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The program solves the following partial differential equation of 

heat flow· 

.L{ .il)+.L{ .!!.)+.L{ E)+Q=C 21 ax K ax ay Kay ·az ic &z :· PP at 

where T = temperature ° F 

K = thennal conductivity 

x,y,z = cartesian coordinates 

Btu/T-L-°F 

L 

Cp = specific heat. Btu/lb-°F 

p • density lb/L3 

t = tirne T 

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

The program solves.{1) by the Crank-Nicholson finite differencing 

schellle •. For the description of bow the program solves 0) qe ltalepaska 

and Hartman, 1971, "Nun(,r1ca1 Solution of the 3-Dimensional Heat Flow 

Equation. 11 

The present form of the program assLmtes the conductivity equal in 

all directions, but the parameters are indexed so that variable conducti­

vities could easily be incorporated. 

The following parameters nnJst be defined· at each nodal center {fig. 1). 

The:initial temperature array: 

Ti,j,k; 

the spec1f1c heat array: 

CP1,j,k; 

the thermal conductivity array: 



and the density array: 

Pi,j,k; 

and the source or sink tenn array: 

Q1 ,j, 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 internai'ly 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 = n\lllber of nodes along they direction 

K = number of.nodes along the z direction 

Fonnat fo~ Card #1 is 314 

Card #2 - N = number of cycles to print out temperature array 

Card 1.3 - _£ = epsilon value in convergence test of iteration 

A listing of an example input is given on page_. 
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-~ · · THREE OIMENSI ONAL HEAT FLOW XYZ . · . 
~:. ; . ;:( DI MENS I ON AC 15 >. AX C 15 , l S, 5 J , 8 X ( 15 , 15, S ) t C XI 15, 15 t 5 h OX C 15 t 15 t 5 
··· ~✓ lEXC15,15,5),FX(15,15~5),S(l5,15,5),ffl15,15,5t•CCSJ,CE(1S,15, . -~~~~~-

~- 2SSC15,15,S),UC15),Vtl5>,GC15,15,S),HH(lt.15), 

C 

C 

3SKC15,15,5>,0C15,15~5J,PPKC15,15,5l,El~5,15,5J. 
DOUBLE PRECISION A,AX,BX,CX,DX,EX,Fx.s.H,CE,SS,U,V,G,HH,SK,Q 
DOUBLE PRECISION E,DOXl,DDX,OOZl,OOZ,DEL . 
READ C 5, l) NMZON,NZON,KZON ., -_ . 

1 FORMAT(3I4) . 
LaNZON+l 
M=NMZON-tl 

. KN•KZON+l 
· 61 FORMATClHl) 
" · 62 ·FORMAT IF12.6,2Fl0.2) 
. DO 200 K•l,KN . 

DO 200 1•1,L 
DO 200 J•l,M 
TEMPERATURE - DEGREES FAHRENHEIT . 
HCI,J,K)•65. 
SPECIFIC HEAT -• CP - BTU PER ·POUND-DEGREE : 
CECI,J,KJ•.22 

C . . . HEAT CONDUCTIVITY - K - BTU PER -HOUR-fOOT~DEGREE 

C 

C 

. SSCI,J,K)•l.81 .. 
DENSITY - RHO - POUND PER CUIIC·FEEt · 
SCl,J,KJ•l35. >;l;c;}·.;•;.- -

200 CONTINUE , .. 
. DO 201 l•l ,l 

DO 201 Jal,M 
SS Cl, J,1 )•O.O 
ssu,J,sr-o.o 

201_ CONTINUE 
7 FORMAT(l8F4.0) 

6 FORMAT(lX.18CF6.2,1XJ) 
66. ,- FORMAT(/) 

MEDaO 
NEDITaO 

C NED• NUMBER OF CYCLES TO-PRINT OUT TE~PMATRI~ 
REAOC5.l)NEO 

C SIGMA• CONVERGENCE LIMIT 
:v: READC5,62JSIGMA 

·c 
C 
C ·,,_, 
C C, .. 
C . 

ROT= TIME STEP ·PROGRESSION RATIO 
ROT=l.2 
INITIAL TIME STEP CTIM~· IS }.N HOURS) · 

0TNMH=l. /60. 
0TNPH•0TNMH 
TJME20.0 
TSTOP • ENDING TIME TO TERMINATE 
TSTOP•l.OE+04 
La NUMBER OF NODES IN 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· ZERO , . . . . 
DO 10 K•l.KN . f 

00 10 l•l,L 
00 10 J•l,M 



C 

CE ( 1,J,tO•CE( I .J.K) •sc 1. J.K> ,·· 
Q(l,J,l<)•O.O 

10 CONTINUE 

ACI) • 1/0ELTA 
C(K) • 1/DELTA 
OOX1•20. 
DOZ1==20. 
OOX•l./DDX1**2 
DOZ•l./D0Zl**2 .. 
00 12 I=l,L 
All)•OOX 

12 CONTINUE 

.DO 101 K•l,KN 
C(K)•DDZ 

101 CONTINUE 
C Q = TWO TIMES RATE PER CUBIC VOLUME 
C SET UP LOCATIONS OF SOURCE TERMS 

oca,a,2>=12.•20000.,1,0Dx1••2•ooz1, 
Q(8,8,3) 2 (2.•20000.,,coox1••2•ooz1) 

C 
C 

C 

Ql&,&,4>~12.•20000.11,oox1••2•ooz1> 

COMPUTE AVERAGE CONDUCTIVITIES ACROSS NODES 
15 DO 16 K•2,KZON 

DO 16 1=2,NZON 
DO 16 J=-2,NMZON 
AX ll • J •Kt= C 2. •ss C I , J, K) •ss C I+ 1, J • K) I/ t ss ( I• J, K > + ss ( I+ l, J, IU > · .. 
8X(I,J,K)=(2.•ss,1,J,K)*SSCJ-l,J,K))ltSS(l,J,K)+SSCt-1.J,K)) 
CXCI,J,KJ•C2.•SSCJ,J~K)*SSCl,J+l,K))/ISS(l•J,K)+SS(l~J•l,K)) 
DX CI, J, K")a( 2.*SS CI ,J, K )*SSI t·,J-1, Kl)/( SS( I ,J,K>+SSC 1,J-1,K U 
EX (I, J.K I• (2.•SS( 1-,J.K J •,SSC I ,J,K+l~t 1./t SS (.1,·J•K )+SSt I ·•J,K+l) > .. -~ 
FX( I ,J,K ,-,2.•ssc 1,J,K)*SSC I ,J,K-1 U /(SSC 1.,J.K )+SSC 1,J,~-1 l > > 16 CONTINUE . . . . 
DO 18 K•l,KN 
DO 18 1•1,L 
00 18 J=l,M 
SCI,J,K)•Hll,J,K) 

. SSCl,J,KJ•HCl,J,K) 
18 CONTINUE 

C BEGIN INTEGRATION ANO TIME STEP LOOP<; 
C 

20 OTNMH•DTNPH 
DTNPH•RDT*OTNMH 
T.I ME•TIME+DTNPH 

C TEST TO TERMINATE 

C 
C 

·c 
C 

IF((TIME-TSTOP).GE.o.01Go TO 125 

EXTRAPOLATION FOR ITERATE TERMS 
00 30 K•l,KN 
DO 30 l=l,L 
DO 30 J•l,M 
SSCI,J,K)•SCl,J,K)+ROT•CSCI,J,KI-SSCl,J,KI) 
SKCJ,J,K)•SS(l,J,K) - •. 
E(t,J,K)•C2.•cec1,J,K))/DTNPH 

30 CONTINUE 
SET UP COEFFICIENTS FOR THOM4S .ALGORJTHM 

00 35 K•2,KZON , 

.,;_.. 



C 

00 35 1•2.NZ0N 
00 35 Ja2 • NMZON . 
GU ,J,K)•A (I >•BX (I ,J,K >•l S Cl, J,KJ-SC l-h J,K I) +A( I >•DXC J.,J,K)* . 

1C S ( I ,J,K )-SCI ,J-1,IU l-AC l) *AX CI ,J,tU•t SC 1+1, J,K t•SC 1 ,J,K > J-A, I>• ·' _ 
2CX Cl, J,10*( Sl I ,J+l

0
1K)•S CI ,J,K) >+Cl K>•F,.Jf 1, J,K >•CJC 1,J,~O-S CI ,J,K-1 

3 >)-CC K) •Ext 1,J,K J •cSc'I ,J,K+l)•SC J ,J,1< i )~QC 1,J,Kl 
.35 CONTINUE 

ITERA•O 

00 72 1•2.NZON 
DO 40 J=2,NMZON 
HH (I .J >•Gl I, J• K >-AC I )*AXIi ,J,K >•SK( l+l•J ,K )-AC L)*BXC I ,J,K >• 

1S511-1, J,K ,-c, K) *EX( I, J,K) •SK I I ,J,K+ 1 ><uo•FXI I ,J,K) •ss CI ,J,K•l) ., - -
2-ECl,J,K)*SCI,J,K) . 

.. 40 CONTINUE 
Ull)a0.0 
Vll>•SCI,1,1<) 
DO 60 J•2• NMZON. 
DEL=ACl)*AX(I.J,K)+ACI>•BXCl,J,K)+AII)*CXCl,J,K)+Atll*DXCl,J,K)+ 

lCCK>•ex,1.J,K)+C(K)*FXCJ,J,K)+ECJ,J,K)•A(l)•0Xll,J,K)*U(J-l) 
IF(0EL.LE.1.oe-20)G0 TO 55 

C ,_, \. COEFFICIENTS FOR LINEAR EQUATIONS IN TRIDIANGONAL MATRIX 
C 

U(J)•ACIJ•CXCI,J,K)/0EL 
C 

V CJ,_ (AC I J •ox I 1, J,K J •vc J-.1 )-HHll,.J l )/DEL 
GO TO 60 

55 U ( J) •0. 0 ' 
V ( Jl•S CI ,J,K) 

60 CONTINUE 
C 
C 

BACK SUBSTITUTION TO SOLVE FOR TEMP :VALues:· JN<JTH• ROW ' 

00 70 J•Z,NMZON 
KK•M-J+l 

'. ~ . ~ \ 

ss (I ,KK,K)•UCKK) •ss C i..KK+l ,K)+V CKK) ' 
70 £0NTINUE . . 

C 
,_ ;, , 72 CONTINUE 
C· ~-' 

-~; . 

... ,· 

c~ -

PKMAXaO.O 
00 75 K•l,KN 
TEST SUCCESSIVE TEMP VALUES OVER· ·ENTIRE GRID, 
DO 75 1•1,L 
DO 75 J=l,M 
PPKll .J,K)•ABSll.-Sl(C 1,J,K)/SSC 1,J,K)) .~· 
IFIPPK11,J,K)-PKMAXJ75,73,73 

, ~-73 PKMAXaPPKll,J,K) 
·_75 CONTINUE 

C 
:;-,. IF (PKMAX.LE.StGMA) GO 

C 

ITERA=-ITERA+l 
IFCITERA.GT.lO)GO TO 88, 

DO 80 K•l,KN 
00 80 1•1,L 
00 80 J•l,M. 



TRADE VALUES 

88 DO 90 K•l,KN 
00 90 J•l,l 

· 00 90 J•l,M 
TEMPaS(l,J,K) 
SCJ,J,K)•SSCl,J,K). 
$S Cl ,J,t< >•TEMP 

90 ·toNTI NUE . 
MEO=MEO+l 

c· 
NEOJT=NEOJT+l 
OTNMH=OTNPH 

C DETERMINE IF PRINTOUT REQUIRED . , 

C 
., C 

lf UNEOIT-NEDIT/NEO•NEO).EQ.O)GO TO 100. . . 
IFINEOIT.LT •. 21GO TO 100. · ~~· .:.~ •> ..... -

Go To 20 ,;· ;; ,::., .. 
. . . : .. >:¥ 

100 WRITE 16.105lTIME.DTNPH.NEOIT • ITERA . . . _,<t;i; 
.105 FORNAtt 1H1 ,sx,sHTIME•, e11 •• ,6HDTNPtt,..e 11.4·,,HNeo1T•·~ 11t,6H11e••~• 11t,il: 

•., •631:oR~ATUX,l8f7.51 . . ·• . . . ., ,. . . ' .'.· ... ···. ·--:t~f? .. 

11~ 00 120 K•l,KN 
00 120 l•l,L 
WRITE C6, 6) (SCI, J, K), J '• .. 1,. 
WRtTE(6,6)CHC1,J,K)iJ•l,M) 
WRITE 16,63) C PPKC 1,,hK),J•l ,M) 
WRITEt6,661 

·120 CONTINUE. 
GO TO 20 

c.'. . . 
125 STOP .. •·. 
·.· '· 0 ENO 
-~·-- < -/···~ •• 


