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ABSTRACT

This paper presents a new numerical method, the error method,
for solving parabolic type partial differential equations, linear or non-
linear, In particular, by comparing with the regular successive iterative
method, more beneficial results in the application to non-linear problems,
Three non-linear examples were studied by using this method, All resulted
in large reduction of numder of iteratiom loops and CPU time required in
comparing to the corresponding regular successive method used,

Generalization and modification of this method appears appropriate
to extend its api:liontion to elliptical type partial differential equation
so that problems with "isolated” events ( such as those with ignitiom spots)

may be handled with this method,
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I, Introduction

This paper presents a new nemerical method, the error method,
tor solving parabolic type partial differential equations, linear or mon-
linear, Observing from the cases studied, it appears that the application
of the error method to non-linear problems results in more beneficial than
to linear probleas in comparing with the conventional workable successive
iterative numerical scheme, This new method features wide applicability,
Its computational scheme converges fast., The following sections will
describe the fundamental derivation of this method, its applicaiioms to

non-linear problems and the future potential developments,

II., The Successive Iterative Method

To construct the basic numerical scheme of the error method,
let's start by reviewing the conventional successive iterative method,
Consider the probleam of an one-dimensional, unsteady heat conduction in a

solid plane wall with finite thickness, Its governing equation is,

Ty " Tex o (1)

where T, the unkmowa temperature field and x,t, the effective spacious
and time coordinates, The set of initial and boundary conditions may be,

t=0, Te=7/(x)

x=0, T=g¢, (2)
!.1. T-cz (]

B e e - . ——




(2)

where 1, the effective wall thicknmess and C,, C;, two fixed temperature

values on the two wall surfaces, T,(x) represents the initial temperature
profile across the wall thickness,

To such a problem, the finite difference successive iterative
nunerical method can be used, The field, alomg x direction, is first

i T o S e o

-

W NgRire R
1 n-1 n n+ N
: | | 1 :
[o—>x :«—Ax—-i'—.dx - 1:

Figure 1, Grid System for the Numerical Scheme

divided into (N-1) grids, Each grid sizes ax, An implicit finite difference
equation is constructed from equation (1), i,e,

Tnu “'-T“'!H
Tluol,”= Sas T + F(T ) ’ (3)
AX my%
24+ =) :
where F(T, )= s TE*T';‘A‘" I@“, ,
24 (z5 + 2x) at(Zp+ae)

and n varying from 2 to N-1, The solution of equation (3), together with the

two boundary conditions specified, determine the various T+t xas ‘l‘..,,, are

—
T ——————— : —




L

e e s SRl e

o T — —

(3)

given, With successive iterative method, solution of equation (3) starts

by assuming & set of T, , values, together with the specified imformation
for F(T...,.) from time instant,m, substituting into the right side of
equation (3), then calculating a new set of Tu.x « This new set of Tu..«

is then replacing the old set of T...x» to plug into the right side of
equation (3) again and calculating the next new set of T, . . Such
procedure repeats itself until the calculated set of T... . revealing no
significant difference from the previous set of T... . The last set of
calculated T,. r» values are considered the satisfied solution, The
selection of the starting T., . profile is not uaique, Ordinarily, to use
the profile, T.. , &8s the first trial profile, T... appear not a bad
choice, Since, intuitively, as we may expect that the correct unknown profile,
Twx o Should not be different from the known profile of the previous time
instant,T. . , too much if At is small enough and no "1solated” event
occurs, To assure the stable convergence of the calculation steps and lead

to reasonable solution, it appears that the criterian,

A%

e 23 (8)

ought to be observed in selecting the relative sigzes of ax and at,

According to above description, a Fortran program (SPD1), attached
as Appendix A, was constructed to allow digital computer to perform the steps
in the iterative computation procedure for this one dimensiomal, unsteady

heat conduction problem, A case with the initial condition,T,(x), possessing
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one surface temperature ac elevated level was studied, Some calculated
temperature profiles at various time instants are shown in Talle i, In
this table, the number of iteretion loop required for calculating each
tenperature profile is also indicated; so is the total CPU time used,
Also, cases with highly non-linear initial conditions were also investi-
gated with this program, the results indicate that the successive method
appears very effective to handle such linear problems,

Table 1 Some Temperature Profiles for a One-Dimensional,

Unsteady Heat Conduction Problem (Successive Method)

Initial Temperature Profile:s T=200,0 at x=0,0 and t=0,0
T= 40,0 at x 0,0 and t=0,0
T=200.0 at x=0,0 and t 0.0

T= 40,0 at x-1.,0 and t 0,0
The Iabels Orderly number of Temp Profile, No, of Iteration Loop, Time Inst.

Boundary Conditionss

Values of Temperature Profile

1 O 0.00000
200.00000 40.00000 40.00000 A40,00000 40.00000 40,00000
40.,00000 40.00000 A0.00000 40,00000 40.00000 20.00000
40.00000 40,00000 40.00000 40,00000 40.00000 40,00000
20.00000 40,.00000 40,00000
20 8 0.01900
200,00000 167.%4154 137.17704 110.59670 88.81256 72.08412
40.03503 51.88440 46.69865 43.059019 241.83147 40,8040
A0.1413114 40.18326 40.07784 20.03172 40.01242 40.,00448
40,00168 40.000%% 20.00000
40 7 0.03900
200.00000 177.,239342 155,20179 134.%52165 115.788639 99.29813
8O 20890 73.67917 64.42%324 §7.205884 51.87905% 47.96320
A5.19894  43.300546 A42,04642  41,233112 40,72176 40.40711
20.214%6 40.09160 40,00000
60 9 0.0%5%00
200,00000 181.4687%7 16%.3271% 145.92209 129.63219 111.465246
101,18298 89.32492 79.10333 70.,47551 63,343462 57.546934
G2.98P210 49.4PR18  446,7120%  44.467555 43.16817  42,.05603
41.22417 40.56%913 40.00000




(5)

III The Error Method

In applying convensional successive numerical scheme for solving
parabolic partial differentlial equations, we may "feel"™ one feature, i,e,,
the "passiveness” of the computation scheme, Except selecting the sizes of
the independent variables and specifying the initial condition, there is no
more handle which can be used to alter or comtrol the develcpment of the
computation, Furthermore, the convergent retes of the successive method
are often small, especlally, to non-linear problems, Frequently, hundreds,
or even, thousands iteration loops are required to achieve a single step
solution, On account of all these unsatisfactory charecteristics with the
convensional successive method, the error method is developed. Essentially,
the ma jor difference between the successive and the error method is that the
later imposes mechanism for estimating and correcting "errors"” of trial
values of the unknown quantities in a regular successive routing, So the
overall computation procedure is greatly shortened, To illustrate the basic
scheme of the error method, let us re-consider the unsteady, one-dimensional
heat conduction problem of last section, Let T:,::,/n represents the first
trial temperature profile at m+l time instant, T, ., represents the "true
solution” ( still unknown yet), It is clear,

Tt"./“ o T:\:\?n’v\ + XV\ (5)

where O, , the deviation of trial profile, T,‘Ql,’., , from the "true solution”,

i * o

Twwn o To start the iteretion process by substituting Tnem into the right

3 side of Equation (3),just as same ae done in successive method, and decomposing




(6)

(3}

T v. @ccording to equation (5), we obtain

% * 5
(2> -TM\,M) +Tmﬂ -\ Sh*f\ -+

n-|
T + F(Omx)~—mmm——— 6
Mﬂ;h 2( 4.‘?— 2).:;) ‘M/* 2(4_’_% ’ ( )

vhere T7) ., the calculated temperature profile at m+l time instant based
r",m - Substracting both sides of equation (6) by T|  , we then obtain,

B2 T = TS, = 5, - _gﬂﬂ*_g*_‘;l__ . A
E 2(1+ == A’t )

Equation (7), the error equation, provides N-2 required equations for

solving set of N unknowns, Js. The other two equations required are formed
from the two boundary conditions, For this particular case, it is obvious
that J= 3,=0. By deteraining the set of O values from equation (7), the
trial values, T, , can then be modified and - iteration processes repeat,
if needed, until the satisfactory "true solution” 1s achieved, To solve
equation (7) and the corresponding voumdary conditions for o ,» & set of

recurrency trormular are derived, lLet
Sn- ‘ngy]—\ + BV\ ’ (6)

where A, and B, are undetermined correlation parameters between nelghboring
&. Re-arrange equation (7), we obtain,

S-z(1+ )(Sn)-g_. . (9
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Eliminating S..., from equation (9) and equation (8), we have the recurrency

tormular,
ox*
A =202+ 257) -7\1:
(10)
B ax*

To stary the operation on the recurrency formular, we know,from equation (9)
and boundary conditlon, 3,- 0, that

Ml
b =2
(1)
2
By = <2( i+ %)az

After all the A, and B, , for 3<n<K, are determined, since O 0,
therefore,

dyp - i“n “ . (12)

The rest Y s are ocalculated from equation (8) in reverse order, The determined
Svalues are used to modify the trial values of unknown variables, T.f.'f,/. »

and the iteration cycles repeat, if needed, until satisfactory "true solution”

is obtained, It is clear, to this problem, a linear case, equation (7) is a

linear equation of ) . However, for non-linear problem, equation {7) would

be & non-linear equation of S o To facilitate the calculation, linearisation

procedure is used to convert equation (7) into linear form of &, The other
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steps of derivation are identical to those described above,
For clarity, the above description about the derivation of the

basic error method will be summarized as followss

(1) Corresponding to the governing differential equations as well as
the boundary conditions, form the implicit finite difference equatioms,
ready to start the regular iteration procedure, ;

(2) By using the first trial values of the unknown variatles, say T...., |
caloulate the unknown variables, say T.D.,,

(3) By recognizing Th.,, = Tas +J. ,where T%, ., the "true solution”,
deduce the linear error equations,R,= £( <, , 3., Su.), where R,= T,‘:;’,’,\- P ¥
from the finite difference numerical schene,

(4) Lot &= ApuSn +B,., , where A, , B,., , the undetermined
correlation parameters, Dei-ive the recurrency formular for A,,, , B.y

i.e.,

Ay =G(An)
Buyy = H(An , Bn ),
from the error equations, Determine ‘he starting &4 , B values from the related
boundary condition,
(5) Calculate A,,, B, for n up to N, Determine &, first, with the help

of one boundary condition and then with the correlation formular,
gn-ﬂ- Ay on + Byai ’
(6) Madify T}« and repeat stepe (2) to (5), if needed, until the
satisfactory "true solution” is obtained,
¥ith above procedure, a Fortran program,SPD2, was constructed and
attached as Appendix B, One case, same as studied by SFD1, was investigated
by this program, The results are identical to those from SFD1, Table 2 shows




(9)

the comparison of the number of iteration loops and CPU time required by
SPD2 and SPD1 for that particular case studied, Froam Table 2, it appears

Table 2, A comparison of the Number of Iteration Loop and CPU Time
Required by Successive and Error Methods for the Problem
Studied in Tatle 1

o.of iteration loop “Total CPU time required for
_Program per time step 60 time steps
sm 6--9 (most,9) 5.30 sec
SPm2 1 (ocoasionally 2, 4,53 sec
once 3)

that the CPU time saved by the error method im reference to successive
method 1s only about 20 %, a value mot very impressive, However, this
observation may also be interpreted as that the successive method is already

fairly effective in applying to linear problem,

IV The Appliocation of Error Method to Non-linear Problems
Three non-linear examples are presented to illustrate the applica-

tion and effectiveness of the error method, To facilitate the presentation,
brief qualitative description of these three problems are given first as
followss

(1) A steady lamimar tubular flow heat transfer problem with fluid
thermal conductivity varying linearly with local temperature, This problem
features with non-linear heat conduction term in the trensverce direction

to the tube flow,
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(2) A steady coaxial laminmar tubular flow problea with all the fluid
properties varying with local temperature, The problem is sketched in Figure
2, As shown in this diagrem, it is clear that radius directior slope of the

v

Figure 2, The Coaxial Tubular Flow Sketch

initial veloclty profile is discontinuous at inner tube wall location, The
concentration profiles of both the inner and outer tube gases are disconti-
nuous at the inner tube wall location, All the difussion terms in the
transverse direction are non-linear,

(3) An unsteady, one-dimensional fin problem with radiatiom, The

Convection & Radiation P

T e

Figure 3, The Sketch of a

radiative fin

To

| oo PR

r—x
schematic diagram is shown in Pigure 3, To this problem, the highly mon-
linear rediation term presents in both differential equation as well as the

boundary condition,

W
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The formulation of all three problems described are shown in

Table 3.
Table 3, Formulation of the Three Non-linear Problems
Itens Tube H,T. Proble-] Coaxile Tube Probdlem Radiative fin Problem
)
Governing |akicw=o AxEW=o A 2% 2% ;09
Equations foufl ol L (rell) | eull =gt FOe30) = 1'-1’..
PT=4 f\@ (1 rBY") W
<Y D= h—c (O 4T O 6T 6+4T)
Y < M
Quax = &s:hv r5%) c,= GQ’(‘F;TA\/ﬂ
:::ti‘l X =0, T=To(P x=o T.TCT)Y’Y‘”LY‘) T;:‘Q O = O/ 0=1
Boundary r‘—'-‘-O, %%‘E‘:o ‘“w,%;-:?(f =B’-!‘_£=-o )("o/ 0=1
Comditions |i_.5 T=Tw . o N x=ml, 22 =—¢ po
¢ r=oS, T<Tw, 3¢ =3¢ = 2
ml= lllﬁl: : dimensiodlers Fin ‘v\"w\
C.= ﬁi& Biot wumben
Temperature expressl " g
Finite T-s( pSvac,cT. |3re identical to those | g, . = - =2 o, :
Difference "d (:g;) 'CTC' “y | in left column, D amg G T
equations Tt
-'--(Tjﬂ‘fh]fb ‘é Yz'j e c‘s (Y\,F“"’\&)n) @x\zo‘/jﬂ"&jﬂ*&/\“? Qt,j-\
"f‘ = (T)_"f (;r, } A(Y‘ S'\*\r")") Cd = V“‘+ Vat 4+ 05 D.ils
&E S *csci ~Ta ey~ F3a Ty Y C“"" Vax - ot + 0 gD‘t
/]
J e 209.‘!:‘ W GIN-‘_
C- = (fu)- S) =Go 15, N S e DN{O Q%( 9..,)
gav ‘ReSc -c ™ S
o i d b L5 +33 )])
i" ‘_‘j‘/ T Tyt Tty [ Ceamt m*cah "’" &
;"‘(T‘;S ~4
T. S i ™ ‘T ":E +13 4T s~ N, e Locabion ;—4\( Lo N twwx
=(3-2Y(5 ) 3;‘-(: ;)/(-:—t)
s o T, =03~ 35/T-0)
Y C O '6( Yo Y Y{-

(Continue at next page)
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Table 3, (continued)

(12)

Items Tube H,T,Problem | Coaxile Tube Problem Radiative Fin Problem
Iinearized Tenperature error eqs, e e
Error S} ;Ca(%-ﬂj)‘cbﬁ., re identical to those S)" ?83 E‘; L”! ? &
Equations G left column, GRS pro cﬁoﬁﬂnq%ﬁra
Cnu-{(fé‘)‘ffﬁﬂj & Cs; Ry= 687 ~ 6
+E£(1-'ri"‘|1:‘;/j"\’l i S Jll'—rﬂ S‘) J&-’-‘ i .
-f—zi'-‘('r.’i_‘ft{‘_.)l 53 T;,-T—\ N=$3 e "C‘/>3‘\
o Jza (T.,! -'-fT.,!'—j) J:Z. T;. %E Sau/Sa‘
" Tt T R; "'Y:jq‘ ‘a) Su= Yaoux ~ax[Rat = 0.2S 5"
== @) Q) ’ ~ c ¢ O nA"Cpiv)
R) T‘-,) 'T;,) 5P S* E So EBOu,!‘ pu-1) T%—+~‘—""L—‘4
Gy o0
R cam be @3wﬁo. +2 3 ] S
R i Akl e
2h ] & 9_1&_ iﬁ‘xg
+[(,_*"1_r)a)t"' = *-3;,_5' N
+2|£'9t:,m Con
CD)' = C‘(’% G.{]j ¥ 4"—(9«}'; +37¢)
Recurrency s . Sh o Cp
formular b\}*\. bl bh Co e !
) ) j B' +|: CA~ "-
= %% 8 ) ™
Go=tt-oly | g =98 _qp. ;
’ e A Bje= %,
BB, R Ca C) o fov ok :
T, Yo ad Y Feds.
Information Fov Hempraactm
derived Aanl.o g leO‘o A,’sl,o , By=02
from ~ b=t  B=ce
boundary 8 Ay _8_.! S'Hz_— o et
conditions Ny [ i Ry~ %
v Y‘, M‘\ Y. ] X -— o a‘l
b;.—.(‘o i 5;3 oo N Sa— A“
Bu
W= e ,
ng A'b.g Con @ A .
+o Yo od 1, G0

(continued on next page)
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Table 3. (continued)
Items Tube H,T.Problem | Coaxile Tube Problem Radiative Fin Problem
Modified oy )
Trial Profill .o _ ., S By =B W' oo
for next )-'T.,) ch (,\ ? =03" S)
iteration, " (SRR 3 "
if needed u)'_ ) 8‘
- = ooy T e
Nomenclaturg?,fluid density o,outar tube gas cond.Ty,initial and fin

by

above and
left expre-
551m'

sf1luid veloclty
ofluid tempera-
ture
,tube axile coor,
,tube rad coor,
,Reynolds nuabdex
Prendtl number
TOZr)atntnueo‘: e
tempersture
Profile
Ty tube wall
temperature
3 (or J),3th node
point along r-
direction
P!,tohl number of
nodal points
along r-direc-
tion
J,deviation of
trial value froa
*true solution,"

,uner tube gas cono
Yt (r), entrance Yo
(x) profile
Yo (r), ontrance Y.
IOV Meetite
Se, Schmidt number

s root temperature

Tw sonvironment temp,

€ ,emmisivity

a4 ,Stef-Boltzmann Cons,

h, conv, h, t, Coef,

1, fin length

P, fin cross section
perimeter length

k, fin thermal cond.

A, fin cross section
area

W - e

ek aid g Reodel
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Based upon formular in Table 3, computer programs with error
method were designed for the above three problems as SPD6,SFD4 and SPDS,
They are attached as Appendix F,D and H, Three corresponding programs (
SPD5,SPD3 and SPD7 ),besed on successive method, for these three problems
are also constructed and attached as Appendix E,C and G, Computational

effectiveness of these programs were investigated on several sample cases,

Table 4 shows several computational effectiveness of various progrems runm,

E Table 4 Comparison of CPU time and Number of Iteration Loop required
K | by Successive and Error Method for the three non-linear
- problems
E -
E |
] Ttens Tube F1ow Coaxile Flow |Radiative Fin
Given =500, 00 Re=500,00 ml=1,0
Conditions 1.0 Pr=1,0 C =2.0
$ w=3.0 Sc=1,0 C =0,2
- =iyl T,=3.0 T,=0.4
' (total steps [Nl B(fin th, )=0,05
i palculated)= |M=40 N=4i
0 M=80
Program Suocc | SPDs SPD3 SPD?
_— Errod SPDS SPD4 SPDB
’ No., of Loops used Suce | 49-73 85-127 7-9
el b Brroq 3 4 b
Total CPU Succ | 53.85 sec 67,70 sec 29,05 sec
Time Erro 5,55 sec* 30,18 sec 4,71 sec*
*print only 1/10th as many lines as did by the comparable progrems,
Table 4 indicates that, by usiag error method, the CPU time used oan be
reduced to about half or less in reference to those corresponding calculation
4 done by successive method,
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V Discussion and Conclusion

(1) Investigation im previous sections has indicated that the error
method developed up to this stage does provide us am altermative way for
solving parabolic partial differentia) equations, The utilisatiom of this
mothod, in particular to non-linear problems, results in significant reducing
CPU time and aumber of iterstiom loops required, This feature , together
with its wide applicability may turn this method into an attractive toai.

(2) T™he recurrency technique suggested here can be comsidered as an
ettective method tor solving the three lime matrix ,

(3) The applicability of the error method to ordimaxy differential
equations, linear or non-linear, is obvious,

(4) To linear parabolic type equation, the above recurrency tecnnigue
can be applied directly to the unknown parameters instead of the errors or
the triai vaiuves of the unknown paramevers. It thus provides another alter-
native method, To non-linear equation, however, the direct application of
the recurrency technique to the unknown parameters may not be able to lead
to aumerical scheme which can convergence as fast as the current error
method,

(5) Along the line of designing new computational method, a systematic
exploitation of the applicability of the error method to problems with
elliptical type partial differential equation may not be imappropriate,




APFENDIX A 1

| DAY v
e | Tuesdsys» November 13, 1979 16:31:02
: @TY SPD1.FOR

00100 SPD1--S0L UTION FOR LINEAR HEAT TRANSFER FPROELEM»
00200 C Ok DIMENSIONA! UNSTEANY HEAT CONDUCTION
00300 SUCCESSTVE METHOD SEFTEMBER 17,1979
00400 DIMENSTON U(101)sUN(101)sRS(101)sUND(101)
00450 OPEN(UNTIT=1,ACCESS=SEQIN’ s NTAL OGUR)
00500 READ(1:10) N»sMAX
00600 10 FORMAT(4110)
00700 READN(1520) U(1),UI
00800 20 FORMAT (8F10.5)
00850 DY=1,0/FLOAT(N~1)
00900 DT=DYXNY/2.5
01000 D0 30 I=2,N
01100 UCIy=uI1
01200 30  CONTINUE
01300 M=1
01350 TIMF:=0,0
01400 WRITE(Gs150) MoNl s TIMEs (UCI)»I=1sN)
1 01500 ND 40 i=1sN
i 01600 UNCI)=UCI)
§ 01700 UNOCT ) =UNCT)
1 01800 40 CONTINUE
b = 01900 N1=N-1
' 4 02000 CF1=2,0% (1, 0+IIVRNY/NT)
; 02100 CF2:1, 0407/ (DYXDY)
02200 50 NL=0
02300 Nno 60 I=2;N1
02400 IP=1+1
02500 I1=I-1
02600 RSCT ) CUCTFY+UCLLY =2, 0%UCL) ) /CF14UCI) /CF2
02700 60 CONTI1HUE
02800 70 NT=0
3 02900 N 90 I=2,N1
: 8 03000 IP=T+1
E 03100 I1=1-1
4 03200 UNCID: CUNCLF) FURCEL) ) ZCF LHRS ()
g 03300 DNO: ARS (UR(I)~UNDO(I))
5 03400 IF (DNO-0,000001) 85,85, 80
; j 03500 80 NT=1
£ 03600 B85 UNOCI)=UHCI)
3 03700 %0 CONTINUE
03800 YF(RT=1) 12051005100
03900 100 NL=NI +1
04000 GO 10 70
04100 120 M=M+1
04150 TIME=TIHE+NT
3 04200 N 130 I=1,N
3 04300 UCIY=UNCI)
3 04400 UND ()= URCT)
: 04500 130 CONTINUE
3 04600 WRITE(Ss150) MsNLsTIMEs (UNCI)»I=1sN)
A 04700 150 FORMAT(10Xs21109F10,%5»/20(5Xr6(F9.551X)/))
g 04800 IF (M=$AX) 5052005200
| 04900 200 STOF
1 05000 END
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APPENDIX B

DAY
Wednecdasts November 14y 1979 113137307
@TY SFD2.FOR

00100 C SFD2-~NEW METHON FOR LINEAR HEAT TRANSFERFROBLEM»
00200 C ONF DIMENSIONAL UNSTEADY HEAT CONDUCTION
00300 C ERROR METHOD

00400 DIMENSION UC101) sUNCLOL) sRE(101)sAC101) s B(101),
00500 1R(101)sDEL(101)

00600 OFENCURIT: 15 ACCESS= SERIN' » DTALDGUE)
00700 READNC1510) N»MAX

00800 10 FORMAT(AT10)

00900 READ (1520) U(1)sUI

01000 20 FORMAT(8F10.5)

01100 DY=1,0/FLOAT (K-1)

01200 DT=DYRIY/2.5

01300 N0 30 I=2sN

01400 UCT ):=U1

01500 30  CONTINUE

01600 M=1

01700 TIME:=0,0

01800 WRITE(SGs150) MaNl s VTHEs (UCI) 1515 N)
01900 N0 40 I=1sN

02000 UNCIY=U(I)

02100 A0 CONTINUE

02200 N1=N-1

02300 CF1:2, 0% (1o O+DYRIY/NT)

02400 CF2=1,04NT/(DYXDY)

02500 50 NL=0

02600 N0 60 I=2,N1

02700 IF=1+1

02800 I1=I-1

02900 RSCI)=(UCIF)Y+UCI1) =2 0%UC1) ) /CF1+UC1) /CF2
03000 40 CONTINUE

03100 70 NT=0

03200 AC2) =10, 0KK2S

03300 E(2)=0,0

03400 DEL (H) 0,0

03500 no 130 I=2,sN1

03600 IF=1+1

03700 Il=1~1

03800 UNI=(UNCIF)+UNCI1))/CF14RECT)

03900 INO=ARS (URT~UNCT))

04000 ROI) = URT=URCT)

04100 ACI+1):CF1-1,0/AC1)

04200 $0 B(I+1)=R(I)/A(I)~CF1%R(I)

04300 93 IF(DNOD.LE.0,00001) GO TO 130

04400 NT=1

04500 130 CONTINUE

04600 IF(NT=1)20051405140

04700 140 DO 180 I=2,yN1

04800 IR1=N-1+1

04900 IR2=IR141

05000 DEL (TR1)=DEL(TR?) /ACIR2)~R(IR?) /ACIRR)
05100 UNCIRI)=URCIRI I 4DEL (TR1)

05200 180 CONT TRUE

05300 NL=NI. +1

05400 GO TO 70

05500 200 M=M+1

05600 TIME=TIME+DT

05700 nO 230 I=1,sN

05800 UCT ) =URCT)

05900 230 CONTINUE

T m————————— ~ e

06000 WRITE(S9150) MoNLs TIMEs (UNCI) s T+ 15N)

! Dbl )
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0 FORMAT(10X»2T105 s /200X s 6(FF 51X/
IF (M~MAX) 5053005300
300 STOF
END
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DAY

00100
00200
00300
00400
00500
00600
00700
00800
00900
01300
01350
01360
01370
01380
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02400
02700
02800
02900
03000
02100
03200
3 03300
: 03400
03500
03600
02700
B 03800

02900
3 04000
: 04100
04200
04300

04400

| 04500
; 04600

E | 04700
E | 04800
| ‘ QA900
; 05000
| 05100
F & 05200
' 0na00
05400
05500
05600
05700
05800
05900

B s i i il o0 e

Tuesday,
BTY SPI3.FOR

Cc
C
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APPENDIX C

Novoewbher 13y 1979 19109136

SPLU3~-~DNIFFUSION IN DOUBLE TURE FLOW FROBLEMy JULY/31/79
SUCCESSTVE METHOD
DIMFHRSIDN T(2:301)sYF(2:101)Y0(25101)yU(25101)yRO(2y101)
1ICCI01) s TC101)) » DETHCIOL)Y s RDTC101) y TNCL1O1 ) s YFNCLOL ) »
2YONC(101) yROYF(101) s ROYOC1OL) y DLYF (101 ) s IYFNC101 ) ¥
SRCIO1D) s LYO (1O s IYORC(L101)
OFENC(URIT:1sACCESS="SEQIN' + DIALOGUE)
REANCLs10) HesNsREsFRsSCr TWsWFCJ
10 FORMAT(2I10s10F10:5)
IR=0.5/FLOAT (N-1)
ODX=DRENDRERE /2.5
WRITE(Gsih) MaNsOXsREsFReySCrTWsWF L)
10U FORHAT(2ISs8(FLO.Hs1X)/)
BOUNNARY CONDITIONS
R(1)=0.0
Ni=N-1
N 16 J=1sN1
Jl=0+1
R(J1)=ROCD+HDR
16 CONTIRUE
LNI~O, O8NS/ NR41.0
COP=8, OXNRXE2KREXFR/1IX
COS=COFXSC/FR
N 30 J=1sN
A= -1
no 25 I=1,2
TCIs )l O+ CITWN=1 cOYRCAIRNREZ O XX2
ROCI»y J)=1.0/T(1s))
IFCU-LNIY 17917519
17 YF(Is.0)::1,0
YO(Y»J)=0.0
UCIy D)=CIX(1,0-(2,0%RCJ)/WF)IXRXKD)
GD TO 25
19 YF(Ts)=0.0
YOCI» )05
UCTIs)=d e0=(2 OXRCIIIRKRZ2H (L O-WFERX2)RALDG(1.0/(2.0XR ()
12)/7aL06GCWE)
20 CONTTHUE
CCH=UCLs DIXRRDCLs.))
30 CONTINUE
CINY:= (3,0
C(2)=C(1)
CUNI)=O 29 (CILNT+1)4CCLNI-1))
UClsN):20,0
UC2sN)=0,0
YOCLsLNI>—0O.2
YO(2sLNI)0OL2

YF(1sLNI)=0.5
YF(2sLNI)=0.5
IK=1
SMTUR=0.,0
SHUR: 0,0
Nno 33 J=2,N1
AJl)-1
SMTUR=SMTUR+T (15 D XUCLs 1) XAJL
SHUR: SMUR+U (L s JIRAJL

3% CONTINUE

TEBR: M TUR/SHMUR

QW=260, OX(TW-T(1yN1)) /DR

ANULT=QW/ (260 0% (TW-TREE) )

o]
5]



06700
06800
046900
07000
07100
07200
} 07300
| 07400
j 07500
07600

07700
07800
07900
08000
08100
08200
08300
08400
08500
E | 08600
N 08700
1 08800

4 08900
09000

09100

09200

09300

09400

09500

09600

1 09700
09800

09900

4 10000
10100

10200

10200

10400

10500

10600

10700

| 10800
‘ 10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300
12400
1

o

2500

13

A6

18

O7

61

572
G0
1150
13200

13320

1

L% I

WRITE (1550535)

WRITE(S,5720)
WRITE(Ss9LO)
WRITF (s5tié3)
WRITE(Ss966)
WRITE (s 568)

ANUL.T s (W
(UCL1s ) s J=19N)

Xe (ROCLyJ) s d=1sN)
(YF(1sJ)rJd=1sN)
(YOC1s ) Jd=1sN)

IKsNIT» (TC(1sJ) sy =1yN)

X=0.,0
IR=IK+1
IF(TK=11)A465s4651703
X=X+DX
URKROMNS NEAR THE CENTRA! LINE(CFHNTRA!L R.C.)
NIT=1
DO 57 1=1,2
TCIy2)=T(Iy1)
YF(Is2)=YF(I»1)
YD(I»2)=YD(I»1)
CONTINUE
UNRKHOWNE IN THE FIELDC(2si1)
NT=0Q
N 1300 J=29N1
Ji=J-1
AJi=J1
AJIZ2-CAILT0.G) /A1
AJ32=(AJL-0.0)/AJL
CCOF=COFXCC D +FALOXT (15 )
SRT2=SRRT ( (O, 2URCOFRECD IRX2ICOFKC (DI XRT (L s DD)+0.5XAJL2X
(T s J+DIFT (25 JHLIIRRD2F 0 HXAIT2R (T (L s J=1)+T (29 J~1) I KXK2)
TN = =0, 2UC00F+50T2
TUS=T (1 J+1)+T (2 14T Lo DDHT(25 . ))
TLS: Tl d=-104T(29J=-1)+T (Lo DHT (20D
CO24-COSKC G HAJIZXTUSIAIZ2KTLS
YENCD=(AJI2XTUSRHIYF (1 JH 1) HYF (29 JH1) I +AII2RTLEX
(YF Ly J=134YE (s =10+ (COSKC (D) ~AJL2XTUS~AJI2KTLE Y X
YFC(1:00) /70020
YONC = CALZ2ETUSKCYO (L y JF1) Y02y JHL) ) HAIISKRTLOX
(YOCLs =10 4Y0(2s J=-1) )4 C(CUSKCCS) ~ASL2KTUS~AJIZRTLE ) %
YOC1,J))/C02J
ROT () =TNCD=1(2s.0)
ROYF () YERCD =YF (25.0)
ROYOC. D= YORCD-Y0(2y )
AROT: ARS(ROT (J))
ARDYF = ARS (ROYF (J))
AROYD~ABS (ROYD(J))
IF(AROT~-0.000001) S72y572+1150
JFCARDYF=0.000001)590¢y590» 1150
IF (AROYOD-0,000001)1300,1300»1150
NT=1
CONTIHUE
IF(NT) 15675105675 1340
NIT=HITH1
no 1538 J=2yN1
TC2s 0 THT
YF(29 D) YERLD
YOC2s D)= YONCY)
CONT LHUE
TC29W)=TW
YFC2sN)=YF (25sN1)
YOC29N): YOCZsNT)
TC291)=T(2s2)
YF(R2s1):YF (s ?)
YOC(291):VY0C(292)
GO TO 61
QW=260,0%CTH-T(2yN1)) /IR
) 919 J=1sN
ROC2s.0)51,0/T(29 )
U2y )G/

|
-
|
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2600

12700
12800
12900
13000
13100
13200
13300
13400
13500
134600
13700
13800
13200
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15600
15700
15800

208

535

1
570
950
T 16
566
%68

1479
1697
1703

et e o B e r————
o i d e

ONTINU
SMTUR:: 0.0
SMUR:= 0.0
N 208 J=2sN1
Ji=J-1
SMTUR=SHTUR+T (25 D ERUC2 s DIRRCID X2, 0XKDIR)
SMUR=SMUR+U(2s J)XR (JIXR (2, 0%DR)
CONTTRUE
TRBE-SHTUR/SHUR
ANULT=QW/ (P60 0 (TW~TEBRE) )
WRITE (53 IKsNITs(T(2rJ)r»d=1sN)
WRITE(Ss%70) ANULT QW
WRITE(DSs250) (U(2y0)yJ=1sN)
WRITE(S»5465) Xe (RO(2sJ) s J=1yN)
WRITE (3G5566) (YF(2yJ)yJ=1yN}
WRITE(S»S68)(YD(2s )y Jd=1sN)
FORMAT(2X s/ TrQW 215y 5(F2.521X) /25
(1ZXyS(FQTc13X)/))
FORMAT(L7XsF9 459 1XyF9.3)
FORMAT (2Xs ¢ U 10XsS(F2.591X) s /725(17X»S(F2.591X)/))
FORMAT(2Xs’ XsROsF10:655(FPeD091X) o /25(17X s S5(FP.S5v1X)/))
FORMAT (2X5 * YF 3 10XsO(FPe091X)/25C17XyS(FQ.5+1X)/))
FORMAT (X5 7 YO/ 310X S (FQ0s 10 /25C17XsS(F?2.591X)/))
N 1679 J=1N
TCLes D) T(29 0D
YFCLs J)=YF(29J)
YOC1 . 1)=Y0DC(2s))
ROCIs))=1.0/TC(1sd)
UCLy D)=CCIX /RO D)
CONT INUE
GO TO 43
STOF
END

S D LN P

|



APPENDIX D
DAY
Tuesdays Novoember 13y 1979 19:08:00
@TY SFD4.FOR
00100 ¢ SPO4--NTIFFUSION TN DOURLE TUEE FLOW FROELEMs JULY/31/79
a 00200 ¢C ERROF METHOD
E 00300 DIMERSION T(2s101)sYF(25101)9sY0(2+2101)sU(25101)»RO(2+,101)»
LB 00400 1CCLOL) s INCIOT ) s YFRCLOL) s
g 00500 2YONCL01)sATCL01) s BT C101) »AY (101 ) s BYF(101)»
£ 00600 BRCLIOL) s BYOCI0I) s NEL (101D yDEF(101) »DEDC101)
00700 OFENCURTIT: 1 sACEESS: “SERIN’ y DIALDGUE)
- 00800 READCL110) MyNsREsFRsSCrTWWFCJ
E | 00900 10 FORMAT(21105s10F10,5)
E | 01300 DR=0.5/FLOAT(N-1)
iqﬁ‘ 01350 DX=DR¥DRKRF /2,5
2 01340 WRITF(S915) MeNsDXsREsFRySCyTWs WMy
£ 1 01370 15 FORMAT (2555 8(F10,5:1X)/)
e £ 01380 EOUNDARY CONNLTIONS
1 01400 R(1)=0.0
_?}, 01500 N1=N--1
= 01600 N) 16 J=1sN1
- 01700 Ji=J+1
b 01800 RCJ1)=ROD+DR
4 01900 16 CONTINUE
: 02000 LNI=0.5%WF/DR+1.0
| 02100 COF=8, 0XDREEDPRRE XFR/ DX
! 02200 COS: COFXSE/FR
: 02300 N0 30 J=1sN
A 02400 Ad= -1
[ 02500 B 25 I=1,2
% 02600 TCLe )10 0+ CTW=1 40X CAIKIRER . 0) XKD
g 02700 ROCIs D =1.0/0CT,0)
02800 IF(U=1LNI) 17917519
02900 17 YF(IsJ)=1,0
, 03000 YOC(Is):=0,0
) 03100 UCT s ) =0U% 1 0= (2, 0KR(J) ZWF ) ER2)
‘ 03200 G0 TO 25
03300 19 YF(I,J)=0,0
03400 YO(Is)=0,5
03500 UCTs )1 ,0-(2, 0KRCI) IR+ (1. 0-WPEK2)IKALOG(1.0/ (2, 0XR () f
03600 1)) /AL0G(WF)
03700 2% CONTINUE |
03800 CCN=UCLs DIXROCL, D)
" 03900 30 CONTIRUE
04000 C(N)=0.,0
04100 C(2):0C1)
04200 COLNIY= 0 29%CCLRI+1)HO(LNI=~1))
‘ 04300 UCLsN)Y=0,0
j 04400 UC2sNI=0,0
04500 YOCTsLHED=0.25 !
04600 YO(25L.HT)=0,25 |
3 04700 YFCLsLH1) 0.5 1
E 04800 YF(25LH1)=0,5 :
: 04900 IK=1 1
; 05000 SHTUR=0,0
05100 SMUR=0,0
05200 N0 335 J=24N1 ,
05300 AJi=.-1 :
05400 SMTUR: SHTURETC1s J)RUCT s J)RAJL
: 05500 SMUR=SMUR+U(1s.1)%AJ1
i 05600 33 CONTINUE
; 05700 TEBEE=SMTUR/SMUR

ﬁi 05800 QW=260,0%(TW=T (1 sN1))/NR
B 05900 ANUL.T: N/ (260 0% (1 W-TBEE) ) A S
B Ry - S T T e ‘— it e 8 e :.."—: ity it




07200
07400
07400
07500
07600
07700
07800
07200
08000
08100
08200
08300
08400
08500
08600
08700
08800
08900
09000
09100
09200
09300
092400
09500
09600
09700
09800
09200
10000
10100
10200
10300
10400
10500
10600
10700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300

L 12400

A3

26

48

3%

1150

1300

1313

1067

Ve

e o T
WRITE(S,535Y TRsNTTs (T(ird)»d=1sN)
WRITF (5s570) ANULT » QW

WRITE (s 9500 (UCLsd) sd=1sN)
WRITE(S»S545) Yo (ROC1sd) s J=19N)
WRITE (55566) (YF(Lsd)sd=1sN)
WRITE(S»568) (YO(1sd)sd=1sN)

X=0.,0

IK=IK+1

IF (IK-M) 4452651703

X=X+DX

URKHOWS NEAR THE CENTRA! LINF(GENTRA! BJC.)
NIT=1

DO 57 I=1,2

TCIv2):M A1)

YF(Ts2)=YF(Is1)

YO(Is2) = YOCIs1)

CONT 1 Mk

UNKNOWHS IN THE FIELD(2yN1)

L Rf=0

AT(2):1.0

ET(2):0.0

1) 1300 J=2yN1

Ji=J-1

AJL~J1 :

AJ12= (AJLH+0.5) 7401

AJBL (AJ1=0.15) /7AJ1

CCOP=COREC(J)+4,0%T (15.1)

SRT2=SART ( (0, 25KCOPKC (J) ) kk2+COFKC (DI KT (19 ) +0,5KAIL 2K

LCTCLs JFIHTC2r JEI I ERZH0 SKAIB2K(T (Lo =10 4T (29 0-1) ) KK2D)

TH( )5 =0, 2GXCOOF+SATR

ROT=THRCD=T(2sJ)

AROT=AES (ROT)

CAT=2,0XSRT2/ (AJLZECT (1 JH1DI+T (29 J+1)))

CET:AJS2RCI (s J=1)3T (25 J=1)) / (AJI2K(T (1o JH+1)+T(290+1)))

AT (J+1)- CAT-CRY /A 1#))

BT (1) =CRTRKET (J) /AT (J) -CATRROT

IFCAROT~0,000001) 1300513001150

NT=1

CONT THUE

IF(NT,LE,0) GO TO 1567

DEL (R =ET R 767 (GO

T(2sN1)= 1 (29 N1 HNEL (N1)

BO 1313 J=24N1

NJ=N=-J

NJ1: W+~

DEL (NJ)Y: OML CNJ1) =BT (NJ1)) /AT (NJ1)

T(2aND =T (29 NI HDEL (D)

CONT 1HUE

T(2s1)=T(252)

T(2yN)=TW

NIT=NTT+1

GO TO 61

RY=0
AY(2)=1.0
BYF(2):0,0
BY0(2)=0,0
B 1400 J=2yN1
Ji=J-1
AJ1=J1
AJL2: (ADL40.15) 7601
AJ327 (AJ1-0,5) /AJ1
TUS=T (Lo J+1)4T(29 J+1) 4T Ly D HT(24 D)
TLS=T (s D+T (29 DT (19 J=1)4T(2yJ=1)
CO2.: COSKE ) +AJI2KTUSHAIZ2KTLS
YENCI) s (AT 2RTUSRCYF (1y JH1)+YF (29 J41) ) +AJI2RTLEX
SYELR )20 4YF (250-3) )4 (COSKC(J)~AJ12XTUS-AII2KTLS) X

|
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12800
12900
13000
13100
13200
13300
13400
13500
13400
13700
13800
139200
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900
17000
17100
17200
17300
17400
17500
17600
17700
17800
17900
18000
18100
18200
18300
18400
18500
18600
18700
18800
18900
192000

2 YFQLs ) AC02] P TR oT L0
YONCH) = CAJIZ2KTUSK(YD (1 Jd+1)4Y0(2s 41 )HAII2KTLESX
1 (YO(1:J-1D04+Y0(25s =10 )4 (COUSKRC(I)~AJLIZ2XTUS-AJIIZ2KTLS ) X
2 YO(1i.0))/C02J
ROYF=YFN(J)~YF (2s.))
ROYO=YONCI)=Y0(2+ )
AROYF: ARS(ROYF)
AROYD: ABS (ROYD)
CAY=C02J/ (AJ12XTUS)
CRY=AJ3I2ATLS/(AJ12XTUS)
AY(J+1)=CAY-CRBY/ZAY (.))
BYF (.J+1)=CBYXBYF (J) /AY (J)~CAYXROYF
BYOC(J+1))=CRYVERYD(I) /AY (J)-CAYXROYOD
IF(ARDYF.LFE.0,000001) G0 TO 139%
NY=1
1395 IF(AROYDLF 0. 000001) GO TO 1400
NY=1
1400 CONTINUE
IF(RYLF:0) GO TO 1576
DEF (N1)=BYF(N)/(1.0-AY(N))
DEOC(NID)=RBYD(N)/(1.0~-AY(N))
YF(2sN1)=YF(2yNL1)+DEF (N1)
YO(2sN1)=YOC(R2sH1I)+DEO(NL)
B0 1414 J=24N1
NJ=N-J
NJ1=N+1-J
DEF (R = OIFF(NJL)~BYF (NJ1) ) /AY(NJ1)
DEOCNJIY: (NEOCHIL)=-RYD(NJL) Y /AY (NJ1)
YE(2sNI)=YF (2R I)FDEF (NJ)
YOC2sND)=YO(2yNJIHDEO(ND)
1414 CONTINUE
YF(2s1):=YF(2:2)
YE(2sN)=YF (P25 N1)
YO(251)=Y0(2+2)
YOC2sN)=YD(2yN1)
NIT=NIT+1
GO TO 1567
1576 QU=260.0%(TW~T(2sN1))/DR
N0 919 J=19N
ROC2y )=1.0/T(2s )
U2y 1)=C(J)/RO(2y.))
219 CONI IHUE
SMTUR=0.0
SMUR=0.,0
)1) 908 J=29N1
Ji=J-1
SMTUR=SHTURFT(2s JDIXRUC2s DIXRR(IIR(2,.0XDR)
SMUR:-SMURTU s DIXRCDI X (2. 0XDR)
08 CONTINHUE
TEERE SHTUR/SHUR
ANULT:=QN/ (260 0% (TW~TRER) )
WRITE(SsS535) IKeNIT»(TC(2yJ) o d=1sN)
WRITE (H:570) ANULT QW
WRITEF(S:9290) (UC29Jd)ed=1sN)
WRITE(SsG6D) Xs(RO(2yJ) e Jd=1sN)
WRITE(OsG66) (YF(2e D) s Jd=1sN)
WRITE (5eD68)CYON(Pyd)rd=19N)
5535 FORMANT (22X s’ TeQU' s2IS9yS(F?.5+1X)/25
1 (7YX (FQHs1X)/))
G570 FORMATCL7XsFR.S91XrFP.3)
90 FORMAT (2X» / U/ 10XsS(F2:521X)9/25(17X9sS5(F9P:591X)/))
565 FORMAT (X5’ XsRD‘sFiLO 65 (FPeS591X) o /25C17XsS5(FR:5+1X)7))
966 FORHAT (25’ YF/ y10XsS(FQeS91X)/25C17XsS5(FP:521X)7))
68 FORMAT (22X’ YO/ 10X FQ U5 1X)/25(17XeS(FRS591X)/7))
WO 1679 J=1»N
. ))=T o)

2
|
i
i'
3%
|
1
4
3
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920 YFCTs J)=YF (25,0) W p——
19300 YOC1y J)=YQU(25.1)
19400 ROC1sJ):1.0/71C(1s.))
19500 UCl:s D=CCND /RO s D)

19600 167% CONTIKRUE
19700 1697 GO TO 43
19800 1703 STOF
19900 END

e
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APFENDIX E

DAY
Tuesdays November 13, 1979 20:03:13
@TY SPDS.FOR
00100 Cc SFDS~-N0ON LINEAR TURE FLOW HEAT TRANSFER FRORLEM»
00150 C SUCCESSIVE. METHOD NOVEMRER 151979
00200 DIMENSION T(2,101)sU(25301)sRO(25101)
00300 1ICC101) s TRC1O1)
00500 3R(101)
00600 OFPEN(UNTIT=:1sACCESS: “SEQRIN s 11AL OGUE)
00700 READC(1910) MsNsRFsFRsTW
00800 10 FORMAT(2T10s10F10.7)
01200 DR=0.5/FLOAT(N-1)
01250 DX=DREANDRARE/2.5
01260 WRITE(Ds1%) MeNsIDsRFEsFRsTW
01270 FORMAT(2TDs8(F10.5515)/)
01280 BOUNDARY CONDITIONS
01300 R(1):0,0
01400 Ni=N-1
01500 DO 16 J=1»N1
01600 Ji=J+1
01700 RC(J1I=R{(J)+DR
01800 CONTINUE
02000 COF=8,0XNRX¥2XREXFR/DX
02200 M) 30 J=19N
02300 Ad=-1
02400 N 25 I=1.2
02500 T(Is D=1 o0+ (TW-1,0)XKCAJKDRER? (O RX2
02600 ROCI»JI=1.0/T(TsJ)
03000 UCIs )1 e0=-(2.0RR(J)IRXRD
03600 2% CONTINUE
03700 CCI)=UCis JIXROCL )
03800 CONTINUE
03900 C(N)=0.0
04000 "UC1sNI=0.0
04100 U(2yN)=0.,0
05200 IK=1
05300 SMTUR:=0.0
05400 SMUR:v0,0
05500 Nno 33 J=2s»N1
05600 AJi=J-1
05700 SMTUR=SMTUR4T (1. 1DXUCL s ))%AIL
05800 SMUR:= SHUR+U (1 s J)XRAJL
05900 CONTTHUE
06000 TREB=SHMTUR/SHMUR
06100 AQW=260, 0% (TN-T(1sN1))/DR
06200 ANULT=QUW/ (260, 0% (TW-TRER) )
06300 WRITE(SGsS535) IKeNITs (TC1led) sl eN)

06400 WRITE(S»570) ANULT:QUW

500 WRITE(S950) (UClsJ)sJ:1eN)
82600 WRITE(5is56%) Xs (ROC1sJd) s 1 sN)

06900 X=0,0

07000 4 IK=IK+1

07100 IFCIR-M)A694691703
07200 X=X+DX

07300 URKNOWS NEAR THE CENTRAL LINE(CERTRAL
07400 NIT=1

07500 DO 57 I=1,2

07600 T(I»2)=T(Is1)

07700 UCI»2)=LIC(Is1)

07800 RO(I»2)=RO(I»1)

08100 CONTINUE

08200 UNKROWNS IN THE FIELDCZsN1)
08300 NiwQ .




12480
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
14000
14100
14200
14300
14400
14700
14800
15100
15200
15300
15400
15500
15600

1150
1300

1313

219

208

03

o70
n0
065

1679
1697
1703

D0 1300 J=2>N1

J1=J-1
AJl=J1
AJ12=:(AJL+0.5) /A1
AJ32- (AJI-0.5)/AJ1
CCOF=COFXC(J)+A,0%T(15.))
SQT2=SART ( (O, 2UXCOFXC (N I XX24COFPKC (I XRT (1 J)+0.5KAJL 2K
ICTCLs 4+ (25 IH 1) IRR240 OXAIZIR (T s =10 4T (25, 0-1) )XKX2)
TNCJ): =0, 25%CCOF+SQT2
ROT=TN(J)-T(2sJ)
ARDT=ARS(ROT)
IF(AROT-0.000001) 1300,1300,1150
NT=1
CONTINUE
IF(NT.LE.Q0) GO TOD 1567
Do 1313 J=2yN1
T(2s):THD)
CONT IRUE
TC(251):7(2:2)
NIT=NIT+1
GO TO 61
QW=260 . 0% (TW-T(2sKN1))/IR
DO 219 J=1sN
RO(2y1)=1,0/7(2s.0)
U2 DGO /RO s D)
CONTTNUE
SMTUR:=0,0
SMUR=0.0
D0 208 J=2,»N1
Ji=J-1
SMTUR=SMTUR+T(2s DIXU(Zs JIXKR(IIK(2, OXDIR) ]
SMUR=SMUR+U (2 J)XRCIIX (2 OXNDR)
CONTINUE
TREE=SHMTUR/SHUR
ANULT=QW/ (PA0 . OX (TW-TERR))
WRITE (GHs30) IKeNIT»(T(2eJ)sJdsN)
WRITF(5s570) ANULT s QW
WRITE(OHs900) (U229 D) s 15D
WRITF(Sy»565) Xy (ROC2s ) s J:1sid)
FORMAT(2Xs’ TosQW/ s 2TOsT(FR.O5 1)) /25
1 (17XsO(FQHs1X)/))
FORMAT(17XsF2.591X2F2.3)
FORMAT (2X» / U s 10X s (FPelis 1)) /725(17X e S(FR s 120 /7))
FORMAT(2X s XoRO'sF10469S(FReSs1d) e/ 20C17Xs3(FQeHrl1X)/))
NO 1679 J=1sN
TCLe D)=T(2s D)
ROC1sJ)::2.0/T (1))
UCls DD=CCD/ZROCE 2 )
CONTINUE
GO TO 43
STOF
END




APFENDIX F
nay
Tuesdasr November 13y 1979 20:28:37
@TY SPDé.FOR
00100 ¢C SPD6~-NONLINEAR TURE FLOW HEAT TRANSFER FROELEM»
00150 o ERROR METHOD NOVEMRER 491979
00200 DIMENSION T(2,101)sU(2,101)»RO(2y101)»
00300 1CC101)sAC101)»BC101) s THC101)
00500 ARC101) s NELCI01) s TOC25101)
00600 OFENCURIT: 1sACCESS: ‘SEQINY s NIALOGUE)
00700 REANCLs10) MsNsREsFRsTW
00800 10 FORMAI (2TI10510F10.5)
01200 DR=0.5/FLOAT(N-1)
01250 DX=DR¥NRARE/2 .5
. 01270 IF=1
01275 WRITE(5515) MeNsDXsRFsFRs1W
£ 01280 15 FORMAT(21I5s8(F10.%551%)/)
01285 ¢ EOURNDARY CONNITIONS
01300 R(1)=0.0
01400 N1=N-1
# 01500 B0 16 J=1sN1
. . 01600 Ji=J41
B, 1 01700 R(J1)=RCD4TR /
3 01800 16 CONTINUE /
02000 COF=8 ., ORDREXIXRERFR /DX /
02200 WO 30 J=1sN ;
4 02300 Ad=J-1 ;
2 02400 Do 25 I=1,2 J
02500 TCIo )1 .04 CTh=1O)XCAJKNIRE? . 0) KK2 J
02600 ROCIsJ)=1.0/T(Is»J) ‘
, 03000 UCTIsD)=1,0-(2.0%R(.J)I%%2
2 02600 25 CONTIHUE
03700 CCY=UCT s DRRDCLs )
03800 20 CONTIRUE
5 03900 C(N)=0.0
i 04000 UCLsNY=0,0
04100 UC2sN)=0,0
05200 IK=1
05300 SMTUR: 040
05400 SMUR=0,0
05500 N0 33 J=2,N1
05600 AJli=.0-1
05700 SMTUR: SHTURT (19 J)XUCT 5 J) %A
05800 SMUR=SMUR+UI (1 5.)) %XAJ1
1  os900 33 CONTIRUE
: 06000 TEEE=SMTUR/SHUR
06100 QW=240. 0% C1W-TCLsN1L)) /DR
; 06200 ANULT: QW/ (240, 0% (TW-TEEE))
L 06300 WRITE(S»535) IKoNITs(TCls ) s du1si)
. 06400 ! WRITF ({55570) ANULT QW
L 06500 WRITF (5:950) (UCLsJ)sJdodsi)
4 06600 WRITE(Ss545) Xe (ROCLs ) s 19N)
! 06900 X=0,0
| 07000 43 IK=IK+1 j
L 07050 IF=TF+1
] 07100 IF(IK~M)46: 2651703
07200 46 X=X+DX
07300 UNKHOWS NEAR THE CENTRAL LINE(CENTRAL B.C.) {
. 07400 NIT=1 :
L 07500 nO 57 I=1,2
. 07600 TCIe2)uTCEel)
07700 UCIs2):UC1s1)
. 07800 ROCTs2)=ROC1s1)

08100 57 CONTIHUE




08200 ¢

08300
08340
08380
08400
08500
08600
08700
08800
08900
09000
09100
09200
10100
10400
10420
10440
104460
10480
10700
11000
11100
11200
11220
11240
11300
11350
11400
11450
11500
11700
11800
11820
12250
12300
12400
12410
12420
12430
12440
12500
12600
12700
12800
12900
13000
13100
13200
13300
13320
13340
13400
13500
13600
13700
14000
14100
14200
14300
14400
14700
14800
15100
15200
15300

61

1150
1200

1313

219

208

539

370
950
568
731

1679

s e ’
UNKNOWHS IN THE FIELN(2sR1)
NT=0
A(2):1,0
B(2)=0.0
Nno 1300 J=2»N1
J1=J-1
AJl=J1
AJ12: (AJL+0.59) /A1
AJI2: (AJL-0. D) /AJ1
CCOF=COFXCCII+A.0%T(1+ J)
SAT2=SART ( (0 2DXCOFRC (DI RE2HCOPRC(IDIERT (I s D) +0.5KAJTL2X

1CTCIsd41) N (25 412 )RE2HOQGRANIPH(T (L s =10+ T (25 )-1) I %XK2)
TNC D) = =0 2U0RCCOFPESENT2
ROT=TN(J)~T(29J)
AROT:=ARS(ROT)
CA=2, 0X%SRT2/(AJI2X(T(1sJ+1)+T(29J+1)))
CEB=AJ32X(T(Ls J=1)4T(29sJ=1))/(AJI2E(T(Ly JH1X4+T(2y J+1)))
A(J+1):-CA-CB/A())
B(J+1)=CRXR(I)/ACD~CAXROT
IF(ARDT-0.000001) 1300:,130051150
NT=1
CONT ITRUE
IF(NTLLE Q) GO TO 1567
DEL(N1)==R(HR)I/AIN)
T(2sRN1)=T(2sNLI+DEL (1)
N 1313 J=2,N1
NJ=N-J
NJ1=N+1-J
DEL (R = (NET (NJ1)=-B(NIL) ) ZACRIL)
T2sNII=T(2s WX HNEL (KD)
CONTIKRUE
T(291): T(2s2)
TC2:R):2TW
NIT=NIT+1
GO TO 61
CW=260,0%(TW-T(2sN1)) /DR
D0 219 J=1sN
RO(2yJ)=1.0/T(25.0)
U(2s D=0 /RO2s D)
CONT 1RUE
SMTUR: 0,0
SMUR=0.,0
DO 208 J=2sN1
Ji=J)-1
SMTUR=SMTUR+T (2 DIXUCHs JIXR IR (2 OXNR)
SMUR: SKURFU(2s JIRR (I X (2 OXIR)
CONTINUE
TEBRE=GHTUR/SMUR
ANULT=QU/ (260, 0% (TW=TRRER))
IFCIFPWHNEL11) GO TO 731
IP==]
WRITF (VGs%a%) TRKeNITs(T(2s ) d=1sN)
WRITE(S5»570) ANULT:QW
WRITE(S:s200) (U(2s.0)sJd=19N)
WRITFE(Gs56%) Xe (ROC(2s D) s s
FORMATC(2X s’ ToQU’ s 2T0sH(FR.S5:1X) /729
1 (17XsSC(FR.5s1X)/))
FORMAT (17X 9F2.:5s51XsF943)
FORMAT (X5’ U s 10XsS(FR:Ss 10D s /7200175 0(F9.591X) /7))
FORMAT(?Xs’ XsROsF10.6sG(FP s X)) s /20CI7XS5(FR:591X)/))
DO 1679 J=1sN
Tl D)=T(2s D)
RO(1s)=2,0/71CLs.0)
UCLs =G /RO 51D

CONTIRUE .
B i it i s s st I .
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DAY

Tuewdiays

BTY SFD7.F

Novembicy 13y 1979 213143026

@TY SFD7.FOR

00100
00200
00300
00400
00500
00600
00700
00800
Q0900
01000
01100
01200
01300
01400
01500
014600
01700
01800
01900
02000
02100
02150
02200
02300
02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03R00
03820
03840
03860
03200
03920
03910
03960
03980
04000
4020
04040
04200
04300
04400
04450
04500
04600
04700
04750
04800

c
C
C

A PAC

10
20

30

A0

a%
“é
%8

77

80
87

110

145

WRITF (

APPENDIX G

SPN7~~HEAT TRANSFER WITH RADIATIONyAN UNSTEALY » J

ONE DIMENETONA! FIN FROEBLEM:ROVEMRER 13,1979 ]
SUCCESSIVE METHOD

DIMENSTON T(2,301) 0100 »TNCLOL)

OFENCURTT: Ls ALCFES: ‘SFRIN' » DIALOGUE)

READ(C1s10) GCrCCsRUs TR E

READC1,20) MsN

FORMAT(BF10.5)

FORMAT (4110)

N1=N-1

DX=GC/F1 DAT(N1)

ODT=0XRNXN/2,5

WRITE(S230) GUrCUsRUs TRsBEs X Tsiis N

FORMAT (10X s 2F10.5:2710/)

no 50 I=1.2

Nno 40 J=1N

TCIsy )= 1,0

CONTINUE

CONTINUE

IK=1

NIT=1

TIME=0.0

WRITE(SsS3) IKsNITsYIMEs (Y (e D)o d=1sN)

FORMAT(PXs 2T FR G IXsGFF 051X /2 20C21XKBF9.521X0 /) /)

NIT=1

NT=0

TN L)=T(1s1)

ng 80 JU=2sN

TH=0,9% (1 (1 0X+T(220))

DO =1 2 OFROECTHARIHA L O TRETMAKZ+6 . OKTREARZKRTM+ 4, OXKTRXX3)

IFC(JJEQ.K)Y GO TO 87

UCF=1,0/0X%XX2=1,0/NT+0 . GXNCDD

ACF =1, O/NX%E24 1. 0/0T+0,G5%0CD)

CTO=T(Rs d+1)+T (25 0-1)4T (L s J+1)4+T (15 J--1)

TNCD) = 0L ORCTE/ CIDORERRACF ) ~UCFXT (Ly J) /ACF

ROT=THC D =T (25D

AROT- ARS (RQOT)

IFCAROTLLEF.0.000001) GO TO 77

NT==1

IFCJoNF.NT) GO TO 8O

INF=0, 2550 ()

TLIF=0,20%T (1.

CONTITHUE

DNF=TINE 408 70X D

TIF=T1F+0,70%7T (1sN)

TMLI=0,0X(T(LsN1I+T(25H1))

TUF=(THL=0OXET (L) ) Z0XN=0 ORI O 25KT (29 N1 ~TIF) /DT

~CORCOL ORI RT CL s N HIDXINEL (O R2OXTHI+0. 375XKT (L NI ) /R)

TLE=0,5/040. 470505/ T+ CUR O ORDIN) +0 . 375XKDXKINF/R)

TNCNY=TUR/TLF

Nno 110 J=1»N

T(29J)=TR(J)

CONTINUE

IF(NT.FR.0) GO TO 14%

NIT=NTT+1

GO TO 58

IK=IK+1

TIME=TInk+DT

3&53) IKoNITs VIKME s CTC28 ) s ) 1 s N)




490
08000
05100
05200
05300
05400
@

TCLey DT (25 )
CONTTIRUE

IFCIR T 1) GO TO S6é
STOF

END
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APPENDIX H

Ay

Tuesdaws November 13y 1979 21132151

BTY SPDS.FOR

00100 (1 SFOE-~HEAT TRANSFER WITH RADIATIONsAN UNSTEADY s

00200 C (ORE DIMERSIORA! FIN FROEB FEs HOVEMBER 13,1979
00300 C ERROR METHOND

00400 DIMENSTION TC(21012sNCI0O1) s TNCLIOL) s ATCL01L) vy BT 101 DEL (L0

1)
00500 DFENCUNTIT: 1 s ALCESS “SEQIR s 11 A OHHE )

00400 READNCL10) GUsCOsRUs TR R
00700 READCTI «20) MeN

00800 10 FORMAT (BF10.5)

Q0200 20 FORMAT (A1 10)

01000 N1=N-1

01100 OX=GC/FL.0AT(NL)

01200 DT=D008NN /2.8

01300 WRITEC(Ss320) GUrsCCsREsTRsE:OXs T s M N

01400 30 FORMAT (10X s ZF 1002010/

013500 ") 50 I=1.2

01400 N0 40 =1 N

01700 TCIed)i:d 40

01800 A0 CONTIRNUE

01200 50 CONT LRUE

02000 IK=1

02050 Ifes]

02100 NIT=1

02150 TIME:- Q.0

02200 WRITE(Se53) IKeNITs TIMEs (T (L) s dd s N

02300 53 FORMAT(2X s 2T0sFBOr 1XsHF @G 100 /s 201Xy S(FR, 9 1X2 /) /)

02400 56 NIT=1

02500 58 NT=(

02600 AT(2)=1.0

02700 BTC(2)=0.Q

02800 no BO J=2sN

02900 TM=0 OR (T (I s )+ (2500

03000 DCIY=1 o OHRCECTHMEEIZHA ORTRETMEKRSHE . OKTRAKZ2KT M4 . OKTR¥XK3)

03100 COJ=RERCL cOXTHEE24A, OXTRETH+I . ORTRAR2)

03200 IFCJFQNY GO TO &7

03300 UCF=1,0/)00%2=1 .0/ 0T+0 . 5K0))

(03400 ACF =1 4 O/NXEER+1 . 0/RT+0. 500D

03500 CTO=T(R2sJ+1)+T (2 d=1)+T Ly JELYFT (L s d~10)

03600 TNC D 2O OXRCTE/ CNXKRZRACF )~ UCFRT (L« J Y 7G0F |
03700 ROT=THRC(II=T (2 d)

03800 ARDT:=ARS(ROT)

03900 CA=2, OXIDER2HACF OO OITRECTH+4 , OXKDXKX2) RO 1
04000 1 /Z(DTXRACF) |
04100 CER=2, ORI RR2IRACF |
04200 ATCJH1)) = CA~1, 0761 (D)

04300 BT(JH+1)=RTCHD /AT ~CREXROT

04400 IF(AROTJLE Q. 0Q00001) GO TO 727 :
04500 NT=1, |
04600 77 IF CJoNE WRL) GD TO 80 ‘
04700 ONFz=0 L 20%0C))

04800 CONL=CDJ

04900 TINF=0,20XT (1)

05000 80 CONTLHRUE

05100 87 IF(NTWER.O) GO TO 14%

05200 DNF=DNE+0  7S9XKDIN)

05220 TINF=TINFFO . 708T (1 s W)

05240 THMLI=0 HRCT (L s HIDHT(R2sN1))

05260 TUN=C1AL =0 SRETCLaND D /050 BRINE O 25KT (2o NI =TINF) /DT

.

L s )+

e

DX*HNP*(O.25*TM1+9L§Z§*T(19N))/B).v

g




L Ak et i

R R
% ]

T
RN S PSR RESRSS SIIN [ S S R

|
!
f

{

S —

W—

Killed Job 38y
at 13~-Nov-7% 2131341065 User 0312323 in 6311150

05290 TTTUTLN=0 /0840, 375% FCORCOLORNIN)Y+0, 375X kDX/B)
05295 ROT=TUN/TLR=-T{(2sN)
05300 SGRU=0.S/DX~0 120X /N0 2URCEENXK (O 375KT (1 s NYXCIINL
93400 1 40 9RDNFF0OI2URCT(2s NI FT (L s HIDDIXRCDORI+0 . I75KkT (29 N)XKCINL)
05500 SORD=Q .5/ 0. A70X0X/NTHCCR (O GENCR)Y +0 37080006 NH /E
05600 1+ (0040 2R120XII/ZIRT (s MIXCNIF (O OET (1 s W) +0 . 281204
057200 2 DXEATCAsN)/ZR4Q,09370XNXECT (2 NI+ (s N1 Y /ZRIRCILD)
05800 SGR=8GRU/SERD
05840 FRL=OQ ,5/0540, 37550/ NTHCCKRCO SRDINIH0 . 375XKDNFRIX/E)
05900 DELCNI )= (=BT (NI4ROTHFRIL Z/SGRIND /7 (~86GRIAT(N) )
06000 DEL (R =AT (R EDEL (NID)4BRTON)
06100 N2=N1-1
06200 10 93 J=2 N2
06300 JR=N~
06400 JREI=N+1-
06500 DEL CORY = (NFEL (JRLI~BTLURIDI DI ZATCIRL)
06600 23 CONTTNUE
06700 DO 110 J=2sN
06800 T2y DD=T(2: DENEL D)
06900 110 CONT I WUE
07000 NIT=NIT+1
07100 GO TO 58
07200 145 IK=IK+1
07220 TIME=TIME+DT
07240 IF=1F+1
07260 IFCIFWHELL11)Y GD TO 149
07280 IF=]
07300 WRITE(Se03) IRKsNITeTIME s (T (25 0) s lix1 o N
07400 149 nn 153 J=1sN
Q7500 T Lo d):=T(R2sd)
07600 153 CONTINUE
07700 IFCIRKSILLT.H) GO TO 5é
07800 STOR
07900 END
@
LOGO
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