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PROGRAM VERTICAL_FIN
XMAX = MAXIMUM BOUNDARY IN X-AXiS
YMAX = MAXIMUM BOUNDARY IN Y-AXIS
ZMAX = MAXIMUM BOUNDARY IN Z-AXIS
IMAX = INDEX NUMBER CORRESPONDED TO XMAX
JMAX = INDEX NUMBER CORRESPONDED TO YMAX
KMAX = INDEX NLIMBER CORRESPONDED TO ZMAX
YLIM = LIMIT LEVEL FOR FINE GRID
© JLIM = INDEX NUMBER CORRESPONDED TO YLIM
IMIN = INDEX NUMBER CORRESPONDED TO XMIN
PARAMETER {YMAX=3,, JMAX=100, YLIM=1.5, JLIM=T5, XMAX=1.,
+ IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)

PARAMETER (YMAX=3., JMAX=200, YLIM=1.5, JLIM=150, XMAX=1.,

£ IMAXZ10, IMIN=-5, ZMAX=1. KMAX=25, JTIP=100)
IMPLICIT REAL"B {A-H,0-2)

DIMENSION XM(IMIN-1:IMAX+1), YM(-1:JMAX+1), ZM(-1:KMAX+1),

+ XUMIN-TIMAX), YU(OIMAX), ZU(-1:KMAX+1),

+ o XV(IMINIMAX), WE1:JMAX), 2V(-1:KMAX1),

+ XW(IMINAMAX), YW(O:UMAX), ZW(-1:KMAX)

DIMENSION L(IMIN-1:MAX 0:JMAX ~1:KMAX+1),

+ V(IMINIMAX,=1:dMAX, -1 KMAX+1),

+ W(IMIN:IMAX,0:JMAX,-1:KMAX),

*  P(MIN:MAX,0:JMAX,O:KMAX),

+ PC{MINIMAX,0:MAX,0:KMAX),

+  TR(MING,0:TIP,O:KMAX),

* TAQMINIMAX,0:UMAX -1:KMAX+1)

INTEGERCH |

REAL LNOF, MAXST MAXERR

CHARACTER™1 VME

CHARACTER*8 TIME

COMMON/COORDINATE/XM,YM,ZMXU,YU,ZU XV, YV,ZV.XW,YW,2W

COMMONNARIABLEMUV.W,P.AC.TATF

COMMON/MS/IMS,JMS,KMS
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COMMON/MAXPOINTVME,IME,JME KME

WRITE("”) ENTER YOUR CHOICE 1=NEW , 2=CONTINUE'
READ(","}1Q
IF (10.EQ.2) THEN
OPEN(4,FILE='UQ" STATUS='OLD')
OPEN(5,FILE=VO" STATUS='0LD)
OPEN(6.FILE=WO',STATUS="0LD")
OPEN(7.FILE='ATO' STATUS='OLD')
OPEN(8 FILE='FTO" STATUS='OLD")
© OPEN(OFILE='DAT'STATUS='0LD")
OPEN(10FILE='PO" STATUS='0LD'}
OPEN({11,FILE='PCO"STATUS='0LD’)
C **** READ DATA ™
DO 1 K=-1,KMAX+1
DO 1.J=0,JMAX
READ{4,"} (U{1,d K)4=IMIN-1.IMAX)

1 CONTINUE
DO 2 K=-1KMAX+1
DQ 2 J=-1,JMAX

READ(5.") (V(1.J, K)I=IMIN,IMAX)

2 CONTINUE '
DO 3 K=-1,KMAX
DO 3.J=0,JMAX

READ(6,%) (W(1.J, K).|=IMIN,IMAX)

3 CONTINUE |
DO 4 K=-1KMAX+1 b -
DO 4 J=0,JMAX

READ(7.") (TA(1J,K)I=IMIN,IMAX)

4 CONTINUE
DO § K=0,KMAX
DO § J=0.4TIP

READ(B.") (TF{l,J.K).[=IMIN,0)



5 CONTINUE
DO 6 K=0,KMAX
DO 6J=0,JMAX
READ(10.*) (P(1.J.K).I=IMIN.IMAX)
READ(11,") (PC(1,J,K),1=IMIN,IMAX)
& CONTINUE
READ(9,") MIT
READ(9.")S
READ(3,*) MAXIT

CLOSE(4)

CLOSE(S)

CLOSE(6)

CLOSE(?)

CLOSE(8)

CLOSE(9)

CLOSE(16)

CLOSE(11)
ENDIF
OPEN(4,FILE="U")
OPEN(5FILE=V)
OPEN(6,FILE=W")
OPEN(7.FILE='AT')
OPEN(8,FILE='FT")
OPEN(9,FILE='RES")
OPEN(10,FILE="P")
OPEN(11.FILE='PCY)
OPEN{12,FILE='MP")
WRITE(*,*) PROGRAM START'
CALL DATA_INPUT (TH,8,L,5.TB,TS,NOF,NOI,MIT,MAXIT Q)
CALL PROPERTY_CAL (TB,7S,L,B,S,Gr.Pr)
CALL COOR_SPEC (TH, §)

XX = SA"GrPr



WRITE(") 'S1L.GI.PT = XX
{F (10.EQ.1) THEN
CALL ASSIGN_VALUE ()
MIT = 0
ENDIF
WRITE(9,7)
7 FORMAT(TS, MIT.\T10, MAX -VEL.ERR'T25, MAX.-ST."T40,
+  'SUM.ERR-PC.T55,SUM ERR-AT.T70, SUM.ERR,-FT'T85,
+  'HEAT-TRANSFER)
WRITE(12,8)
8 FORMAT(T1, MIT."T10,VMET48,IME\ 726, JME" T34, KME',
+  T50,1MS.T58/JMS'T66.KMS)
10 MIT=MIT+1
c
WRITEC?)" *
C WRITE(®") "
WRITE("") MAIN ITERATION NO. ' MIT
IF (MOD(MIT,5).EQ.0) THEN ‘
WRITE(4,") MAIN (TERATION NO. \MIT
WRITE(S,) MAIN ITERATION NO. " MIT
WRITE(6,") MAIN [TERATION NO. ' MIT
WRITE(7,) MAIN ITERATION NO, *MIT
WRITE(,*) MAIN ITERATION NO, ‘MIT
WRITE(10,") MAIN ITERATION NO. 'MIT
WRITE(11,"} 'MAIN ITERATION NO. *MIT
ENDIF
C WRITE(9.") 'MAIN ITERATION NO. 'MIT
WRITE("") PRESENT TIME : \TIME()
C  WRITE(9,") PRESENT TIME : " TIME()
c

CALL FLOW_CAL (8, B, L, Gr, MAXIT, MAXERR, MAXST, ERRP)

IF (MOD({MIT,5).EQ.0) THEN



DO 20 J=JMAX,0-1
WRITE(4,25) (U(1,d,5).1=IMIN-1,IMAX)
WRITE(6,30) (W{1.J, 5,I=IMIN,IMAX)
20 CONTINUE
DO 22J=JMAX1,-1
WRITE(5,30) (V{1,J,5)./=IMIN IMAX)
22 - CONTINUE |
ENDIF
25 FORMAT (17F12.4)
30 FORMAT (16F12.4)
IF (MOD(MIT,5).EQ.0) THEN
DO 35 J=JMAX,0,-T
WRITE(10,40) (P(L.J,5),1=IMIN,IMAX)
WRITE(11,40) (PC(1,d,5),I=IMIN, IMAX)
35 CONTINUE
ENDIF
40 FORMAT (16F14.8)
c
CALL AIRTEMP_CAL (S, B, L, Gr, Pr, MAXIT, ERRT)
. .
IF (MOD(MIT,5).EQ.0) THEN
DO 50 J=JMAX,0,-1
WRITE(7,55) (TA(1,J,5)1=IMIN,IMAX)
50 CONTINUE
ENDIF
55 FORMAT (16F11.5)
c.
CALL FIN_TEMP_CAL (B, 5, MAXIT, ERRF)

IF (MOD(MIT,5).EQ.0) THEN
DO 60 J=JTIP,0,-1
WRITE(8,65) (TF(1,d,5),1=IMIN,0)
80 CONTINUE

]



g2

ENDIF
65 FORMAT (6F11.5)
C
CALL HEAT_CAL (78,T5,8,L.8,Q,NOF)
c _
WRITE(9,70) MIT MAXERR MAXST ERRP ERRT.ERRF.Q
70 FORMAT(TS,13,T10,E10.4,T25,E10.4,T40,E10.4.T55F10.2T70,E104,
+ T85F8.2) \ '
© WRITE{12,72) MIT.VME,IME,JME, KME.IMS JMS,KMS
72 FORMAT(T1,13,T10,A1,718,13.T26,13,734,13,750,13,758,13,T66,13)
¢ WRITE(".") 'ENTER CHOICE: 1 =GO ON, 0 = STOP'
¢ READ(*") CH
¢ IF{CH.EQ.0)GOTO B85
IF (MIT-NO1) 10,85,85
85 WRITE(",*) 'ENTER CHOICE: 1= GO ON, 0 = STOP'
READ(".*) CH
IF (CH.EQ.0) GO TO 90
IF {CH.EQ.1) THEN
WRITE("*} '"NQ OF NEXT ITERATION : '
READ(","} NNOI '
NG| = NOt + NNO!
- GOTO 10
ENDIF
90 WRITE(".")" KEEP DATA FOR CONTINUE CAL.: 1=KEEP , 2=NOT KEEP"
READ(*"} IKE
If (IKE.EQ.1) THEN
CLOSE()
CLOSE(S)
CLOSE(6)
CLOSE(T)
CLOSE(8)
CLOSE(9)
CLOSE(10)



CLOSE(11)
0|PE'N(4.FILE='U0')
OPEN(5,FILE=VO")
OPEN(6.FILE=WO")
OPEN(7,FILE='ATO")
OPEN(B,FILE=FTO"
OPEN(Q.FI‘LE--‘DAT')
OPEN(10,FILE="PQ")
OPEN{11,FILE='PCO)
C ***=" WRITE DATA =
DO-91 K=-1,KMAX+1
DO 91 J=0,JMAX
WRITE(4,25) (U(1..K).I=IMIN-1,IMAX)
91 CONTINUE
DO 92 K=-1,KMAX+1
DO §2 J=+1,JMAX
WRITE(5,30) (V(1.J K).I=IMIN,IMAX]}
92 CONTINUE
DO 93 K=-1,KMAX
DO 93J=0,JMAX
WRITE(6,30) (W(1,J.K)./=IMIN,IMAX)
99 CONTINUE
DO 94 K=-1,KMAX+1
DO 94 J=0,JMAX
WRITE(7,55) (TA(,J,K)|=IMIN,IMAX)
94 CONTINUE
DO 95 K=0,KMAX
DO 95 1=0,JTIP
 WRITE(B,65) {TF(J.K).|=IMIN,0)
95 CONTINUE
DO 96 K=0,KMAX
DO 96 J=0.JMAX
WRITE({10,30) (P{1,d,K),!=IMIN,IMAX)
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WRITE(11,30) (PCUJ.K)I=IMIN,IMAX)
96 CONTINUE '
WRITE(9,) MIT
WRITE(9,") §
WRITE(S,") MAXIT
ENDIF
WRITE(",") ' KEEP FINAL RESULT / 1=KEEP, 2= UNKEEP'
READ{".") IKR
IF (IKR.EQ.1) THEN
CLOSE(2)
CLOSE(5)
CLOSE(S)
CLOSE(T)
CLOSE(8)
CLOSE(9)
CLOSE(10)
CLOSE(11)
OPEN(4,FILE='RESU")
OPEN(S,FILE="RESV")
OPEN(6,FILE='RESW!)
OPEN(7,FILE='RESAT"
OPEN(8.FILE="RESFT')
OPEN(9,FILE="RESF")
C = WRITE DATA =+
DO 97 K=5,25,10
WRITE(4,") ="K
DO §7 J=0,JMAX
WRITE(4,25) (U(1,J.K).|=IMIN-1,IMAX)
97 CONTINUE
DO 98 K=5,25,10
WRITE(S,") 'K=' K
DO 98 Jz=-1,JMAX
WRITE(S,30) (V{1 K}, | =IMIN.IMAX)
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98 CONTINUE
DO 86 K=1,25,2
WRITE(6,") 'K="K
DO 99 J=0,JMAX
WRITE(6,30) (W(1,,K),|=IMIN,IMAX)
95 CONTINUE
DO 100 K=1,25,2
WRITE(7,") K=K
DO 100 J=0,JMAX
WRITE(7,55) (TA(LJ.K)I=IMIN,IMAX)
100 CONTINUE
DO 101 K=5,25,10
WRITE(8,") 'K='K
DO 101 J=0,ITIP
WRITE(8,65) (TF(1.J.K)I=IMIN,0)
101 CONTINUE
DO 102 K=5,25,10
WRITE(9,") K=K
DO 102 J=0,JMAX
WRITE(9,30) (P(1,,K).I=IMIN,MAX)
102 CONTINUE '
ENDIF
WRITE(""}' PROGRAM STOP'
sTOP
END

SUBROUTINE DATA_INPUT (TH,B,L,5,78,TS,NOF,NOI,MIT,MAXIT,IQ]

C IMPLICIT REAL"8 (A-H,0-2)
REAL TH.B.L,8,TB.TS,NOF
TH=3
B =60.




0O O 0 0 0 o000 0000060

L = 250,

IF (1Q.EQ.2) THEN

WRITE(",") FIN SEPERATION = ',§,'mm.’
WRITE(",*) 'LAST MIT NO, =" MIT
WRITE(",") 'MAX. ITER, FOR FLOW CAL. = 'MAXIT

ENDIF

IF (1Q.EQ.1) THEN _
WRITE(".*) 'ENTER FIN SEPARATION (mm.) ;"' -
READ(".") §

ENDIF

T8 = 95,

78 = 15.
NOI =1
WRITE("")"  ENTER FOLLOWING DATA'
WRITEC")'  FIN THICKNESS (mm.): '
READ(*.") TH |
WRITE(",")* FIN HEIGTH (mm.) !
READ(*") B s
WRITE("")’ FIN LENGTH (mm.} : !
READ(*”)L
WRITE("*}'  FIN SEPARATION {mm.):
READ("*)
WRITE(")' 'BASE TEMPERATURE (CELCIUS)
READ(".")TB
WRITE("}" SURROUNDING TEMPERATURE (CELCIUSY
READ(*) TS

WRITE(™)' NO, OF ITERATIONS '

READ(*,") NO!

WRITE("}* NO. OF MAX ITERATION FOR FLOW CAL.'

READ(*.") MAXIT

NOF = 2"(190./(S+TH)) .
RETURN

END
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SUBROUTINE PROPERTY_CAL (T8,7S,L.B.S.Gr.Pr)
IMPLICIT REAL"8 {A-H,0-2)
REAL MUE,KA,KF NUE.L
COMMON/CONDUC/KA,KF
COMMON/C/CX,CY,CZ
COMMON/CT/CTX,CTY,C1Z
IF ((TB.GE.20.) .AND. (T8.LE.100.}) THEN
KF = 164, + (TS - 20./80,7(182, - 164.)
ELSEIF ({TB.GT.100.) .AND. (TB.LE.200.)) THEN
KF = 182, + (TS - 100,)/100.7(194. - 182.)
ENDIF

TAV = ((TB+273.1+{T5+273.))/2

IF ((TAV.GE.250.) .AND. (TAV.LT.300.)) THEN
FAC = (TAV-250.50.
RO = 1.3947 + FAC*(1.1614 - 1.3947)
MUE = {159.6 + FAC"(184.6 - 159,6))"1E-7
KA = (22.9+ FAC*(26.3- 22.9))*1E-3

" CP = (1.006 + FAC*(1.007 - 1.006)]*1€3

ELSEIF (TAV.GE.300.) .AND. (TAV.LT.350,)) THEN
FAC = (TAV-300,)/50.
RO = 1.1614+ FAC*(0.8950-1.1614)
MUE = (184.6 + FAC"(208.2-184.6))1E-7
KA = {(26.3+ FAC"(30.0- 26.3))1E-3
CP = (1.007 + FAC*(1.009 - 1.007))"1E3
ELSEIF ((TAV.GE.350.) .AND. (TAV.LE.400.)) THEN
FAC = (TAV-350,)/50,
RO = 0.9950 + FAC*(0.8711 - 0.9950)
MUE = (208.2 + FAC"(230.1 - 208.2)]"1E-7
KA = (30.0 + FAC®(33.8 - 30.0))"1E-3
CP = (1.009 + FAC*(1.014 - 1.009))"1E3
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ELSE
PAUSE 'AVERAGE AIR TEMP, OUT OF RANGE (250 TO 400 K)'

ENDIF

NUE = MUERO

BETA = 1/TAV |

Pr= MUE'CPIKA _ |

Gr = (9.81"BETA"(TB-TS)*(S*1.E-3)™ 3YNUE™™2

C1 = L{B"Gr)

CX = 4"C1

QY = ((§/8)™2)*C1

CZ = ((SA.)™2)*Ct

CT1 = LAB*GrPr)

CTX = 4*CT1

CTY = (($/8B)~2)*CT1

CTZ = ({SA)"2)"CT1

WRITE(*.*} SUBROUTINE PROPERTY_CAL PASSED'

RETURN

END

SUBROUTINE COOR_SPEC (TH, §)

IMPLICIT REAL"S {A-H,0-Z) .
'PARAMETER (YMAX=3., JMAX=100, YLIM=1.5, JLIM=T75 XMAX=1.
+  IMAX=10, IMIN=-5, ZMAX=T., KMAX=25, JTIP=50)

PARAMETER (YMAX=3,, JMAX=200, YLIM=1.5, JLIM=150, XMAX=1.,

+ IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=100}
PARAMETER (YMAX=S5., JMAX=125, YLIM=1.5, JLIM=75, XMAX=1.,
+ IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
DIMENSION XM(IMIN-1:IMAX+1), YM(-1:JMAX+1), ZM(-1:KMAX+1),

R XUPMIN-TIMAX), YU{O:WMAX), ZU(-1:KMAX+1),

+ XV(IMIN:IMAX), Y(-1:0MAX), ZV(-1KMAX+1),
+ o XW(IMIN:IMAX), YW(O:IMAX), ZW(-1:KMAX)
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COMMON/COORDINATEXM,YM,ZM, XU, YU,ZUXV, YV, 2V XW,YW,ZW

** MAIN GRID COORDINATE SPECIFICATION ™
DXA = XMAXIMAX |
- XMIN = -TH/S
DXF = XMINAMIN
DYF = YLIMALIM
DYC = (YMAX - YLIMY(JMAX - JLIM)
DZ = ZMAXIKMAX
XM{IMIN-1) = XMiN - DXF
DO 101=IMiN,0
XM(1) = XM(l-1) + DXF
10 CONTINUE
DO 20 1=1,IMAX+1
XM(1) = XM{I-1) + DXA
20 CONTINUE
YM(-1) = -DYF
DO 30 J=0,JLIM
YM(J) = YM(J-1) + DYF
30 CONTINUE
DO 40 J=JLIM+1, JMAX+1
M) = YM(J-1)+ DYC
40 CONTINUE
ZM(-1) = -DZ
DO 50 K=0,KMAX+1
ZM(K) = ZM(K-1) + DZ
50 CONTINUE
C
C " XVELOCITY GRID COORDINATE SPECIFICATION ™
c
DO 55 [=IMIN-1,-1
XU(1) = XM(1) + (DXF12.)
55 CONTINUE
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DO 80 1=0,IMAX
XU(l) = XM{1) + (DXA2.)
60 CONTINUE
DO 61.J=0,JMAX
YUW) = YMU}
61 CONTINUE
DO 62 K=-1,KMAX+1
ZU(K) = ZM{K)
62 CONTINUE
c
C ™ YAVELOCITY GRID COORDINATE SPECIFICATION ™=
. _
DO 63 I=IMIN,IMAX
XV(1) = XM(1)
63 CONTINUE
DO 64 J=-1,JLIM-1
YW(J) = YM(J) + (DYF/2.)
84 CONTINUE
DO 65 J=JLIM,JMAX
W) = YM(J) + (DYC/2.)
85 CONTNUE
DO 66 K=-1,KMAX+1
ZV(K) = ZM(K)
66 CONTINUE
c
C  ***ZVELOCITY GRID COORDINATE SPECIFICATION ™™
c .
DO 67 [=IMIN,IMAX
XW() = XM{1) '
67 CONTINUE
DO 68 J=0,JMAX
YW() = YM(J)
68 CONTINUE
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DO 69 K=-1,KMAX
ZW(K) = ZM(K) + (DZ/2.)

69 CONTINUE

c

¢

WRITE("") 'SUBROUTINE COORDINATE PASSED'
PAUSE 'SHOW COORDINATE AT BOUNDARY '
WRITE(",") XM{IMIN-1,') = "XM(MIN-1)
WRITEC™) XML IMAX+1,') = | XM(IMAX+1)
WRITEC,) 'YM(-1) = \YM(-1)

WRITE( *) 'YM{ JMAX+1.") = " YMIJMAX+H)
WRITE("") 'ZM(-1) = *ZM(-1)

| WRITE("") ZM( KMAX+1,") = | ZM(KMAX+1)

WRITE(",") 'XU(, IMIN-1,") = " XU(IMIN-1)

WRITE(",*) XU(,IMAX,") = | XU(IMAX)

WRITE(",") 'YU(0) = *YU(0)

WRITE(",") 'YU('JMAX," = " YU(IMAX)

WRITE(",") 'ZU(-1) = "2U{-1)

WRITE(",") ‘ZU( KMAX+1,") = " ZU(KMAX+1)
PAUSE **

DO 100 I=IMIN,IMAX

. wRITE('i') :xv(l'.l'l) = llxv(u

100 CONTINUE
C  PAUSE"

WRITE(".*) XVLLIMIN+1,1) = XVIMIN*+1)
WRITE(""] XV(LIMAX,'} = \ XV(IMAX)
WRITE(,") YW(-1) = "YV(-1)

WRITE(S™) W(LIMAX,) = L YV(IMAX)
WRITE(",*) 2V(-1) = " 2V(-1)

WRITE(",") '2V(" KMAX+1,") = " ZV(KMAX+1)
WRITE(",") ‘XW(LIMIN,") = ' XW(IMIN)
WRITE(",*} XW(.IMAX,") = | XW(IMAX)

. WRITE(".") "YW(C) = ,YW(0)

WRITE(™") YW(.JMAX,") = "YW(JMAX)
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102

WRITE(",") ZW(-1) = "ZW(-1)

WRITE(".") ZW(.KMAX,") = | ZW(KMAX)
C PAUSE"

RETURN

END

SUBROUTINE ASSIGN_VALUE ()

C  IMPLICIT REAL"S (A-H.0-2)

PARAMETER (YMAX=3., JMAX=100, YLIM=1.5, JLIM=75, XMAX=1,
+  IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)

PARAMETER (YMAX=3., JMAX=200, YLIM=1.5, JLIM=T5, XMAX=1,
¢ +  IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
PARAMETER (YMAX=5,, JMAX=125, YLIM=1.5, JLIM=75, XMAX=1.
e+ IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
DIMENSION U(IMIN-1:IMAX, D:JMAX,-1:KMAX+1),
+ V{IMINIMAX -1:0MAX,-1:KMAX+1),
+ WIMINIMAX,D:JMAX,-1:KMAX),
+  PMIN:AMAX,0:JMAX,0:KMAX),
+  PCUMIN:IMAX,0:JMAX,0:KMAX),
+  TFOMING,O.TIP,0:KMAX),
+  TAIMINAMAXO:UMAX -1KMAX+)
COMMONNARIABLE/UV.W.P.PC.TATF

(2]

(e}

C
C ™ SETVELOCITY AT ALL POINT EQUAL TO ZEROQ "™
c
DO 10{=IMIN-1,IMAX
D0 10J=0JMAX
DO 10 K=-1,KMAX+1 -
UlJK)= 0,
10 CONTINUE
DO 151=IMIN,IMAX
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DO 15 J=-1,JMAX
DO 15 K=-1,KMAX+1
V(LK) = 0.
15 CONTINUE
DO 20 I=IMIN,IMAX
DO 20 J=0,JMAX
DO 20 K=-1,KMAX
W(l.JK) = 0.
20 CONTINUE
c
C * SET PRESSURE + PRESS. CORREC. AT ALL POINT EQUAL TO ZERQ ™
. |
DO 25 I=IMIN,IMAX
DO 25 J=0,JMAX
DO 25 K=0,KMAX
P(LJ.K) = 0.
PC{1.J,K) = 0.
25 CONTINUE

*+ SET FIN'S TEMPERATURE AND AIR TEMP, ™
v SET TEMP, AT FIN'S BASE ™ '

O O 0 O

DO 30 1=1,IMAX
DO 30 K=0,KMAX
TA(LOK) = 1.
30 CONTINUE
c
C  * SET AIR TEMP. ABOVE FIN'S SURFACE *™*
c
DO 35 I=IMIN,IMAX
DO 35J=1.JMAX
DO 35 K=-1,KMAX+1
TA(1,J.K) = 0.
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35 CONTINUE
c . |
C "™ SET INSIDE FIN'S TEMP. + AIR TEMP, AT FIN'S SURFACE ™
c .
DO 401=IMIN,0
DO 40 J=0.JTIP
DQ 40 K=0,KMAX
TF(.J.K) = 1.
TA(LJK) = 1.
40 CONTINUE
c .
WRITE("*) 'SUBROUTINE ASSIGN_VALUE PASSED'
RETURN '
END

SUBROUTINE CHECKDIM (,B.C.D.EF,G.H.0,L4K)
G IMPLICIT REAL™S (A-H,0-2)
IF ((ALT.0.) .OR, (B.LT.0.)) THEN
 WRITE("") 'I!i DX LESS THAN ZERO '
WRITE("*) 10K = "I 1K
WRITE("") 'DXE = A
WRITE(",") DXW = \B
"PAUSE "
ELSEIF ((C.LT.0.) .OR. (D.LT.0.)) THEN
WRITE(".) "Il DY LESS THAN ZERO
WRITE(" ) 10K = LUK -
PAUSE '
ELSEIF ((E.LT.0.) .OR. (F.LT.0.)) THEN
WRITE(".") "Il DZ LESS THAN ZERQ '
WRITE(".") 1K = LK
PAUSE "



ELSEIF ((A.EQ.0.) .OR. (B.EQ.0.}.OR. (C.EQ.0.) .OR. (D.EQ.0.}
+ .OR.(EEQ.0.).OR. (F.EQ.0.)) THEN |
WRITE( ") 'Ill SOME D EQUAL TO ZERO "
WRITEC".") 1K = 1K
ENDIF
IF(G.LT.0) OR, {H.LT.0.) .OR. (O.LT.0.)) THEN
PAUSE I| SOME DELX,DELY,DELZ LESS THAN ZERO *
C ELSEIF ((G.EQ.0.).OR. (H.EQ.0.) .OR, (Il.EQ.O.)) THEN
C  WRITE(.") 1ll SOME DELX,DELY,DELZ EQUAL TO ZERQ '
ENDIF
* RETURN
" END

SUBROUTINE CHECKCOEF (A,B,C.D.EF.G)
C  IMPLICIT REAL"S {A-H.0-2)
C REAL'8AB.CD.EF.G
IF ((A.LT.0.) .OR. (B.LT.0.}.OR. (C.LT.0.) .OR, (D.LT.0.)
+ .OR.(ELT.0.).0R. (F.LT.0.) .OR. (G.LT.0.)) THEN
PAUSE 'll! SOME COEFFICIENTS LESS THAN ZERO'
ELSEIF (A.EQ.0.) THEN
WRITE(",") /Il ALL COEFFICIENTS EQUAL TO ZERO'
ENDIF
RETURN
END

FUNCTION COEF (D,PEC/F)
C  IMPLICIT REAL"S (A-H,0-2)

A = (1-0.1°ABS(PEC)™S

IF (ALE.0) THEN
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A=D,

ENDIF

B=F ,

IF (B.LE.0.) THEN
B=0

ENDIF

COEF = D*A+8

RETURN

END

c

Q

Ly]

SUBROUTINE COEF_CAL (NO, |, J, K. AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, §, B, L, Gr)
IMPLICIT REAL"8 (A-H,0-Z)
PARAMETER (YMAX=3., JMAX=100, YLIM=1.5, JLIM=75, XMAX=1,
+  IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)
PARAMETER (YMAX=3., JMAX=200, YLIM=1.5, JLIM=75, XMAX=1.,
+  IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)
PARAMETER (YMAX=5., JMAX=125, YLIM=1.5, JLIM=75, XMAX=1,,
+  IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)
DIMENSION XM{IMIN-T:IMAX+1), YM{-1:UMAX+1), ZM({-1:KMAX+1),
+  XU(IMIN-T:IMAX), YU(0:JMAX), ZU(-1:KMAX+1),
+ XV(IMINAMAX), YW(-1:0MAX), ZV{-1:KMAX+1),
+ XWOMINIMAX), YW(0:JMAX), ZW(-T:KMAX)
DIMENSION U(IMIN-1:IMAX,0:0MAX -1:KMAX+1),
+ 7 VIIMINIMAX - 3:0MAX,-1:KMAX+1),
+ 7 W(IMINIMAX, O MAX,-1:KMAX),

+ PIMIN:IMAX, 0:UMAX 0:KMAX),

+ PC{IMIN:IMAX,0: JMAX, 0:KMAX),

+ TF(IMIN:O,Q:JTIP,0:KMAX),

+ TA(MINIMAX,0: JMAX -1:KMAX+1)
COMMON/COORDINATE/XM,YM.ZM XU, YU, ZU XV, YV, ZV.XW, YW,ZW
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COMMONNARIABLE/UV.W,P.PC,TATF
COMMON/CICX,CY,C2
REAL L
IF (NO.EQ.1) THEN
DXE = XU(H1)XU()
DXW = XU(}XU(H-1)
DYN = YU[J+1}YU(J)
DYS = YUFYU(-1)
DZT = ZU(K+1)}-ZU(K)
DZB = ZU(K}ZU(K-1)
DELX = XM{+1) - XM{1)
DELY = (YM{J+1) - YM{J-1))12.
DELZ = (ZM(K+1) - ZM(K-1))2.
FE = (U{1+1.J. KU, K)p2 *DELY"DELZ
FW = (U(l-1,J KU K)V2 DELYDELZ
FN = (V(i+1,J.KPV(.LK)Y2 *DELZ*DELX
FS = (V(i+1,d-1,K}#V(1.J-1,1)¥2."DELZ*DELX
FT = (W(H+1,JKYW(LJ,K)V2."DELX*DELY
FB = (W(I+1,J,K-1 W(1,J,K-1)y2."DELX"DELY
AREA = DELY*DELZ
I {(1LEQ.0) .AND. (J.LE.JTIP)) THEN
fw=o
ENDIF
IF (LEQIMIN) THEN
FW =0,
ENDIF
IF (1.EQ.IMAX-1) THEN
FE=0.
ENDIF
ELSEIF (NO.EQ.2) THEN
DXE = XV{I+1):Xv(1)
DXW = XV(1}-XV(i-1)
DYN = W{J+1}FW(J)
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 DYS = WFWT)
DT = UK+1)-2V(K)
DZ8 = ZVK}2V(K-1) ,
DELX = (XM(+1) - XM(-1)}2.
DELY = YM(J+1) - YM{)
DELZ = (ZM(K+1) - ZM(K-1))2
FE = (U(LJKHU(L+1,K)V2 DELY"DELZ
FW = (U(1,d K PUQ1 041KV 2DELYDELZ
FN = (V{11 KV K2 DELZDELX
FS = (VI J-1.K V(1L KIY2 “DELZ"DELX
FT = (WKW, J+1, K2 DELCDELY
FB = (W(1.JK-1 1+ W(LJ+1,K-1)Y2“DELX"DELY
AREA = DELZ'DELX
IF (J.EQ.UTIP) .AND (I.LE.0)) THEN
CFs=o0,
ENDIF
IF ((J.EQ.0) .AND. (1.GT.0)) THEN
F§=0 ‘
ENDIF
ELSEIF (NO.EQ.3) THEN
DXE = XW(H1}XW()
DXW = XW(1)XW(-1)
DYN = YW(J+1)}YW(J)
DYS = YW(J ) YW(d-1)
DZT = ZW(K+ 1)} ZW(K)
DZ8 = ZW(KFZW(K-1)
DELX = (XM(+1} - XM(-1))2
DELY = (YM(J*+1) - YMU-1))2,
DELZ = ZM(K+1) - ZM(K)
FE = (U{LJ.KPU(LJK+1)V2.*DELY"DELZ
FW = (U(-1.JKPU(1.J K1)y 2" DELYDELZ
FN = (V{LJ K PV K+ 1)V2 "DELZDELX
FS = (V{l.J-1,KHV(LJ-1.K+1)2."DELZ"DELX
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FT = (W(I.J.K+11-W(1.J,K)V2."DELX"DELY
FB = (W{l.J.K-1 }W(1.J K)V2. DELX*DELY
AREA = DELX"DELY

ENDIF

VOL = DELX"DELY"DELZ

CALL CHECKDIM (DXE,DXW,DYN,DYS,DZT,D28,DELX, DELY,DELZ1.J.K)
PAUSE 'DIMENSIONS CAL. PASSED’ |

DE = CX*DELY*DELZDXE

DW = CX"DELY"DELZ/DXW

DN = CY"DELZ*DELX/DYN

DS = CY"DELZ"DELX/DYS

DT = CZ*DELX*DELY/DZT

DB = CZ'DELX"DELY/DZE

PE = FEME

PW = FW/DW

PN = FNON

PS = FS/DS

PT = FT/OT

PB = FB/DB

AE = COEF (DE,PE,-FE)

AW = COEF (OW,PW,FW)

AN = COEF {DN.PN.-FN)

AS = COEF (DS,PS,F8)

AT = COEF (DT.PT,-FT}

AB = COEF (DB,P8/FB)

AP = AE + AW+ AN + AS + AT + AB

CALL CHECKCOEF (AP, AE.AW,AN.AS AT,AB)

IF (AP.EQ.0.) THEN

IF (NO.EQ.1) THEN

WRITE(",*) ERROR ON U_CAL.'

ELSEIF (NO.EQ.2) THEN

WRITE(","} ERROR ON V_CAL."

ELSEIF (NO.EQ.3) THEN

108



WRITE(",") 'ERROR ON W_CAL.'

ENDIF

WRITE(",) 1K = WK

WRITE(",*) FE , DE = 'FE.', 'DE

WRITE(".") FW , DW = 'FW,', \DW

WRITE{"*) 'FN, DN = \FN,', \DN
WRITE(*,")'FS , DS = 'F§,', "D

WRITE(".*) FT, DT = \FT,', DT

WRITE(" ") 'FB , DB = 'FB.', \DB

WRITE(",") ‘AE = "AE

WRITE("") 'AW = AW

WRITE(".") 'AN = ‘AN

WRITE(",") 'AS = "AS

WRITE(*,")'AT = AT

WRITE("") 'AB = ",AB

WRITE(".") ‘AP = ' AP

PAUSE 'PRESS ANY KEY'

WRITE(*) 'U = U(F1.J. K30 KL U(+1,J.K)
WRITE,"} V = "V{hd=1KIV(LJ KOVLd+1.K)
WRITE(",*) W = "W{LLK- D)WL K)W(LLK+1)
ENDIF '
RETURN

END

SUBROUTINE FLOW_CAL (S, B, L, Gr, MAXIT, MAXERR, MAXST, ERRF)
C  IMPLICIT REALS {A-H,0-2) |
REAL MAXST,ERRMAX,ERR L MAXERR
CHARACTER"IWME
PARAMETER (YMAX=3,, JMAX=100, YLIM=1.5, JLIM=75, XMAX=1.,
+  IMAX=10, IMIN=-5, ZMAX=1., KMAX=26, JTIP=50)
¢ PARAMETER (YMAX=3, JMAX=200, YLIM=1.5, JLIM=75, XMAX=1,
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€+ IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)

¢ PARAMETER (YMAX=S., JMAX=125, YLIM=1.5; JLIM=75, XMAX=1.,

C + ' IMAX=10, IMIN=-8, ZMAX=1, KMAX=25, JTIP=50)
DIMENSION XM{IMIN-T:IMAX+1), YM{-1:JMAX+1), ZM(-1:KMAX+1),

+  XU(IMIN-TIMAX), YU(O:JMAX), ZU(-1:KMAX+1),

+ XV(IMIN:IMAX), YW(-1:.JMAX), ZV(-1:KMAX+1),

+  XW(IMINAMAX), YW(0:JMAX), ZW(-1:KMAX)

DIMENSION U(IMIN-1:IMAX, 0:JMAX,-1:KMAX+1),

+ V(IMINIMAX,-1:JMAX,-1:KMAX+1),

+  WIMINIMAX,0:JMAX,-1:KMAX),

+ UNEW(IMIN-TIMAX,0:MAX,-1:KMAX+1),

+ lVNEW(IMiN:.iMAX.-1:JMAX.-1:I<MAX+1).

+  WNEW(IMIN:IMAX,0:JMAX -1:KMAX),

+  PIMIN:IMAX,0:JMAX,0:KMAX),

+  PC{MIN:IMAX,0:JMAX,0:KMAX),

+  TF{IMIN:G,0:TIP,0:KMAX),

+  TA(IMIN:IMAX,0:JMAX,-1:KMAX+1)
COMMON/COORDINATE/XM,YM,ZM,XU, YU, 2U XV, YV, 2V,XW,YW.ZW
COMMONNARIABLEMUVW,P,PC.TA,TF
COMMON/NEW/LINEW,VNEW, WNEW
COMMONMAXPOINTAME, IME,JME,KME

DO 11=IMIN-1,IMAX

DO 1 J=0.JMAX

DO 1 K=-1,KMAX+1

UNEW(!,JK) = U(l,JK)
1 CONTINUE

DO 2 I=IMIN,IMAX

DO 2J=-1,JMAX

DO 2 K=-1,KMAX+1

VNEW(1,J.K) = V{1,4,K)
2 CONTINUE

DO 3 =IMIN,IMAX
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DO 3J=0,JMAX

DO 8 K=-1,KMAX

WINEW(,J.K) = W(L.J.K)
3 CONTINUE

ERRM = 0,

UR = 0.2
ITMAX = MAXIT
ITER=0
ERRMAX = 0,0000005
5 ITER = TER+1
' MAXERR = 0.
c
C " X-VELOCITY (U) CALCULATION
c
DO 10 ;- IMAX-1
DO 10 J=1,JMAX-1
DO 10 K=0,KMAX
CALL COEF_CAL (1, 1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, §, B, L, Gr) '
PRV=U(IJK) .
UNEW(LLK) = UNEW(LLK) + URM(1/AP)(AETUNEW(+1.0.) +
- AWUNEW(H-1.J,K) + AN"UNEW(,J+1,K) +
+ ASTUNEW(),J+1,K) + ATTUNEW(1,J,K+1) -+
+ ABUNEW(1J,K-1)+ (P(1JiK) - P{+1.4,K))
+ *AREA*(2."L/5)"™2) - UNEW(1,J K))
ERR = ABS(UNEW(1,J.K} - PRV)
IF (ERR.GT.MAXERR) THEN
MAXERR = ERR
VME = '
IME = |
JME = J
KME = K



ENDIF
10 CONTINUE
DO 15 1=IMIN,-1
DO 15 J=JTIP+1,JMAX-1
DO 15 K=0,KMAX
CALL COEF_CAL (1, 1, J, K, AP, AE, AW, AN, AS, AT, AB,
" AREA, VOL, 8, B, L, G)
PRV = U(l.J.K)
UNEW(.J,K) = UNEW(1.J.K) + UR((1./APJ(AEUNEW(I+1,4,K) +
+ O AWTUNEW(-1,4.K) + ANTUNEW(.J+1.K) +
+ " ASTUNEW(1.J-1,K)+ AT'UNEW(IJ.K+1) +
+ ABUNEW(.LK-1) + (P1,J.K) - PI+1,J.K))
+ "AREA™(2°L/5)""2) - UNEW(1J.K))
ERR = ABS{UNEW(1.JK) - PRV)
I (ERR.GT.MAXERR) THEN
MAXERR = ERR
VME = '
IME = |
JME=J
KME = K
ENDIF - 3
15, CONTINUE
PAUSE 'X-VELOCITY CAL. PASSED'

C
C
C " Y-VELOCITY (v} CALCULATION ™
c

DO 20 1=1,IMAX-1
DO 20 J=0,JMAX-1
DO 20 K=0,KMAX
CALL COEF_CAL (2,1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, §, B, L, Gr)
PRV = V{1,J.K)
VINEW(!,J.K) = VNEW(L,J,K) + UR*((1./JAP)*(AE"VNEW(i+1,J,K) +
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+ AWVNEW(I-1,0,K) + ANVNEW(J+1,K) +
+ AS'NEW(LJ-1K) + ATVNEW(,JK+1) +
+ ABVNEW(K-1) + (PILJK) - PLJ+1,K))
& "AREA'(LB)™2)-VNEW(,J,K)
ERR = ABS(VNEW(.J.K} - PRV)
IF (ERR.GT.MAXERR) THEN
MAXERR = ERR
WME = V'
IME = |
JME =
KME =K
ENDIF
20 CONTINUE
© S zIMINLO
TIPJMAX-1

CALL COEF_CAL (2.1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA,VOL,§.8,L.GY
PRV = V{L.J.K)
VNEW(LJ.K) = VNEW(,J,K) + UR((1./AP) (AEVNEW(1+1.1.K) +
" AMN(I-1.J.K) + AN'VNEW(LJM.K) +
+ AS*WNEW(|,J-1,K) + AT'VNEW(|.J K+1) +
+ ABVNEW(l,J,K-1) + (P(1,J.K) - P(1J+1,K)}
o+ *AREA*(L/B)"2) - VNEW{,J,K))
ERR = ABS(VNEW(I.J,K) - PRV}
IF (ERR.GT.MAXERR) THEN
MAXERR = ERR
WME =V
IME=1I
JME = J
KME = K
ENDIF
25 CONTINUE



C PAUSE "Y-VELOCITY CAL, PASSED"
c
C ™ ZVELOCITY (W) CALCULATION ™™

DO 30 1=1,IMAX-1
| DO 30 J=1,JMAX-1
DO 30 K=0,KMAX-1
CALL COEF_CAL (3.‘ . J. K, AP, AE, AW, AN, AS, AT, AB,
+  AREA,VOL,S,B,L, Gr)
PRV = W(i,J.K)
WNEW(,J K) = WNEW(!.J.K.)? UR*({1./AP)"(AE*WNEW(I+1,J K) +
+ AWWNEW(I-1,4.K) + ANWNEW(),J+1,K} + '
+ ASTWNEW(I,J-1,K) + ATWNEW(,J K+1) +
- AB"WNEW(I.d K-1) + (P(1J.K) - P(l.d.K+1))
"AREA + (L/{B"Gr))*(SB)"
TA(WKHTA(LLK+1)Y2,VO0L) - WNEW(,J,K))
ERR = ABS{WNEW(l,J,K) - PRV}
IF {ERR.GT.MAXERR) THEN
M: 232 = ERR
VME = W
IME =)
JME = J
KME = K
ENDIF
30 CONTINUE
DO 35 IzIMIN+1,0
DO 35J=JTIP+1,JMAX-1
DO 35 K=0,KMAX-1
CALL COEF_CAL (3,1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ - AREAVOL,S,8,L Gy '
PRV = W(l,J.K)
WNEW(1,J.K) = WNEW(L.J.K) + UR*((1./AP) (AE"WNEW(1+1,J,K) +
+ AWWNEW(I-1,d,K) + AN"WNEW(,J+1,K) +
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+

+

AS"WNEW(],J-1,K) + AT"WNEW(],J K+1) +
AB"WNEW(1,J,K-1) + (P(1J.K) - P{1.J.K+1))
*AREA + {L/(B"GI))"(5/8)"
(TA(LJ,KHTA{L,K+1)12.VOL) - WNEW(,J K})

ERR = ABS(WNEW(1J,K) - PRV)
IF (ERR.GT.MAXERR) THEN

MAXERR = ERR

VME ='W

IME = |
JME=J
KME = K

ENDIF

35
C .

CONTINUE
PAUSE ‘Z-VELOCITY CAL. PASSED!

C ™™ CAL VELOCITY AT BOUNDARY ™"
CALL VELO_AT_BOUND (1)

LL = MOD(ITER.5)

IF {(LL.EQ.0).0R.(MAXERR LE. ERRMAX).OR.{ITER EQ.ITMAX)) THEN
DO 36 I=IMIN-1,MAX
DO 36 J=0,JMAX
DO 36 K=-1,KMAX+1

U(l.J K} = UNEW(I,J.K)

36 CONTINUE
DO 37 1=IMIN,IMAX
DO 37 J=-1,JMAX

DO 37 K=+1,KMAX+1

37

V{1.J.K) = VNEW(LJ.K)
CONTINUE

DO 38 I=IMIN, IMAX
DO 38 J=0,UMAX .
DO 38 K=-1,KMAX

W(T.J.K) = WNEW(1,4,K)
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38 CONTINUE
ENDIF |
F (MAXERR,LE.ERRMAX) GO TO 39
IF (TER - ITMAX) 5,30,39

39 WRITE(".) VELOCITY CAL. PASSED'
WRITE(*,*)'NO OF ITER, = “ITER
WRITE(",")} MAX, ERROR = 'MAXERR

WRITE(9,") VELOCITY CAL. PASSED'
WRITE(9.") 'NO OF {TER. = ' ITER
WRITE(S,") 'MAX. ERROR = MAXERR

O 0O 0 O O O

*** PRESSURE CORRECTION (PC) CALCULATION ™
CALL PRESS_CORR_CAL (MAXST, ERRP, §, B, L, Gr, MAXIT)

C ™ NEW PRESSURE **
DO 70 I=1,IMAX-1
DO 70J=1,4TIP
DO 70 K=1,KMAX-1
70 P(1,JK) = P{i,J.K) + 0.2°PC(1,J.K)
DO 75 I=IMIN+1,{MAX-1 )
DO 75 J=JTIP+1,JMAX-1
DO 75 K=1,KMAX-1
75 P{LLK) = Pd;K) + 0.2PC(1J K)
C ™ NEWVELOCITY ™
DO 80 1=0,IMAX-1
DO B0 J=1,JMAX-1
DO 80 K=0,KMAX
CALL COEF_CAL (1,1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA,VOL, 5, B, L, Gr)
80 U(1J,K) = U{lJ,K) + (AREA(2."L/S)™ 2)/AP*
+ (PCJK)- PC(+1.4,K))
DO 85 I=IMIN,-1
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DO 86 J=JTIP+1,JMAX-1
DO 85 K=0,KMAX
CALL COEF_CAL {1,1,J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA,VOL. §, B, L, G1)
85 U(1J,K) = U(1J.K) * (AREAT(2."LIS)2YAP"
+ (PCLJK) - PC(+1.0K)
DO 80 (=1,IMAX-1
DO 90 J=0,JMAX-1
DO 90 K=0,KMAX
CALL COEF_CAL (2,1, J. K. AP, AE, AW, AN, AS, AT, A8,
+ AREA,VOL, 8, B, L, €1)
90 V(1.J.K) = V{1,J,K) + (AREA*(LAB)*2yAP*
+  (PCHK) - PCULI+1K))
DO 95 I=IMIN+1,0
DO 95 J=JTIP JMAX-1
DO 95 K=0,KMAX
CALL COEF_CAL (2,1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA,VOL,§,B,L,Gr)
85 V(1,J,K) = V{1..K) + (AREA*(LB}2/AF"
+ (PCHJK) - PCO.IH1K))
DO 100 1=1,IMAX-1
DO 100 J=1,JMAX-1
DO 100 K=0,KMAX-1
CALL COEF_CAL (3, 1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, §, B, L, GY)
100 W(1,J,K) = W(l,d K) + (AREAZAPY(PC{1.LK} - PC{1.LK+1))
DO 105 [=IMIN+1,0
DO 105 J=JTIP+1,JMAX-1
DO 105 K=0,KMAX-1
CALL COEF..CAL {3, 1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, §, B, L, Gr)
106 W(LJK) = W(l.J K} + (AREAAPY(PCH,J.K) - PC{1LK+1))
c .
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™ CAL. NEW VELOCITY AT BOUNDARY AND INFLOW,OUTFLOW ™
CALL VELO_AT_BOUND (2)
WRITE(",") FLOW_CAL PASSED'
WRITE(9,") FLOW_CAL PASSED'
RETURN
END

SUBROUTINE PRESS_CORR_CAL (MAXST, ERRP, §, B, L, Gr, MAXIT)
IMPLICIT REAL"8 (A-H,0-Z) |

REAL L, MAXST,ERRP,ERRMAX

COMMON/MS/AMS, JMS, KMS

PARAMETER (YMAX=3., JMAX=100, YLIM=1.5, JLIM=75, XMAX=1.,

+  IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
PARAMETER (YMAX=3., JMAX=200, YLIM=1.5, JLIM=75, XMAX=1.,
+  IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)
PARAMETER (YMAX=5., JMAX=125, YLIM=1.5, JLIM=75, XMAX=1.,
+ . IMAX=10, IMIN=-5, ZMAX=1,, KMAX=28, JTIP=50)
DIMENSION XM(MIN-T:IMAX+1), YM{-1:JMAX+1), ZM(-1:KMAX+1),

+ XUOMIN-TIMAX), YU{:JMAX), ZU(-1:KMAX+1),

F XVIMINIMAX), Y(-T:JMAX), 2V(-1:KMAX+1),

+ XWIMINIMAX), YW(OMAX), ZW(-1:KMAX)

DIMENSION LIIMIN-1:IMAX,0:JMAX.-1:KMAX:H),

+ V(IMINIMAX-1:0MAX,-1:KMAX+1),

+ WIMIN:IMAX, 0:0MAX,-1:KMAX),

+ 7 P{IMIN:IMAX, 0:JMAX,0:KMAX),

v PCMINIMAX,0:JMAX, 0:KMAX),

+  TF(MIN:O,0:TIP.0KMAX),

4 TAGMINAMAX O.0MAX,-1:KMAX+1)
COMMON/COORDINATE/NXM,YM,ZM XU YU,ZU,XV.YV,2V,.XW,YW.2W
COMMONNARIABLEAS V.W,P.PC.TATE
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ITMAX = MAXIT
ITER= 0
ERRMAX = 1,0E-12
10 ITER = ITER + 1
ERRP = 0.
MAXST = 0,
DO 15 1=1,IMAX-1
DO 15J=1JTIP
DO 15 K=1,KMAX-1
DELX = (XM(1+1) - XM(i-1)y2.
DELY = m.i(m )= YM{-1))2,
DELZ = (ZM(K+1) - ZM({K-1 m.
§T = (U(-1,J,K) - U(ld K))"DELY"DELZ +
+  (V(LJ-1.K) - V(1,J K)P'DELZ°DELX +
+ (W(.JK-1)- W(l.J K))'DELXDELY
c
IF (ABS{ST).GT.MAXST) THEN
MAXST = ABS(ST)
IMS = |
IMS = J
KMS = K
ENDIF
CALL COEF_CAL (1,1, J, K, AP, AE, AW, AN, AS, AT, AB, -
+ AREA,VOL, $, B, L, Gr)
AEP = AREA*(27L/S)"" 2/AP*DELY*DELZ
CALL COEF_CAL (1, 1-1,J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA,VOL, §,B.L, Gr)
AWP = AREA“(2."US)™ 2AP*DELY'DELZ ;.
CALL COEF_CAL (2, L J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA,VOL, §, B, L, Gr)
ANP = AREA"(L/B )™ 2/AP*DELZ*DELX
CALL COEF_CAL ( 2,1, J-1, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, §, B, L, Gr)



ASP = AREA"(L/B)™2/AP"DELZ"DELX
CALL COEF_CAL (3,1, J, K, AP, AE, AW, AN, AS. AT, AB,
+ AREA, VOL, 8, B, L, G)
ATP = AREA/AP"DELX"DELY
CALL COEF_CAL (3,1, J, K1, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, 8, B, L. Gr)
ABP = AREA/AP"DELXDELY
APP = AEP + AWP + ANP + ASP + ATP + ABP
PCPRV = PC{l,JK)
PC(.K) = (1JAPPY(AEP"PC(i+1.4,K) + AWP*PC(I-1.J,K) +
+ ANPTEC{J+1,K) + ASFPC{LJ-1,K) +
+ ATPPC(1JK+1) + ABP*PC(l. K1) +
+ $T)
ERRP = ERRP + ABS(PCPRY - PC{1.J,K))
15 CONTINUE
DO 16 I=IMIN+1,IMAX-1
DO 16 J=JTIP+1,JMAX-1
DO 16 K=1,KMAX-1
DELX = (XM(1+1) - XM{i-1)V2.
DELY = (YM(J+1) ~ YM{J-1))2
DELZ = {ZM(K+1) - ZM(K-1))/2.
8T = (U(H.J.K) - UL K)PDELY*DELZ +
+ (V1K) - V(LK) DELZTDELX +
+ (WK1 - WHLJK)PDELXDELY

IF (ABS(ST).GT.MAXST) THEN
MAXST = ABS(ST)
IM§ =1
JIMS = J
KMS = K
ENDIF
CALL COEF_CAL (1, 1,J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, S, B, L, Gr) )
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AEP = AREA"(2."L/S)™ 2/AP"DELY*DELZ
CALL COEF_CAL {1, 1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA,VOL.§,B,L, G} |
AWP = AREA*(2.*L/S)™ 2AP"DELY"DELZ
CALL COEF_CAL (2,1, J, K, AP, AE, AW, AN, AS, AT, AB,
+ AREA, VOL, 8, B, L, Gr)
ANP = AREA"(L/B)™ 2/AP*DELZ'DELX
CALL COEF_CAL (2,1, J-1, K, AP, AE, AW, AN, A8, AT, AB,
+ AREA, VOL, §, 8, L, Gr) '
ASP = AREA*(L/B)™2/AP*DELZ*DELX
CALL COEF_CAL { 3,1, J, K. AP, AE, AW, AN, AS, AT, AB,
+  AREAVOLS,B,L.Gr)
ATP = AREA/AP"DELX"DELY
CALL COEF_CAL (3,1, J, K-1, AP, AE, AW, AN, AS, AT, AB,
+  AREA,VOLS,B,L, G
ABP = AREA/AP*DELX"DELY
APP = AEP + AWP + ANP + ASP + ATP + ABP
“PCPRV = PC{l.J.K)
PC{IJK) = (1/APPPAEPPC+1,J,K) + AWPRPC(1-1,.K) +
+ ANPPPC{1.J+1,K) + ASP*PC(l.J-1,K) +
+ ATP™PC(1.J,K+1) + ABP*PC{,JK-1) +
+ §T)
IF (PC{J.K).NE.O.) THEN
WRITEC) LK = K
WRITE("")" "
PAUSE * 2NEW PC NE. 0
ENDIF
ERRP = ERRP -+ ABS{PCPRY - PC(1.J.K))
16 CONTINUE
IF (ERRP.LE.ERRMAX) GO TQ 20
IF (ITER-ITMAX) 10,20,20
20 WRITE(",") "™*PRESS. CORRECT. ITERATION SUCCESS ***
WRITE(",") 'NO. OF ITERATION OF PRESS. CORRECTION = ITER

G 0O 0O 0 O
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WRITE(","} ‘SUM OF ERROR = ERRP
WRITE(",*) 'MAX SOURCE TERM = ' MAXST

WRITE(9,") "*"PRESS. CORRECT. ITERATION SUCCESS '
WRITE{9,") 'NO. OF ITERATION OF PRESS. CORRECTION = “ITER
WRITE(8.*) ‘SUM OF ERROR = "ERROR
WRITE(S,") 'MAX SOURCE TERM = 'MAXST

RETURN

END

SUBROUTINE VELO_AT_BOUND (IN)
IMPLICIT REAL8 (A-H,0-2)
PARAMETER (YMAX=3,, JMAX=100, YLIM=1.5, JLIM=75, XMAX=1.,

+ IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)

PARAMETER (YMAX=3,, JMAX=200, YLIM=1.5, JLIM=75, XMAX=1,,
+  IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
PARAMETER (YMAX=5., JMAX=125, YLIM=1.5, JUM=75, XMAX=1,,
+  IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
DIMENSION U(IMIN-1:IMAX, 0:JMAX,-1:KMAX=+1), |
+ V(IMINIMAX-1:0MAX, - 1:KMAX+1),
+ WIMINIMAX 0:UMAX - 1:KMAX),
+ UNEW(IMIN-TIMAX,0:JMAX,-TKMAXH1),
+ VHNEW(IMINAMAX,-1:dMAX - T KMAX+1),
+ WNEW(IMINIMAX,0:UMAX ~1:KMAX),
+ 1 P{IMIN:IMAX,0:JMAX, 0:KMAX),
+ | PC(IMIN:IMAX, 0. IMAX G:KMAX),
+  TF(IMIN:,0:TIP,0:KMAX),
+ TAIMIN:IMAX,0:JMAX,~1:KMAX+1)
INTEGER IN '
COMMONNARIABLEAUY.W,P,PC.TA,TF
COMMONNEW/UNEW VNEW,WNEW

123



IF (IN.EQ.1) THEN

¢ ** U(IMIN-1) = U(IMAX) = 0 =
c
¢ DO 10J=1,JMAX-1
¢ DO 10K=0KMAX |
¢ 10 UNEW(IMAX.J.K) = UNEW(IMAX-1,J,K)
¢ DO 15J=JTIP+1 JMAX-1
¢ DO 15K=0KMAX
¢ 15 UNEW(IMIN-1,J,K) = UNEW(IMIN,JK)
c-
DO 20 I=1,IMAX
DO 20 J=1,JMAX-1
© 20 UNEW(JKMAX+1) = UNEW{1.J KMAX)
DO 25 I=IMIN-1,0
DO 25 J=JTIP+1,JMAX-1
25 UNEW(L,J KMAX+1) = UNEW(1,J,KMAX)
DO 30 J=0,JMAX-1
DO 30 K=0,KMAX
30 VNEW(IMAX,J,K) = {4."VNEW(IMAX-1,J,K) - VNEW(IMAX-2,J,K))/3.
DO 35J=JTIP JMAX-1
DO 35 K=0,KMAX
35 VNEW(IMIN.JIK) = (4 -VNEW(IMIN+1.1.K) - VNEW(IMIN+2,JK)V3..
DO 40 I=1,IMAX
DO 40 J=0,JMAX-1
40 VNEW(1,J.KMAX+1) = VNEW(1,J,KMAX)
DO 451=IMIN,0
DO 45 J=JTIPJMAX-1
45 VNEW(.J,KMAX+1) = VNEW(.JKMAX)
DO 50 J=1,JMAX-1
DO 50 K=0,KMAX-1

50 WNEW(IMAX,J,K) = (4. WNEW(IMAX-1,J,K} - WNEW(IMAX-2,J,K)¥3,
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DO 55 J=JTIP+1,JMAX-1
DO 55 K=0,KMAX-1
55 WNEW(IMIN,J.K) = (4 WNEWIMIN+1,J K) - WNEW(IMIN+2.J.K))3.
DO 60 1=1.IMAX
DO 60 J=1,JMAX-1
WNEW(,J,KMAX) = WNEW(1.J,KMAX-1)
WNEW(1.J.-1) = WNEW(.J,0) |
60 CONTINUE
DO 65 I=IMIN,0
DO 65 J=JTIP+1,JMAX-1
WNEW(,J.KMAX) = WNEW(J KMAX-1)
WNEW(,J.-1) = WNEW(1J,0) _
65 CONTINUE
c
ELSEIF (IN.EQ.2) THEN

= UIMIN-1) = U(MAX) = 0 ***

DO 70.J=1,0MAX-1
C DO 70 K=0,KMAX
C 70 U(IMAX,J.K) = U(IMAX-1,4,K}
C DO 75J=JTIP+IIMAX-1
C DO 75 K=0KMAX
C75 U(IMIN-1,0,K) = U(IMIN,JK)
c
DO 80 1=1,MAX
DO 80.J=1,JMAX-1
80 U(LJKMAX+1) = U(l.J KMAX)
DO 85 I=IMIN-1,0
DO 85 J=JTIP+1,JMAX-1
B5 U(1,J,KMAX+1) = U(l,J KMAX)
DO 50 J=0,JMAX-1
DO 80 K=0,KMAX



90 V(IMAX,J,K) = (4. V(IMAX-1,J,K) - V(IMAX-2,J K})/3.

DO 85 J=ITIP,JMAX-1 .
D0 9% K=0,KMAX

85 V(IMIN.LLK) = (4 V(IMIN+1.0,K} - VIMIN+2,J ),

DO 100 1=1,IMAX
DO 100 J=0,JMAX-1

100 V(1,J KMAX+1) = V(1,J KMAX)
DO 1051=IMIN,0
DO 105 J=JTIP,JMAX-1

105 V{1,d KMAX+1) = V{1,d KMAX)
DO 110 J=1,JMAX-1
DO 110 K=0,KMAX-1

110 WIMAX,JK) = (£ W(IMAX-1,0,K) - WIMAX-2,J k).

DO 115 J=JTIP+1,JMAX-1
DO 115 K=0,KMAX-1

115 W(IMIN.JLK) = (4. WIMINA1,0,K) - WIMIN+2,J K)V4.

DO 120 1=1,IMAX
DO 120 J=1,JMAX-1
WOLJKMAX) = W(i,J KMAX-1)
W(l,J-1) = W(L.J.0)

120 CONTINUE
DO 125 I=IMIN,0
DO 125 J=JTIP+1,JMAX-1
W(l.J KMAX) = W(l,J,KMAX-1)
W(l,J,-1) = W(1,d,0)

125 CONTINUE
ENDIF
RETURN
END

SUBROUTINE AIRTEMF_CAL ( S, B, L, Gr, Pr, MAXIT, ERRT)
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C  IMPLICIT REAL™B (A-H,0-Z)
REAL L,ERR, ERRMAX
PARAMETER (YMAX=3., JMAX=100, YLIM=1.5, JLIM=T5, XMAX=1,
+  IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=3, JMAX=200, YLIM=1.5, JLIM=TS, XMAX=1,,
¢ + . IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=5., JMAX=125, YLIM=1.5, JLIM=75, XMAX=1,,
¢ +  IMAX=10, IMIN=-5 ZMAX=1.,, KMAX=25, JTIP=50)
DIMENSION XM{IMIN-TIMAX+1), YM(-1:JMAX+1}, ZM{-T:KMAX+1),
+  XU(IMIN-LIMAX), YU(D:JMAX), ZU(-1:KMAX+1),
+ o XV(IMINAMAX), W(-T:IMAX), 2V(-1:KMAX+1),
+ XWOIMIN:IMAX), YW(0:MAX), ZW(-1:KMAX)
DIMENSION U(IMIN-T:MAX, 0:JMAX,-1:KMAX+1),
+ VIMINIMAX-:IMAX -1 KMAX+1),
+ T WIMINIMAX,0:JMAX,-1:KMAX),
+ P(IMIN:IMAX,0:JMAX, 0:KMAX),
+  PCUMIN:IMAX,0:MAX,G:KMAX),
+  TFIMIN:OOJTIPOKMAX),

4 TAIMINIMAXO:UMAX,-1KMAX+1)
COMMON/COORDINATE/XM,YM.ZM,XU,YU.ZUXV.YV.2V XWXYW.ZW
COMMONNARIABLE/U V,W.P.PCTA,TF
COMMON/CT/CTX,CTY.CTZ

URT = 0.7
ITER = 0
ITMAX = MAXIT
ERRMAX = 0.025
§ {TER = TER + 1
ERRT = 0,
DO 10 1=1,IMAX-1
DO 10J=1JTIP
DO 10 K=0KMAX
DXE = XM{+1) - XM(i)



DXW = XM() - XM{I-1)

DYN = YM(J+1) - YM{J)

DYS = YM{J) - YM(J-1)

DZT = ZM(K+1) - ZM(K)

DZ8 = ZM(K) - ZM(K-1}
DELX = (XM{I+1) - XM(I-1))/2.
DELY = (YM{J+1) - YM{J-1})/2.

DELZ = (ZM(K+1) - ZM(K-1)}2.

FE = U(1,J.K)"DELY"DELZ
FW = U(i-1,JK)"DELY"DELZ
FN = V{1,J,K)"DELCDELZ
FS = V{I,J-1,K)*DELX*DELZ
FT = W(l.J K)"DELCDELY
FB = W(l.J.K-1)"DELX"DELY
_DE = CTX"DELY"DELZ/DXE:
DW = CTX"DELY"DELZDXW
DN = CTY*DELZ*DELXY/DYN
DS = CTY"DELZ*DELX/DYS
DT = CTZ*DELX"DELY/DZT
DB = CTZ*DELXCDELY/DZE
PE = FE/DE '
PW = FW/DW
PN = FN/ON
PS = FS/DS
PT = FT/DT
PB = FB/DA
AET = COEF (DE/PE.-FE)
AWT = COEF (DW.PW.FW)
ANT = COEF {DN,PN.-FN)
AST = COEF (DS,PS.FS)
ATT = COEF (DT.PT,-FT)
ABT = COEF (DB,PB,FB)

APT = AET + AWT + ANT + AST + ATT + ABT
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CALL CHECKCOEF(APT,AET, AWT ANT AST,ATT,ABT)

PRV = TA(LJ.K)

TA(J.K) = TA(1LJK) + URT*((1/APT)"(AET"TA(+1,4,K)
. + AWT*TA(-1,0,K} + ANT'TA(1,J+1.K)
+ + AST'TA{l,J-1,K) + ATT'TA{l,J,K+1)
+ + ABT*TA(lJ.K-1)) - TA(L LK)

IF {K.EQ.KMAX) THEN "

TA(LJ KMAX+1) = TA{L,J KMAX)

ENDIF
ERRT = ERRT + ABS(TA(!,J.K) - PRV)

10 CONTINUE

DO 20 =IMIN+1,IMAX-1
DO 20 J=JTiP+1,JMAX-1
DO 20 K=0,KMAX

DXE = XM{1+1) - XM(1}
DXW = XM{1) - XM(I-1)
DYN = YM{J+1} - YM(J)
DYS = YM(J) - YM{J-1)
DZT = ZM(K+1) - ZM(K)
 DZB = ZM(K) - ZM(K-1)

DELX = (XM(1+1) - XM({I-1J)2.

DELY = (YM(J+1) - YM-1))2.

DELZ = (ZM(K+1) - ZM(K-1)V2.

FE = U(lJ.K)"DELY*DELZ

FW = U(i-1.JiKFDELY"DELZ
FN = V(I,J,K)"DELX*DELZ

FS = V{l,J-1,K)"DELX"DELZ
FT = W(l.J K" DELX*DELY

FB = W(l,d,K-1)"DELX*DELY
DE = CTX*DELY'DELZIDXE

DW = CTX"DELY*DELZ/DXW

DN = CTY*DELZ*DELX/DYN

DS = CTY*DELZ"DELX/DYS



DT = CTZ'DELX"DELY/DZT
DB = CTZ*DELX*DELY/DZ8
PE = FE/DE
PW = FW/DW
PN = FNDN
PS = FS/DS
PT=FTOT
PA = FBDA
AET = COEF (DE,PE,-FE]
AWT = COEF (DW,PW,FW)
ANT = COEF (DN,PN-FN)
AST = COEF (DS PS.£8)
ATT = COEF (DT,PT -FT)
ABT = COEF (DB,PB,F8)
APT = AET + AWT + ANT + AST + ATT + ABT
CALL CHECKCOEF (APT,AET.AWT ANT,AST.ATT,ABT)
PRV = TA(LJ,K)
TA(LJK) = TA{LLK) + URT({(1.JAPT)(AET"TA(14+1,J,K)
+ + AWTTTA(-1,JK) + ANT*TA{LJ+1,K)
+ + AST TA(LJ-1,K) + ATTTA(LJ,K+1)
+ . +ABTTA(K1)- TAQJK)
IF (K.EQ.KMAX) THEN
TA(LJKMAX+1) = TA{LJ KMAX)
ENDIF
ERRT = ERRT + ABS(TA{1J.K) - PRV]
20 CONTINUE
C "™ CAL, AIR TEMP, AT BOUNDARY "™
CALL AIRTEMP_AT_BOUND ()
' CALL INTERFACE_TEMP_CAL (B.5)
IF (ERRT.LE.ERRMAX) GO TO 45
IF (ITER-TMAX) 5,45, 45
45 WRITE(".*) 'AIR TEMP CAL. PASSED"
WRITE(",") 'NO. OF ITER. = "TER
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WRITE(",") 'SUM OF ERROR = "ERRT

WRITE(9,") 'AIR TEMP CAL. PASSED'
WRITE(9,"} 'NO. OF ITER. = |ITER
WRITE(9,")'SUM OF ERROR = ERR
RETURN
END

O 0 O O
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SUBROUTINE AIRTEMP_AT_BOUND ()
C IMPLICIT REAL"8 (A-H,0-Z)

PARAMETER (YMAX=3., JMAX=100, YLIM=1.5, JLIM=75, XMAX=1.,

+ IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=3, JMAX=200, YLIM=1.5, JLIM=75, XMAX=1.,
¢ +  IMAXS10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=S., JMAX=125, YLIM=1.5, JLIM=75, XMAX=1.,
c + IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
DIMENSION U(IMIN-T:IMAX, 0:0MAX,~3:KMAX+1),
+ VIMINAMAX=1:0MAX,-1:KMAX+1),
+  W{IMINIMAX O:JMAX,-TKMAX),
+  P(IMIN:IMAX,0:JMAX,0:KMAX),
+  PC{MIN:IMAX,0:JMAX,0:KMAX),
+ TF(IMING, B:JTIP,O:KMAX),
. TA(MINAMAX,0:JMAX,-1:KMAX+1)
COMMONNARIABLEA VWP, PC TATF
C " TEMP. AT RIGHT SIDE ™
DO 10 J=1,JMAX-1
" DO 10 K=0,KMAX
10 TA(IMAX,J,K) = (4. -TA(IMAX-1J.K) - TAIMAX-2.JK))/3,
C ™ TEMP. AT LEFT SIDE = '
DO 20 J=JTIP+1,JMAX-1
DO 20K=0KMAX
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20 TA(IMINJK) = (4. TAIMIN1,J,K) - TAIMIN+2,J K}V,
C  *~TEMP. AT OUTFLOW *
DO 301=1,IMAX
DO 30 J=1,IMAX-1
30 TA(LLKMAX+1) = TA(LJKMAX)
DO 40 I=IMIN,0
DO 40 J=JTIP+1,JMAX-1
40 TAQLJKMAX+1) = TA(LJKMAX)
RETURN
END

SUBROUTINE INTERFACE_TEMP_CAL (B.5)
C  IMPLICIT REAL"S (A-H,0-2)

PARAMETER (YMAX=3,, JMAX=100, YLIM=1.5, JLIM=75, XMAX=1.,

+  IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTiP=50)
¢ PARAMETER (YMAX=3., JMAX=200, YLIM=1.5, JLIM=75, XMAX=1,
C +  IMAX=10, IMIN=-5 ZMAX=1,, KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=5,, JMAX=125, YLIM=1.5, JLIM=75, XMAX=1.,
¢+ IMAX=10, IMIN=-5, ZMAX=1, KMAX=25, JTIP=50)

DIMENSION XM(IMIN-1:IMAX+1), YM(-1:JMAX+1), ZM(-1:KMAX1),

+ XUUMIN-VIMAX), YU(G:UMAX), ZU(-H:KMAX+1),

+ XV(IMIN:IMAX), YW(-1:JMAX), 2V(-1:KMAX+1),

+ XW(IMINIMAX), YW(0:JMAX), ZW(-1:KMAX)

DIMENSION U(IMIN-1:IMAX, 0:JMAX,-1:KMAX+1),

N V{IMIN:IMAX,*1:JMAX -1:KMAX-+1),

+  W(IMIN:MAX,0:JMAX.-1:KMAX),

+ POMINIMAXDMAX,0KMAX),

+  PC{IMIN:IMAX,0:JMAX,0:KMAX),

+  TRIMIN:D,0:UTIP O:KMAX),

+  TA(MINIMAX,0:UMAX,-1:KMAX+1)

COMMON/COORDINATE/XM,YM,ZM,XU,YU,ZU, XV, YV.2V.XW,YW.ZW
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COMMONNARIABLEAUV.W,P,PC.TATF
COMMON/CONDUC/KA KF
REAL KAKF
C = TEMP. AT FIN'S FACE ™
DELXA = XM(1) - XM{0)
DELXF = XM(0) - XM(-1)
C1 = 1.42.*DELXF)
C2 = KA/(KF*2."DELXA)
DO 10J=1,JTiP-1
DO 10 K=0KMAX
TA(OJ.K) = (4" C1*TF{+1,J K} = C1"TF(-2.J.K) + 4*CZTA{1.JK)
+ - C2TA(2J.KIV(E7C1 + 3°C2)
TF(0.J.K) = TA(DJ,K)
10 CONTINUE
C " TEMP. AT FIN'S TIP ™
DELYA = YM(JTIP+1) - YM{JTIP)
DELYF = YM{JTIP) - YM{JTIP-1)
D1 = 1.42."DELYF)
D2 = KA/KF*2."DELYA}
DO 20 I=IMIN+1,-1
DO 20 K=0,KMAX
TAGJTIP.K) = (4.°D1TF(JTIP-1.K}FDATTF(LJTIP-2K) +
+ 4.7 D2TA(LJTIP+1,KFD2ZTA(LJTIP+ZK)Y
+ {3.°D1+3.D2)
TFGLJTIPK) = TAQLJTIPK)
20 CONTINUE '
DO 30 K=0,KMAX
J= JTIP
TA(IMINJK) = (4 TAIMIN+1,J,K) - TAIMIN+2,K))3.
TFUMINLK) = TA(IMINJ,K) -
30 CONTINUE
C =~ TEMP. AT THE CORNER OF FIN'S TIP ™"
£1 = KF*B*DELYFA(S2. Y DELXF)



£2 = KF*(5/2.)" DELXF/(B*DELYF)
E3 = KA*B*DELYF/{(S/2.)*DELXA)
£4 = KA™{S5/2."DELXFAB DELYA)

DO 40 K=0,KMAX
TA{OJTIPK) = (4 E1"TF(-1JTIP,K) - EVTF{-2.JTIP,K) +
+ 4 EZTF{0.JTIP-1,K) - EZTF(0.JTIP-2,K) +
+ AETTA(IITIPK) - EFTAZJTIPK) +
+ 4 E4*TAO.JTIP+1,K) - E4*TA(O.JTIP+2,K)Y
L+ (3.4(E1 + E2+ E3 + E4))
TF(OJTIP,K) = TA{D.JTIP.K)
40 CONTINUE
RETURN
END

c W TR T T R T T TR YT

SUBROUTINE FIN_TEMP_CAL (8,5, MAXIT ERRF}
C  IMPLICIT REAL*B (A-H,0-Z) '
PARAMETER (YMAX=3., JMAX=100, YLIM=1.5, JLIM=75, XMAX=1,,
+  IMAX=10, IMIN=-5, ZMAX=1, KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=3, JMAX=200, YUIM=1.5, JLIM=75, XMAX=1.,
c + IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=5, JMAX=125, YLIM=1.5, JLIM=75, XMAX=1,,
C +  IMAX=10, IMINZ-5, ZMAX=1., KMAX=25, JTIP=50)
DIMENSION XM(IMIN-1:IMAX+1), YM(-1:JMAX+1), ZM{-1:KMAX:+1),
+ XU{IMIN-TIMAX), YU(O:UMAX), ZU(-1:KMAX+1),
+ 1 XV(IMINAMAX), YV(-1:JMAX), 2V(-1:KMAX+1),
+ | XW(IMIN:MAX), YW(O.JMAX), ZW(-1:KMAX)
DIMENSION U(IMIN-1:IMAX, 0:JMAX,1:KMAX+1),
+ V(IMINIMAX1:JMAX - 1:KMAX+1),
+ WOMIN:IMAX,0:JMAX -1:KMAX),
+  PIMIN:IMAX, 0:JMAX,0:KMAX),
+  PC{IMIN:IMAX,0:MAX,0:KMAX),

134
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o TROMINGOTIPOKMAX)

+ TA(MINIMAX,0:MAX -1:KMAX+1)
OIMENSION TFOLD(IMIN:O, TP, G:KMAX)
COMMON/COORDINATE/XM,YM.ZM XU, YU,ZU, XV, V.2V, X, YW.ZW
COMMONNARIABLENV.W,P.FC,TA,TF
COMMON/CONDUC/KA KF
REAL KAKF ER ~

C  * START [TERATION =
ITER = 0
ITERMAX = MAXIT

5 ITER = ITER + 1

ERRF = 0. |

C ™ TEMP. INSIDE FIN =
DO 10 1=IMIN+1,-1
DO 10 J=1,JTIP-1
DO 10 K=0,KMAX
DXE = XM(H+1) - XM{1)
DXW = XM(}) - XM(-1)
DYN = YM{J+1) - YM(J)
DYS = YM{J) - YM{J-1)
DELX = (DXE + DXW)2
DELY = (YN + DYS)2

 AE = 4"DELYDXE

AW = & *DELYDXW
AN = ((§/B)"2) DELXDYN
AS = ((S/B)"2DELXDYS
AP = AE + AW + AN + AS
TFPRV = TF(1d K)
TF(1.J,K) = (1/AP)(AETF(H1,d,K) + AWTF (1,4, K) +

+ ANTF(LJ+1,K) + AS*TF(LJ-1.K)
ERRF = ERRF + ABS{TF(i,J K) - TFPRV)

10 CONTINUE
C "~ TEMP. ON THE LEFT SIDE (DT/DX=0) ™"
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DO 11 J=1,JTiP-1
" DO 11 K=0,KMAX
11 TRIMIN.J,K) = (8 TFIMIN+1,4,K) - TRIMIN+2.J,K)V3.
C = TEMP. AT INTERFACE ***
DO 15 J=1JTIP
DO 15K=0KMAX
15 TFOLD(0,J.K) = TF(0,4,K)
DO 16 I=IMIN.-1
DO 16 K=0,KMAX
16 TFOLD(LITIP.K) = TF(LITIP,K)
CALL INTERFACE_TEMP_CAL (B.S)
DO 17 J=1JTIP
DO 17 K=0,KMAX
17 ERRF = ERRF + ABS(TF(0,0.K) - TFOLD(0,4,K))
DO 18 1=IMIN,-1
DO 18 K=0,KMAX
18 ERRF = ERRF + ABS(TF(IJTIP,K) - TFOLD(,JTI,K))
C  WRITE("*) 'TERATIONNO.TER
C  WRITE(,") 'SUM OF ERROR = ‘ER
IF (ERRF.LE.0.00005) GO TO 30
IF (ITER-TERMAX) 5,30,30
0 WRITE (") 'FIN TEMP. CAL PASSED'
WRITE (") 'NO. OF ITER. = TER
WRITE (*.*) 'SUM OF ERROR = "ERRF
PAUSE **
WRITE (9,") 'FIN TEMP. CAL PASSED'
WRITE (9,%) 'NO, OF ITER. = |ITER
WRITE (9.) 'SUM OF ERROR = 'ER
RETURN
END

o 0O 0o 0
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SUBROUTINE HEAT_CAL (TB,T§,8,L,5,Q.NOF)
C  IMPLICIT REAL"S (A-H.0-2) .
PARAMETER (YMAX=3,, JMAX=100, YLIM=1.5, JLIM=T5, XMAX=1,
+  IMAX=10, IMIN=-5, ZMAX=1,, KMAX=25, JTIP=50)
¢ - PARAMETER (YMAX=3, JMAX=200, YLIM=1.5, JLIM=T75, XMAX=1,
¢+ IMAX=10, IMIN=-5, ZMAX=1., KMAX=25, JTIP=50)
¢ PARAMETER (YMAX=S,, JMAX=125, YLIM=1.5, JLIM=75, XMAX=1,
¢ 4+ IMAX=10, IMIN=-5, ZMAX=1,, KMAX=26, JTIP=50)
DIMENSION XM(IMIN-T:IMAX+1), YM(-1:JMAX+1), ZM(-1:KMAX-+1),
+ XU(IMIN-1:1MAX), YU(O:UMAX), ZUF1:KMAX+1),
+ XVIMINIMAX), YW(-1:0MAX), ZVI-1:KMAX+1),
+ . XW(MIN:IMAX), YW(O:MAX), ZW(-1:KMAX)
DIMENSION U(IMIN-1:IMAX, 0:JMAX,-1:KMAX4+1),
+ VIMINIMAX1IMAX -1 KMAX+1),
W(MIN:MAX, 0:JMAX,-1:KMAX),
+ PIMIN:IMAX, 0:JMAX O:KMAX).
+  PCIMIN:MAX,0:UMAX,0:KMAX),
+ TRMIN:GD.O:UTIP.O:KMAX),

+

+ TA(IMINIMAX,0:UMAX,-1:KMAX+1}
COMMON/COORDINATE/XM,YM.ZM, XU, YU,ZU XV V.2V, XW,YW.ZW
COMMONNARIABLE/UVW,P,PC.TATF =
COMMON/CONDUGHKA KF
REAL L.KA,KF.NOF
Q=0.

C " HEAT TRANS. FROM FIN BASE =

DY-= YM(1)- YM(0)
DO 101=0,MAX
DO 10 K=0,KMAX
IF (1.EQ,0) THEN
DELX = (XM(1) - XM{O)}2.
ELSEIF (.EQ.IMAX) THEN
DELX = (XM{IMAX} - XM{IMAX-1)V2.
ELSE
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DELX = (XM({1+1) - XM{I-1)y2.
ENDIF
IF {K.EQ.0) THEN
DELZ = (ZM(1) - ZM(0)y2. |
ELSEIF (K.EQ.KMAX) THEN
DELZ = (ZM(KMAX) - ZM(KMAX-1)¥/2.
ELSE
DELZ = {ZM{K+1) - ZM(K-1))'2.
ENDIF
AREA = DELX"DELZ*(S/2.)"L"1.E-6
Q = Q+{-KA)"AREA*(TB-TSJ(B*1.E-3)"
+ (-3 TA(LOKI4. TALTKFTAL2.K)M2. DY)
10 CONTINUE :
C " HEAT TRAN, AT FIN'S FACE =
DX = XM{1) - XM(0)

00 20 J=0,JTIP
DO 20 K=0,KMAX

IF (LEQ.0) THEN

DELY = (YM(1) - YM(O)}2

ELSEIF (J.EQ.JTIP) THEN

DELY = (YM(JTIF) - YM{TIP-1)¥2,
ELSE

DELY = (YM{J+1) - YM{d-1)Y2.
ENDIF

IF (K.EQ.0) THEN

DELZ = (ZM(1) - ZM(O}Y2.

ELSEIF (K.EQ.KMAX) THEN

DELZ = (ZM(KMAX) - ZM(KMAX-1)Y2.
ELSE

DELZ = (ZM(K+1) - ZM(K~1))/2.
ENDIF

AREA = DELY'DELZ*B*L*1.E-6
Q = Q + (-KA)"AREA"(TB-TS}/((S/2.)"1.E-3)"



ok (-3 TA(O.J, KH+4."TA(1,J K} TA(2,J, K)V(2."DX)

20 CONTINUE
C ™ HEAT TRAN, AT FIN'S TIP
DY = YM(UTIP+1) - YMUJTIP)
DO 30 I=IMIN,0
DO 30 K=0,KMAX
IF (LEQ.IMIN) THEN
DELX = (XM{IMIN+1} - XM(IMIN)Y2.
ELSEIF (LEQ.0) THEN
DELX = (XM(0) - XM(-1}}12,
ELSE ‘
DELX = (XM(1+1) - XM{-1)y2.
ENDIF
IF (K.EQ.0) THEN
DELZ = (ZM(1) - ZM{0)}2,
ELSEIF (K.EQ.KMAX) THEN
DELZ = (ZM(KMAX] - ZM(KMAX-1)¥2,
ELSE
DELZ = (ZM(K+1) - ZM(K-1)y2.
ENDIF
" AREA = DELX"DELZ*(S/2.)°(L)"1.E-6
Q = G +{-KA)"AREA*(TB-TS Y(B"1.E-3)*

+ (3TAGJTIP KA TAQLITIPH1,KETA(LJTIP2,K)Y

+  {2'DY)
30 CONTINUE
Q=NOFQ
WRITE(",*) 'HEAT CAL PASSED"
- WRITE{"") TOTAL HEAT TRANSFER = '.Q -
C PAUSE 'PRESS ENTER'
C  WRITE(9,") 'HEAT CAL PASSED"
€ WRITE(9.") TOTAL HEAT TRANSFER = '.Q
RETURN
END
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