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The program solves the fol1onihg partial differenfial equation of

heat flow
2 aTy , 3 3Ty , 8 My e 0= T (
X (x 3)-(') + 3 (x -5;) "'N,-a-z- (x az)"‘Q Cp Y | (1) |

where T = temperature . °F
thermal conductivity Btu/T-L-°F

K

Xs¥s2 = cartesian coordinates L

Cp = specific heat Btu/lb-°Fv

¢ = density /L3

t=time T

Q= heat generation rate per unit volume ‘Btu/L3-T

The program so]ves;(l) by the Crank-Nicholsqn finite differencing
scheme, . Fdr the déScriptioh of how the program solves (1) see Halepaska o
and Hartman, 1971, “NuﬁZkrjcal Solution of the 3-Dimensional Heat Flow ;
Equation." . | o o '

The present form of the program assumes the conductivity equa] in
all directions, but the parameters are- 1ndexed so that variable conduct1-‘
vities could easily be incorporated.

The following parameters must be defined at each noda] center (fig. 1).

The: initial temperature array

Ti.J.k; |
the specific heat array:

Cpi, 3,k N
the thermal conductivity array:

Ki,J.ks .



and the density array:

Pi,j,ki
and the source or sink term a?ray:
Qi,3,k-
The arrays are presently set up internally in the program, but the program
could be easily modified to read in the arrays of data. '
Other parameters, such as the initial time step, termination time,
and Ax, Az spacing are presently defined internally in the program.
At present, the only input is on three cards:
card #1 - M, L, K where |
M = number of nodes along the x direction (fig. 1)
L = number of nodes along the y direction
K = number of nodes along the z direction
Format for Card #1 is 314
Card #2 - N = number of cycles to print out temperature array
- Card #3 - ¢ = gpsilon value in convergence test of iteration

A listing of an example input is given on page __.
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THREE DIMENSIONAL HEAT FLOW XYZ
= DIMENSION: A(lS)vAX(l5tl505’vBX(1591595)vcx11501505)|DX‘15!15’5’
‘ 1EX(l5'15.5),FX(15'15o5)o$(15,l595)’H(15'1505,tc‘5’0CEt15015953!
- 258(1591595)9Ul15)9VIL15)9G{15915,5)eHH{ 15,15 e i
.- 3SKU15,15+5) ¢QU1591595) oPPK(1591595)9E{15+15¢5) =

.- DOUBLE PRECISION A,AX,BX.CX'DX’EX,Fx'Sr“vCEoSSOUQVQGQHH'SKVQ
DOUBLE PRECISION EoBDXIQDDXvBDZIQDDZ'DEL
READ(591)NMZONQNZON'KZONL : :

FORMAT(314)
L=NZON+1
‘M=NMZON+1
KN=KZON+1
FORMAT(1H1)
‘FORMATIF12.6:2F10.2)
; D0 200 KSI,KN_
= DO 200 I=1,L
? DO 200 J=1,M ;
. TEMPERATURE ~ DEGREES FAHRENHEIT _
ki H(IyJsK)=65. :
SPECIFIC HEAT - CP - BTU PER POUND—DEGREE 4
 CE(lpJdeK)=.22
- HEAT CONDUCTIVITY - K - BTU PER HOUR*FOOT-DEGREE
SS{IeJdeK)=1la8l o
DENSITY = RHO = POUND PER CUBIC FEET”
CONTINUE
- DO 201 I=l,L
DO 201 J=ly,M o
SS{leJsl)=0,0
SS(I19J95)=0.0
- CONTINUE
- FORMAT({18F4.0)
. FORMAT(IthB(FG.ZolX))
S FORHAT(I) :

MED=0
NEDIT=0
NED = NUMBER OF CYCLES TO PRINT ouT TEﬂP HATRIX
‘READ(Ss1)NED
SIGMA = CONVERGENCE LlHlT IN ITERAT!ON L P
READ(5,62) SIGMA g
RDT = TIME STEP PROGRESSION RATIO
RDT=1.2

INITIAL TIME STEP (TINE IS‘}N HOURS)

DTNMH=1e /760
DTNPH=DTNMH
TIME=0.0
. TSTOP = ENDING TIME TO TERMINATE PROGR‘H
“ TSTOP=1.0E+04 :
L = NUMBER OF NODES 1IN X DIRECTION
M = NUMBER OF NODES IN Y DIRECTION
.« KN = NUMBER OF NODES IN Z DIRECTION

" "COMPUTE RHO TIMES SPECIFIC HEAT
.- SET Q MATRIX EQUAL TO ZERD i
DO 10 K=1,KN

DO 10 I=1,L
DO 10 J=1,M

L GL AT




. SS(!,J,K"H(I,J'K’

s TEST TO TERMINATE |
© " IF((TIME-TSTOP).GE.0.0)GO TO 125

CE(loJdoK)=CELI¢JoK)%S{I,JeK)
Q(IeJeX)=0.0 : :
) CONTINUE .

A,
P N
&S iR

A(I) = 1/DELTA X SQUARED = ‘1/DELTA Y SQUARED
C{K) = 1/DELTA Z SQUARED . . -

DDX1=20. ST SEP
DDZ1=20. St S
-DDX=1./DDX1#%2 . - o ey
DDZ=1./00Z1#*%2 -~ '
00 12 I=1,L -

A(1)=DDX
CONTINUE

.00 101 K=1,KN
C{K)=DD2
CONTINUE :

Q = TWO TIMES RATE PER CUBIC VOLUNME

- SET UP LOCATIONS OF SOURCE TERMS s
Q(80802)3(20*20000-’/‘DDXI**Z*DDZl)f»; '
Q(8+893)=(2.%20000.)/(DOX1%*2%DD21) ’
Q(8+98+4)=(2.%20000.)/(DOX1%*2%DDZ 1)

COMPUTE AVERAGE CONDUCTIVITIES ACROSS NODES
DO 16 K=2,KZON

DC 16 I=2,NZON ,
DO 16 J=2,NMZON ‘
AX(IpJ:K)=(2.*SS(IoJoK)*SS(l+l'JvK))ItSS(I'JaK)0SS(I#LfJoKQ}
BX(I,J’K)=(2.*SS(‘1J9K)*SS(l‘lanK)Y"SS(I’JvK)*SS(I_liJ'K)’
CX(I'JoKl=(2-*S$ll.J;K)*SS(I.J+1.K)3/(55(11J.K3*S$(!¢J+1.K))
' Dx(I.JoK7=(Z-*SS(IngK)*SS(I)J~1'K))I(SS(IvJ-K)*SS(lyJ—l,K))'3
EX(I.J,K)=(2§*SS(X'J.K)*SS(I.J'KOLJ)IlSS&IfJoK)+SSlliJoK*1))
FX(19JdoK)=(24%SSET9dsKIRSSILsdoK=11)/(SSELydeK)+SS{IodoK=1))
CONTINUE Rt P Tl
- DO 18 K=1,KN

DO 18 I=1,L

DO 18 J=1,M
S(IthK’ﬂﬂ(l’J'Kl

CONTINUE | | c
BEGIN INTEGRATION AND TIME STEP LOOP -

DTNMH=DTNPH
DTNPH=ROT#DTNMH
TIME=TINE+DTNPH

EXTRAPOLATION FOR ITERATE TERMS -
D0 30 K=1,KN . C '
D0 30 I=1,L ' _ :
"7 DG 30 J=1.M : - )
"SS(I'J'K)=S(IngK,*RDT*(S(letK)-SS‘iiJ'&l)
SK{IJdyK)=SSUIpJeK) o EERE
E(T9JoK)=(2.%CE(I9JoK))/DTNPH
'CONTINUE S L e T
- SET UP COEFFICIENTS FOR“THD"As ALG°RlTﬂ"
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D0 35 I=2,NZON

DO 35 J=2,NMZON :

i G(ngpKl'A(l)*BX(I;J:K)*(S(I:J K)'S(I-leoK’3*A(l)*DX|10JvK’* o
TL(SETpd oK) =S{Iod=LoK) )=ALI ) RAX (I 9 doKIE(S{I®LoJeKI=S{IoJoeK))=ALL)® -
ZCX(l!JgK"‘S‘loJ*l'K,‘S‘l’J'K"+C‘&)‘Fx‘x’J'K,“S(‘OJO“’-S‘I'J'K._

: 3))‘C(K)*EX(‘QJOK)*(S(!oJoKOI)‘S‘IQJQ*’"Q‘leoK’ : L
35 CONTINUE '

ITERA=O
.37 DO 72 K=2,KZON

DC 72 1=2,NZON
0C 40 JU=2.NMZION :
HH(IvJ)’G‘th:K)‘A(I)*AX(!tJDK)*SK(l*l:J.K)-h(L)‘BX(I.J'K)* i
158(!-1'J'K)-C(K)*EXichoK)'SK!I.J.KOID‘C(K)‘FXII.J.K)tss (le!K'l)h
2-E(l4J.K)*S(1, J'K) . .
40 CONTINUE
Lo UL1)=0.0
7 oNEL)I=S (191 9K)
s DO 60 J=24NMZON'
i DEL=A(X)*AX(11J9K)+A(I)*Bx(ltJQK)§A(1)*CX(I'JOK)*A(I,*DX(ivJ'K)*
IC(K)*EX(l1J0K)+C(K)*FX(11J9K)*E(IoJoK)'A(l)‘DX‘I,JQK)‘U(J‘I) -
" IF(DELeLE«1.0E~20)G0 TO 55
S CQEFFICIENTS FOR LINEAR EQUATIONS IN TR!DIANGQNAL HATRIX

‘U(J)SA(I)*CX(!.J.K)IDEL

V(J)stA(I)*nx(I.J.x)tvta-l)-uﬂtx.J):loEL
= GO TO 60
. 85 U(J)=0.0
VI =STIedyK) |
" 60 CONTINUE ‘
~ BACK SUBSTITUTION To. sotve FOR TEHP VALUES'IN JTH aou

D0 70 J=2,NMZON
KK=M=J+1 '

- SS(I.KK,K)*U(KK)*SSII.KKOI'K)*V(KK)éﬁ“f
. 70 CONTINUE i S

1" 72 CONTINUE

PKMAX=0.0.

D0 75 K=1,KN
TEST SUCCESSIVE TEHP VALUES OVER ENT!RE GRID
DO 75 I=1,L

DO 75 J=1.M
PPK(IngK)’ABS(l.*SK(l'J'K)/SS‘ItdoK)’
IF(PPK(levK)-PKHAX)75o73o73 ‘ . i

73 PKMAX=PPK{IeJyK)
.75 CONTINUE

lF(PK”AX.LE.SIGHA)GO TO 88
. ITERA=ITERA+1 :
T lF(lTERA.GT-lO)GO TO 88

DO 80 K=1,KN L
00 80 I=l,eL -~
00 80 J=1,M



'JSKGI,J.x)-SS(!.J.
CONTINUE .

'GO T0 37

DC SO K*l’KN

00 90 I=1,L

"DO 90 J=1,M
TEMP=S(I,J,K) :
S(I,yJ0 K)’SS(I,JQK)
SStIsJeK)=TEMP
‘CONTINUE

MED=MED+1

NEDIT=NEDIT+]1

DTNMH=DTNPH :

DETERMINE IF PRINTOUT REQUIRED
AF({NEDIT-NEDIT/NED*NED) .€Q.0) G0 TO 100
IF(NEDIT.LT.2)GO TO 100

G0 TO 20

100 uaxietb.loS)rtns.otupn.uenlr.lrEnA”

105 Fonnurt1H1.5x.snrxne-.Elt.&.onorupua.sxx.4.cuuenxré}xﬁvenxtegﬂq;xé
1 e -
.63 FORHAT(!X.!BF?.S)

lla DO 120 K’viN o
- DO 120 I=1,L ;
WRITE (69 6) (S(Iy Jo K), J - 1' ﬂ'
WRITE(696) (H(IydeK)gJdmlyM)
HRITE(6'63)(FPK‘!OJOK):J‘IO")
- WRITE{6466) iy '
CONTINUE.




