO.))
IF(LENHOUT) AL=L0
IF(LGT.NHOUT) AL=XAL
C se
TNEW(IM)  =AL¥TNEW(I M-L#(L-ALTNEW(ILM)
TNEW(L)  =AL*TNEW(M) +(L-AL*TNEW(12)

CALL RADIAL(,RNRSR)

CALL ZFLOWfZNEW.N.M.LJ.UP.UE.UW.UN.US)

CALL FLOW(RNEW,N+1M,J,VP,VEVW,VN,VS)

CALL ATEMP(TGUESSNM,I, , TP, TETW,TNTS)

CALL TDIFFUS(TGUESS,ZNEW,N,M,1.J,R RN,RS,DE,DW,DN,DS)

CALL TCONVEC(UP,UW,VP.VN,TP,TE,TW,TN,TS,R,RN.RS.AEAWAN AS)

CALL TSOURCE(ZN EW,RNEW.TP. N.M.I,J.SOUCE)

CALL TTIME(,TP.TPO.DT RCOEFTP,COEFTPO)

CALL TCOEFT(1.J,MAEAW.AN®S DE DW,DN,DS,COEFTP,COEFTPO
a  SOUCETPOALAP.AB)

AMASS=(RNVN-RSHVP)*DZ+R¥{UP-UW)

AB =AB-P(1,JJAMASS

CALLATEMPCTNEWNMJI.JTPTETWINTS)

CALL TDMAL(AWRE,APWT PW(J)IPE(J)PP(J), MD)

CONST =APX(L-WT)WT*TGUESS(l,J

PB(J) =AB+ANFTN*AS*TS+CONST

PB()) =PB( J*TWHALX2 *DWAFW)

PB(M-1) =PB( )+ TEX(2*DE-FEJ*(L-AL)

CALL TDMA3(PW(J),PE(J) PP(3) PB(I)AG-1).C-DAW).C(Y))
2 CONTINUE
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DO 10 L=M-1,2,-1

ANS =AL)FTNEW(I,L+1)+C(L)

DIFF =ABS(TNEW(,L)-ANS)

SUMDIFF  =SUMDIFF+DIFF

TNEWIL)  =FACT*ANSHL-FACTJ*TNEW(I,L)

TOTAL =TOTAL+TNEW(I,L)
10 CONTINUE
1 CONTINUE
AGRID =(IEND-IST+L)*(M-2)
TMEAN =TOTALJAGRID
ERROR =SUMDIFFTTMEAN/AGRID
ITNO-ITNO+L
40  IFERROR LE.ERRMIN) GOTO 60
GOTO 50
GOTO 40

C60 WRITER*) TEMPERA'ITNOERROR

60  CALL ERRCALC(TNEW,TGUESSIST,IEND,2M-1 NMTERR)
RETURN
END

C FOR : CALC. SOURCE TERM OF ENERGY EQUATION
SUBROUTINE ~ TSOURCE(ZNEW,RNEW,TP,N,M,I,J,SOURCE)
REAL ZNEW(N,M-1),RNEW(N +1,M)
CALL RRADIA(I,RP,RRSRR)
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
CALL ZFLOW(ZNEW,N,M|,JUP,UEUW,UN,US)
CALL FLOW(RNEW,N+1,MI, vP,VE VW VNV/S)

VS=VP

UE=UP
UZN=0.25*(UE+UW+UN+ZNEW(I +1,J-1))
UZ5=0.25%(UE+UW+US+ZNEW(I-1,J-1))
VRE=0.25*(VN+VS+VE+RNEW(I +1,J+1))
VRW=0.25%(VN+VS+VWHRNEW(I +1,J-1))
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IF(1.EQ.1)UZS=0.5+(UE+UW)

VIS=FVIS(TP)
AVRSQ =2, *VISDRADZIRPH{0.5*{VN+VS)) =2,
DUDRDVDZ =2 *VIS*RP¥UZN-UZS)*(VRE-VRW)
DVDRSQ -2, *VISRP*DZIDRHVN-VS)H(VN-VS)
DUDZSQ  =2.VIS*RP*DRIDZ*(UE-UW)'(UE-UW)
DUDRSQ = VIS*RP*DZIDR¥(UZN-UZS)*(UZN-UZS)
DVDZSQ = VISRP*DRIDZX(VRE-VRWJHVRE-VRW)
SOURCE ~ =DVDRSQ+AVRSQ+DUDZSQ+DUDRSQ+DUDRDVDZ+DVDZSQ
IF(1.GENHINAND.LLENHOUT)  SOURCE=0.0
IF(.GENCINAND.ILENCOUT)  SOURCE-0.0
RETURN
END

FOR: USED POWER LAWCALC. COEFICIENT OF TEMPERATURE
SUBROUTINE TCOEFT(l,J,M FE,FW,FN,FS,DE,DW,DN,DS.COEFTP,
COEFTPO.SOURCEAOLD.AL.AP.AB)

CALLPOWLAW(FE,FW,FN,FS,DE,DW,DN,DS.ELN,ELS)

AE =FEX(1 -AL}+DE
AW = FWFAL+DW

AN =FN¥(L-ELN)+DN
AS = FS*ELSHDS

IFUEQ)  AW-0.0
IFUEQ(M-))  AE=0.0
IFIEQY)  AS=0.0

AP = AE+AW+AN +AS+(FE-FW)+(FN-FS)+COEFTP
AB = COEFTPO'AOLD+SOURCE

IFJ.EQ.2) AP=AP+AL*(FW+2.‘DW)
IFJ.EQ.(M-1))  AP=AP+(1 -AL)¥2*DE-FE)
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FE =AE
FW -AW
FN =AN
FS -AS
RETURN
END

FOR: CALC. COEFICIENT OF TIME TERM.
SUBROUTINE  TTIME(, TP, TPO,DT,R,COEFTP,COEFTPO)

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

IF(LLT.NHIN) THEN
DENCP =FD(TP)*FCP(TP)
DENCPO =FD(TPO)*FCP(TPO)
ELSE
IF(LGT.NHOUT.AND.I.LT.NCIN)THEN

DENCP =FD(TP)*FCP(TP)

DENCPO =FD(TPO)*FCP(TPO)
ELSE

DENCP =FDS(TP)*FCPS(TP)

DENCPO =FDS(TPO)*FCPS(TPO)
ENDIF

ENDIF
IF(DT.NE.O.0) THEN
RDZBYDT -R*DZ/DT

COEFTP-DENCP ‘RDZBYDT

COEFTPO =DENCPO*RDZBYDT
ELSE
COEFTP-0.0
COEFTPO =0.0
ENDIF
RETURN
END

FOR : CALC. CONVECTION TERM OF ENERGY EQ.



SUBROUTINE TeeNVEC(UP,UW,VP,VN,TP,TE, TN, TSRtRN,RS,FE.FW FNFS)
CALL DHEXMETER(NHIN,NHOUT NCIN,NCOUT,DR,DZ)

APP  =FD(TP)*FCP(TP)

FE  =UP*R’0.5*(APP+FD(TE)*FCP(TE))

FW = *R*0.5*APP+FD(TW)*FCP(TW)

N =VN*RN*DZ*0.5*(APP+FD(TN)*FCP(TN))

FS =VP*RS*DZ*0.5*(APP+FD(TS)*FCP(TS))

RETURN

END

ITEWE%i0 610 0 0000 0P DB OB OO OBOBOBOE © 8 * By
FOR: CALC. DIFFUSION TERM OF ENERGY EQ.

SUBROUTINE TDIFFUS(TNEW,ZNEW,N,M,1.J,R,RN,RS,DE,DW,DN,DS)
REAL TNEW(N,M),ZNEW(N,M-1)

CALL ATEMP(TNEW,N,M,I.J, TP, TE, TW,TN,TS)
CALL CONDUC(TP,TE,TW,TN,TS.| AKEAKW.AKN.AKS)
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

RBYDZ =RIDZ

DZBYDR  =DZ/DR

DE=AKE*RBYDZ

DW=AKWHRBYDZ

DN=AKN*RN*DZBYDR

DS=AKS*RS*DZBYDR
IF(1.EQ.(NHIN-1).OR.|.EQ NHOUT.OR .EQ.(NCIN-1)) THEN
CALL HCOEFT(ZNEW,TNEWN.MJJH)

DN =2*H*RN*DZBYDR

DN =00

ENDIF

IF(1.EQNHIN OR.1.EQ.(NHOUT+1).0R.LEQNCIN) THEN
'CALL HCOEFT(ZNEW,TNEWNMJJH)

DS =2*H*RS*DZBYDR

DS =0.0

ENDIF
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IF(LEQ. 1) DS=0.0
IF(LEQ.NCOUT) DNO.O
RETURN

END

FOR: FIND THERMAL CONDUCTIVITY AT INTERFACE OF FLUID AND WALL
SUBROUTINE HCOEFT(ZNEW.TNEWNM,,JH)
REAL ZNEW(N,M-1), TNEW(NM)

CALL DHEXMETER(NHIN,NHOUT NCINNCOUT DR DZ)
IF(1LENHIN) THEN

X =l

Y =NHIN

T =TNEW(NHIN-L))

CALL TBULK(TNEW,ZNEW NMIX.Y.TB)

Pr =FVIS(TB)'FCP(TB)IFK(TB)

H  =FVIS(TR*FCP(TF)Pr

ELSE
X =NHOUT+1
IY  =NCIN-1

CALL TBULK(TNEW,ZNEWNIMIX,IY.TB)

Pr =FVIS(TB)*FCP(TB)IFK(TB)

IF(LEONHOUT.OR1EQ (NHOUT+1))  TF=TNEW(NHOUT+1,J)
IF(L EQNCIN.OR | EQ.(NCIN-1) TF=TNEW(NCIN-10)

H  =FVIS(TR*FCP(TF)Pr

ENDIF

RETURN

END

FOR : CALC. BULK TEMPERATURE FOR FIND THERMALCONDUCTIVITY AT INTERFACE
FLUID AND WALL

SUBROUTINE TBULK(TNEW,ZNEWNM,IX,IY,TB)

REAL TNEW(N,M),ZNEW(NM-1)

XIN =0.0



XOuT =0.0
TSUMIN =0.0
TSUMOUT =0.0

DO 1I=IX,lY

CALL RADIAL(I,RN,RS,R)

TFIN  =TNEW(I,1)

TFOUT =TNEW(I,M)

AIN -2 *3.14*R*ZNEW(1,1)* FD(TFIN)*FCP(TFIN)
AOUT  =2.*3.14*R*ZNEW(I,M-1 )*FD(TFOUT)*FCP(TFOUT)
XIN =AIN  +XIN

XOUT =AOUT +XOUT

TSUMIN =AIN*TFIN +TSUMIN

TSUMOUT =AOUT*TFOUT+TSUMOUT
CONTINUE

TBIN  =TSUMIN/XIN

TBOUT =TSUMOUT/XOUT

TB =(TBIN+TBOUT)/2.

RETURN

END

FOR : THERMAL CONDUCTIVITY OF FLUID AND SOLID

SUBROUTINE CONDUC(TP,TE, TW,TN,TS,IAKE.AKW,AKN,AKS)

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

IF(I.LLT.NHIN) THEN

CALL FLUIDK(TP,TE, TW,TN, TS ,AKE,AKW,AKN,AKS)

ELSE

IF(I.GT.NHOUTAND.I.LT.NCIN) THEN

CALL FLUIDK(TP,TE,TW,TN, TS, AKE,AKW,AKN,AKS)

ELSE

ENDIF

RETURN

END

CALL SOLIDK(TP,TE, TW,TNT'S,AKE, AKWHIAKN.AKS)

ENDIF
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FOR: FIND THERMAL CONDUCTIVITY OF FLUID
SUBROUTINE FLUIDK(TP,TE, TW, TN, TSAKE,AKW ,AKN,AKS)

FKTP=FK(TP)

AKE =0.5*(FKTP+FK(TE))
AKW =0.5*(FKTP+FK(TW))
AKN =0.5*(FKTP+FK(TN))
AKS =0.5*(FKTP+FK(TS))
RETURN

END

B ® ®®

FOR: FIND THERMAL CONDUCTIVITY OF SOLID

SUBROUTINE SOLIDK(TP, TE, TW, TN, TS,AKE,AKW ,AKN,AKS)

FKSTP=FKS(TP)

AKE =0.5*(FKSTP+FKS(TE))

AKW =0.5*(FKSTP+FKS(TW))

AKN =0.5*(FKSTP+FKS(TN))

AKS =0.5*(FKSTP+FKS(TS))

RETURN

END

ImwM&mmmmmwmimMmammmmmmmmwmmmmmmTmmM

FOR: SOLVE PRESSURE CORRECTION EQUATION (DERIVED FROM CONTINUETY)

SUBROUTINE PCORT(ZNEW ,RNEW , TNEW, TOLD,PC,APU,PRX,N,M,AL,DT
NST,IEND,UNSTEADY,CONVERSE,AMASSMIN,SUM)

REAL ZNEW (N,M-1),RNEW (N+1,M),TNEW (N,M),TOLD(N,M),PC(N,M)

REAL APU(N,M-1),PRX(N + 1,M)

REAL PW (M),PE(M),PP(M),PB(M),A(M),C(M),AGRID,ERROR

ITNO =0

FACT =0.8

ERRMIN =0.005
WARNING: NOT CHANGE WT VALUE

WT =1.0

IF(UNSTEADY.EQ.0.0)THEN

CALL PRATIO(ZNEW ,TNEW ,1ST,IEND,N,M,AL,RATIO)
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RATIO =10

ENDIF

SUMDIFF =0.0

TOTAL =0.0

SUM =0.0

CALL ZERO(PW ,PE,PP,PB ,AC,M)

DO 1 MST.IEND

DO 2 =2,M-1

CALL ATEMP(TNEW,N,M,I,LJ, TP, TE,TW,TN,TS)
APUP =APU(1,J)

APUW =APU(1,J-1)

PRXN  =PRX(l+1,J)

PRXP  =PRX(l,J)
DENOLD =FD(TOLD(I,J))
DEN =FD(TP)

DENN =FD(TN)
DENS =FD(TS)
DENE =FD(TE)

DENW =FD(TW)

CALL RADIAL(ILRN,RS,R)
CALL ZFLOW(ZNEW ,N,M,LJ,UP ,UE,UW ,UN,US)

CALL FLOW(RNEW,N +1IM.I,J,VPIVEIVW ,VNIVS)

CALLAEWP(DEN,DENE,DENW ,APUP ,APUW ,J,M,R,AE,AW)
CALL ANSP(DEN,DENN,DENS,PRXN,PRXP,ILIST,IEND,RN,RS,AN,AS)

CALL ABP(DEN,DENE,DENW ,DENN.DENS,DENOLD,uw,UP,VN,VP,

J,M,DT,RN,RS,R,AL,AB,RATIO)
CALL APP(AE,AW,AN ,AS AP)

PB(J) =AB+AN*PC(I+1,J)+AS*PC(I-1,J)

CALL TDMA1 (AW ,AE,AP,WT,PW(J),PE(),PP(J).M, )

CALL TDMA3(PW@Q),PEQ),PP@),PB(J),A(J-1),C(I-1),A(J),C(I))

SUM =SUM+ABS(AB)

CONTINUE
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40

c60

60

99

DO 10 L=M-1,2,-1

ANS =A(L)*PC(11L+1)+C(L)
DIFF =ABS(PC(I,L)-ANS)
SUMDIFF =SUMDIFF+DIFF
PC(l.L) =FACT*ANS+(1 -FACT)*PC(I,L)
TOTAL =TOTAL+ABS(PC(l,L))
CONTINUE
CONTINUE
AGRID =(IEND-IST+1,)*(M-2.)
PMEAN =TOTAUAGRID
IF(PMEAN.NE.O.O) ERROR =SUMDIFF/PMEAN/AGRID
IF(PMEAN.EQ.0.0) ERROR =SUMDIFF/AGRID

ITNO=ITNO+1
IF(ERROR.LE.ERRMIN) GOTO 60
GOTO 50
GOTO 40
WRITE(Y) 'PCORECT".ITNO,ERROR
W RITE(Y) 'CONVRSE'JTNO.SUM
IF(SUM.LT.AMASSMIN) THEN
WRITE(5T) 'FLOW IS CONVERSE AT
WRITE(5T) SUM
DO 99 IC=IST,IEND
DO 99 JC-1.M
PC(IC,JC)=0.0
CONTINUE
CONVERSE=999.
ELSE
CONVERSE=0.0
ENDIF
RETURN

END

FOR: FIND COEFFICIENT AT EAST AND WEST OF PRESSURE CORRECTION TERM

SUBROUTINE AEWP(DEN,DENE,DENW ,APUP,APUW ,J,M,RIAE,AW)
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DE= 0.5*(DEN+DENE)
DW=  0.5*(DEN+DENW)
AE= R*DE*APUP

AW = R*DW*APUW
IF(J.EQ.2) AW =0.0

IFJ.EQ.(M-1)) AE=0.0
RETURN

END

FOR: FIND COEFFICIENT AT NORTH AND SOUTH OF PRESSURE CORRECTION TERM
SUBROUTINE ANSP(DEN,DENN,DENS,PRXN.PRXP,11ST,IEND,RN,RS,AN,AS)

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

DN =0.5*(DEN+DENN)
DS =0.5*(DEN+DENS)
AN =RN*DN*DZ*PRXN
AS =RS*DS*DZ*PRXP
IF(ILEQ.IST) AS=0.0

IF(I.LEQ.IEND)  AN=0.0
RETURN

END

FOR: FIND HELP TERM TO CONVERGENCE :MASS CONSERVE (MASS IN / MASS OUT)
SUBROUTINE PRATIO(ZNP/V,TNEW, 1ST,IEND,N,M AL, RATIO)
REAL ZNEW (N,M-1), TNEW (N,M)
SUMIN =0.0
SUMOUT =0.0
DO 1MST.IEND
VZIN =ZNEW(I,1)
VZOUT =ZNEW(I,M-1)
TZIN =TNEW (I,1)
TZOUT =TNEW(I,M-1)
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
CALL RADIALO.RN.RS.R)
XIN =VZIN'2.*3.14*R*FD(TZIN)

XOouT =VZOUT*2.*3.14*R*FD(TZOUT)
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SUMIN =XIN  +SUMIN

SUMOUT =XOUT +SUMOUT
CONTINUE

IF(AL.EQ.1) RATIO=SUMIN/SUMOUT
IF(ALNE.))  RATIO=SUMOUT/SUMIN
RETURN

END

eR®

FOR: FIND SOURCE TERM OF PRESSURE CORRECTION ( REACH TO ZERO IF PROGRAM
CONVERSE)

SUBROUTINE ABP(DP,DE,DW,DN, DS, DOLD,UW,UP,VN,VP.J M,DT

& RNRSRALABRATIO)

GALL DHEXMETER(NHIN,NHOUT NCINNCOUT DR DZ)

IFUEQY)  UW=AL*UWH(1-ALUPRATIO

IFUEQ(M-))  UP=AL*UWFRATIOH(L-ALJ*UP

BN =RN*05DN+DPJ*DZ*UN

BS = RS*05%(DS+DP)DZ*VP

BE  =-R*05DE+DPUP
BW = R*05{DW+DP)UW
IF(DTEQ0.0) CONSTA0.0

IFDT.NE.0.0) CONST=(DOLD-DP)*R*DZ/DT
AB =BN+BS+BE+BW+CONST
RETURN

END

FOR : FIND COEFFICIENT OF pTERM
SUBROUTINE APP(AE,AW,AN,AS AP)
=AE+AW+AN+AS

RETURN

END

FOR : USED TDMA TO SOLVE MATRIX
SUBROUTINE TDMAL (AW,AE,AP,WT,PW,PE,PP,MCOL,J)
PW =AW

PE =AE
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PP =APWT

IFQ.EQ.2) PW-0.0
IFJEQ(MCOL-L))  PE=0.0
RETURN

END

C 1 ®®0::::::::0 0:0:0:0]?

SUBROUTINE TDMA2(CONSTAN,AS,AE,AW,AB,UN,US,UE,UW.PB.MCOL.J)
PB =AB+AN*UN+AS*US+CONST

IFJEQ2) PB =PBHAWAUW
IFUEQ(MCOL-)  PB  =PB+AE*UE
RETURN

END

® & m |

SUBROUTINE TDMA3(APW,APE,APP,APB,AOLD.COLDAVAL.CVAL)
AVAL=APE/(APP-APW*AQOLD)
CVAL=(APW*COLD+APB)/(APP-APW*AQLD)

RETURN

FOR : USED POWER LAWTO CALC. CONDUCT AND CONVEC. TERM
SUBROUTINE POWLAW(FE,FW,FN,FS,DE,DW,DN,DS,ELN,ELS)
IFFN.GE.0.0) ELN=1.0
IFFNLT.0.0) ELN=0.0
IFFS.GE.0.0) ELS=1.0
IKFSLT.0.0) ELS=0.0
CALL SUBPOWLAW(FE.DE)
CALL SUBPOWLAW(FW.DW)
CALL SUBPOWLAW(FN.DN)
CALL SUBPOWLAW(FS.DS)
RETURN
END
LAY S B o S B S M S S M S O S M MM SR Ol
SUBROUTINE SUBPOWLAW(CONVEC,DIFFUS)
IF(DIFFUSNE.O.0) THEN
POWERLAW=CONVEC/DIFFUS



IF(ABS(POWERLAW).LE.10) THEN
DIFFUS=DIFFUS¥(1 .-0.1 *ABS(POWERLAW))*5,
ELSE
DIFFUS=00
ENDIF

ENDIF

RETURN

END

FOR: SOLVE R-MOMENTUM
SUBROUTINE RMOMT(RNEW,ZNEW,ROLD.T. TOLD,PPRXN,MAL DT IST IEND)
REAL RNEW(N-+1,M),ROLD(N+1,M) RGUESS(N+1,M) PRX(N+LM)
REAL ZNEW(N,M-L), T(N;M), TOLD(N,M)IP(N.M)
REAL PW(M),PE(M),PP(M),PB(M) AM),C(M)
REAL AGRID.ANS
ITNO. =0
FACT =08
ERRMIN=0,00001
WT =05
UNSTEADY=L0
CALL DHEXMETER(NHINNHOUT,NCIN.NCOUT,DR D2)
CALL GUESS(RNEW,RGUESS N+L,MLN+1UNSTEADY)
CALL GUESSZERO(PRX,N+L M, 1IN+1)

SUMDIFF =00
TOTAL =0.0
CALL ZERO(PW,PE,PPPBAC.M)
DO 1 MSTJEND
DO 2 J=2,M-1
AOLD  =ROLD()
usw =ZNEW(I-L,J-1)
DENOLD ~ =05*(FD(TOLD(I,J)+FD(TOLD(I-LJ)))
TP T()
TS =T(1-1,J)

CALL RADIAL(IRN,RRPR)
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CALL RRADIAI RRNRRS RR)

CALL ZFLOW(ZNEWNMM,I,J,UPIUE,UW,UN,US)

CALL FLOW(RGUESSN+1 MlI,J,VP,VEVW,VN,VS)

CALL RDIFFUS(T,N,M,1,J,RRP,RRN,RRS,RR,RN,DE,DW,DN,DS,DNP,DSP)
CALLRCONVEC(T,UP,UW,US,USW,VP,VN,VSRRN,RRS,RR N,M,1.J,

AE,AW,AN,AS)

CALL RTIME(TP,TSDENOLDRR DT,SNEW,SOLD)

CALL RSOURCE(UP,UW, ,  VP.VN.VSDE.DW.DN, ,DNP,DSP,SOUCE)
CALL RCOEFT(J,M,AE AW, AN,AS,DE,DW,DN,DS,DNP,DSP,SNEW,SOLD,SOUCE
,AOLD,AL,AP,AB)

CALL FLOW(RNEW,N+1M,1.J,VP,VE VW, UNVS)

HELP PARAMETER INCASE VR(;) EQUAL ZERO ( IN CASE ONE DIMENTION)
IF(AP.EQ.0.0) AP=1.00
R"RPRRRBRP
PRX(1,J) =RRP*DZAWTIAP
WTX  =AP(L -WT)WT*RGUESS(LL)
CONST =RRP*DZ*(P(I-LJ)-P(l, J)*WTX

CALL TDMAL (AW, AE AP WT PW(J)PE(J),PPE)M, )
CALL TDMA2(CONSTAN,AS,AE, AW,AB VN,V VE VW, PB(J), M,J)
CALL TDMA3(PWI(J), PEQ), PP(), PB(9),A(J-1),C(-1)AW).CQ))

CONTINUE

DO 10 L=M-12-1

ANS =A(L)*RNEW(I,L+D+C(L)
RNEWIL)  =FACT*ANSH(L-FACT)RNEW(I,L)
DIFF =ABS(RNEW/(I,L)-ANS)

SUMDIFF  =SUMDIFF+DIFF

TOTAL =TOTAL+ABS(RNEW(.L))
CONTINUE

RNEW(L)  =(L-ALRNEW(12)

RNEW(ILM)  =AL*RNEW(I,M-1)
CONTINUE

AGRID =(IEND-IST+L)*(M-2)

RMEAN =TOTAL/AGRID
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IFRMEANNE 0.0) THEN

ERROR =SUMDIFF/RMEAN/AGRID
ELSE

ERROR =SUMDIFF/AGRID

ENDIF

ITNO=ITNO#1

40  IF(ERRORLE.ERRMIN) GOTO 60

60

GOTO 50
GOTO 40
RETURN
END

mssssem!!msms&wmmmimssss!3msssmsmm
FOR : FIND COEFFICIENT TERM OF R-MOMENTUM EQ.

SUBROUTINE RCOEFT(J,M,FE,FW,EN,FS,DE,DW,DN,DS,DNP,DSP,CONTNEW,

& CONTOLD,SOURCE,VROLDAL,AP.AB)

CALL POWLAW(FE,FW,FN,F3 DE,DW,DN.DS,ELN.ELS)
CALL POWLAW(FE,FW,FN,FS,DE,DW,DNP,DSP,ELN,ELS)
IFUEQ2)  PWe(L-ALMFW

IFOEQ(MH)  FE=AL*FE

AE =FE¥(1-AL)*DE

AW = PWFALDW

AN =FN¥(L-ELN)DN

AS = FS'ELS+DS

IFUEQ2)  AW=00

IFOEQ(M-)) AE=0.0

AP = AE+AWH(FE-PW)HFN*ELN-FS¥(L -ELS)}+DNP+DSP+CONTNEW
AB = CONTOLD*VROLD+SOURCE

IFUEQ2)  AP=AP+AL*(FW+2*DW)
IFJEQ(M-))  AP=AP+(1 -AL)2*DE-FE)

FE -=AE
W =AW
N =AN
S =AS
RETURN

END



FOR : FIND SOURCE TERM OF R- MOMENTUM EQ

SUBROUTINE RSOURCE(UP,UW,US,USW,VP,VN,V/S,DE,DW,DN,DS DNP.DSP
& BOURCE)

CALL DHEXMETER(NHIN.NHOUT NCINNCOUT DR D2)
RSORCE=(DN*VN-DNP*V/P)-(DSPHVP-DSHVS)
ZSORCE=(DE*(UP-US)-DWH(UW-USW))*DZ/DR

SOURCE =ZSORCE+RSORCE

RETURN

END

FOR : FIND COEFFICIENT OF TIME TERM OF R- MOMENTUM EQ.

SUBROUTINE RTIME(TP,TS,DENOLD,RR,DT,VLNEW,VLOLD)

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

IF(DT.NE.O ) THEN

VLNEW =0.5%(FD(TP)+FD(TS))*RR*DZ/DT

VLOLD =DENOLD*RR*DZ/DT

ELSE

VLNEW -0.0

VLOLD =0.0

ENDIF

RETURN

END

eERWY

FOR : FIND DIFFUSTION TERM OF R- MOMENTUM EQ.

SUBROUTINE RDIFFUS(T,N,M,l, J,RRP,RRN,RRS,RR,RN,DE,DW,DN,DS
,DNP,DSP)

REAL TINM)

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

CALL ATEMP(TNM,IJTP,TE TWINTS)

VISTP =FVIS(TP)
VISTS =FVIS(TS)
XN =VISTP*DZ*RRP/IDR/IRRN
XS =VISTS*DZ*RRPIDR/RRS

DE  =(VISTP+VISTSHFVIS(T(1-1,J+1)+FVIS(TE)*RRI4/DZ



T =(VISTPVISTSHRVIS(T(1-LJ-0)+FVIS(TW)J*RRI4/DZ

DN =XN*RN
DNP  =XN*RRP
DS =XS*RRP-DR)
DSP  =XS*RRP
RETURN

END

FOR : FIND CONVECTION TERM OF R- MOMENTUM EQ.
SUBROUTINE RCONVEC(TUP, , . VPVNVSRRNRRSRRNM.]
& FEFWFNFS)

REAL TINM)

CALL DHEXMETER(NHIN,NHOUT NCINNCOUT DR DZ)

CALL ATEMP(TNMIJTPTES | TNTS)

DENP  =FD(TP)

DENS  =FD(TS)

VPDENPS  =VP*(DENP+DENS)

RRP =0 5*(RRN+RRS)

FE=RR¥0.254(US* (DENS+FD(T(I-1,3+1)))+UP* DENP+FD(TE)))
FW=RR¥0.25*(USW(DENS+FD(T(I-L,J-1)))*UW*(DENP+FD )
FN=DZ*RRP*0.25*(VPDENPS+VN*(DENP+FD(TN)
FS=DZ*RRP*0.25*(VPDENPS+VSHDENS+FD(T(1-2,J))

RETURN

END

FOR : CORRECTED VELOCITY AND PRESSURE BY ADD TO PRESSURE CORECTION
TERM
SUBROUTINE CORECT(ZNEW,RNEW,PNEW,PC,APU,PRX,AL,1ST, IEND.N.M)
REAL ZNEW/(N,M-1),RNEW(N +1,M),PNEW(N,M),PC(N,M),AL
REAL APU(N,M-1),PRX(N+L,M)
INTEGER IST.IEND
CALC.
WT - WEIGHTING FACTOR OF PRESSURE
Z-MOMENT CORRECT : ZNEW(:) =ZNEW(:)+APU(:)
R-MOMENT CORRECT :  RNEW(:) =RNEW(:)+PRX(:)



PRESSURE CORRECT : PNEW() =PNEW(}+PC(:)
CALL BCORECT FOR INCLUDE PC(:),APU(})PRX() TERM

CALL SUBCORECT(PC,APUPRX,IST IENDNM)

WTP=08

DO 1 MST.IEND

DO 2 JZ=2M-2

INEW(LJZ)  =ZNEW(IJ2)+APU(1,J2)

ZNEW(L)  =ALXZNEW(LDHL-AL)*ZNEW(,)

ZNEW(IMHD)  =AL*ZNEW(L, M-2)+(L-ALFZNEW(I, M)

CONTINUE

DO 3 JR=2,M-1

RNEW(LJR)  =RNEW(ILJR}+PRX(1.JR)

RNEW(LD)  =(1 -ALRNEW(,)

RNEW(LM)  =AL*RNEW(I, M)

PNEW(ILJR)  =PNEW(LOR}WTP*PC(IR)

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE SUBCORECT(PCAPU,PRX, 1ST,[ENDN.M)
REAL PC(N,M)APU(N,M-1),PRX(N+1,M)

CALC.
Z-MOMENT CORRECT : APU(:)=(PC(:)-PC(:)*APU(:)
R-MOMENT CORRECT : PRX(:)=(PC(:)-PC())*PRX(:)
PRESSURE CORRECT :  PC(}) = PC(:)

DO 1 MST.IEND

DO 2 JZ=2M-2

APU(WZ)=APU(1JZ)*(PC(1,JZ)-PC(1,JZ+ )

CONTINUE

DO 3 JR=2,M-1

PRX(1,JR)=PRX(1,JR)*(PC(1-LJR)-PC(IIR)
CONTINUE
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CONTINUE

RETURN
END
P0000PEOOREOAEOP000REO:0000C0 000 00:0:00]
SET MATRIX TO ZERO:
SUBROUTINE GUESSZERO(PC,N,M,1ST,|END)
REAL PC(N,M)
PC(:) METRIX WILL SET TO ZERO
N  NO. OF GRID IN RADIAL DIRECTION
M NO. OF GRID IN RADIAL DIRECTION
1ST START GRID WILL BE SET
IEND END GRID WILL BE SET
DO 1 I=IST,IEND
DO 1 =1M
PC(1,J)=0.0
CONTINUE
RETURN
END
BRR:RARRRRRRR® PR RARRRRRRARARRRRRRRRE®
FOR: CALC Z-MOMENTUM EQ.
SUBROUTINE ZMOMT(ZNBV,RNEW,ZOLD, TNEW,TOLD,P,APU.N,M AL,
& DT.IST.IEND.WT)
REAL ZNEW(N,M-1),RNEW(N+1,M)IZOLD(N,M-1)IZGUESS(N,M-1)
REAL TNEW(N,M), TOLD(N,M),P(N,M),APU(NIM-1)
REAL ZMEAN,ERROR,AGRID
REAL PW(M-1),PE(M-1),PP(M-1),PB(M-1),A(M-1),C(M-1)
ITNO =0
FACT =0.6
ERRMIN =0.00001
CALL GUESS(ZNEW,ZGUESS,N,M-11 N, 1.)

CALL GUESSZERO(APU,N,M-1,1,N)

SUMDIF- =0.0
TOTAL =0.0

CALL ZERO(PW,PE,PP,PBAC,M-1)
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DO 1 MST.IEND
DO 2 =2,M-2

AOLD =ZOLD(l,J)

VNE  =RNEW(I+1,J+1)

DENOLD =0.5*(FD(TOLD(l, J))+FD(TOLD(l, J + 1))
TP =TNEW(1,J)

TE =TNEW(I,J+1)

CALL RADIAL(I,RN,RS,R)
CALL ZFLOW(ZGUESS,N,M, ,UP,UE,UW,UN,US)
CALL FLOW(RNEW,N+1,M, ,VP.VE.VW.VN,VS)
CALL ZDIFFUS(TNEW,AL,R,RN,RS,N,M,I,J,DE,DW,DN,DS)
CALLZCONVEC(TNEW,UP,UE,UW VP VE VN,VNE,N,M,|.J,AE,AW,AN, AS)
CALL ZTIME(TP,TE,DENOLD,DT.R.SNEW,SOLD)
CALL ZSOURCE(UP,UE,UW,VP,VE,VN,VNE,DE,DW,DN,DS,SOUCE)
CALL ZCOEFT(AE,AW,AN,AS DE,DW,DN,DS,SNEW,SOLD,SOUCEAOLD,AL,AP,AB)
CALL ZFLOW(ZNEW,N,M,[,J,UP,UE, ,UN, )

APU(l, J) =R/AP*WT

WTX =AP*(1.-WT)/WT*ZGUESS(,J)

CONST =R*(P(1,3)-P(1,J+1))+WTX

CALL TDMAL (AW,AE,AP,WT PW(J),PE(J),PP(J),M-1,J)
CALL TDMA2(CONST,AN,AS AE,AW,AB,UN,US,UE,UW,PB(J),M-1,J)

CALL TDMA3(PW(J),PE(J),PP(J),PB(J),A(J-1),C(J-1)A(J),C(J))
CONTINUE

DO 10 L=M-2,2,-1

ANS =A(L)*ZNEW(I,L+1)+C(L)
DIFF =ABS(ZNEW(I,L)-ANS)
SUMDIFF =SUMDIFF+DIFF
ZNEW(I.L) =FACT*ANS+(1 -FACT)*ZNEW(I,L)
TOTAL =TOTAL+ABS(ZNEW(I,L))
CONTINUE
ZNEW(I,1) =AL*ZNEW(1,1) +(1.-AL)*ZNEW(I,2)
ZNEW(I,M-1)  =AL‘ZNEW(,M-2) +(1.-AL)*ZNEW(I,M-1)
CONTINUE
AGRID =(IEND-IST+1,)*(M-3.)

ZMEAN =TOTAL/AGRID
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ERROR =SUMDIFF/ZMEAN/AGRID
ITNO=ITNO+1

IF(ERROR LE.ERRMIN) GOTO 60

GOTO 50

GOTO 40

RETURN

END

A

FOR : FIND COEFFICIENT OF Z-MOMENTUM EQ.
SUBROUTINE ZCOEFT(FE,FW,FN,FS,DE,DW,DN,DS,CONTNEW,CONTOLD,SOURCE
& VZOLDAL.AP.AB)

CALL POWI_AW(FE,FW,EN,FS,DE,DW,DN,DS,ELN,ELS)

AE =-FE*(1.-AL)+DE

AW = FW*AL+DW

AN — FN*(1 -ELN)+DN

AS = FS*ELS+DS

AP = AE+AW+AN+AS+(FE-FW)+(FN-FS)+CONTNEW
AB =CONTOLD*VZOLD+SOURCE
FE =AE

FW =AW

FN =AN

FS =AS

RETURN

END

FOR : FIND SOURCE TERM OF Z-MOMENTUM EQ

SUBROUTINE ZSOURCE(UP,UE,UW,VP,VE.VN.VNE,DE, DW.DN.DS,SOURCE)
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
ZSOURE=DE*(UE-UP)-DW*(UP-UW)
RSOURE=(DN*(VNE-VN)-DS*(VE-VP))*DR/DZ

SOURCE =ZSOURE+RSOURE

RETURN
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FOR : FIND CONVECTION TERM OF Z-MOMENTUM EQ.
SUBROUTINE ZCONVEC(TNEW,UP,UE, ,VP,VEVN,VNE,NIM,IIJ,FE,FWENFS)
REAL TNEW(N,M)
CALL RADIAL(I,RN,RS,R)
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
CALLATEMP(TNEW.N,M, TP, TE,TW.TN,TS)
RP =(RN+RS)/2.
DENP =FD(TP)
DENE =FD(TE)
UPDENP=UP*(FD(TP)+FD(TE))
FE=R*0.25(UPDENP+UE*(DENE+FD(TNEW(],J+2))))
FW=R*0.25*(UPDENP+UW*(DENP+FD(TW)))
FN=DZ*RP*0.25*(VN*(DENP+FD(TN))+VNE*(DENE+FD(TNEW(I+1,J+1))))
FS=DZ*RP*0.25*(VP*(DENP+FD(TS))+VE*(DENE+FD(TNEW(I-1,J+1))))
IF(LEQ,1) FS=0.0
RETURN
END

RERRERERRRRRRRRR ARANE FRRRRRARRRRRD
FOR : FIND COEFFICIENT OF TIME TERM OF Z-MOMENTUM EQ.
SUBROUTINE ZTIME(TP,TE,DENOLDIDT,R,VLNEW,VLOLD)
CALL DHEXMETER(NHIN,NHOUT,NCININCOUTDR,DZ)
IF(DT.NE.O.) THEN

RDZBYDT=R*DZ/DT
VLNEW =0.5*(FD(TP)+FD(TE))*RDZBYDT
VLOLD =DENOLD*RDZBYDT

ELSE
VLNEW =0.0
VLOLD =0.0

ENDIF

RETURN

END

BRAAEREEPEREAERER: AR ERERAREERRAER®P®EAERRE®RPR®®®
FOR : FIND DIFFUSTION TERM OF Z-MOMENTUM EQ.

SUBROUTINE ZDIFFUS(TNBVV,AL,R,RN,RS,N,M, |,J,DE,DW,DN,DS)
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REAL TNEW(N,M)

CALL DHEXMETER(NHININHOUT,NCIN,NCOUT,DR,DZ)
CALL ATEMP(TNEW,N,M,1.J, TP,TE,TW,TN,TS)

RBYDZ =R/DZ

DZBYDR=DZ/4./DR

VISTP  =FVIS(TP)

VISTE =FVIS(TE)

VISTPTE=VISTP+VISTE

DE=VISTE*RBYDZ

DW=VISTP*RBYDZ
DN=(VISTPTE+FVIS(TN)+FVIS(TNEW(I+1,J+1)))*RN*DZBYDR

DS=(VISTPTE+FVIS(TS)+FVIS(TNEW(I-1,J+1)))*RS*DZBYDR

B.c.

IF(LEQ.1) DS=0.0
IF(I.LEQ.(NHIN-1)) DN=2.*DN
IF(LEQ.(NHOUT+1)) DS=2.*DS
IF(.LEQ.(NCIN-1)) DN=2.*DN
IF(J.EQ.2) DW=AL*DW
IF(J.EQ.(M-2)) DE=(1-AL)*DE
RETURN

END

INPUT VALUE

SUBROUTINE STUDYNO(STEAD)

REAL STEAD

WRITE(*#)" elect one choice for calc. '

WRITE(*#) .Calc, only steady state.1

WRITE(* *)'2.Calc. steady state and unsteady state continue.1
WRITER*)'Please enter choice =

READ (*¥) STEAD

C

RETURN

END

wmmmmmmmmmmmmmwmwmé&mmm



SUBROUTINE INPCONST(QHIN,QCIN,THIN,TCIN,AL,DT)
REAL QHIN,OCIN,AL(IXI 7LHIN7IClw

INPUT:

1.HO T FLOW RATE.(LITE/MIN)

2.COLD FLOW RATE.(LITE/MIN)

3.HOT FLUID TEMPERATURE.(C)

4.COLD FLUID TEMPERATURE.(C)

0O OO O OO

5.INDEPENDENT WITH TIME:DT=0.0
WRITE(*¥)'INPUT HOT FLOW RATE.(LITE/MIN)'
READ (*¥) QHIN

WRITE(*¥)'INPUT HOT FLUID TEMPERATURE.(C)'

READ (*¥) THIN

WRITE(*¥)'INPUT COLD FLOW RATE.(LITE/MIN)'
READ (*¥) QCIN

WRITE(*,*)INPUT COLD FLUID TEMPERATURE.(C)'
READ (*¥) TCIN

WRITE(*¥)'COUNTER CURRENT OR CO-CURRENT

WRITE(*¥)'INPUT " FOR CO-  CURRENT'
WRITE(*,*)'INPUT "2' FOR COUNTER CURRENT"
READ (*¥) AL

RETURN

END

SUBROUTINE NEWINPUTtQHIN.QCIN.THIN.TCIN.CHOICE)
REAL QHIN.QCIN.THIN.TCIN
¢ INPUT:NEW DATA THAT VARIES WITH TIME.(UNSTEADY STATE)
c CHOICE 1:VARIES HOT TEMP.(C)
c CHOICE 2:VARIES FLOE RATE OF HOT FLUID.(LITEMN)
C CHOICE 3:VARIES FLOW RATE OF COLD FLUID.(LITE/MIN)
C CHOICE 4A/ARIES ALL CASE
WRITE (*¥)'INPUT NEW CONDITION FOR UNSTEADY STATE.
WRITE (*¥)' ELECT 1CHOICE'

WRITE (**)' ELECT NO.1 FOR VARIES TEMP.OF HOT FLUID.'
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WRITE (*¥)' ELECT NO.2 FOR VARIES FLOW RATE OF HOT FLUID."
WRITE (*¥)' ELECT NO.3 FOR VARIES FLOW RATE OF COLD FLUID.'
WRITE (*¥)' ELECT NO.4 FOR VARIES ALL CASE."

WRITE (*¥)'PLEASE ENTER CHOICE ='

READ (*¥) CHOICE

IF(CHOICE.EQ. 1 OR .CHOICE.EQ.4.) THEN

WRITE(*,*'INPUT HOT FLUID TEMPERATURE.(-C)

READ (*%) THIN

ENDIF

IF(CHOICE.EQ.2.0R .CHOICE.EQ.4.) THEN

WRITE(**'INPUT HOT FLUID RATE.(LITE/MIN)'

READ (*¥) QHIN

ENDIF

IF(CHOICE.EQ.3.0R .CHOICE.EQ.4.) THEN

WRITE(*¥)'INPUT COLD FLUID RATE.(LITE/MIN)'

READ (*¥) QCIN

ENDIF

WRITE(*¥)'INPUT NEW COLD FLUID TEMPERATURE.(-C:MAY BE CHANGE)'
READ (‘¥ TCIN

RETURN

END

FOR UNSTEADY STATE CASE INPUT TIME THAT WHAT KNOW SOLUTIONS .
SUBROUTINE ATTIME(TIMEEND)

REAL TIMEEND

WRITE(*¥)'INPUT TIME THAT WANT TO KNOW RESULT:(SEC)'
READ (*¥) TIMEEND

RETURN

END

ARRRRRARRRERRE ARRRRRIRRRRERRRERRRIRRIRE]
SUBROUTINE THOTCHAGE(TNEW, THNEWITCNEW AL IN1M)
REAL TNEW(N.M)

CALL DHEXMETER(NHIN,NHOUT,NCINNCOUTDRDZ)

DO 11=1,NHIN-1

TNEW(I,1)=THNEW
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CONTINUE
DO 2 IC=NHOUT+1,NCIN-1
TNEW(IC, 1)=AL*TCNEW+(1 -AL)*TNEW(IC, 1)

TNEW(IC,M)=AL*TNEW(IC,M)+(1.-AL)*TCNEW

CONTINUE

RETURN

END

SUBROUTINE HOTVZNEW(QHNEW,QHOLD,TIMESTEP,DT,VZIN)
REAL QHNEW,QHOLD,TIMESTEP,DT,VZIN

CALL HOTVELO(QHNEW.VHNEW)

CALL HOTVELO(QHOLD.VHOLD)

CALL VARIEFLOW(VHNEW VHOLD.TIMESTEP.DT.DIFFVELO)
VZIN=VZIN+(VHN EW-VHOLD)/(TIMESTEP/DT)

RETURN

END
WCMM@&WSI@&A@8AE8SISIASIISIGK<TR’<USSIESSIfISISA
SUBROUTINE VARIEFLOW(VZNEW,VZOLD,TIMESTEP,DT,DIFFVELO)
REAL VZNEW VZOLD, TIMESTEP,DT,DIFFVELO
CALC:
1.VELOCITY CHANGE IN TIME STEP :VELOCITY/TIMESTEP
2. VELOCITY CHANGE PER ITERATIVE:VELOCITY/(TIMESTEP/DT)
DIFFVELO=(VZNEW-VZOLD)/(TIMESTEP/DT)

RETURN

END

SUBROUTINE TCDCHAGE(TNEW,N.M. TCNEW,AL)
REAL TNEW(N,M)

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
DO 10 I=NHOUT+1,NCIN-1

TNEW(1,1)=AL*TCNEW+(1 ,-AL)*TNEW(, 1)
TNEW(I,M)=AL*TNEW(I,M)+(1 -AL)*TCNEW

CONTINUE

RETURN

END
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SUBROUTINE COLDVZNEW(QCNEW,QCOLD, TIMESTEP,DT,VZIN)
REAL QCN EW.OUULD7I IMESTEPIUI VZ1FT

CALL COLDVELO(QCNEW.VCNEW)

CALL COLDVELO(QCOLD.VCOLD)

CALL VARIEFLOW(VCNEWVCOLD, TIMESTEP,DT,DIFFVELO)

VZIN=VZIN+DIFFVELO

RETURN

REALQHIN,VHIN,RADIALHOT,CROSSAREAHOT,CONVERSEQHIN
CALC.:

HOT VELOCITY INPUT=(HOT FLOW RATE /CROSSECTIONAL AREA)
CALL RPIPE(RADIALHOT,RCOLDOUT,RCOLDIN,RATIO)
CROSSAREAHOT=3.1415927*RADIALHOT**2.
CONVERSEQHIN=QHIN/60./1000.

VHIN =CONVERSEQHIN/CROSSAREAHOT

RETURN

END

RRERRRRRRRRRRERRRERRERERRRR
SUBROUTINE COLDVELO(QCIN,VCIN)

REAL QCINVCINIRCOLDOUT.RCOLDIN,CROSSAREACOLD,CONVERSEQCIN
CALC.:

COLD VELOCITY INPUT=(COLD FLOW RATE /CROSSECTIONAL AREA)
CALL RPIPE(RADIALHOT,RCOLDOUT,RCOLDIN,RATIO)
CROSSAREACOLD=3.1415927*(RCOLDOUT**2.-RCOLDIN**2.)
CONVERSEQCIN =QCIN/60./1000.

VCIN =CONVERSEQCIN/CROSSAREACOLD

RETURN

END

O R RO R R R R R RO RO R R R R R R R R O R CRCRCRCRCR R R R R RO CRORCRORCH CAC)

CONSTANT PARAMETER

SUBROUTINE DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
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C
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REAL DR,DZ
INTEGER NHIN,NHOUT,NCIN,NCOUT

CONSTANT:
DZ =AXIAL DIFFERENCE  (m)
DR =RADIAL DIFFERENCE  (m)

NHIN  =NO.CELL AT INNER DIAMETER TUBE:(HOT PIPE)

NHOUT =NO.CELL AT OUTER DIAMETER TUBE:(HOT PIPE)

NCIN  =NO.CELL AT INNER DIAMETER SHELL:(COLD PIPE)

NCOUT =NO.CELL AT OUTER DIAMETER SHELL: (COLD PIPE)
Dz =0.05

DR =0.0005
NHIN =16
NHOUT =17
NCIN =25
NCOUT =26
RETURN
END

m

SUBROUTINE RPIPE(RADIALHOT,RCOLDOUT,RCOLDIN,RATIO)
REAL RADIALHOT.RCOLDOUT.RCOLDIN,RATIO
CALC:

RADIAL OF HOT TUBE AND COLD SHELL.

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
RADIALHOT ~ =DR*(NHIN-1)

RCOLDOUT ~ =DR*(NCIN-1)

RCOLDIN =DR*NHOUT

RATIO =RCOLDIN/RCOLDOUT
RETURN
END

READ MATRIX

SUBROUTINE ATEMP(TNM.LJTP.TE TW,TN.TS)
REAL T(NM)
T =T()



TE =T(1,J+1)
™ =T(1,3-1)
™ =T(1+1,J)
TS =T(1-1.3)

FILEO 1)TS=TP
RETURN

END

SUBROUTINE ZFLOW(VZ,N,M,1,J,UP.UE.UW,UN,US)
REAL VZ(N,M-1)

UP=vZ(1,J)

UE=VZ(1,J+1)

uw=vz(l,J-1)

UN=VZ(I +1,J)

us=vz(-1,J)

IF(LEQ.T) US=UP

RETURN

END

[QY0aKOR ! 1S3 @EVE] | |

SUBROUTINE FLOWA,N,M,1,J,UP,UE,uw,UN,US)
REALANN.M)

UP=A(l,J)

UE=A(1,J+1)

UWEA(,J-1)

UN=A(+1,J)

US=A(I-1,J)

RETURN

END

C WRITE RESULT
SUBROUTINE WUNSTED(ZNEW,RNEW,PNEW, TNEW,N,M)
REAL ZNEW/(N,M-1),RNEW(N + 1,M),PNEW(N,M), TNEW(N,M)
C WRITE:

C 1,Z-VELOCITY(M/SEC)
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C 2.R-VELOCITY(M/SEC)

(g

3.PRESSURE (KG/(M*SEC/'2.))

C 4 TEMPERATURE(C)
WRITE(111.1000)((ZNEW(1,J),1=1,N),J=1,M-1)
WRITE(112,2000)((RNEW(I,J),I=1,N +1),J=1,M)
WRITEOIS.SOOOXCPNEWO.JXM.N"I.M)
WRITE(114,4000)((TNEW(1,J),1=1 ,N),J=1 ,M)

1000  FORMAT(2X,'Z FLOW',/26(1X,F7.5))

2000 FORMAT(2X,'R FLOW'/27(1X,F8.6))

3000 FORMAT(2X,PRESS '126(1X,F10.5))

4000 FORMAT(2X, TEMP '/26(1X,F6.3))

RETURN

END

SUBROUTINE WSTEADY (ZNEW,RNEW,PNEW, TNEW,N,M)

REAL ZNEW(N,M-1),RNEW(N +1,M),PNEW(N,M), TNEW(N,M)

C wre:

C 1,Z-VELOCITY(M/SEC)

C 2. R-VELOCITY(M/SEC)

C 3. PRESSURE (KG/(M*SECA2.))
C 4. TEMPERATURE(C)

WRITE(1,1000)((ZNEW(1,J),1=1 ,N),J=1 ,M-1)
WRITE(2,2000)((RNEW(1,J),I=1,N +1),J=1 ,M)
WRITE(3,3000)((PNEW(I1J),I=1,N),J=1,M)
WRITE(4,4000)((TNEW(1,J),I=1 ,N),J=1 ,M)

1000  FORMAT(2X,'’Z FLOW'/26(1X,F7.5))

2000 FORMAT(2X,'R FLOW'/27(1X,F8.6))

3000 FORMAT(2X,'PRESS ',/26(1X,F10.5))

4000 FORMAT(2X, TEMP '126(1X,F6.3))
RETURN

END

SUBROUTINE GUESSTNEWCTrHINJCIN.TNEW.N.M)
REAL TNEW(N,M),THIN,TCIN

C GUESS:



¢ TEMPERATUREAT FRIST CALC.

C +ewmP. oF FLUID IN TUBE EQUAL THIN
C TEMP. OF SOLID AND FLUID IN SHELL EQUAL TCIN
CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
DO 1J=1,M
DO 2 IH=1.NHIN-1
TNEW(IH,J)=THIN
2 CONTINUE
DO 3 I=NHIN,NCOUT

TNEW(1,J) =TCIN

3 CONTINUE

1 CONTINUE
RETURN
END

SUBROUTINE GUESSPNEW(PNEW,VHIN,THIN,VCIN.TCINAL.N.M)
REAL PNEW(N,M),ALENGHT,ANT,APLUS ,BPLUS AL 1-

CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

CALL RPIPE(RADIALHOT,RCOLDOUT,RCOLDIN,RATIO)
ALENGHT=DZ*M

BAT =1.-RATIO**2.

CPLUS  =(1 -RATIO**4.)/BAT-BAT/log(1 ./RATIO)

DO 1J=1,M
DO 21=1,N
PNEW(1,J)=0.0
2 CONTINUE
ANT  =(J-1.)/(M-1.)

APLUS =1.-ANT
BPLUS =AI*(1.-2.*ANT)+ANT

DO 10IH=1,NHIN-1

CAR =VHIN*8.*FVIS(THIN)'ALENGHT/RADIALHOT **2

PNEW(IH.J) =CAR*APLUS-GAR

10 CONTINUE
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DO 20 IC=NHOUT+1,NCIN-1

FAN =VCIN*8.*FVIS(TCIN)*ALENGHT/CPLUS/RCOLDOUT**2.
BAN =FAN*BPLUS
PNEW(IC.J) =BAN-FAN
20 CONTINUE
1 CONTINUE
RETURN

END

SUBROUTINE GUESSRNEW(RNEW,N,M)
REAL RNEW(N + 1,M)
C GUESS:
C PRESSURE AT FRIST CALC.(RNEW(:))
DO 11A=1,N
DO 1JA=1,M
RNEW(IA,JA)=0.0
1 CONTINUE
RETURN
END
C OWSISmSi.
SUBROUTINE GUESSZNEW((ZNEW,VHIN,VCIN,AL, N.M)
REAL ZNEW(N,M-1),AL
CALLDHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
CALL RPIPE(RADIALHOT,RCOLDOUT,RCOLDIN,RATIO)
GUESS:
1. HOT TUBE
ASSUME : PARABOLIC VELOCITY PROFILE ALONG THE TUBE EXCEPT Z-O.O(INPUT)
DETERMINE: VELOCITY INPUT IN HOT PIPE EQUAL ALL CROSSECTION.

2. COLD SHELL

CO OO OO OO

DETERMINE: VELOCITY INPUT IN COLD PIPE EQUAL ALL CROSSECTION.
DO 1 =1M-1

DO 2 IA=1,N

ZNEW(IA,J)=0.0

2 CONTINUE

DO 3 IB=1,NHIN-1
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CALL RADIAL(IB,RN,RS,R)

ZNEW(IB,J)=2.*VHIN*(1.-((RN+RS)/2./DR/(NHIN-1))**2.)

ZNEW(IB,1)=VHIN

CONTINUE

DO 4 IC=NHOUT+1,NCIN-1
CALL RADIAL(IC,RN,RS,R)
SRATIO=0.5*(RN+RS)/RCOLDOUT
FAT =1 ,-SRATIO**2.+(1 -RATIO**2.)/LOG(1 ,/RATIO)*LOG(SRATIO)
BAT =1.-RATIO**2.
CPLUS =(1.-RATIO**4.)/BAT-BAT/log(1./RATIO)
APPLE -FAT/CPLUS
COOK =2.*VCIN*APPLE
ZNEW(IC.J) =COOK*AL+(AL-1)*COOK
ZNEW(IC, 1) =AL*VCIN+(1 -AL)*ZNEW(IC, 1)
ZNEW(IC,M-1)=AL*ZNEW(IC,M-1)+(AL-1.)*VCIN

CONTINUE

CONTINUE

RETURN

END

(A~ A A A A A A AAN
(Ao an
SUBROUTINE GUESS(ANEWAOLD,NROW,MCOL,IST,IEND,UNSTEADY)

REAL ANEW(NROW,MCOL),AOLD(NROW,MCOL),UNSTEADY

MEAN:

NROW :NO.ROW OF A(:)
MCOL .NO.COLUMN OF A()
1ST :NO.ROW START CALC.
IEN :NO.ROW END CALC,
UNSTEADY:

L.UNSTEADY =0.0 ".CALC.STEADY STATE 90
AOLD(:) EQUAL ZERO AT STEADY STATE
2 UNSTEADY =1.0 :CALC.UNSTEADY STATE 90
AOLDC) EQUAL ANEW(:) AT PREVIOUS TIME
IF(UNSTEADY.EQ.0.0)THEN
DO 1 IA=IST,IEND

DO 1JA=1,MCOL
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AOLD(IA, JA)=0.0
AOLD(IA,JA)=0.0
1 CONTINUE
ELSE
DO 10 IB=IST,IEND
DO 10JB=1,MCOL
AOLD(IB,JB)=ANEW(IB,JB)
AOLD(IB,JB)=ANEW(IB,JB)
10 CONTINUE
ENDIF
RETURN

END

SUBROUTINE ZERO(PW,PE,PP,PB A &,LDx)

REAL PW/(LDX),PE(LDX),PP(LDX),PB(LDX),A(LDX),B(LDX)
C SET:
C TRANSFER MATRIX IN TDMA ALGORITHM EQUAL ZERO

DO 1 1=1,LDX

PW(1)=0.0

PE(l)
PP(I)
PB(])
A(1)=0.0
B(1)=0.0

1 CONTINUE

=0.0
=00
=0.0

RETURN

END

SUBROUTINE RADIAL(I,RN,R3,R)

REAL RN,RS,R

DETERMINE:

RS.RRS INTERFACE OF CELL IN SOUTH DIRECTION

RN.RRN INTERFACE OF CELL IN NORTH DIRECTION

OO0 0 O

R,RR :DR*RCELL =DR*((RN+RS)/2.)

c DISTANCE FOR CENTER LINE OF GRID PIONT OF Z-VELOCIY,TEMP,PRESSURE



CALL DHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)

RS =DR*(I-1)

RN =DR*|

R =0.5%(RN**2.-RS**2.)
RETURN

END

GRRRIRRIRIPRERIIR| ARRIBRRIRIBRIRIBIRRIREE

SUBROUTINE RRADIA(IR,RRN,RRS,RR)

DISTANCE FOR CENTER LINE OF GRID PIONT OF R-VELOCIY

CALLDHEXMETER(NHIN,NHOUT,NCIN,NCOUT,DR,DZ)
RRS =DR*(IR-1)-0.5*DR

RRN =DR*IR-0.5*DR

RR =0.5*(RRN**2.-RRS**2.)

RETURN

END

142



LIQUID PROPERTY

1. HEAT CAPACITY FCP (W/KGIK)
2. HEAT CONDUCTION FK (1 IK)
3. DENSITY FD (KG/MA3)
4. VISCOSITY FVIS(KG/M/SEC)

FUNCTION FCP(T)

REAL T.FCP
FCP=((7.E-06)*(T+273.)**2.-0.0045*(T+273.)+4.8558 )*1000
END

FUNCTION FK(T)

REAL T,FK
FK=2*(-0.0075*(T+273.)**2.4+5.9536*(T+273.M79 14)/1000.
END

FUNCTION FD(T)

REAL FD,T

FD=-0.0039*(T+273.)**2. +2.0583*(T+273.)+726.15

END

FUNCTION FVIS(T)

REAL T.FVIS

FVIS=(0.2162%(T+273.)**2 -151 88*(T+273.)+27011.)*1 E-6

END
SOLID PROPERTY :Rhodium

1 HEAT CAPACITY :FCPS (W/KG/K)

2. HEAT CONDUCTION FKS (1 IK)

3. DENSITY FDS (KG/M*)

FUNCTION FCPS(T)
FCPS=Acps+(T-T)
FCPS=0.0878*T+273.93
END

FUNCTION FKS(T)
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AKS=149.0
FKS=Aks+(T-T)
END

3 FUNCTION FDS(T)
ADS= 12.4*1000
FDS=Ads+(T-T)

END



2. ?  ?» Matlab

21

load D\Deta\Tenp.det
t=Tenp;

Poolor(t);

Shading flat

2.3

load D\Data\\z.det
y=V/4
colommep(cool);
Podlor(2);

Hold on

Surf(z)

?

«
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Notation

area, m2

heat capacity at constant pressure, per unit mass 1 2 ZOC
diameter of cylinder, m

i + K+ <D =total fluid energy, kg.m2 sec2
gravitational acceleration 1 2 sec

internal energy, kg.m2 sec2

kinetic energy, kg.m2sec?2

thermal conductivity, kg.m/secBoC

fluid pressure, kg/m.sec2

p+ pgh, kg/m.sec2

energy fluxes, kg/ sec3

radius distance in cylindrical coordinates, m
energy source, kg/m. sec3

temperature, OC

time, sec

axial velocity of fluid in cylindrical coordinates, m
direction velocity of fluid in cylindrical coordinates, m
angular velocity of fluid in cylindrical coordinates, m
axial distance in cylindrical coordinates, m
viscosity, kg/ m.sec

fluid density, kg/ 3

angle in cylindrical, radians

viscosity stress tensor, kg/ m.sec2

potential energy, kg.m2 sec2

viscous dissipation, sec2



Supersaipts
1 correction
quess
0 old value
Conmonly Used Dimenrsionless graup
Nu = Nusselt number for heat transfer
Pe Peclet number
Pr Prandtl number
Re Reynolds number
Methenetical Operation

DDt = substantial derivative
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