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iii.

A~~TRACT

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, nor, beneficial results in th. application to non-linear problems.

Three not-linear .xasples were studied by using this method. All resulted

in larg. reduction of number of iteration ioops and CPU ti .. required in

comparing to the corresponding regular successive method used.

Qeneraliestion and modification of this method appears appropriate

:r to extend it. application to elliptical type partial differential equation

so that probisms with “isolated” events ( such as those with ignition spots)

nay be handled with this method , 
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(1)

I. Introduction
- 

This paper presents a new neaerical method , the error method ,

ror solving parabolic type partial differential equstions, linear or non-

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 problems in compari ng with the oonventional workable successive
-

. 

.
~ iterative numerical scheme. This new method features wide applicability .

Its computational scheme converg es fast. The following sections will
p describe the fundamenta l derivati on of this method , its applicati ons to

non-linear problems and the future potentia l developments .

• II. The Successive Iterative Method

To construct the basic numeric al scheme of the error meth od,
t let’s start by reviewing the conventional successive iterative method.

_ Consider the probl.m of an one-dimensional, unsteady heat conduction in a

solid plan. wall with fini~~ thickness . Its governing equation is,

Tt T
~~ 

, (I)

where T, the unknown tenpezature field and x,t , the effective spacious

and ti.. coordinates . The net of initial and boundary conditio ns may be ,

t 0 , T T ,(x) )
x~~~O , T C  (2)

x 1 , T C a , 
)

L~A _ _  
— --~~~~~~~T~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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where 1, the effective wall thickness and C,, C2, two fiXed temperature

values on the two wall surfa ces, T0(x) represents the initial temperature

profil. across the wall thickness.

To such a probl.n, the fini te diffsrence successive iterative

numerical method can be used. Th. field , along x direction , is first

— —  _____ ______ — 
_ 

- —

¼ 
n-i

11

Figure 1. Grid System for the Numerical Scheme

divided into (N—I ) grids. Each grid sizes ax, An implicit finite difference

equation is constructed fr om equation (I ) ,  i.e.

_ _  

+ ?(Tm ,a) (3)

where 7( , ) 
~ L +

• (d*& 
-i’- 

~~
) A c4x a 4t

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

two boundary conditions sp.oifi.d , d.t.rm in. the various T~~1 ,~as T~~ are

•

~

- . • —
-~~~~~~~~~~~ •• -~~~~~---- ---- - -
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(3)

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

by assuming a set of ~~~~ values , together with the specified information

for ?(T..~~) fro. time inetant ,m , substituting into the right side of

equation (3), then calculating a new set of ~~~~ • This new set of Ts+~
is then replacing the old set of T,.,~~ to plug into the right side of

equation (3) agtin and calculating the next new set of ~~~~ • Such

procedure repeats itself u*til the calculated set of ~~~~ revealing no

significant difference from the previous set of ~~~~ . The last set of

-• 
calculated T,~,,, values are considered the satisfied solution. The

• selection of the starting ~~~~ profile is not unique. Ordinarily, to use

the profile, ~~~ , as the first trial profile, ~~~~ appear not a bad

choice, Since, intuitively , as we nay expect that the correct unknown profile,

, ShOUld not be different from the known profile of the previous tine

g lnstant ,T,.,k , too much if At is small enough and no “isolated ” event

occurs, To assure the st*ble convergence of the calculation steps and lead

to reasonable solution , it appear . that the criterian,

(1k)
4t

ought to be observed in selecting the relative sizes of ~x and At,

According to above descriptio n , a Fortran program (5PM), attached

a. Appendix A , was constructed to allow digital computer to perform the steps

in ths iterative computation procedure for this one dimensional , unstssdy

heat conduction pro blem, A case with the ini tial condi tion,T0(x) , possessing

_ _ _ _  • ~~~~- ‘ - —
_______ • ~~ -~~~~~ • --•~---—•—.-•-- - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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H (k)

one surface temperature a~ elevated level was studied. Some calculated

temperature pr ofiles at various time instants are sh own in ¶*ble I. In

• this table, the number of iteration loop required for calculati ng each

temperature profile is also indiosted ; so is the total CPU tine used .

Also, cases with highly non-linea r initial conditions were also investi.—

gated with this program, the resul ts indicate that the suocessi~e meth od

appears very effective to handle such linear problems .

p 

able I Some Temperature Profiles for a (~e-Diiiensiomal ,
Unsteady Heat Conductio n Problem (Successive Method )

Initial Temperature Profile s ~~200.O at x.O.O and t’.O.O
1~ ~O.0 at x 0. 0 and t’.O.O

Boundary Condition a s ~-200.O at x-O,O and t 0 ,0• T 10,0 at x’-I.Q and t 0.0
The label s Orderly number of Temp Profile, No, of Iteration Loop, Time Inst.

Values of Temperature Profile

• 1. C) 0.00000
200.00000 40.00000 40.00000 ‘10.00000 40.00000 40.00000• 40.00000 40 .00000 10 0000 40.00000 40,00000 10.00000
40.0000(’ 40.00000 40,00000 40.00000 40.00000 40.00000
40.0000( 40.00000 40 .00000

20 9 0.01900
200.00000 l67.~ ill~~4 137.17704 110.596Th 88.81256 72.08412

60.03~,03 51.88140 46 .69865 43.~s90i9 11.83147 40. 89040
10~ 4131’t 40.18326 40.07794 40.03 172 40.01242 40.00468
40.00168 4O.0O0~~ 10.00000

40 9 0.03900
• 200.00000 177.2394 ~ 155.2(’i79 134.Mi65 115.78639 99.29813

85.25890 73.679 17 64.42531 57.25884 51.8790? 47.96330
45.19894 43 .30~ 4ó 42 ,04M4 41.233 14 40.72176 40.40711
40.21456 40.09160 40.00000

60 9 0.05900
200 .00000 181.4o9:~7 1~~~~32715 145.94209 129.63219 114.65246
101.18298 89 .32’192 79.103~ 3 70.47~~~i 63.34362 57.56936
52.9891~ 49.47818 46.71705 44.67555 43.16817 42.056 ! 3
41.2241? 40.56913 40 .00000

-—
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-~ 

- III The Error Method

In applying convensiomal successive numerical scheme for solving

parabolic partial differe ntial equatiosts , we nay “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 control the development of the
- • computation. Furthermore, the converge nt rates of the successive method

are often small , especially , to non-linear problems. Frequently, hundreds,

or even , thousands iterstion loops are required to achieve a single step

solution, On account of all these unsatisfactory characteristics with the

oonvensional successive method , the error method is developed . Essentiall y ,

the major difference between the successive and the error method is that the

later imposes mechanism for estimati ng and corre cting “errors” of trial

values of the unknown qua ntities in a regular successive routing , So the

overall computation procedure is greatly ehortened~ To illustrate the basic

scheme of the error meth od , let us re-consider the unsteady , one-dimensional

heat conduction problem of last section, 1st T~~ 1~ represents the first

trial temperature profile at m+1 time instant , T represents the “true

solution ” ( still unknown yet). It 1. clear,

~~~~~ — ~~~~~ + (5)

where ~~, the deviation of trial profile , ~~~~ , fro, the “true solution” ,

To at*rt the iteration process by substituti ng T~~~~I into the right

side of ~qiation (3) ,ju st as sane as done in successive method , and decomposing

•

~

_

~

•: ~~~~~~~~~
-
~~

-- -  --~~~~~~~~~~~~~~~~~~~~
• 

~~~~~~•~~~~~~~~~~ • • —
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T~ according to equation (5), we obtain

— 
T4~÷, ~~~~~~~~ 

* F (T~ ~
) — ~~ 

, (6)
~

( -j -j - /

where ~~~~~ , the calculated temperature profile at m+I time instant based
on ~~~~ . Substinoting both sides of equation (6) by ~~~~~ , we then obtain ,

H R,~. T~~~~- ~~~~~~ — ~~~~~~— . (7)

Equation (7), the error equation, provides N-2 required equations for
solving set of N unknowns , c~s, The other two equations required are formed

from the two boundary conditions. For this particular case , it is obvious
that J— ~~~~~l.O. By determining the set of values from equation (7), the
trial values, ~~~~ , can then be modified and -• iteration processes repeat ,

F if needed, until the satisfactory “true soluti on” is achieved. To solve
equation (7) aiwi the cOrreapond1n~ oounuary condi ti ons for c~, a set of
recurrency t orauLar are derived. 1st

~~~~“ ~~~~~ + B,1 , (
~)

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

2 ( 1+ R~~) - . (9)

k I - • •

— ~~~~ - ~~~~~ ~~~~~~~~ . - _____ ~~~~~ -~~~~~~~~ —~~ -~~~~~~~~~~~~~~~~~ ‘ ~~~~~~~~~
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Eliminating from eq~t*tion (9) aM equation (8), we hav, the r.currsscy

rortular,

*. I - •

~~~~~

(10)
4X

BPH-I A,, ‘ 4t ’ ~‘

• To start the operation cm the reourrency I ormular, we know,from equation (9)

and boundary condition , 0, that

A~ — 2 ( t+ -~~ -)

(ii)

B ~~_2 1 i+~~~~
_

~~~ R4t~~’ ~

After nil the A ,, and B,~ , for ~~~n E N , are determined, since ~~ — 0,

therefore,

- (12)

~~ 

The rest Is are calculated from equation (8) in reverse order. The determined

~~values are used to modify the trial values of unknown variables , ~~~~ ,

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

is obtained. It i. clear , to this problem , a linear case , .quation (7) is a

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

• be a non-linear equation of ~~~~~, To facilitat, the calculation, linearisation

• procedure ii used to convert equation (7) into linear form of ~~~. Th. other

It 

_____________ 

_ _ _ _ _  _ _ _ _ _ _

~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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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 meth od will be summarized as follows,
• (1) Corresponding to the governing differential equations as well as

the boundary conditi ons, form the i*plicit finite difference equations,

ready to start the regular iteratio n procedure,

(2) By using the first tria l values of the unknown variables , say

calculate the unknown variables, say ~~~~~~
• (3) By recognizing T~~~ ~~~~ +S~ ,where T~~ , , the “true solution ” ,

• deduce the linear error equations,R~— f( ~~~, ~~, ~~~), whore R,1~ T ;~—T~~,~ ,
from the fini te difference numerical scheme,

• 
- (‘4 ) Let A,,~ ~~ + B,,,.~ , where A ,~ B~4, , the undetermined

• correlation parameters. Derive the recurrenoy f ormu lar for A~~ ~
• i.e. ,

— H(A~ , B,1. ),r ~ from the error equations. Determine ‘~e starting A , B values from the related

t boundary condition,

(5) Calculate A ,1 , B,., for n up to N, Determine ~ , first, with the help

of on. boundary condition and then with the correlation formular ,

+ B,,.,.1
(6) Modify ~~~~ and repeat steps (2) to (5),  if needed , until the

satisfacto ry “true solution ” is obtained.

~1th above procedure, a Fortran program ,SPD2, was constructed and

attached as App endix B. One case , same as studied by SPD1, was investigated

by this program. The results are identi cal to those from SPDI . Thble 2 shows

hi 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _— — — L ~~~~~~~~~~ — ______________ ~~~~~~~~ ~~~~~~~~~ -
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the comparison of the number of iteration 1oops and CPU ti .. required by
SPD2 and SPD1 for that particular case studied. From l~b1e 2, it appea rs

t*ble 2. A comparison of the Number of Iteration Loop and CPU Time
Required by Successive and Error Methods for the Problem

-: 
~?. Studied in 1~ble 1

- Ho of iteration loop Total CPU tine required for
• Program per time step 60 time steps

SPDI 6--9 (.ost,9) 5.30 sec

SPT)2 1 (occasionally 2 , 4.53 sec
once 3)

that the CPU time saved by the erro r method in reference to successive
method is only about 20 %, a value not very impressive. However , this
observation may also be interpreted as that the successive method is already

• fairly effective in app lying to linear problem .

IV The Application of Error Meth od to Non-linear Problems

Three non-linear emamples are presented to illust ra te the appl ics-
• tion and effectiveness of the err or method . To facilitate the presentation ,

brief qualiAative description of thes . three problems are given first as

follows,

(1) A steady laminar tubular flow heat transfer problem with fluid

thermal conductivity varying linearly with local t.mp.rsture. This problem

features with non-linear heat conduction tern in the trsnsv roe direction
-

• to the tube fl~~ .

I

L. . 
_ _ _  _ _
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(to) i~i(2) A steady ooamial laminar tubular flow probl.a with all th. fluid

• properties varying with local temperature. The problem is sketched in Figure

2. As shown in this diagram , it is clear that radiu. direction slop, of the

l y  

T,.,

_ _

Figure 2. Th. Coaxial Tubular Plow Sketch

initial velocity 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-dime nsiona l fin problem with radiation. The

Convection & Ridiation P
Figure 3. Th. Sketch of a ‘~~~

“ 
~~~~~~~~~ 

, ~~~~~~• T Condu~~~on f7 a ‘

~~~~~~~
,

zadiative fin 
_ _ _ _ _ _ _ _ _ _ _  

‘ —Rid. ‘

1!

• I T,,,

I- ~-x
•

schematic diagram is shown in Figure 3. To this problem, the hi~~ly non-

linear radiation term presents in both differentia l equation as well as the

boundary condition,

• • • ‘ . ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
L~~~~~~’ •~~~~ ~~~~~~~~~~~~~~~~~~

-~~~ -
.
~~~~~~~~~~~~~ •- ~~ -~~• ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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- 

Th. formulation of all three problems described are shown in

~~bl. 3.

• ‘Deble 3. Formulation of the Three Non-linear Problems

Items Tube H.T, Problei Coaxile Tube Problen Ridiative fin Problem
L erning -

~~~ ~*EV*tiOsLs ~~~~~~ ~~~~~~~~~ r11~) 
_ _ _ _

• 

~~~
-
~~~

‘

~~
‘° - s~~~~~~~~~~~~~ ~~ \ l  

~~~~~~

ç~~~~~~~~~~~rr~~~) C,3~~~~(TC1,o~’/~t

4 i;~
- T../~-r, -T~.)

Initial X~o, -i- =T0( r) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
~~~~-= ~~ 9.4

udary = ~~ .4. ~~f ~X ~~, 0 4
• Conditions No.5~T~~ Tw ~~~~~~~~~~~~~~ 

x . ~’Q , ~~~~
- c~’

~
‘i

~~~~LI~~~
’
, ~~~~~~~~~~ tt..%~C\

Temperature expressioni
1 Finite ç ~~ are identical to those ~~~~~~, — -

~~~~~~ 9Difference in left column , ‘i a..~ni’~~ C~ ~‘J
equations - _

~ % O O ~j i4~,’~~ ji~1 &a,j ~~~

• C4 ~ ~4,ç~~-’- 
t~ t + 0 5

— ç .  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

C - (r t& )- 
C~~=çcj ~~~~~• 

~ _ _ _ _ _ _  

c~~ 
— c.1~i~± ~~~‘111~~~~~ ~r• ~~~~~~~~~~~~~~~~

+~~

T~ T~ ;~~~~- 
3.,/~~ 4)

‘
~(

(Continue at next peg.)
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Teble 3, (continued )

• 
• Items Tube H,T.P r oblem Coaxile Tub. Problem Ridiat ive Fin Problem

Linearized emperature error eqs. ~Error ~~ C
’~~~

’ 

~
(
~~ Cbl~, ~rs identical to those i~~’ 

‘~~3 
~(

‘ 
~~~~~~~~~~• Equations 2 C~ . ~n l.ft column, ~~z2A +~~4~; ~~~~~~~~~~~~~

~~~~~~~~ ~~cy~~1-T~4;) 5::~~cG~s~p;) -s;,
• 

~~~~~~~~~~~~~~~~~ 
_ _ _ _ _  

Q
I ~~

~r - i-Ta,~~~ 
‘
~ 

) 
“ ~
~~~~~~~

~ ZT~ • -ç,
3

~~~(1~,j#i +Ta~~t i~ 
~~ ~~ ‘-f~ ~~~~ ~

/2.~
( ~~~~~~~~~ 

o.z.S

-r 
-

=

~~~~~~~~~~~~~~~ 

4-5 3
I

~~ I — ~ 
4 f3~~ ) 

-

Recurrency ~ - —formular C~ — -
~~~

- 

— 
4

• • -J ‘—& -

~~~• e~ ~~~ — 

~~~~~

~~~~~~ Q&j.

• _ _ _ _ _  _ _ _ _ _ _ _  ~~~~~~~~k~ r~~~ Qgs. _ _ _ _ _ _ _ _ _ _ _ _

Information 
~~~~~~ ~~~~~~~~~~~~~4’—t. :

derived ~~~~ ~~~~iOc
from
boundary _

~~~~~~~~~~~~ 

_ _• conditions ~~~~~~~ 
N 

-

~~~~~ ~~~~~~~~~~~

~~‘ 
.
~

~~
m~9~ A ,~ ,t ç~~a1k.

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ~ ~r, .~l’(, ~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(continued on next page )
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(13)

able 3. (continued )

Items Tube H. T. Probl•m Coaxile Tube Problem Ridiative Pin Problem
Mo&tft.d
Trial Prof i: 

~~~~~~~~ ~ ~~~~~ ~
-i;:

~ +for next i~~~~T . j  -r oj  
~~~~~~~~~~~~~~~~~ ~~~ 

G~
’-
) 

~~~~~~~~~~~~~~~~~~~~~~~~~~

iteration, 3
if needed 

~~~~~~~~~ ~~~~

Ncmnnclstur ~,fluid density Y0,outer tube gas con T1,initial and fin
uaspec. i,fluld velocity Tf,imner tube gas con root temperature
by r,fluid tempera- Y~~(r ), entrance y0 T.0 ,environnent temp.
above and ture profile ~ ,e.misivity

• lef t expre- t ,tubs axile . coor. Tf0(r), entrance Y~. d ,Stef-Boltsmann Cons,
anions , ‘,tubs red coor. Profile h, cony. h, t. Coef .

• ~~,Reynolds numb.~ Sc, Schmid t num ber 1, fin length
?r Prandtl number P, fin cross section

perimeter length
• *eaperature k, fin ther mal coed.

Profile A , fin cross section
• tube wall

temperature
j (or J),jth node

point along r-
directi on

I,total number of
t nodal points

along r-direc-
tion

~,d.viation of
trial value fr~
“true solution,

ii _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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1

• 
- Rised upon formular in Teble 3, computer programs with error

method were desigeed for the above three problems as SPD6,SPDIe and SPDB.

They are attached as App endix F ,D and H. Three corresponding programs (
SPD5 ,SPD3 and SPV7 ) ,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,

- 

I 
ftble 4 shows several computational effectiveness Cf various pr ograms run.

able 4 Comparison of CPU time and Number of Iteration Loop required
by Successive and Error Meth od for the three non-linear

• pr oblems

It ems [‘ube Plow Coaxile Plow Ridiative Fin

• Given te 500.00 Re ’500 OO m1 1,0
Conditions ?r1,O Pr—1,O C —20

Sc—1.O C 0.2
1—41 T.,,—3.O T ‘0.4
f (total steps N”41 Btfin th.)”.0.05
*loulated) 14—40 N’41

Program Siioc SPD5 SPD3 SPD7

Erro SPD6 SPD4 Sp]~- 

No. of Loops used ~~~~ 49.73 8542? 
— _____________

• per step 
~rro 3 4 4

• 
Total CPU Succ 53.85 sec 67.70 sec 29.05 s.c
Time Er r~ 5.55 ~~~~ 30.18 sec 4.71 s.c*

*prin t only 1/10th as many lines as did by the comparable programs.
• Thble 4 indicates that , by using error method , the CPU time used can be

reduced to about half or less in reference to those corresponding calculation

done by successive method .

• ~~~~~~~~~~~~~~~~ • ~~~~~~ ~~~~~~ 
• • 
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- 
• V Discussion sod Conclusion

(1) Investigation in previous sections has indicated that th. error

method devslop.d up to this stag. doss provide ta am alternative may for

sOlving parabolic partial differsmt1&~. equstioss. The uti tisatlem 01 this
• method , is particular to non-linear probl. , results in significant reducing

CPU time and number Cf iteration loops required, This feature • together

with it. wide appuca nitity may turn this method into an attractive tool.

(2) The reourrency tethniq~us suggested her. can be considered as an

effective meth od for solving th. three lime matrix .
(3) The spplieability of the error meth od to ordi~~~~ differential

equations, linear or non—linear, is obvious.

(4) To linear parabolic type equation, the abov recurrency tecnhiqiae

can be applied directly to the unknown parameters instead c~f The errors ox

tne tria L vajues Cf the unknown parameTers. It thus provides another alter-

native method . To non-linea r equation, however, the direct application of
• the recurrency techniqu. to the unkncwn parameters may not be able to lead

to numerical scheme which can convergence as fast as the current error

• method.

• (5) Along the line of designing new computational method , a systematic

exploitation of th. applicability of the error method to problems with

elliptical type partial differential equation may not be inappropriate. 

-~ 
- -—•-- •  
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APPgNDIX A
DAY -

Tuesd~~,, November 13, 1979 16:31:02
&TY SPD1 ,FOR
00100 C SPD1—— SOL U TION FOR LINEAR HEAT TRANSFER PROBLEM ,

• 00200 C ONE DIMENSI (JWA~ IJNSTFALIY HEAT CONEII ICI iON
00300 C SUCCESSJVE METHOD SEFTFMBER 17~ 1979
00400 EIIMENSJON U ( 1 0 1~~~U N ( 1 0 1 ) , R S ( 1 0 1)  , U N O ( 1 0 1 )
004~i0 o p Et4(u NIT=1,Acc Ess~~’s EaIw’ ,r ij AI c,(3uE. )
00500 R E A D ( 1 , 1 0 )  N , M A X
00600 10 FORIIAT (4110)

• 00700 R E A D ( 1~~2O ) U (1),UI
00800 20 FORNA T (RF1O ,5)
008~ 0 DY = 1,0/FLO AT ( N— 1)
00900 DT=DY*))Y/2,5

• 01000 DO 30 I = 2 , N
01100 U(I) : :t II
01200 30 CONTINUE
01300 M 1
01350 T IM F :: 0 .0
0140<) WRITE (~~r1~ 0) M,Nl ,1I~*,(U(I),I 1,N)
01500 )M) 40 I=1~~N
01600 I J N ( I ) = U ( I )
01700 UNO ( I ) : : LJ N( I )

• 01800 40 CONTINUE
01900 N1 N— 1
02000 CF 1= 2 .0 * ( i , 0 + r iY *J I Y / ~lfl
02100 CF2 ~~1 ,o+ 1:IT/ (r iv *t IY)
02200 ~0 NL=0
02300 rio 60 I = 2 , N 1
02400 I P = I+ 1
02500 11=1-i
02600 RS (J):~(tJ (XP)+tJ (i i)-~2,0*(J(i))/CFi+U(I)/CF2
02700 60 CONT 1R 1J ~.
02800 70 NT=0

• 02900 DO 90 I = 2 ,N 1
03000 IP=J+1
03100 11=1—i
03200 UN ( I )~ ( UU ( 1P)+tJ 14( :(i) )/ CF 1+I~S( I )

• 03300 DN O~ A)~~(IJN(I)—UNO (I))03400 I F ( E I N O—O . 000 00 1)  85 , 85,0<)
• 03500 80 N T 1

03600 8~ U N O ( I ) : : L J N ( I )
03700 90 CONTINUE
03800 X F ( N i — 1 )  120, 100, 100
03900 100 NL NI +1
04000 (~O TO 70
04100 120 M M + 1 -

0415<) TIME=TTMf+TIT
04200 lID 130 I = 1,N
04300 U( I)=UN( I)

• 04400 UNO( I) : I IN( I)
04500 130 C O NTi NUE
04600 W R I T E ( 5~ 150) M , P4 L ~ TIf *~~( U N ( I ) ~~I=1 ~ N)
04700 150 FOR ~i A T ( 1 0 X , 2 i 1 0 , F 1 0 , 5 , / 2 0 ( 5 X , 6 ( F 9 , 5 , 1X ) / ) )
04800 1 1 ( 1 4 — M A X )  50~ 200~ 200

1: 04900 200 STOP
05000 END

IL 111.L • ; :~~~.— ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ • ~~~~~ • -~
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APPENDIX B

~~ DAY
Wednet. ch~g , November 14, 1979 11 37 07
&TY SPD2.FOR• 00100 C SPD2--NEW METHO D FOR LINE AR HEAT TRA NS FE R PROBLE M ~00200 C 01W DIMENSIONAL UNSTEArJY HEAT coNriuclxoN
00300 C ERROR METHOD
00400 D IMENSION U ( 1 0 1 ) c L J N ( 1 0 1 ) r R S ( 1 0 i ) p A ( 1 0 ,~~( 101) ,

- • • 00500 lR l0I r ’FL lol
00600 OPE N ( UNI T~ I ~ A(~Cf. SS~- ’SE Q IN’  ,r i IALo(3uE )
00700 R E A D ( 1~~10) N,MAX
00800 10 FO R M A T ( 4 11 0 )
00900 READ ( 1,20 )  U ( 1) ~~UI
01000 20 F O R M A T ( R F i 0 , 5 )

:1 01100 D Y = 1 , 0 / F L O A T ( N — 1 )
01200 DT=r IY *J. l Y /2 .5

4 01300 1)0 30 I = 2 , N
01400 U (I)::UI
01500 30 CONTINUE
01600 M =1
01700 TIM E :~0,0

F 1 .  01800 W R I T E ( ~~,1~~0) M , N t~~TII1 E , ( U ( I ) , I : : 1 , N )
01900 ).iO 40 1 1,N
02000 UN (I)SU (I)
02100 40 CONTINUE
02200 N1=N -1
02300 CF1 :~2,0*(1 .o+j iy*iiv/):iT)
02400 CF2 1 ,0 +r i T/ (D Y *D Y
02500 ~0 N L=0
02600 rio 60 I=2 ,N1
02700 1P 1+1
02800 11=1-i
02900 RS (I)~~(t I(IP)+U (I1)—2~ O*tJ (i))/CEi+U (i)/CF2
03000 60 CONT IN UE
03100 70 N T= 0

• 03200 A ( 2 ) ~ - 10.0**25
03300 B ( 2 ) = 0 , 0
03400 t I E L ( N ) : : 0 . 0
03500 1)0 130 I = 2 , N 1
03600 IF J + 1
03700 11= 1- i
03800 U NI ( U N ( I P ) + U N ( I 1 ) ) / ( ~F i + R S ( I )
03900 LiNO=ABS (tJRJ— (JH (i))
04 000 R ( I ) ~~tJHI—tJN (I)
04 100 A ( I + 1) : : C F I _ 1 . 0 / A ( I )

- 

- 04200 90 B ( I + 1 ) : ~B ( J ) / A ( I ) ~~C F 1 *R ( I )
04300 9~ I F (D N O , L E . 0 . 0 0 0 0 i ) GO TO 130
04400 NT = 1
04500 130 CONTINUE
04600 I F (N i — 1) 2 0 0 , 1 ’~0, 140
04700 l ’i0 DO 180 I=2 ,N 1
04800 I R 1S W — I + 1
04900 1R 2 = I R 1 + 1
05000 D E L ( X R I ) : : T I E L ( 1 R 2 ) / A ( 1 R 2 ) — R ( I R 2 ) / A ( 1 R 2 )
(>5100 ~JN( IRI ):: LJW ( IRI )+ 1)F ..I . ( T R1 )
05200 180 CONT I NUE

• 05300 N L=N L + 1
05400 60 TO 70
05500 200 M =M+ 1

• 05600 T IME r. ~TII *+t i T
05700 00 230 I = 1 , N
05800 U ( I ) 4 J N ( I )
05900 230 CONTINUE
06000 W R I T E ( 5 , 1 5 0 ) M , N L , 1 X H E , ~iJN (I ),I:1,N)

Ip4.-i- ~~~~~~~~~~~~~ 
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~~~06100 1 FOR M AT ( 10 X , 2 I 1 0 , F 1 0 , /20 (~~X ,6 (F9. ~~r 1 X ) / ) )

06200 I F ( M — M A X )  50,300,300
• 06300 300 STOP

• 06400 END
I?

- -

I-

- 
- 4 :
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APPENDIX C
DAY
Tuesd~~~, Novt mb ’r 13, 1979 19 :09:36
&TY 9PD3.FOR
00100 C SPL’3--DIFFUSION IN DOUBLE TuBE: FL..UW PROBLEM ,JULY/31/79
00200 C SUCCESS IVE METHOD
00300 DIMF Ns:WN T (2,i01)~~YE (2,101),YO (2,101),U (2,101),RO (2~~101)~
00400 1C (101),):ILT (101),EILTN (10i),Rtfl (101),TN (101),YFN (101>,

- • 00500 2yoN (1o1),RoyF (lol),Royo (1o1),riLyF (lol),rIYFN (lol)p
• 00600 3R( 101 ) J.IL YD ( 101) ))YON ( 101)
• 

-
. 00700 OP EN ( IJ R IT : : i ,ACI ;ESS ’SEOI N ’ ,E I I A LOGUE )
• 00800 REAL’(1~~i0) ~1,N,RFrPR,SC~ TW~ WP,CJ

00900 10 FORMAT (2I10~~10Fl0.~~)
01300 DR=0.5/FLOAT (N—1)
01350
01360 WRITE (~~ th) 11,N~ DX,RE ,F’R,SCPTW~ WP~CJ

• 01370 1~ FORhAT (2I5,R (Fi0~~~r1X )/)01380 C B0Uw :IARY CONDITIONS
- 

• 01400 R ( J . ) : 0 . 0
01500 N 1=N —1

• 01600 )‘U 16 J=1,N1
01700 Ji=J+1
01800 R (J1):R (5J)+LIR

• 

• 
01900 16 CON TI NU E

• 02000 LNI~~Q,~i*W P/Di~+ 1 .0
- s 02100 COP=8 • 0~ DR **2 *RE *PR/DX
• 02200 COS=COP*SC/PR

02300 lI t)  30 J=1,N
02400 AJ J-1
02500 110 25 1=1,2
02600
02700 RO (I,J) 1.0-/T (IvJ)
02800 IF (J—LNI) 17,17,19
02900 17 YF (1çJ )::i.,0
03000 YO (I,J)~~0,0
03100 U(I,J)=CJ~~( 1,0— 2,0*R . /W P **2
03200 (30 TO 25
03300 19 YF(I,.J)::0,0
03400 Y O ( I ,j ) :0 ,5
03500 U (I,J)~~1.0 (2.0~ R (,J>)**2+ (1.0 WP**2)*ALOG(i ,O/(2,O*R(J)
03600 1)) /AI . 00< W E’ )
03700 25 CONTINUE

• 03800 C ( J) (I ( 1 ,J> *R{) ( 1 c .J)
03900 30 COiITINLIE
04000 C( N): :0.0
04100 C(2)=C 1)
04200 C (LNI)-0.25* (C (LNI+1)1G (I.NI--1))
04300 U (1,N):o,O
04400
04500 YO (1,LNI)-0.25
04600 YO(2,LNI):”0.25
04700 Y F ( 1 , L N I > 0.5
04800 YF (2,LNI)::0,5
Q490() IK=1
05000 SMTUR=0 ,0
05100 SM U R :0 . 0

~ 
052<)() 00 33 J=2 ,N 1
Q~ 300 AJ 1:: J— 1
0540<) SM TUR S M T U R + T ( 1 r J ) * t J ( 1~~.J) * AJ 1
05500 SMUR : SIIIIR+ (J (1 ,5J)*AJ1
05600 33 CONTINUE
05700 TBBR ~’ 8111 tJR/SIIUR
05800 QW =2 60.0 * (TW — T ( 1, N1)  ) /L I R

Ai4ULT QI4/ ( 260.O* ( TW- ThBB))
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• 060&~ W~~ITE(~~~ 53~1 IK~ NIT , (T ( i , J>,J=1,N) —

06100 W R I T E ( 5 ~ 570) ANUI. . T r f ~W
06200 W R I T E ( 5 ~ 9~,0) ( U ( 1 , J )  ,J=1,N)
06300 WR ITF(~~,~~6~~

) X~~( R O ( 1~~J ) , J = 1 , N )
0640<) W R I T E ( 5~ 5M ) ( Y F ( 1 , J ) ’ J 1~~N )
06500 W R I T F ( ~’c568) (YO ( 1,J ) ,J 1iN)
06600 X 0,0

• 06700 43 IK =IK+1
06800 I F ( J K I1)46~ 46~ 1703

•r 
06900 46 X =X+t I X
07000 C IJHKNO WS NEAR THE CENTRAl LINE (CFW1RA!. F~, C , )
07100 NIT=1
07200 48 DO 57 I:~1,207300 T( I ,2 )=T( I,1)
07400 Y F ( I ~~2)~ -Y F ( I , 1)
07500 YO (I~~2)=YO (1~~1)07600 57 CONTINUE
07700 C UNkNOWNS IN THE FIELti (7~ N~~)
07800 61 NT=0
07900 3M) 1300 J 2,N1
08000 J1=J-1

• 08100 AJ1=J1
08200 AJ12~~(AJ ~ +0.~~)/A I1
08300 AJ3 2~~( A J 1 — Q . ~,)/AJ 1

‘H 08400 CCOF’::(~0F *C(J)+4,0*T (1rJ)08500 SQT2=SQRT ((0.2~;*cOP*C(J))**2 } Cop*C(J)*T ( 1,J)+o.5*AJ 12*
08600 1(T ( j , .J + 1) + 1(2 r . J + 1) ) ~~~~+0.~~*A J32 * (T ( 1,J—1 )+T (2 ,J - - i) ) * *2 )

~~~~ ! 08700 TN ( J)  — 0.  25*(~~0P+8(~T2
08800 TUS =T ( 1~ J + 1) + T ( 2 r J + 1 ) + T ( 1 , J ) + T ( 2 ~ J)
08900 T L S :T ( 1 r J~- 1)+T (2 ,J~~1)+T ( 1,J )+T (2 ,J )
09000 CO2J r ’C0$ *C(Si) -~AJ 12 *TUS 1AJ32 *TLS• 09100 YFN (J)= (AJ12*)IJS*(YE 1,J+1)+YF 2,J+1))+AJ32*TLS*
09200 1 (YF (1,J-j)+Y ~~(2~ .J-:D)+ (COS*C (J)—AJ12*TUS--AJ 32*TLS)*
09300 2 YF (i , J ) ) / ( ~02J
09400 YOi1(.J)::(AJ12~:TUS*(YO (1,J+1)+YO (2,J+1))4AJ 32*TLS*
09500 1 (YO (1,.i—1)+YO (2,J—i))f(C (JS*C (J)--AJ12*TUS--AJ32*TLS)*
09600 2 YO (1,J))/CO2J
09700 ROT (J)=TN (J)—T (2~ .i)

• 09800 ROYF (J): Y F N ( J ) — Y F ( 2 , J )
09900 ROYO (i):~YON (J)—YO (2,J)
10000 AROT~ AE~S(ROT (J))
10100 AROYF :A8S(ROYE (J))
1 0200 AROYO~ ABS(ROYO (J))
10300 IF(AROT—0.000001) 572r572 , 1150
10400 ~72 J F ( A F < O Y F — 0 4  000001 )590,590~ 1150
10500 590 IF(AROYO—0,000001)1300,1300,1150
10600 11~~0 N T 1

F ~ 10700 1300 CONTI N UE
• 

- 10800 i F (N T ) 1567~~1~~6ir13.~0
:1.0900 1330 NIT::NI1+1

~
: 11000 rio 1538 J=2,N1

11100 T(2~J) rN(.I)
11200 Y F( 2 ,j ) :~~y I -N ( , I )

11300 YO (2,.J)::YON (J)
11400 1538 CONTi N UE
11500
11600 Y F ( 2 ~ N ) = Y F ( 2~ N 1)
1170<) YO(2,N): YO<2rNl )
11800 T(2,1)=T (2~ 2)
11900 Y F ( 2 , 1 ) : Y F  (2 r 7 )
12000 YO (2,1 ):YO (2,2)
12100 0(3 T O 61
12200 1.567 OW =260,0~: ( IW—i (2 , N 1) ) / DR
12300 lID 919 J=1 ,N
12400 R0 (2,J):.1,0/T(2,J)
12500 U(2 ,J ) .C(J )/R O(2 ,J )

.
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12700 SMTUR ~:0 ,0
12800 SM U R : 0 . 0
12900 3M) 908 J = 2 ,N 1
13000 J1=J— 1
13100 SV I TUR = SII T I JR + t (2 , 1) *U ( 2 , j > *R ( J ) *(2 , 0 *t I R )
13200 SMUR=SMUR+U(2,.J)*R(J)*(2,0*DR)
13300 908 CONTINUE
13400 T B B B-S I I T tIR/ SM UR
13500 A N U L T = Q W / ( 2 6 0 , 0 * ( T W — T B D B ) )
13600 W R I T E ( ~~,53~~) IK ~ t 4 I T , ( T ( 2 ~~J ) ’J = 1~~N)

- - 13700 W R I T E ( 5 ~ 570) AN ULT ~~QW
• 13800 W R I T E ( 5 ~ 950) (U(2~ J),J=1~ N)

13900 W RITE (5 ,565) X , ( RO ( 2 rJ )~~J=1~ N)
14000 W RIT E(5~~ 66) (Y F(2 ,J),J=1~ N)
14100 W RIT E(5 ,568 ) (Y O (2~ J) ,J 1~ N)
14200 535 FORMAT (2X ~~’ 1,0W ’,2I5~ 5(F9.5~ 1X)/25
14300 1 (17X ,5(F9.5~ 1X )/ >)
14400 570 FORMAi (17X~ F9,5,1X,F9.3)
14500 950 FO RMA T ( 2X ~~’ U’ ,10X ,5(F9,5~ 1X),/2 5( 17X ~ 5(F9.5~ 1 X)/ ) )

-~ - 14600 565 F O R M A T ( 2 X , ’ X , R O ’ , F 10~ 6~~~( F9 .5, 1X ) ,/ 2 5 ( 17X ,5 (F 9 , 5 ,  1 X) / ) )
14700 566 FORMA1(2X ,- ’ YF ’ ,J 0 X r 5 ( F 9 . 5~ 1X)/2 5 ( 17X ,5 (F9,5~- 1X ) / ) )
14800 5613 FORMA1 ( 2Xr ’ YO ’ ,10X,5(F9,5~ 1X )/2 5( 17X ,5 (F9.5,1X )/ ) )
14900 i:io 1679 J 1,N
15000 T(1,j ) :”T (2 ,J)
15100 YF(1,j): YF (2,J)
15200 Y O ( 1 , I ) : Y O ( 2 , J )
15300 RO (1,,J):1.0/T (1,J)

- 
- 15400 U( 1,J )=C (J )/ RO( 1r5 i)

15500 1679 CONTINUE
15600 1697 60 T O 43
15700 1703 STOP
15800 END
&

~
1.
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FT APPENDIX D

I~~ 
DAY
Tuesday, Nov (~Iftb(~r 13, 1979 19 08 00
@TY SPD4.FOR
00100 C SPD4—-1)IF~~USXON IN DOUBLE TUBE FLOW PROBLEM,JULY/31/79

— 00200 C ERROR METHOD
00300 DIMENSION T(2,101)rYF (2,101),YO (2,1O1),U (2,101),RD (2,101),
00400 1C( 101 ) ~l N ( 101 ) ,YEW ( 101),00500 2YON(101) r A t (10:1 ) ,BT (101 ) ~AY ( 101 ) ,BYF ( 101 ) ,
00600 3R(1O1) , BYO ( :i O :i.) ,1i •:L (101) ,tiEF (101) ,DEO (101)
00700 OP EN (UNI T :~1rACCl ~SS ‘SE QIN’ ~DIA LO GUE )

• 00800 R E A D ( 1, 10 )  M,N,RE r PRr SC ,TW ~ WP~ CJ
• 00900 10 F O R M A T ( 2 X l O r l O F l O , 5 )

01300 LIR =0 • 5/I-I. DAT ( N — i )
01350 DX =DR *DR *RF/2. 5
01360 W R I T F ( 5 ,  15) M , N ,  t ’X ,RE ,P R ~ SC~ TW ,WP ,CJ
01370 15 FORMAI (215r E10.SriX )/)
01380 C BOUNDARY CONDiTIONS
01400 R(1)=0.0
01500 N1=N-- 1
01600 3M) 16 J=1rN1

- 
- 01700 J1=J+1

01800 R ( J 1) :~R ( J ) + r i R
01900 16 CONTINUE

- • 02000 LNI=0.5*WF’/DF<+1.0
02100 COP=8 • 0*DR~:*2*RE *PR/J.IX
02200 COS: COF’*SC/ER
02300 rio 30 J= 1,N
02400 AJ=J—1
02500 3M) 25 1=1,2
02600 T(I,j):~1,0+ (TW—1,0)~((A.J*):IR)12.0)~~*2
02700 1<0< I , J )~ 1.0/1( 1 ,J)
02800 IF (J—LWI ) 17,17,19
02900 17 YF(I~ J) 1,O
03000 YO(I,J)::0.0
03100 U( 1,.J) : :Cj * ( 1,O_ (2.0* R(J)/WP )**2)
03200 (30 TO 25

-

• 03300 19 Y F ( I , J ) = 0 . 0
03400 YO(I,. i) ::0 ,5
03500 U( I ,J ) : .1.0—(2.0*R(j ) )* *2+( 1,O WP **2 )*AL O G( i .0 / (2 .0* R(J )
03600 1 ) ) / A L O G ( W P )
03700 25 CONTINUE
03800 C ( J > ~ (J(i~ 5J )* RO ( 1,J )
03900 30 CONTINUE
04000 C ( N ) : : 0 , 0
04100 C(2 ) : :C( 1)
04200 C ( L N I ) : 0 , 2 ~ *( C ( I . N I + i ) + C ( L N I 1) )

- - - 
04300 U( 1,N)~-0 ,0
04400 U ( 2 ,N ) : : 0 , 0
04500 YO ( 1, l .NX ) : :0 ,2 5
04600 Y O ( 2 , l . N J ) : : 0 , 2 5
04700 Y F ( i , l . N i ) : : 0 , 5
04800 Y F ( 2 , l . . N i ) : : 0 , 5
04900 IK=1
05000 SM TUR = 0 .0
0510<) SM UR=0 .0
05200 3M) ~~~~~ J = 2 , N 1
05300 AJ 1=J— 1
05400 SMTtIR:.S1i1(flUi( 1, J)*U( I ,J)*AJ1
05500 SMUR=SMUR+U ( 1, J) *AJ 1
05600 33 CONT iNUE
05700 TBBB~ SMTUR/ SMUR
05800 OW=260 .0 *( T W - T ( 1,N i . ) ) / D R

~~~~ W4~ 05900 ANUL.T :: UW / (260 • 0*( 1 W — T B B B ) )  
_________

_________ • — - - - - — — — -  - ~~~~~~~~~~~ - - • — •~~~~~ — — • • - — - — ——-—— ~~——•-.--—- 
•~~~•~~~~ —~~• ~~~~~~~ ~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~~~~~ ~~ &. ~~~~~~~~ •_ a. ~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~A ..&. .. .1 ~
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WRXTE (5 ,535S IK ,N1T,(TiiiT~),J= 1,N)~~
-• 06100 WRITF (5 ,570) ANULT ,OW

- 06200 WRI TF (~~r 950) (U (1,J),J 1,N)
06300 WRITE (5~565) X~ (RO ( 1 ,J)~ J= 1 ,N )
06400 WRITF :th~566 (YF (1~ J)~ J=1 ,N )
06500 WR ITE (5~56R) (YO (1’J)~ J=1 ,N )
06600 X=0 .0

- _ 
• 06700 43 IK= IK+1

- 

• 06800 IFUK—M )46~46~ 1703
06900 46 X=X+DX
07000 C UNI <NO U S NEAR THE CENTRA l L .INF (CEN1RAI B.C.)
07100 NI T = 1
07200 48 00 57 1=1,2
0730<) T ( I , 2 ) : : 1( I , 1)
07400 Y F ( I , 2 ) : Y F ( : i : , 1 )

-
~~~~~~ 07500 Y O ( I , 2 ) :Y o O : r 1. )

07600 57 CONT1HU~.
07700 1; UN K NOW N S IN THE F I E L D ( 2 , N 1)
07800 61 N f=0
0790<) A T ( 2 ) : 1 , 0
08000 B T ( 2 ) : ;0 ,0
08100 )M) 1300 J=2 ,N1
0820<) J1 J-- 1

- 08300 AJ 1~~J1
- 08400 AJ 12~~(A5 J 1+ 0~ 5)/AJ 1
~ 08500 AJ32~.(A ,J 1-0.5)/AJ 1

~ 

-
~~~ 08600 CCOF~~Ct)P)t ~C ( J ) + 4 . 0 t T ( 1, . I )

08700 SOT2= SQRT ((0 .23 *COP *C(J ) ) **2+CO P *C(J) *T( 1~~J)+0.5*AJ 12*
0880<) 1( T ( i . , j F i . ) + 1( 2 , j ~• .1.) ) * :*2 +0 .5*A J 32 *( T ( 1,J .- - i)4 •T (2 ,J .- - i ) ) **2 )

-j ~ 08900 Ti1(J)::~~0,2~ *CCO P+SQT2
09000 ROT T N ( J ) — T ( 2 ~ J)
09100 AROT ABS (ROT )
09200 CAT=2.0*SQT2/ ( A J 1 2 *( 1( 1, J + i ) + T ( 2 , J + 1) ) )
09300 CBT: AJ32 *( 1< 1~~J — i ) t T ( 2 , J _ 1) ) / ( A J 12 * ( T ( 1, J + 1) + T ( 2 , J + 1) ) )

~
-.- 0940<)

09500 BT (J+i)::CWr*BT (J)/AT (J)_CAT*ROT
09600 3’15 IF(AROT—0.000001) 1300,1300,1150
09700 11.50 NT=1
0980<) 1300 CONT I NUE
0990<) IF (NT .LE ,0) GO TO 1567

- 

10000 DEL ( NI): — )~~ ( N )  / f 1  ( N )
F 

- 
10100 T (2,N1):1(2,N1)+EIEL (N1 )

- 10200 310 1313 J 2,N1
10300 NJ=N — J
10400 N J 1:-N + 1~~J
10500 DEL(NJ): (DEL(t4J l)— BT( NJ 1))/A T (NJ 1)

• 
- 10600 T(2 ,NJ)~ - T ( 2 ~ NJ)+):’H. ( NJ)
- 10700 1313 CONTiNUE

10800 T(2~ 1)~-T(2;2)
• 10900 T ( 2 ~ N ) = TW

- I f 11000 NI T=NJT+ 1

P~ 11100 01) TO 61
11200 1567 NY=0
11300 AY (2)=1. 0
1140<) BYF (2) 0,0
11500 BYO (2)=0,0

- 11600 3:11) 1400 J=2 ,Nj
-~ 11700 J1=J— 1-: - - 11800 AJ1=J1

11900 AJ17 (AJ1 +045)/AJ1
12000 AJ32r (A5 I1-0.5)/AJ1

- • 

12100 TUS=T (1~ J+ 1)+T (2~J+ 1)+T (1,J)+T (2 ,J)
12200 ILS :T (1 ,J)+1 (2 ,J)+T (1 ,J—1 )+T (2 ,J—1)
12300 CO2J COS*C ( .1 ) +AJ12 *TUS+AJ32*TLS
1240<) YFN (J): (A I12*T1J8* (YF (1 ,J+1)+YF (2 ,J+1))+AJ32*TLS*

~~~~~~~~~~
- •~t2~~~~ . ~i AXF (~jJ ” 1) +YI ~(2r ~J 1) ) + ( COS *C( J ) AJ12 $TUS—AJ32 *TLS)* 

-
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12700 y0j 4 (j ) : (Aj 12*TUS*(yO(1,Jf 1)+YO(2,Jf 1))+AJ32*TLS*
12800 1 (YO ( 1~ J—1 )+YO (2~ J—1 )) Ur.OS*C(J --AJ i2*TUS—AJ32*T LS)*

- - 12900 2 YO(1,J))/C112J
13000 ROYF Y FN( J )— Yf (2~ J)
13100 ROYO -Y ON (J )—YO (2 ,J )
13200 AROYF: AJ IS(ROYF )
13300 AROY D : ABS ( RO YO )
13400 CAY=CO2J/ (AJ 12*TUS )

.
•~ -~~~~ 13500 CBY=AJ32*:TLS/ (AJ12*TUS)

-
- 

~.; 13600 AY (J+1)::CAY—1.BY/AY (J)
13700 BYF(5J+1)=CBY*BYF (J)/AY (J)—CAY*ROYF

- 
- 13800 BYO (J+1) C)3Y*:BYO (J)/AY (J)_CAY *ROYO

-
• - 13900 IF (AROYF .LE .0,000001) GO TO 1395

14000 N Y 1
14100 1395 IF (ARt ’YO ~ I .E 04000001) 60 TO 1400

- ‘ ;- 1420<) NY=1
14300 1400 CONTI N UE

-~~~ ~ 14400 I F ( N Y . I . F . 0 )  GO TO 1576
14500 E 1 E F ( N 1 ) = B Y F ( N ) / ( 1 , 0 - A Y ( N ) )
14600 B E O ( N 1 ) : B Y O ( N ) / ( i • 0 — A Y ( N ) )

- 14700 Y F ( 2 , N I ) : Y F ( 2 , N i ) + D E F ( N 1 )
14800 Y O ( 2 , W i ) : : Y 0 ( 2 , N 1 ) + D E O ( N 1 )
14900 i:iti 1414 J=2 ,N1
15000 NJ N—J
15100 NJ1=N+i—J
15200 DEF(NJ):~~):IEf(NJ1)—BYF(NJ1))/AY (NJ1)
15300 DEO (NJ ):.WEO (NJ —BYO (NJ1) /AY (NJ1)
15400 Y F ( 2 , N J ) = Y F ( 2 ,Nj ) + L I E F (N J )
15500 YO (2 ,Nj ) : : YO ( 2 ,NJ ) + L I EO (NJ )

- • 15600 1414 CONTI N UE
15700 Y F ( 2 , 1) :~Y F ( 2 , 7 )
15800 YF (2 ,N ): : Yt (2 rN1 )
15900 Y O ( 2 , 1) r - Y O ( 2 , 2 )
16000 Y O ( 2 , N ) = Y 0 ( 2 , N 1 )
16100 NIT=NIT+1
16200 (311 TO 1567
16300 1576 a w = 2 6 0 . 0 *( T W — T ( 2 ,N 1 ) ) / I I R
16400 IJIl 919 J=1,N

~i 16500 RO(2 ,J)~- 1.0/T (2~ J)

~ 
16600 U(2 ,J) ’C(J )/ RO(2 ,J)

1 16700 919 CONIIH UE
~ 1680() SMTUR=0 .O

1690<) SMUR=0.0
17000 3M) 908 J=2,N1• 17100 J1 J—1
17200 SMTIJR: SKTIJ R+ i(2 ,j >*tJ (2 ,J )* R(J )* (2 .0* DR )
17300 SMUR SMtJ x+ti (2 rJ) *I~ ( J) * (2, 0*DR)
17400 9013 CONTJ N UE

• 17500 TBBB $M1 L iR / ~*~(.IR
17600 ANULT :1~W/ (260.0*(TW—TBBB))

- 17700 WRI TE ( 5,53 5 ) IK~ N I T~~( T (2 , J ) , J = 1~~N )
• 17800 WRITF. (5,5i0) AN ULT ,Q W

17900 WRITF (5r950) (U(2~J)~ J 1,N)
18000 W R I TE ( 5r565 ) X,(RO(2,J),J 1,N)
18100 WRITE (5~5M) (YF(2,J)~ J=1,N)
18200 W R I T F ( t 5 , 568 ) (YO(7 ,J )  ‘J l,N)
18300 535 FOR1IA1 (2Xr ’ T ,Q W ’ ,2 1 5, 5 (F 9 . 5 , I X ) / 2 5~ 18400 1 ( 17X , 5 ( F 9 . S r  1X) / )  )

~ 18500 570 FORMA1 (1/X~F9.5~ 1X~F9.3)
• J 18600 P5() FORMA T (2X , ’ U’ ,10X ~ 5( F9 .5 ,1X ) ,/ 25 ( 17X ,5 ( F9 .5 ,1X )/ ) )

i 
F 18700 565 FORMAT (2X~ ’ X ,RO ’ ,F :i.0 6 ,5 ( F9 .5,1X ) ,/ 2 5U7X , 5 C F 9 .5 , IX )/ ) )

- 18800 566 FOR M A T ( 2X , ’ YF ’ p 1OX ~ 5( F9 .5, 1X )/2 5 ( 17X ,5 ( F9 .5 , 1X )/ ) )
18900 568 FO RM AT (2X , ’ YD’ , l 0X rS ( F9 .5 ,  1X ) /2 5 ( 17X , 5 ( F 9 . 5 , I X ) / ) )
19000 3M) 1679 J~ 1.N

flj~LF T(2PJ) — ___

-~
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~~~~ ~~~ oo VFT J)~IYF 1~~ J)
19300 YO (1,J)~-YO (2,.I)19400 RO(1,J) :1.0/ 1(1,j )

- - 19500 U ( 1~ J) :C ( J ) / kO (  1 r J )
- 19600 1679 CONTINUE

19700 1697 60 TO 43
19800 1703 STOP
19900 END
I?
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£PPENDIX Z
DAY
Tuesd,~ g, November 13, 1979 20:03:13

~TY SPD5,FOR
00100 C SF L’5—-NOH LINEAR TUBE FLOW HEAT TRANSFER PROBLEM ,
00150 C SUCCESSIVE METHO D NOVE II)3EF< 1, 1979
00200 DIMENSI ON T ( 2 , l O i ) , l i ( 2 , 1 0 1) , R 1 i ( 2 , 1 0 1) ,

~ 00300 1C( 1 0 1)r TN ( 1 0 1) ,
~ 

00500 3R (101)
00600 OPEN (LJUJT 1 ,ACCFSS:: ‘SF .flXN ’ 1:I1AI OGIJE )
00700 READ(1,10) MPN ,R3-TPR~ TW
00800 10 FORMAT(21i0,i.0I-10.5)
01200 DR =0.~,/ FI . 1 J A T ( N — 1 )
01250 DX=t ’R*T .’R*RE/2 .5
01260 WRITE (SrlS) M ,N , t i X~ RF~ F’R~ TW
01270 15 F O R M A T ( 2 J 5~ 8( F’i0.5~ 1X ) / )

~i 01280 C Bol ’N) :iARY CONr I I TIONS
01300 R(1)::0.0
01400 N 1=N— 1
01500 hO 16 J 1,N 1

- 01600 J1 J+1
• 01700 R (J1)=R (J)+DR

- 01800 16 CONTINUE
•~ 02000 COP=8 • 0*I.iR*:*2*RE *PR/EI X
~ 02200 3M) 30 J=1,N

02300 AJ J-1
02400 3M) 25 1=1,2
02500 T (I,J)~~1,O+(TW —1.0 )* (AJ*t iR*2 .0)**2
02600 RO( I,J)=1,0/T(J ,J)
03000 U(I,,.I) : .1.0— (2.0*R( .J) )**~203600 25 CONTINUE
03700 C(J):~tJ(l,.I)*RO (1,5J)
03800 30 CONTINUE
03900 C ( N ) : 0 . 0
04000 ‘U(1,N)=0.0
04100 U ( 2 , N ) = 0 . 0
05200 IK=1
05300 SMTUF<:0.0
05400 SMUR :~0,0
05500 IJO 33 J =2 ,N 1
05600 AJ1=J—i
05700 SMTUR=SMTUR+T (1,J)*U ( lrJ)*AJ 1
05800 SMUR :: SI1(JR+LJ ( 1 ,5J) *AJ1
05900 33 CONTINUE
06000 TBBB~SM 1lJR/S11UR
06100 0W 260.0*(TW T( 1. rNi ) )/r i R
06200 ANULT;:t~W/(260.0~:(TW_T 8#8))

- 06300 WRITE (5~535) IK,NIT,(T (1,j),J::1,N)• 1, 06400 WR ITE (5 ,570) ANULT ~ OW
— 

~~ 5QQ WRITE(5,950) (U(1,j),j:1,N)
06600 WRITE(5;565) X,(RO (1,J),,J::1,W)

•~ 
06900 X=0.0

~ 07000 43 !K 1K+1
07100 IF(XK—M)46,46,1703

• 07200 16 X~X+DX
-~~ 07300 C UNI<NOWS NEAR THE CENTRAl. LINE(C.FfN1RA !. B.C.)

07400 NIT=1

• 07500 48 DO 57 1=1,2
• 

07600 T(I,2)~ T(I,1)• 07700 U(I,2)rLI(I,1)
07800 R O ( I , 2 ) = R O ( I ~~1)
08100 57 CONTINUE
08200 C u NK NOWNS IN THE FIELD (2 ,N1)
08300 61 NT~ 0 

____ ____
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130 1’3Oo.J= 2;~T~~~~~~~~~~
- - 08500 J1=J— 1

08600 AJ1=J1
08700 AJ12: (A ~Ji+0,5)/AJ1
08800 AJ32r. (A,J1-0.5)/AJ1
08900 CCOP~COP*C (J)+4.0*1 (1r-J )09000 SQT2=SORT ( (0.25*1;OP*C(J) ) **2+COP *C(J) *T(i~~J)+0.5*AJ 12 *
09100 1(T ( 1, j+ 1)+ 1(2 ,J+ i) ) **2+ 0 .5 *A , 1 3 2*( i ( 1,j — 1) + i (2 ,J - - 1) ) **2 )
09200 TN (J):_0.25*CCOP+SQT2
10100 ROT=TN (J)—T (2,J)
10400 Ar <oT~ A R s ( R o T )
10700 I F (AR OT— 0 .0 00001 )  1 300 , 1300 , 1150
11000 115<) N T 1
11100 1300 CONTINUE

• 
- 11200 IF(NT.LE.0) GO TO 1567

11300 DO 1313 J=2 ,N i
11400 T (2,J)::TH (J)
11700 1313 CONTINUE
11800 r(2,1)::T(2,2)
12250 N I T = N I T + 1
12300 60 TO 61
12400 1567 Q W = 2 6 0 . 0 *( T W — T ( 2 ~ N 1) ) / P R
12420 £10 919 J= 1~~N

• 12440 RO (2,J)~~1.0/i(2rJ)Y 12460 tJ (2 , ,J):: (‘;( ~J ) / I -~O( 7  J)
12480 919 CONT INUE
12500 SM TUR :~0,0
12600 SMUR =0.0
12700 £10 908 J=2 ,N 1
12800 J1 J— 1
12900 SNTUR SMT UR+T (2 rJ)* l i(2rJ)* R(J)*(2 ,0*DR)
13000 SMUR=SMUR+U (2,J)*R (.J)*(2~ 0*)’R)13100 908 CONTINUE

‘ 13200 TBBB~ SHTLIk/StiUR
• 13300 ANULT=OW/(760.0*(FW—T}3HB))

- 
• 13400 W R1T F( ,53~ ) IK,NIT,(T (7,J) ,~J i ~ H)

13500 W R I T F ( 5 , 5 7 Q ) A N U L T r O W
- - 1 13600 W RITF(5 ,950 ) ( U(2 ,J ) ,J 1,N)

13700 WR IT E(5 ,565) X~ (RO(2 ,~J),.J::1,N)
14000 535 FORMAT (2X ,’ T ,OW ’ ,2J5~ 5(F9.5,1X )/25

- • 14100 1 (i7X~5(F9 5r1X)/))
14200 570 FORMAT (17XrF9.5,1X,F9.3)

• 14300 950 FORMAT (2X,’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~14400 565 FORMAT (2Xr ’ X,RO ’rF10.6,5(F9.5r1X),/25(17X,5(~ 9c5r1X)/))
14700 3M) 1679 J=1,N
14800 T(1,j):T(2,J)
15100 R0(1,J)::1,0/T(1,J)
15200 U(1,j);:C(j)/RO (i,J)
15300 16/9 CONTINUE
15400 1697 60 TO 43
15500 1703 STOP
15600 END

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~ - -
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£~~~NI~x F
H DAY

• Tuesday, November 13, 1979 20:28:37
•~~~~ ~~ - &TY SPD6.FOR

~ 00100 C SPD6——NONLINEAR TUBE FLOW HEAT TRANSFER PROBLEM,
-p - . 00150 C ERROR METHODS NOVEM8E- p’< 4,1979

00200 DIMENSION T 2,101 ,uI(2,101),RO (2,101),
• 

~~. 00300 1C (101)iA(101),B (101),TH (101),
00500 3R(101)~ r’EL (i0i )~~iO (2~ 101 )
00600 OPEN UNIT::1,Ar;CESS: ‘SFOIW’,rIIAI OOLIE )

t 
00700 R E A D ( i r i O )  M , N , R E r PR , TW
00800 10 FORM Al (2110,10I-10.5)

- 
01200 DR=0.5/~S.CiA1 (N—1)

• 
~ 01250 DX=DR*ruR*RE/2.5

01270 IP=1
01275 W RIT E(5~ 15) M~ N,DX ,RF ,E’F<r1W
01280 15 F O R M A T ( 2 1 5 r 8 ( F i 0 . S r i X ) / )

- 01285 C BIJIJNIJARY CQtThXTY.ONS
01300
01400 N1=N-1

~ 01500 J.lC) 16 J 1,N1
- 

••

• 

- 01600 J1=J+1
01700 R (J1 )~ R(~J)+TiR01800 16 CONTINUE
02000 COP

I. ~ 02200 3~IO 30 J 1,N
02300 AJ=J—i

-• 02400 DO 25 1 1,2
02500 T ( I ,J ) : .1.0+(TW _ 1~ 0)* (A ~J*1JR*2,0)**2
02600 R O ( I ~ J)=i,0/T( I~ J)
03000 U( I ,J )=1 .0—(2.0* R(51))**2
03600 25 CON Ti NUE
03700 C(J ) U( l v J) * RO ( i r - J )
03800 30 CONT1Nt.IE

~~
- 03900 C ( N ) 0,0• 04000 U ( 1 ,N ) = 0 , 0

04100 U(2,N):~-0•0
05200 IK=1
05300 SMT IJ R—0.0
05400 SMUR=0,0
05500 110 33 J 2 ,Ni

• 05600 AJ1=J— 1
05700 SMTU R : SM f l J H + T ( 1, J ) *U ( i  ,.J)*A.I1
05800 SMUR SP1UR+Ll (l r.J)*AJ1
05900 33 CONTINUE
06000 TBBB=SMTIIN/SIIUR
06100 PW=260.0*(1W—I (1rH1))/))R

- - 06200 ANUL1:UW/(260.0*(TW—TBBB))
06300 WRITE (5~535) IK,NIT,(T (1,j),.J::1,H)

- 06400 - WRITF (5r570) ANULT~ OW
- 06500 WRITF (5,950) (U (1;J),J 1,N)

06600 WRITE (5~565) X,(RO (lrJ),.J 1,N)
06900 X 0.0
07000 43 IK IK+1
07050 IF I P+ 1
07100 IF ( 1K 11)46r46r1?03 -

07200 46 X X+DX
~ o7300 C lJNl ~NOWS NEAR THE CENTRAL L IN E ( C E N T R A L  B . C . )

-
- p7400 NI T 1

-
. 07500 3M) 57 1=1,2

07600 T ( I , 2 ) : : 1( X , 1)
07700 U(I,2) U (1,j)

- 07800 RO (I,2)::RfJ (i,1)
08100 57 CONT iNUE 

_____
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t 08200 C UPJ ~~~~ I~~ -IN T~~ FIELJ)(2~N1)
11 08300 61 N TO

08340
08380 B(2)=0.0
08400 HO 1300 J 2,N1
08500 J1=J-1

~~
• 08600 AJ 1=J 1
08700 AJ12::(AJ1+0.5)/AJ1

-

- ~ 08800 AJ32:.(AJ1_0~5)/AJ1
08900 CCOF’::COF*C(~J)+1.0*T(1 ,J)09000 SQT2 =SQRT ( (0 .25*COP *C(J) ) **2+COP *C(J) *T(i  ~J)+0.5*AJ12*

‘: 09100 1(T ( 1,~J+1)+l(2rj ’ l1))** :2+0,5*A . l32* (T ( 1,J— 1)+f ’ (2 r .J—1 ) ) **2 )
09200 TN ( J ) :: — 0 • 2~ *Cf;OP+S1~T2
10100 ROT=TN (J)—T (2,J)
10400 AROT :~AR S( ROT )

-
• 10420 CA=2.0*S(~T2/(AJ12*(T (1r.J#i)+T (2~J+1)))10440 CB AJ32*(1(1~ J— 1)+T (2 ,J—1 ) ) / (A . J 12 * (T ( 1,J41 )+T (2~ J+1)))

10460 A (J+i):.CA-CB/A (J)
10480 B (J+1)~ CB*B (J)/A (J)—CA*RflT10700 IF (ARIJ1—0.000001) 1300,1300,1150
11000 1150 NT=1
11100 1300 CONTINUE
11200 I F (N T . L I ~40) 60 TO 1567

~~~~~~
- 11220 D E L < H 1 ) : : — 8 ( N ) / A ( N )

- • 11240 T ( 2 , N 1 ) = T ( 2 , N 1 ) + r u ~ L ( N i )
11300 h O  1313 J=2 ,N 1
11350 NJ=N—J
11400 NJ1=N+1—J
11450 DEL (N~J): (hJEl (NJ1)—B (NJ1))/A (NJ1 )
11500 T(2,NJ)~ T(2~NJ)+1iE l..(NJ)
11700 1313 CON T 3NI JE
11800 T(2,1): T(2r7)
11820 T(2 ,N):~TW
12250 NIT =NIT+1
12300 011 TO 61
12400 1567 QW=260.0* ( TW — T (2 , N 1) ) /E ’ R
12410 DO 919 J=1,N
12420 RO(2 ,J )~~1.0/T (2 ,J)
12430 U (2 ,,J) ::CCJ)/RO (2rJ)
12440 919 CONTiNUE
12500 SM T 1IR :0. 0
12600 SMUR O.0
12700 £10 908 J=2 ,N 1
12800 J1 J-1
12900 SMTUR~SMTUR+T (2,J)*tJ (2,~J)*R (~J)*~(240*)1R)
13000 SMUR:$MtJR+U (2,J)*R (J)*(2~0*DR)13100 908 CON TINUE
13200 TBBB SI1TUR/SMUR
13300 A N U L T r R W / ( 2 6 0 . 0 * ( T W — T ) 3 8 R ) )
13320 IF (JP.NI~.1i) GO TO 731
13340 IP=1
13400 WRITF(5,535) JK,NIT, (l (2,J),J=lrN )
13500 WRITE (5,570) ANUi T~ aW
13600 WRITE (5,9~0) (U(2,J),J=1,N)
13700 WRITF(5,565) X,(RO(2,j),.J::1,N)
14000 535 FORMAi (2X r ’ T~QW’,2I5~5(F9.5riX)/25
14100 1 ( 1 7 X , 5 ( F 9 . 5 , 1X ) / ) )
14200 570 FORMAT (17X,F9.5~ iX,F9.3)
14300 950 F0RMAT (2X~ ‘ U ’ , 10 Xp 5 ( F 9 . 5 r i .X ) ~~/2~~( 1 7X i 5 ( F 9 . 5 , 1X ) / ) )
14400 565 FORMAT (7X ,’ X,RO ’,F10.6,5(F945,ix),/2~;(17X,5(F9.5,1X)/))
14700 731 DC 1679 J=1,N
14800 T(1,J)~ T(2,J)
15100 R O ( 1, J ) ~~1 .0/ l ( 1, ~.P)

~ 15200 U ( 1,j ) : :C ( j ) / R ( 3 ( 1, . P )
15300 1679 CONT INUE

~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ --
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APPENDIX C
BAY
Tuet.th~~, Novembc:~- 13, 1979 21:14:26

~ &TY SPD7.E
U? @TY SPD7.FQR

00100 C SPD7—--HEAT TRANSFER WITH RAt’IATION~AN UNSTEADY,00200 C ONE D I M E N S I O N A l  F ’IN PR OBL Eli, HOVE I18EE~ 13v 1979
J - 00300 C SUCCESSIVE METHOD

00400 DI MEN SION T(2,101),):’(101),TN (101)
00500 OpEN (tINJT :; 1 ,ACCFSS:: ‘SFQIN’ yDIALOGUE )
00600 REA D ( 1 c 1 0)  GC~~CC~~RC,TR ,B
00700 REA r ’( 1,2o )  t1 ,N
00800 10 F O R M A T ( B F i O . 5 )
00900 20 EORMAT 411O)

-~~ 01000 N1=N—1
~~~ 01100 DX=GC/FIOAT N1)
-
~~~ 

01200
~~ - 01300 WRITE 5~ 30 ~~~~~~~~~~~~~~~~~~~~~~~~~~
1’ 01400 30 FORMAT (1OX,7F10.5,2110/)

01500 i:’o 50 ):=1,2
~ 01600 DO 40 J=1~~N

01700 T(I,J):.1 .0
01800 ‘10 CONTINUE

• 01900 50 C O NT I NU E
02000 IK=1
02100 NIT=1

• 02150 TIME=0.0
02200 WRITE (5~53) I K ,N I T ~ T :uiE~~f l ( 1~ J ) , J = 1,N )
02300 5,

~~ FORMAT (2X~ 2J5tF 5c1X~5(F9.5~ 1X)/~20(21X,5(F9.5,1X)/)/)02400 56 NIT=1
02500 58 NT=0
02600 TN~ 1.rT (1,1)
02700 i:’o 80 J=2 ,N
02800 TM=0,5*()(i,J)+T (2,J))
02900 0(J) :  1 ,0+RC~:(T li**3+4.0*TR*TM**2+6 ,0*T R**2*T M+4 .0*T R**3)

- 03000 IF(J .EQ.N)  GO TO 87
03100 UCF 1 .0/JJX~o~2—1 .or):iT+o. 5*D(J)

- 
~ . 03200 ACF=i • 0/DX *..~ 2+ 1 • 0/111+0 •

03300 CTG T(2,,l+1)+T (2,J 1)+1 (1,J+1)+T (1,J 1)

~ 03400 T N(J ) 0 ,5 *CT0 / ( DX **2*ACF )—t JCF*T ( l vJ )/A CF
- ~~ - 03500 ROT TNCJ)—T (2~ J>

~ 03600 AROT :A3iS (F.~OT)
• 

- 03700 IF (AROT,l.f.Q.000001) GO TO 77
- 

- 03800 NT=1
• 03820 77 IF(J.NF.Ni ) GO TO 80

03840 DNP=0.25*D(J)
- 

- - 

03860 T 1P=0.25*T( 1~~J)
03900 80 CONTINUE
03920 87 L,NP =rJH~ +0 ,7~ *Jj u~

- - 03940 T1F’=T1P+0.75* 1(1,N)
-
~ 03960 TM1 0.5*(T(1~~N1)+T (2~ Ni)): 03980 T U P = ( T M 1— 0 . 5 * l ( i , N ) ) / i 1 ’X — 0 . 5 * J . ,X *( 0 .25 *T (2 ,N 1) - -T1 P ) / I ’ T

-
~~~~~ 04000 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

04020 TLP=0 • 5/DX+0 • :415*r)x/):) T +r.(: * (0 • 5~~~~T ( N )  +0. 375*tiX*tINP/B)
04040 TN ( N)~- TUE/ ILF
04200 3)0 110 J 1,N
04300 T(2,J)~~TN (J)
04400 110 CONTINUE
04450 IF(NT.F(~.0) GO TO 145

-
- 

-

- 04500 N I T ? N I T + 1
04600 00 TO 58

- 04700 145 IK=IK+1
-

~~~ 

-

- 
04750 TIME ~-T It i1 . + T T

1~ 04800 WR I TFU . i 53) I K , N I T , ) i M I ~, ( T ( 2 , j ) , j :1,N )  
- -  • • ,— -5- - • _

_5 - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — -~~~~~~ —



- 05100 153 CONTINUE
05200 IF(IK.L1 .M) GO TO 56
05300 STOP

- -- 05400 E ND

‘1

F
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- APPENDIX H

- DAY
Tuesday, November 13~ 19’79 21 32 51

@TY SPDS. FOR
~ 00100 C SPLI$—--HEAT TRANSFER WITH RAtIIATION ,AN UNSTEADY~
~~~

. 00200 C ONE rJIMENS:towA! FIN PROD1 FVI~~NOVH1RFE 13,1979
00300 C EI ’~ROR METHOD
00400 DIMENSION ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— :1)
00500 OPEN C IJ NJT :: 1 ,A (~~~~~

3- 55:- / 
SE i~.i N’ , )•i .1J,~ O~ t JE )

00600 R E A D ( 1~~10) GC ,CC d<C , T R r F -
(>0700 R E A L I ( 1 r 2 0 )  t1~ N
00800 10 F O R M f i 1 ( S F 1 O . 5 )
0090<) 20 F O R M f i T ( 4 :t l O )
01000 N1~~N —1
01100 LIX=GC/l- LOAT < R1)

- 01200 t lT=tI x~ j :Ix/2 •,5
01300 W R I T F ( 5~ 30) G C ’ C C r R C ~~T R , B c D X ~ ).l ’F , M , N
01400 30 F O R M A T ( i 0 X ~ 7F 1O, 5~ 2j 1 0/ )
01500 1~i() 50 1= 1,2k 01600 DO 40 J~~1,N

rH 01700 T ( I , j) : : 1,0
- - 

01800 40 CONTINUE
01900 50 CONTiNu E
02000 I K~~i• 02050 IP~ i

• . 02 100 UI T = 1
-~~1- 02150 T I M E : 0 , 0

• 02200 W R I T E ( 5~ 53) IK,N IT ,T I M E , (T ( 1 ,S J ) ~~S J : i ~N )
02300 53 F O R M A T ( 2 X c 2 J 5 ~ F 5 + 5 ,  1 X ,  5(F 9.5~ 1X) / ~ 2 0 (2 i X ~ S( F9 .5~ lx)!)!)
02400 56 N IT =1

*1 02 500 58 NT z O
02600 AT (2)=1,0

~ 0270 0 B T (2 ) : : 0 . 0
- 

•
: 02800 TID 80 j :2 ,N

02900 TM:::0,5*(TCI ~.J ) + F (2 ~ J ) )
(>3000 Li ( U )  -= 1 • 0+RC* ( rli**3+4 • 0*TR *TM **2+6 • 0*T R**2*TM+4 • 0*TR**3)
03100 CDJ R C *( 1  • b*Th**2+’1 •0 *iR *T li+3 ,O~:TR **2)
03200 l F ( J ,F ( ~.N )  GO TO 87
03300 UCF=1 . o!I’X**2—1 .0/ :’i+o. 5* D(J)
03400 ACF=i • o/):Ix**2+ 1 • 0/ :’F+o. 5~:D ( J)
03500 CT G= T (2~ J+1)+ T ( 2 c - J — 1 ) +T ( 1 , J + 1 ) + T ( 1~~

j ---1 )
03600 TN ( S i ): :  0 • 5*(;’113/ ( D) *2*AC;F ) - - t i C F ~:T (1  , U) /f~CF
03700 ROT=T N ( U) — T (  2c J
03800 AROT :: :AR S( F<OT )
03900 CA=2 • 0*LIX**2*Af ;F+0 • 5* (3:11 *CTG+4 • 0*I :IX **2) *CDJ
04000 1 / ( 3 1T *A ( :F )
04100 CB=2 .0* DX **2*ACF
04200 AT (J + U: :CA- -1•0 /A ’ l (J )
04300 BT(J+ i  )~ RT (J)/AT (J)— i;~ *RflT
04400 IF(AROT,[E,0.000001) GO TO 77
04500 NT::i

- 
• 

04600 77 IF(J.NI- .N1) GO TO 80
04700 ONP=0,25*)J(J)
04800 CLIN 1: CDJ
04900 T 1N F - - 0 . 25 *T ( 1,J )
05000 80 CONT:I.NUE
05100 87 I F (N T . E :O • 0 )  GO TO 145
05200 DNP=DNE +0 • 75*1) ( N )
05220 T IN P r T I N P + 0 .7 5 *T ( i  ,H )
05240 TM1 0 .5* (T (  1 ,N1 )+T (  2r1’fl ) )
05260 TUN= (lM1—0,5*T (1,N))/):Ix—o,~,*):Jx*(o425*1 (2,N1)—T iNF~~/tI1

- 05280 1 — C C *( 0 . 5 *E u (N ) *i  ( 1 ,N)+ 1sx *J IWF * 0,75*Tli1+0.375*T ( 1 ,N) )/B)
~~ ~~~~~~~~~~ - • ~~~
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r 05290 ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~05295 ROT T t I N / I L N T ( 2 r  N )
05300 SGRU=0. 5/DX—0. I 2L~*11X/):rf—0, 25*CC*DX* (0. 375*T( I , N )*CDNI

05400 1 +o .5*rIHv+0.12~; * ( f ( 2 ~ w 1) + T ( 1~~N ) ) ) *C r ’N i + o ,3 7 5 *T (2 ,N ) *C r IN 1 )
/B

• 05500 SGRLI~--0 , 5/E’X+O • 375*r ’x/):’l +CC* (0 .5 * 11(N )  +0 • 375triX*rlN~ /B
05600 1. +(o , s+o.7812s *rj x/ )3) *l(2~ N ) *(~rl5J + ( o , s *T ( i ,N ) + o . 2 8 i 2 s *
05700 2 DX *T ( I , N) /~ +0 ,09375*T.l X*: ( T(7,l ’fl  )+ i  (1 ~N1 ) ) / E i )*C T J . J)

05800 SG R = SGRLJ/S (~RB
05840 PRL O • 5/l’x+o • 3’,’S*J.I X/ IIT+CC * (0 • 5*1) (N)  +0 • 375*LINP *t iX !B)
05900 D E L (N1  ) : . (_ BT(N)+ROT* F’Rl. /S(~RJ) ) / (— S ~ R+A T ( N) )
06000 tIEL( js~) :.:A1’ (N) *~iEI . (N i )+~ T ( N )
06100 N 2 = N l — l

5- 06200 )~IO 93 J =2 ,N2
06300 JR=N— J
06400 JR1=N+i-J
06500 LIELCJE~):.(JjFL (Jf(l)s~B TC J f ~1))/Ai (JR1)
06600 93 CONTINUE
06700 DO 110 J=2,N
06800 T (2 ,J ) ?T (2 , j )4 - J:IEI..(J)
06900 110 CONT iNUE
07000 NIT=NIT+1
07100 60 TO 58
07200 145 I K = I K + 1
07220 TIME = T IM E+ L I T

• 07240 I P = I F + l
07260 IF (IP•~&.ll) GO TO 149

~ -t 07280 IP=l
07300 URITE(5 ,53)  I K ,N I T , T : U i E~~( 1( 2 , J ) ~~J- - l , N )
074 00 149 rio 153 J=1,N
07500 T( 1,. I):~T (2 ,J )

• 07600 153 CONT IN UE
07700 IF ( 1K. LI • Ii) GO IC) 56
07800 STOP
07900 END
&

LO GO
Killed Jab 38, User F’.1SHEN, Account , IT Y 36,

at 13—Nov — 79 21 3’1 06r Used 0:12:23 in 6:11:50
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