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HETRAN - A COMPUTER PROGRAM TO SOLVE THE TWO-DIMENSIONAL 

STEADY -STATE HEAT CONDUCTION ON A CLADDED TUBE 

WITH A CONNECTING FIN 

by Frank B. Molls 

Lewis Research Center 

SUMMARY 

HETRAN, a computer program, has been written in FORTRAN IV, version 13, for 
the IBM 7094/7044 DCS to solve the two-dimensional equation V 
convective boundary conditions on a cladded tube with a connecting fin. The tube wall, 
cladding, and fin can be made of different materials. The required input consists of an 
initial guess to the solution, the parameters defining the region, the heat transfer coef- 
ficients on the boundaries, the coolant and gas temperatures, and the relaxation param- 
eters. Temperature dependent thermal conductivity is handled by a user supplied sub- 
routine. 

[K(T)VT]*= 0, with 

INTROD UCTlON 

There are several programs available for solving the two-dimensional steady-state 
heat conduction on arbitrary regions. However, they require as input a large amount of 
detail concerning the grid that is superimposed on the region. This leads to an exces- 
sive amount of maiiual preparation, especially if solutions are desired for a varied set 
of configurations. HETRAN is designed to overcome this difficulty for a pqrticular type 
of geometry since it is a computer program which generates the grid. 

A detailed discussion of this problem may be found in reference 1. 

HETRAN, is presented with a complete description of the required input and the output 
obtained. The input and output for an example case is also given. 

HETRAN was originally written to determine design criteria for rocket nozzle tubes. 

Following the presentation of mathematical development, the FORTRAN IV program, 
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one of subregions of tube 

one of subregions of cladding 

one of subregions of tube 

one of subregions of fin 

one of subregions of tube 

one of subregions of cladding 

thickness of fin measured between sides of rectangle, cm 

heat-transfer coefficient on coolant side of tube, W/m 

heat transfer coefficient on cladded, heated gas side of tube, W/m 

2 

2 

conductivity of ith material (i = 1, 2, 3), J/(m)(sec)(K) 

ith material (i = I, 2, 3) 

one of rectangular subregions of tube 

rectangular subregion of fin 

one of subregions of tube 

one of subregions of fin 

radius to inner wal l  of tube (top arc), cm 

radius to interface between outer wall  of tube and inner a rc  of cladding, cm 

radius to outer boundary of cladding, cm 

radius to inner wall  of tube (bottom arc), cm 

radius to outer wall of tube (bottom arc),  cm 

temperature, K 

temperature a t  I , J grid point, K 

temperature of coolant, K 

temperature of gas, K 

reference temperature used as lower limit in Kirchoff Transform for mater- 

th th 

ial 1, K 

reference temperature used as lower limit in Kirchoff Transform for mater- 
ial 2, K 
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eQ 
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reference temperature used as lower limit in Kirchoff Transform for mater- 

dependent variable for ith material obtained from Kirchoff Transform 

dependent variable for ith material at Ith, Jth grid point 

length of bottom rectangular section of tube, cm 

length of middle rectangular section of tube and fin, cm 

perpendicular distance from top of middle rectangular section of fin to interface 

ial 3, K 

of cladding and fin, cm 

perpendicular distance from bottom of middle rectangular section of fin to 
lower end of fin, cm 

one of subregions of tube 

one of rectangular subregions of tube 

ith boundary (i = 1, 2, . . . , 8) of tube, cladding, and fin 

angle corresponding to subregions A and AI, rad 

angle corresponding to subregions B and B1, rad 

angle corresponding to subregions D and D1, rad 

angle by which top circular a r c  of tube i s  less than 77/2 radians, rad 

angle corresponding to subregions Q and Q1, rad 

angle corresponding to subregions ZL, rad 

STATEMENT OF THE PROBLEM 

HETRAN solves the two-dimensional equation 

V * [K(T)VT] = 0 

with boundary conditions 

aT -K(T) - = hc(Tc - T) on 33 
an 

aT -K(T)-=h (T - T) on a8 
an g g  

3 



for the geometry shown in figure 1. The geometry represents a tube with cladding and a 
connecting fin. The tube is convectively cooled on its interior boundary, convectively 

Fin (material 3) 

Figure 1. - Geometry on which equation (1) is  solved. 

heated on the outer boundary of the cladding, and insulated on the other boundaries. The 
tube wall, cladding, and connecting fin can be made of materials with different conduc- 
tivities in which case equation (1) has discontinuous coefficients. We assume perfect 
thermal contact and continuity of heat flow at the interface of differing materials. 
Therefore, each point of the interface between different materials, say material 1 and 
material 2, satisfies 
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aT = K2 - 
an 1 MAT2 

METHOD OF SOLUTION 

Equation (1) and its associated boundary conditions a r e  transformed by means of the 
Kirchoff transformation (ref. 2, see. 2.1) leading to Laplace's equation on the interior 
of the region. Defining the following transformations: 

ul = IT K1(z)dz 
Trefl 

u2 = f K2(z)dz 
Tref2 

u3 = JT K3(z)dz 
Tref3 

Applying these transformations to equation (1) and its boundary conditions results in a 
set  of equations, one for each material region. 

For material 1: 

V u 1 = O  2 

- - -  aul - hc(Tc - T) on a3 
an 
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For material 2: 

2 v u2 = o  

- - -  a? - h (T - T) on a8 
an g g 

- = 0  3% on a l  
an 

For material 3: 
I 

v 3 u 3 = 0  

- au3 = 0 on a6, a7 
an 

These equations a re  coupled along their interfaces by the assumptions of perfect heat 
contact and continuity of heat flow. 

Next, the composite region of figure 1 is divided into 12 subregions (fig. 2). A 
grid, part of which is radial and part rectangular, is superimposed on these subregions 
in such a fashion that each of the boundaries and material interfaces l ies on a grid line. 

The Laplacian on the interior of each of the subregions is replaced by the regular 
five point difference formula and the resulting matrix solved by successive line over- 
relaxation (ref. 3, sec. 6.4). The points on the boundaries and along material inter- 
faces a r e  solved by point overrelaxation. Since the equations at these points a r e  non- 
linear, an iterative method for solution is required. 

The derivation of the difference equations for these special points wil l  be illustrated 
by taking typical points on the radial grid of regions A and A1. 

Let (I, J) be an ordered pair of integers where I refers to the radial position on 
the grid and J the angular position. Then the point (1, J) is on the inner boundary of 
region A at the Jth angular subdivision. Let a cell (cross-hatched area in fig. 3) be 
taken about this point in the manner of reference 3, page 11. 

The difference equation at (1, J) is obtained in the following steps: 

aul - ds 0 = Ll V2u1 dA = $ 
an 

around cell 
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Figure 2. - Composite region divided into 12 subregions. 

(2, J) 

‘1 

Figure 3. - Detail of gr id for boundary point on region A. 
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0% 

O = ~ ~ d s + ~  ? d s +  f -:ds+la"ds ar 

a -b b-c c -d 

ABA 2rl sin - 
2 

ul(l, J) - ul(l, J+1) A r l  
+ - - hc pc - T(l, J)] r1 ABA (5) 

AeA 2 
2rl sin- 

2 

The temperature T(l, J) is not known. But assuming a previous estimate of u1 at 
(1, J), say ul(17 J) and a corresponding temperature T(l ,  J), it is possible to approxi- 
mate T(l ,  J). Let 

- 

- df = -K1(T) 
dT 

Expanding f(T) in a Taylor's series about T( 1, J) and truncating after the second 
term of the series result in 

I 

f(T) = f(T) + (T - 5) - 
dT df I T=T 
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Substituting equation (7) into equation (5), rearranging, and solving for ul(l, J) give 

Arl 

AeA 2r, sin - 
2 1 

Let Z = ul(l, J); then the new guess for ul(l, J) is obtained from 

ul(l, J) = ul(l, J) + w[Z - El(l ,  Jg 

where w is the relaxation parameter. The temperature T( 1, J) corresponding to 
ul(l, J) is obtained from equation (7). 

fashion. The cells about the point (N, J) of region A and the corresponding point (1, J) 
of region A1 have a common boundary (path b - c of fig. 4). The cell for (N, J), say 

The difference equations for a material interface point a r e  obtained in a similar 

4' 
Figure 4. - Detail of grid for material interface point regions A and Al. 
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celll, is cross-hatched area in figure 4, and the cell for (1, J), say cell2, is the stippled 
area in figure 4. 

Again using the divergence theorem results in 

O =  / V2u1dA+ f V 2 u2dA 
celll cell2 

aul - dS + au2 

4 round  cella an 
- d s  

dround celll an 

o =  f ? d s +  f - ? d s +  / - z d s +  f ?ds+[  ?!ds ae 
a-b b-c c-d d-a b-b 1 

+ f - z d s +  f - 2 d s + l b 2 d s  ar 

b r c l  Cl'C 

The assumption of continuity of heat flow implies 

Dropping these integrals out of equation (8) and continuing with the approximation lead to 
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ul(N, J) - ul(N, J-1) A r l  
0% - ul(N, J)  - ul(N, J+1) Arl  ul(N, J) - ul(N-1, J) + - + 

2r2 sin- AeA AeA 2 Arl 2 
2r2 sin- 

2 2 

u2(1, J) - u2(l, J+1) A r 2  
+ - 

AeA 2 
2r0 sin - 

2 L 

Arl 

2r2 sin- AeA 
2 

+ 6 2 -  9 2 

Ar2 

2r2  sin- A8A +I 2 

2 L 

[u2(1, J-1) + ~ ~ ( 1 ,  J+I)] + r2 + - - ~ ~ ( 2 ,  J) ( Ar2 + 
4r2 sin- "A 

2 

(9) 

Letting TI(J) be the temperature associated with u2( 1, J )  and T(J) the temperature 
associated with ul(N, J) and using the same approximation as in equation (7) give 

11 



f K2(z)dz 
Tref2 

+ TI(J) U & l ,  J) 
TI(J) = 

K2C?;I(J)) K2[TI(J2] 

However, the assumption of perfect thermal contact at a material interface implies that 
T(J) = TI(J). Subtracting equation (10) from equation (11) results in 

- 
K2(z)dz /T(J) K1(z)dz 

Tref, Tref, 

Equations (9) and (12) a re  solved simultaneously for ul(N, J) and u2( 1, J). A new 
estimate for T(J) is then obtained by adding equations (10) and (11) to give 

T(J) =F(J)  + 
2 

Convergence of the iteration process is assumed to occur when 

heat in - heat out 
heat in 

where to1 is some preassumed number and 

I (13) 
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Trapezoidal integration is used to approximate these integrals so as to be consistent 

When convergence has occurred, the temperatures corresponding to the ui func- 

The program was converted to double precision after it was found that the large as- 

with the difference equations. 

tions are determined by iterating on equations of the same type as equation (7). 

pect ratios of the cells of the grid led to an appreciable loss of significance. The pro- 
gram takes less than 1 minute to do 175 iterations for 1030 grid points. 

PROGRAM PROCEDURE 

The main program is HETRAN. There a re  17 subroutines: CONSA, CONSB, 
RINIT, COMPA, COMPB, RCOL, CIRCOL, CIRCOT, RLINE, CLINE, OUTPUT, CON1, 
CON2, CON3, SUBT1, SUBT2, and SUBT3. The subroutines CON1, CON2, CON3, 
SUBT1, SUBT2, SUBT3, and part of FUNIT must be supplied by the user. For more in- 
formation on these subroutines, see the section labeled USER SUPPLIED SUBROUTINES. 
The calling relation of all subroutines is shown in figure 5. 

R I N I l  

CONSB IRCOL 
CIRCOL 

CIRCOT 
CONSA CIRCOL 

RCOL 

F igure  5. - Cal l ing re la t ion  of subrout ines.  
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HETRAN reads and prints all input data and controls the calls to the subroutines. 
Subroutines CONSA calculates the grid constants for subregions A, Al, D, D1, B, 

and B1 and the point relaxation coefficients for the interfaces and boundaries of these 
regions. Through calls to RCOL, CIRCOL, and CIRCOT, it obtains the line relaxation 
coefficients for the aforementioned regions. 

Subroutine CONS3 calculates the grid constants for subregions P, P1, Q, Q1, ZR, 
and ZL and the point relaxation coefficients for the interfaces and boundaries of these 
regions. Through calls to RCOL and CIRCOL it obtains the line relaxation coefficients 
for the aforementioned regions. 

A1, D, D1, B, and B1 and the temperatures at interface and boundary points of these 
regions. 

P1, Q, Q1, ZL, and ZR and the temperatures at interface and boundary points of these 
regions. 

Subroutine RCOL factors a tridiagonal matrix with constant off -diagonal elements 
into a product of an upper and lower triangular matrix. 

Subroutine CIRCOL computes the five point difference coefficients for Laplace's 
equation on an annulus where the increments in the radial direction are constant. Next, 
it factors the tridiagonal matrix of coefficients (coupling the variables along a radial) 
into a product of upper and lower triangular matrices. 

Subroutine CIRCOT computes the five point difference coefficients for Laplace's 
equation on an annulus where the increments in the radial direction are variable. Next 
it factors the tridiagonal matrix of coefficients (coupling the variables along a radial) 
into a product of upper and lower triangular matrices. 

Subroutine OUTPUT prints the points of the machine generated grid and the temper- 
atures at each point of the grid. The temperatures are obtained through calls to SUBT1, 
SUBTB, and SUBT3. In addition, if IPUNCH is set  equal to one in the input data, OUT- 
PUT wil l  punch 414 BCD cards which contain the last computed ui's at each point of 
the grid and temperatures at each point of the interfaces and boundaries. The number 
of cards punched is a fixed quantity that can only be changed by changing the BCD dump 
statements in the section OUTPUT. 

Subroutine COMTA calculates the ui's at each point of the grid for subregions A, 

Subroutine COMPB calculates the ui's at each point of the grid for subregions P, 

Figure 6 shows the input variables as they are punched on data cards. The first 
input card is for a title which serves as problem identification. The remaining cards 
are for input variables. Fixed point variables must be punched in a five column field 
and floating point variables (decimal point must be punched) in an eight column field. In 

14 



1 
TITLE 

1 5 
NRA 

6 10 11 15 16 20 21 25 26 30 31  35 36 40 41 45 46 50 51 55 56 60 61 65 66 70 71 
NTA NRB NTB NTD NXP NTQ NZ NZX JPUNCH IREAD NCOUNT MCOUNT ICOS 

1 a 9  16\17 24\25 32 33 40 41 48 49 56 57 64 \ 65 

Figure 6. - Input form. 

addition to the data cards, the user must supply a subroutine for an initial guess. For 
an explanation see the section labeled USER SUPPLIED SUBROUTINES. 

Input Variables and Definitions 

NRA 

NTA 

NRB 

NTB 

NTD 

NXP 

NTQ 

NZ 

NZX 

PUNCH 

number of division points for radius, r2 - rl (see fig. 2), 515 

number of division points for angle 8A (see fig. 2), 5 2 4  

number of division points for length fk (see fig. 2), 4 5 NRB 5 5 

number of division points for angle OB (see fig. 2), 
NRB -I- NTB + NTD - 2 5 35 

number of division points for angle OD (see fig. 2) 

number of division points for middle rectangular length (see fig. 2), 
520 

number of division points for angle 8 (see fig. 2), 520 

number of division points for angle B z  (see fig. 2), 520 

number of division points for lower rectangular length xL (see fig. 2), 519 

trigger to OUTPUT subroutine: 

Q 

= 0 No cards punched 

= 1 414 BCD cards punched containing u's at each point of grid and 
temperatures along boundaries and interfaces. The number of 
cards punched is fixed by the dimension statements in the 
program 
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IREAD trigger to RINIT subroutine: 
= 0 U s e r  must set  initial guess for u's 

NCOUNT 

MCOUNT 

IC os 

R1 

R2 

R3 

Y FINT 

FINTHK 

ANGTOP 

HCOOL 

TCOOL 

HGAS 

TGAS 

XLONGM 

R2B 

TOL 

WMEGA 

WMEGAl 

WMEGD 

= 1 RINIT reads 414 BCD cards containing u's and temperatures 
along boundaries and interfaces 

maximum number of iterations program will be cycled. After NCOUNT ' 

iterations, output is printed and next case is processed. 

after MCOUNT iteration, heat in, heat out, and relative error  a r e  printed 
(see eqs. (13) and (14)) 

trigger to activate a cosine variation for the heat transfer coefficient on 
the cladding: 
= O  HGAS=HGAS 

= 1 HGAS = HGAS COS 6 

radius to inner tube wall (top arc) (see fig. 2) 

radius to interface of outer tube wall and inner radius of cladding (see 
fig. 2) 

radius to outer boundary of cladding (see fig. 2) 

perpendicular distance from top of middle rectangle to interface of cladding 
and fin (see y1 in fig. 2) 

fin thickness measured between sides of rectangle (see fk in fig. 2) 

angle in radians by which top circular a r c  of tube is less  than 90' (see 
eTOP in fig. 2) 

heat transfer coefficient on inner radius of tube 

temperature of environment of inner radius of tube 

heat transfer coefficient on outer boundary of cladding 

temperature of environment on outer boundary of cladding 

length of middle rectangular section of tube (see xm in fig. 2) 

radius to outer wal l  of tube (lower arc) (see r2b in fig. 2) 

trigger to stop iterations. If heat balance (eq. (13)) I TOL, iterations a re  
stopped and output is printed. 

relaxation factor for subregion A (see fig. 2) 

relaxation factor for subregion A1 (see fig. 2) 

relaxation factor for subregion D (see fig. 2) 
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WMEGDl 

WMEGB 

WMEGBl 

WMEGP 

WMEGPl 

WMEGQ 

WMEGQl 

relaxation factor for subregion D1 (see fig. 2) 

relaxation factor for  subregion B (see fig. 2) 

relaxation factor for  subregion B1 (see fig. 2) 

relaxation factor for subregion P (see fig. 2) 

relaxation factor for subregion P1 (see fig. 2) 

relaxation factors for subregions Q, ZL, and ZR (see fig. 2) 

relaxation factors for subregion Q1 (see fig. 2) 

Ins t ruc t ions  fo r  Preparing Input  

Units of measurement. - Any compatible system of units may be used for linear 
and thermal input data. In the example problem the English system was used with 
lengths given in inches and temperatures in degrees Rankine. The one angle that is in- 
put, ANGTOP, must be in radians. 

Relaxation factors. - The optimum relaxation factors are dependent upon the geom- 
etry and material. They will  generally have to be found by experimentation. Provisions 
have been made for different relaxation factors in the various subregions. 

Case of no cladding. - It is possible, by inputing R3 = R2, to run a case without 
cladding on the tube. The outer tube wall and the top boundary of the f i n  are then con- 
sidered to be the heated surfaces. 

Format for input data. - All fixed point variables are punched in a right-adjusted 
five column field; all floating point variables (punch decimal point) are in an eight 
column field. 

USER SUPPLIED SUBROUTINES 

The user must supply the following subroutines: CON1, CON2, CON3, SUBTl, 
SUBT2, and SUBT3. If an initial guess is not available on BCD cards, then an initial 
guess to the ui's at each point of the grid and the corresponding temperatures at inter- 
face and boundary points must be supplied in RINIT. 

Subroutines CON1, CON2, and CON3 have the same variable list. The subroutines 
perform the same function, but for different materials; CONl refers to material 1, 
CON2 to material 2, and CON3 to material 3. Consequently, a description of CONl is 
sufficient for all three routines. 

17 



The purpose of CONl is to return to the calling program the conductivity of mater- 
ial 1 at a given temperature and the variable 

Usage: Subroutine CONl(TOLD, U, NTIM, COND) where 

TOLD vector of temperatures supplied by calling program 

U vector JT computed in CONl 
Trefl 

NTIM 

COND 

number of elements in vector TOLD supplied by calling program 

vector of conductivities for material 1, computed in CON1, corresponding to 
vector of TOLD'S 

TOLD, U, and COND must be declared double precision and dimensional variables of at 
least dimension one in CON1. 

Method: The subroutine must have a "DO LOOPtf to calculate from I = 1, NTIM 
the conductivities, COND(I), for material 1, corresponding to the given temperatures 
TOLD(1). It must also calculate the variables 

u(1) = 
TOLD(1) 

The subroutines SUBT1, SUBT2, and SUBT3 must return the temperatures corre- 
sponding to a given vector of ui's for materials 1, 2, and 3, respectively. Since the 
variable list of these three subroutines is identical and their function is the same, a 
description of SUBTl is sufficient to describe all three subroutines. 

given the corresponding ui's. The method which is useful for this calculation, is the 
Newton method of equation (7). 

The purpose of SUBTl is to calculate a vector of temperatures for material 1, 

Usage: Subroutine SUBTl(U, T1, TEMP, N1, N2) where 

U 

18 
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T1 

TEMP 

N1 

N2 

initial guess to TEMP(N1) supplied by calling program 

vector of temperatures, calculated by SUBT1, corresponding to vector of u's 

initial point of "DO LOOP" supplied by calling program 

final point of "DO LOOP?? supplied by calling program 

U and TEMP must be declared dimensioned variables in SUBTl with dimension of at 
least one. 

Method The subroutine must have a ??DO LOOP?? to calculate from I = N1, N2 
the temperatures, TEMP(I), for material 1, corresponding to the given U(1). Newton's 
method as given by equation (7) is an effective method for performing this calculation. 

Subroutine RINIT sets  the initial guess for the ui at each grid point and the initial 
guess for the temperatures at each grid point of the boundaries and interfaces. These 
temperatures must correspond to the ui at the given points. 

There are two ways to set the initial guess in RINIT. If IREAD is set equal to 1 on 
the input data, then RINIT will  attempt to read 414 BCD cards. These cards a r e  gener- 
ated by subroutine OUTPUT and contain the complete field of ui and the temperatures 
along the boundaries and interfaces from the last iteration. If IREAD is set equal to 0 
as the input data, then the user must supply the appropriate initial guess. 

A constant temperature field can be inserted as a first  guess by changing four cards 
in RINIT. First, card 22 of the listing for RINIT must be changed to the given temper- 
ature. Then, cards 26, 28, and 40 must be changed to the ul, u2, and u3 correspond- 
ing to the temperature on card 22. For any other type of initial guess, cards 21  to 66 
must be deleted and the appropriate guess inserted. 

OUTPUT 

Sample output is given in the appendix together with sample input. The units for 
linear and temperature output a r e  the same as for input. The sample input used inches 
and degrees Rankine; the output units a r e  also in these units. All angular output is 
given in degrees. 

In addition to the sample output given in the appendix, 414 BCD cards can be ob- 
tained by setting IPUNCH equal to one. This output is suitable for restarting the pro- 
gram from the last iteration, or as an initial guess for a similar case in which the geo- 
metric parameters have been varied. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, July 21, 1971, 
132 -80. 
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APPENDIX - COMPUTER LISTING WITH SAMPLE INPUT AND OUTPUT 

Sample Input  

SAMPLE CA SE--STAI NLESS TUBE 9 NICKEL CLAD0 INGI COPPER FIN--NO COS VAR. 

NRA NTA NRB NTB NTD 
9 2n 4 5 5 

R 1  R2 
o . ~ ~ s ~ - I o ~ c ~ E - o ~  0.52500000E-01 

H-CO OL AN T TE MP-C OOL A NT 
0. 14805000f-'01 70.0000000 

X-M IO-RECT 42-BOT 
0.325OC'000E-')l o.40000n00~-01 

O M E G A (  A )  OMEGA(A1 I 
1.91999599 1.91999999 

OMEGAIP) OMEGA(P1 I 
1. 91909SS9 1.91999999 

NXP NTQ NZ N2X IPUNCI. IREAO NCCUNT MCOUNT ICOS 
1 0  10 10 10 c 0 3000 250 -0 

R3 Y-FIN-TOP FIN- TH 1 C K ANGLE-TOP 
0.725) DOOOE-01 o. i26000no~-01 G.95959599E-03 U 

H-GAS T EM P- G A S 
0.19429OOOE-02 5897.00000 

Y-FIN-BOTTOM TOLERANCE 
0.94979999E-02 0 -99999999E-04 

OME G A 1 0 I OMEGA( 0 1  I DMEGAIBI 
1.91939999 1.91999999 1.91999999 

ONEGA( Q I  OMEGA( Q11 
1.91939999 1.9 1999999 

Sample Output 

ITERATION = 250 YEAT I N  = 0.52211515 HEAT OUT = -0.60466251 

ITERATION = 500 YEAT I N  = 0.52490184 HEAT OUT = -0.54039369 

ITERATION = 750 HEAT I N  = 0.52544611 HEAT W T  -0.52846774 

ITERATION = 1000  4EAT I N  = 0.52555250 HEAT OUT = -0.52615677 

ITERATION = 1250  HEAT I N  = 0.52557338 HEAT WT = -0.52570375 

ITERATION = 1 4 2 1  HEAT I N  = 0.52557682 HEAT OUT I -0.52562915 

OMEGA ( 8 1  I 
1.91999999 

RELATIVE ERR = 0.15810259 

RELA71VE ERR = 0.29513791E-01 

R E L A I I M  ERR = 0.57506089EQZ 

RELATI YE ERR = 0.11497699E-02 

RELA71 VE ERR 0.24812427E-03 

RELATIVE ERR = 0.99558095E-04 

TEMPERATURES ON THE TOP RADIAL SECTION OF TUBE 

THET = 0. 

R T R T R 1 R T 

0.405000E-01 0.770166€+03 0.420000E-01 0.838638E103 0.435000E-01 0.903183E+03 0.450000E-01 0.964230€+03 
@.4650COE-C1 0.192212E +04 0.48000GE-Ol 0 -107 715EtO4 0.495000E-01 0.112956t +04 0. 5lOOOOE-01 0.1 17954E+04 

0.52$OOOE-01 0.122742E+04 0.528333E-01 0.123 210 E t 0 4  0 -531667E-0 1 0 -12367 7E+04 0.535000E-01 0.124144E+04 
0 - 535896E-Q1 0.12427DE+O4 0-538598E-31 0.124649 Et04  0.543152E-01 0.12528BE +04 0.5496378-01 0.126197E+G4 
0.571359E-01 0.129236E+@4 0.605076E-01 0.133917EW4 0.654288E-01 C.l40611E+04 0.725000E-01 0.149903E+04 

o . s 2 5 ~ o n ~ - o i  n . m i 4 2 ~ + 0 4  
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~ H E T  = 0 . ~ 5 0 2 9 2 ~ + 0 1  

T R 

0.838079Ec0.3 0~435000E-01  
0 1076 50 E+04 0.495000E-0 1 

0 -123139 E+04 0.531 667E-01 
0.124578€+04 0.543152E-01 
0.133 843E 404 0 -6 5428 BE-0 1 

THET = 0.500584E+01 

T R 

0 -836401 E+03 0.435000E-0 1 
3 107454E+04 0.495000E-01 

0.122929E+04 0.531667E-01 
0 124365E+04 0 .54315ZE-01 
0.133621E+04 0.654288E-01 

~ H E T  = n.750876~+01 

T R 

0 -833601 E+03 0.435000E-01 
3.107 126E+04 0.495000E-01 

0.122577€+04 0.531667E-01 
0.124008 E+O4 0.543152E-01 
0 133 250 E 404 0 e65428 BE-CI 

THET = Q.M0117E+02 

T R 

0.829673E+03 0.435000E-01 
o .106666E+04 n.495000~-01 

0.12208ZE+04 0.531667E-01 
0.123507E+04 0.543152E-01 
0.132 728 E+04 0 -6 5428 8E- 0 1  

~ H E T  = O.IZ~I~~E+OZ 

T R 

0 e8246 10 E+03 0.435000E-0 1 
0.136071E+04 0.495000E-01 

0.121442 E+04 0 q531667E-0 
D 122 8 59 E +04 0 ,543 15 ZE-LIl! 
0.132n51E+O4 0.654288E-01 

r H E T  = 0.150175€+02 

T R 

0 -818 404E+03 0.435000E-01 
0.105340 E+OI o .495000€-01 

0.120 655E+04 0.531 667E-0 1 
0.122061E+04 0 ~543152E-01 
0.131214E104 0.654288E-01 

THET = 0.175204E+02 

T R 

9 

a .4n5onn~-o 1 
o .46 5 n n n ~  -01 
0.52500flE-01 
0.525000E-Pl 
F.535896E-01 
0.571359E-0 1 

T 

0.769639€+03 
O.lQ2149E +04 
0*1226RE+04 
n .I 22 6 7 2 ~  +04 
0. 1 2 4 1 9 9 ~ t n 4  
C .129163€+04 

R 

0.420000E-01 
O.~~OI!CIOE-LII 

T 

0.902596€+03 
a . i i 2889~+04  

C.l23607E+04 
0.12521 6E +04 
C1140537E+04 

R 

0.450000E-01 
0.510000E-01 

T 

04963618E+03 
0~117886E+O4 

0.528333E-01 
0.5 385 9 8 E -9 1 
@.605076€-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

R 

r . 405ooo~-a i  
0.465POCE-Dl 
c? .5250mE-n1 
0.525FOOE-01 

0.571359E-01 
0.535896~-n i  

T 

0.768057€+03 
0.101959€+04 
0.122463E+04 
0.122463€+04 
F.123987iC04 
0.128944€+04 

R 

0.420000E-01 
0.480000E-01 

T 

0.900833E+03 
0.112688E+04 

0.123 355E+04 
0.125002E+04 
C.l4031lE+04 

R 

0.450000E-01 
0.510000E-01 

0.535OOOE-01 
0.549637E-01 
0.725000E-01 

T 

0.961780E+03 
0.117681€+04 

0.123861E+04 
0.125909E+04 
0.149619E+04 

0.528333E-01 
0.5 38 5 98 E -0 1 
0.605076E-01 

T 

0.76541REt03 
O.IQ1641E+fl4 
0 . 1 2 2 1 1 2 E + ~ 4  

R 

0.  zooa an E-01 
0.4 80 0 0 0 E -0 1 

0.528333E-01 
0.538598E-01 
0.605n76~-01 

T 

0.857890E+03 
0 * 112352E +04 

0.123041€+04 
0.124644E+04 
G -13954 8E+04 

R 

0.450000E-01 
0.51OOOOE-01 

0.535000E-01 
0.549637E-01 
0.725OOOE-01 

T 

0.958710E+03 
0.117339E*04 

0.123506€+04 
0.125549E+04 
0.14926ZE+O4 

0 . 5 2 5 ~ 0 0 ~ - 0 1  
n .53 5 R 9 6 ~  -0 i 
0.571359E-03 

n. ~Z~IIZE+O~ 
n. 1 2 3 6 3 1 ~ + 0 4  
G.128577E +04 

T 

0.954401E+03 
0.116857E+G4 

0.123007E+O4 
0.125042E+04 
0.148760Et04 

R 

0.40 5000E-0 1 
0.46500CE-01 

0.525OOOE-01 
0 .525nno~-o i  

T 

0.761 7 1 6 ~ t n 3  

0.121 t i 9 ~ + n 4  

0.1213061~+04 

@.101194E+04 
0.121 t l 9E  +04 

0.123132E +04 

R 

0.4200DOE-31 
6.480000E-01 

0.5 28 3 3 3 E-01 
0.538598E-01 
a. 605076 ~ - 0 1  

T 

0.8C3760E+03 
0.1 11 880E+04 

R 

0.450000E-01 
0.510000E-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

0 122544E+04 
0.124140E +04 
0~135428E+04  

0.535896E-01 
~ . 5 7 1 3 5 9 ~ - r i  

R 

0.40500DE-Cl 

T 

0*756947E+03 

0.120983€+04 
0.120983E104 
0.122486E+O4 
0.127393E+04 

o . I o ~ ~ ~ ~ E + w  

R 

0.420noo~-o i 
O . ~ ~ O O O O E - J ~  

0.528333E-01 
0.5 38599 E-01 
0.605076E-01 

I 

0.888434€+03 
0.111270E+04 

0.121 902E +04 
G.123489E +04 
0.138754E+04 

R 

0.450000E-01 
0.510000E-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0.948841€+03 
0.1 16234E+04 

0.122362E+04 
0.124386€+04 
0.148108E+G4 

0.465@COE-O 1 
0.525000E-01 

0.535896E-01 
0.571359E-01 

r. 525000~-01 

T 

0.7511O4E+F3 

O.l20199E+O4 
0.120199E +04 
0.121691E+04 
0.12657OE +04 

I!. 999090~ +03 

I 

0.8819C2E+03 
0.11051 9E+04 

0.121111E+04 
0.122686E+04 
0.137921E+04 

T R 

0 . 4 2 0 0 0 0 ~ 3  1 
e.  ~ ~ O O O O E - Q I  

0.5 28 3 3 3 E -3 1 
0.538598E-01 
n. 605n76~-01  

R 

0.450000E-01 
0.510000E-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

0.4P5000E-01 
0.4650POE-01 
0. ~Z~OI-I~IE-OI 
0.525000E-01 
0.535896E-0 1 
0.571359E-01 

R 

0.4*50QOE-01 
P .46500aE-C1 
0 .525con~-a 1 
n .525000~-c 1 
n. 5 3 5 ~ 9 6 ~ - 0 1  
P. 571359E-01 

T 

0.7441 79E +03 

0.119266E +04 
0.119266E+04 
0.12O743E +04 
0.125587E +04 

n.990675~+03 

R 

0.42000OE-01 
0.48?00SlE-31 

0.528333E-01 
0.5 38 59 8E-3 1 
a. 605076E-01 

T 

0.874152E +03 
0.109626E+04 

R 

0.45OOOOE-01 
0.51000OE-01 

0.535OOOE-01 
0.5 4963 7E-01 
0.725000E-01 

T 

0.933915E+03 
0.114552€+04 

0.120622E+04 
0.122615E+04 
0.146338 E+04 

0.811046E+03 0.435000E-01 
0.104471E+04 0.495GOOE-01 

0.119717€+04 0.531667E-01 
0 m 121 11 1E+04 0 -543 152E-01 
0.130 215E+04 0 -6 5428 BE- 01 

0.120 1 0 9 ~ + 0 4  
0.121730E+04 
0.136924E+04 

r HET = O . Z O O ~ ~ ~ E + ~ Z  

T R 

0.802527E+03 0.435000E-01 
0 103461 E104 0.495000E-01 

0.118 625€+04 0 -531 667E-01 

0.129045E+04 0.654288E-01 
0.123 n 0 3 ~ + 0 4  0 .543152E-01 

Q 

~ . ~ o ~ o F o E - ~  1 

0 . 5 2 5 m ~ - c i  
n . 5 3 5 ~ 9 6 ~ - 0  1 

0.4bSOCOE-01 
0.52500PE-0l 

0.571359E-Cl 

R 

0.420030E-01 
6. ~ B O O O O E - ~ ~  

0.528333E-01 
0.5 38 59 8 E-01 
0.605076E-01 

1 

a. 865172~+03 
0.108587E+04 

0.1190 12E+O4 
0.120616E+O4 
0.135755E+04 

R 

0.450000E-01 
0.51OOOOE-01 

0.53500UE-01 
0.549637E-01, 
0.72500OE-OZ 

T 

0 -9 2452 1 E+O 3 
0.113487€+04 

0.119519E+04 
0.1 2 1  492E+O 4 
0.145208 E+04 
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THET = 0.225263E+02 

T R 

0.792839E+03 0.435000E-01 
0.102309 E+04 0.495000E-01 

0.117 375 E+O 4 0 e5 31667E-0 1 
0.118733E+04 0.543152E-01 
0.127701E+04 0.654288E-01 

THET = n.250292~+02 

T R 

0*781975E+03 0.435000E-01 
0.1010 11E a 4  0.495OCOE-0 1 

0.115961EW4 0.531667E-01 
0.117298E+04 0.543152E-01 
0.126 173 E+04 0.6 542 8 BE- 0 1 

THET = 0.275321E+02 

T R 

0.769932E+03 0.435000E-01 
0.995649E+03 0.495000E-01 

0.114379E+04 0.531667E-01 
0.1 15691E+04 0.543152E-01 
0.124456€+04 0.654288E-01 

THET = 0.300350E+02 

T R 

0.756708E+03 0.435000E-01 
0.979696E+03 0.495000E-01 

0 .112 626E+0 4 0.531667E-01 
0.113909 E+04 0 543152E-01 
0.122541EM4 0.654288E--01 

THET = 0.325380E+OZ 

T R 

0 742 307 E +03 0 435OOOE-0 1 
0.962230 E+03 0.495000E-01 

0.110697E+04 0.531667E-01 
0.111947E+04 0.543152E-01 
0.120 422E+04 0 -6 5428 BE-01 

THET = 0.350409€+02 

T R 

0.726 738 E+03 0.435000E-01 
0.943240E+03 0.495000E-01 

0 -108 588E+04 0.531667E-01 
0.109 802 E+04 0.543152E-01 
0.118092E+04 0.654288E-01 

THET = 0.375438E+02 

T R 

0.7100 17E+03 0.435000E-01 
0.922725E+03 0.495000E-01 

0.106298E+04 0.531667E-01 
0.107 470 E+04 0.543152E-01 
0.115545E+04 0.654288E-01 

THE1 = 0.400467E+02 

T R 

0.692168E103 0.435OOOE-01 
0 -903 693E+03 0 -495000E-01 

0.103824€+04 0 -531667E-01 
0.104952E+04 0.543152E-01 
0 .  ! * ., 779E +04 0 - 6  5428 8E- 01 

R 

0.405BM)E-01 

0 52 5C COE-C 1 

“.535R96E-01 

~ . 4 6 5 r ~ n ~ - o i  

n . ~ Z ~ O ~ O E - O ~  

0 .571359~-01 

T 

0.727064E +e3 
0.969771 E +03 
0.116935€+04 
0.11 697 5E +04 
0.1183 75E+04 
0.123123E+04 

R 

n. ~ ~ O O Q O E - O ~  
o. 4 8 o n m ~ - o i  

0.528333E-01 
0.5 38 598 €-’I 1 
0.605076E-01 

T R 

0.450000E-01 
0.51OOOOE-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0.913818 E+O 3 
0.112269E+04 

0.118256E+04 
0~120204E+04  
0.143904€+04 

0 - 8 549 5 2E +03 
0.107399€+04 

0.1 171315~+04 
C.l19339E+04 
C.l34407E+O4 

R 

o . w 5 o o n ~ - n i  

0 . 5 2 5 r o o ~ - n i  

0.465000E-Cl 
~.52500?E-C1 

C. 535896E-31 
II. 571 3 59E -0 1 

T 

n. 71 6 8 6 3 ~  to3  
Q.957244I+03 
0.115529E+O4 
0.115 52 9E +04 

0.121631E+04 
n. 11 6 9456 + 04 

R 

0.420000 E-o 1 
0.480OOO E-01  

0.528333E-01 
0.538598E-31 
0.605076 E-o 1 

T 

C. 843482E +03 
0.106COlE+O4 

@.116354E +04 
C. 117894E+04 
o . i 32e70~+04  

R 

0.450000E-01 
0.510000E-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0.901794€+03 
0.110895E+04 

O.l16828E+04 
0.118747E+G4 
O.l42416E+U4 

T 

0.7‘l5565E+03 
0.9433io:+n3 
n. i i 3 9 5 6 ~ + 0 4  
n . i 13956~+n4  
0.115344E+04 
0.119958E+G4 

R 

0.4200r)O E-01 
0.48>00OE-J1 

0.528333E-01 
0.538598E-01 
0.605076 E - 0 1  

T 

0.830 752E+ 03 
0.104568E+04 

0 ,114804E +04 
0.116277E +04 
G.l31134E+04 

R 

0.4500JCE-01 
0.5100GOE-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0 8 88435 E+O 3 
0.109359E+O4 

0 -11 5230 E+O 4 
0.117116E+04 
0.140733E+04 

R 

0.405000E-@1 
0 -4650nOE-C 1 

P .525000E-01 
n.52500o~-n i  

r . 535896~-o i  
r .5713 5 9 ~ - n i  

* 
0 .W5000E-01 
C -46 5000E -01 

0.5250M)E-Ol 
?. 535896E-0 1 
0.571359E-C1 

o . 5 ~ . o n n ~ - n i  

T R T 

0.816759€+03 
0.102518E +04 

0.113041E+04 
O.l14483E+04 
0.1291eSE+04 

R 

0.450000E-01 
0.510000E-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0.873732E+03 
0.107660E+04 

0.1134586+04 
0.11 5305 E+04 
0.138842E+04 

0 6 9 31 71 E + 03 
0.927955€+03 

0.420OOOE-01 
0.480000E-01 

0.528333E-01 
0.538598E-01 
0.605076E-01 0.11 8099E+04 

9 

o . w 5 o o o ~ - n i  
o .465000~-n i  
0.525rOOE-01 

T 

0.679689E +03 

0.110295E+O4 
n. 9 1 1 1 6 ~ + 0 3  

R 

0.420000 E - 0  1 
0.48OOOOE-01 

T 

C. 801 502E +03 
0. i o 1  i a 9 ~ + 0 4  

R 

0.450000E-01 
0.510000E-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0.857681E+03 
0.105794E+04 

0 11 1 M7E+O 4 
0.113311E+04 
0.136724E+04 

0.52500OE-01 
0.535896E-Ql 
Fa571359E-01 

0.110295E +04 
0.11 1616E+O4 
0.116047E+04 

0.528333E-01 
0.538598E-01 
0.605076E-01 

0.1111ClE+04 
0.112507E+04 
C. 127023E+04 

1 

0.784FBBE+03 
0.991 390E +03 

0 e 10898OE+04 
0.110346E+04 
0.12462 5E+04 

R 

a. ~ ~ O O O O E - O ~  
0.51OOOOE-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0*84028ZE+03 
0.10 3758€+04 

0.109374E+04 
0.111 129 E+D4 
0.134360 E+O 4 

R 

0.40500CIE-01 
p.465000E-01 
0.525000E-01 
O.525000E-Cl 
0.535896E-01 
0 571359E-01 

T 

0.665131E+03 

O.lO8198E+04 
0.108 198E +04 
0.10948OE+04 

o.e92945:+03 

0.113799~+04 

R 

0.42000OE-31 
0.48000OE-01 

0.528333E-31 
0.538598E-01 
0.605076E-01 

T 

0.649515E+03 
0.873290E +03 
0.105922E+04 
0.105922E+04 
0.107160E+04 
0 1 11 350E +04 

R 

0.420000E-01 
0.480000E-01 

0.528333E-01 
0.538598E-01 
01605076 E - 0 1  

T 

0.767228E+03 
C.970071E+03 

@.10tt7tE+04 
0.107998E+04 
0.12 1984E +04 

R 

0.45OOODE-01 
0.510000E-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

T 

0 -8 2 1  545 E+03 
0.101551E+O4 

0.107057E+04 
0.108756E+04 
0 131722EW4 

R 

0 .W5000E-01 
0.465000E-01 

0.525000E-0 1 
B -535896E-01 
0 571 359E-0 1 

o . m n n o ~ - o i  

R 

o .40500n~-oi 
0.4650oo~-ni 
0.525000E-0 1 
0.52 50OOE-@1 
0.535896E-01 
CI 571 359E-01 

T 

0.632867E+03 
0.852216E+03 
0.103463E+O4 
0.103463E+04 
0.104653E+04 
0.108700E+04 

R 

0.420000 E-O 1 
0.480000E-01 

1 

O.I48243E+03 
0.947135E+03 

0.104188E +04 
0.105460E+04 
G.l19091E+O4 

R 

0.45M)OOE-01 
0.51000QE-01 

0.535000E-01 
0.549637E-01 
0.725000E-01 

1 

0.801486E+03 
0.991728€+03 

0.104554€+04 
0.106 19 lE+04 
0.12878lE+04 

0.528333E-31 
0.538598E-01 
0.605076E-01 
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THE1 = 0.425496E+02 

T R 

0 .673222E+03 0.435000E-01 
0 -877 164E-3 0.495000E-01 

0.101 168E+04 0.531667E-01 
0 -102 247E+O4 0 -543152E-01 
0.109793EtO4 0.654288E-01 

~ H E T  = 0.450525~+02 

T R 

0.653219E+03 0.435000E-01 
3.852171€+03 0.495COOE-01 

0.983313E+03 0.531667E-01 
0.993583E+03 0.543152E-01 
0.106592EW4 0.654288E-01 

THET = 0.475555E+02 

T R 

0*632207E+03 0.435OOOE-01 
0.825759 E+03 0.495000E-01 

0.953184E+03 0.531667E-01 
0 -962901 E+03 0 -543 152E-01 
0.103 189 E104 0.654288E-01 

THE1 = 0.548535E+02 

T R 

o .565424~+03 o .43500o~-n i  
0.743820E+03 0.495000E-01 

0.855837E+0 3 0.531667E-01 

0.922724EW3 0.654288E-01 
a . 8 6 3 ~ 8 7 ~ + 0 3  o -543152E-03 

THE1 = 0.621515E+02 

T R 

0.492439E+03 0.435OOOE-01 
0.645575E103 0.495000E-01 

0.7449 86 E+O 3 0.5 31 667E-0 1 
0.751381E+03 0 -543152E-01 
0.80 2 346 E +03 

THET = 0.694495E+02 

T R 

0.416770€+03 0.435OOOE-01 
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0.201 136E+03 

R 

0 . z 8 0 n m - e i  

0 . 4 n o n n o ~ - r i  

0.340000E-01 
0.40000PE-01 

T 

n. 13092 5~ +03 
0.167057€+03 
O.L99625E+03 
0.19962 5E +03 

R 

0.2950OOE-Cl 
0.3 55 000 E-C1 

0.4033 33E-D 1 

1 

0.14$412€+03 
0.18401 2E +03 

0 199 C C 4E +03 

R 

0.325000E-01 
0.385OOOE-01 

0.412108E-01 

1 

T 

0.129492E +03 
0.16504aE t o 3  
0.198350€+03 
n. i9835n~+03 

R 

0.295000E-01 
0.355000E-Dl 

0.403333E-01 

1 R 

0.325000E-01 
0.385000E-01 

0.413302E-01 

7 

0.15638 7E+03 
0.190436E+03 

0.198377€+03 

0.147619E +03 
0.1 82113E+03 

a. 19  ~ 7 3 ~ 7 ~  +03 

T 

0.127970E+03 
0.162875E+03 
0.197281E+03 
0.197281E+03 

R 

0.295000E-01 
0.3 55000E-01 

n. 403333 E-01 

1 

0.145707E+03 
C.l80102E+03 

0.157342E+03 

R 

0.325OOOE-01 
0.385000E-01 

0.41 4 76 9E -0 1 

1 
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r H E T  = 0.101466€+02 

R T R T R T R T 

0.2800rqE-01 0.126359E+03 0.295000E-01 0.135123E+@3 0.310000E-01 0.14?671E+03 0.325000E-01 0.152101E+03 
O . ~ ~ F O O O E - ~ ~  o . i6n527~+03 o.355000~-01 0.169083~+03 O . ~ ~ O O O G E - O ~  G.l77889E+03 0.385000E-01 0.187037E+33 
0.4nnnr1n~-ni o . i96382~+n3 
n.4nooco~-ni 0.196382~+03 0 .4~13333~-31 o . i 9 6 4 3 2 ~ + 0 3  0.406667~-01 0 . 1 ~ 6 4 7 2 ~ + 0 3  0.416514~-01 0 .196546~+03 

~ H E T  = o . i i 5 9 6 i ~ + o z  

I7 T R T R 1 R T 

o.28nnnoE-oi . n . i 2 4 6 6 1 ~ + 0 3  0 . ~ 9 5 0 0 0 ~ - 0 1  0.133191E+03 O . ~ ~ O O O O E - O ~  0 . 1 4 1 5 ~ 5 ~ + 0 3  0.325000E-01 0.149716E+03 
o . ~ 4 n n n o ~ - o i  e . i 5 7 9 6 3 ~ + ~ 3  O . ~ ~ S O O O E - ~ I  0.166429E103 O . ~ ~ ~ O O O E - O ~  0.175346~+03 0.385000E-01 0.184994€+03 
n.4000nn~-oi n . i 9 5 5 6 3 ~ + 0 3  
0.4nnrnn~-ni 0.195563~ +03 n. 4 0 3 3 3 3 ~ 4 1  0.195648 ~ + 0 3  o .406667~-01 0.19 5 7 3 4 ~ 1 0 3  0.41 8 5 4 3 ~ 4 1 1  0 .195994~+03 

THET 5 0.130456E+02 

R T R T R T R T 

o.zannnoE-01 ~ . L Z Z ~ R Z E + ~ ~  o.295000~-01 0.131159E+03 O . ~ ~ O O O O E - O ~  0.1392C9E+03 0.325000E-01 0.147154E+03 
n.%oonnE-oi n . i55152~+n3 0 .3550no~-oi  0.163+26~+03 O . ~ ~ O O O O E - O ~  0 . i 7 2 3 0 8 ~ t 0 3  O . ~ ~ ~ O O O E - O L  0.182326E+03 
0.40nnnn~-n 1 n. 1-94 3 8 2 ~  +n3 
0.400000E-01 0.194382E+03 0.403333E-01 0.194839E+03 0.406667E-01 0.155120E+03 0.420862E-01 0.195764E+03 

rHET 0.215961E+02 

R T R R 

0.28OOOE-01 
n.wooonE-ni 
n .~OFOOCE-O 1 

1 T R T 

o.i10818~+n3 0.2950on~-oi 0 .117222~+03 O . ~ ~ O O O O E - O ~  o . i23c49~+03 O . ~ Z ~ O O O E - O ~  0.128317E+03 
0.133007E+03 0.355000E-01 0.137053€+03 0.370000E-01 0.140330E+03 0.385000E-01 0.142622E+03 
0.143 583E+03 

THET * O.M1466E+02 

T R T R T R T 

0.996175E+02 0.295000E-01 0.104311€+03 0.310000E-01 C.108361€+03 0.325OOOE-03 0.111794E+03 
0.114615E+03 0.355000E-01 O.l16820E+03 0.3700OOE-01 0.118398E+03 0.385000E-01 0.1.19337E+03 
0. i i 9 6 4 3 ~ + n 3  

rHET 0.386971E+02 

T R T R 7 R T 

R 

O.P80@00E-Ol 
0.34nono~-ni 
~ . ~ O O F O ( J E - ~  1 

R 

THET 0.472476E+02 

T R 

0*867710E+02 0.310000E-01 
0.925161 E+OZ 0.370000E-01 

R 

0.2800nOE-0 1 
n.34nono~-ci 
o.4ncono~-oi 

T 

0. ~ 4 4 n e i ~ t o z  
0.915868E+02 
0.93621 1E +02 

R 

0. z95non~-oi  
n. 3 ~ ~ O O O E - O ~  

T 

0.887387E+02 
0.931482E102 

T 

0.903359E+02 
0.935082E+Oi 

R 

0.325000E-01 
0.385000E-01 

THET 6 0.557981E+02 

T R 

0.815566E+02 0.310000E-01 
0 85 5377 E +O 2 0.370000E-0 1 

R 

n.zitnnnnE-oi 
o .wonoo~-ni 
o .4ooonn~-n 1 

R 

0.2950n0~-01 
0 . 3 5 5 0 0 n ~ - o i  

1 

C 829264E +02 
C. 8 5971 2E +02 

R 

0.325000E-01 
0.385GOOE-01 

T 

0.840342E+02 
0.862 174E+02 

THET = 0.643485E+02 

T R 

0.779480E+02 0.310000E-01 
D.807106E+02 0.370000E-01 

T 

0.796683E+02 
0.811811E+02 

T 

0.768027€+02 
0.802676E+I)Z 
0. e i z 3 4 5 ~ + n z  

R 

0.295000E-01 
0.3550OOE-01 

1 

0 7 8 8 944E +02 
C.BlOlC7E +02 

R 

0.325000E-01 
0.385000E-01 

THET 6 0.728990E+02 

T R 

0.754820 E +0z n .31oooo~-o1 
0.774031E+02 0.370000E-01 

T 

0.761434E +02 
G. 776 11 8E+02 

R T 

0.76678 lE+OZ 
0.777303E+02 

R 

n.moonoE-ni 
0 .  wncnoE-01 
O . ~ O ~ O ~ O E - F  1 

T 

0.746864E+02 

0.777674E+02 
~ . 7 7 0 9 4 9 ~ + n z  

R 

0.295000E-01 
n.355ono~-oi 

0.325000E-01 
0.385000E-01 

T H E 1  = @.814495E+02 

T R T R R T R 
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TEMPERATURES O N  THE LOUER RECTANGULAR SECTlON 

x = 0 .  

T Y. Y 

C. 

0.12@CI)OE-O1 
P . ~ O C D F ~ E - F ~  

T 

n. 7 2 3 2 5 3 ~  +oz 
@.735348E+02 
0.738698€+02 

Y 

0.15r)OOOE-02 
0.750000E-DZ 

1 

0.730552E t 0 2  
0.737943E t 0 2  

V T 

0.733245E+02 
0.738525Et02 

0 -7 27 233E+0 2 
0 -736903 E+02 

0.300000E-02 
0.900OOOE-02 

0.450000E-02 
0.1 05000E-01 

X = 0.138889E-02 

T Y 

0.724681E+02 0.30000CE-02 
0.733971Et02 0.900000E-02 

Y T 

0.721021E 1.02 
0.732428E +02 
0 . 7 3 5 ~ 4 8 ~ + n 2  

Y 

O . ~ ~ O D O O E - ~ Z  
0.7 50 @ 00 E -D 2 

T 

G - 7  27 BC ZE t O  2 
0.735034€+02 

Y 

0.450000E-02 
0.105000E-01 

T 

0.730379€+02 
0.735650 E+02 

n. 
O . ~ O F P ~ O E - O Z  
0~12000tIE-P 1 

X = 0.277778E-02 

T Y Y 

I). 
C.60C@O@E-F2 
n.izocooE-n i 

T Y 

0.150@DOE-O2 
0.750000E-02 

1 

0.725511Et02 
0.732507Et02 

V 

0.450000E-02 
0.105000E-01 

T 

0.727963 E t0  2 
0.733130Et02 

0.722587Et02 
0.731449Et02 

0.300000E-02 
0.90OOOOE-02 

X = 0.416667E-02 

T Y 

0.720876 E+OZ 0.30OOOOE-02 
0.729312Et02 0.90DOOOE-02 

Y T 

0.717741E+02 

Y 

0.150000 E -02 
0.75000DE-02 

1 

0.723t2ZEt02 
0.730350E t o 2  

Y 

0.450000E-02 
0.105000E-01 

0.725950Et02 
0.730967€+02 

0. 
P.bOOFO@E-02 
o.izonooE-ci 

0.727847E t o 2  
0.731171E+02 

X 0.555556E-02 

T V 

0.719495€+02 0.3OOOOOE-02 
0 -727541 E+O2 0.900000E-02 

1 

0.12208lEt02 
6.728551€+02 

T 

0.724303E+02 
0.729155E+02 

T 

0.716558E+02 
0.726124Et02 
6.729356E+02 

Y 

0.15OOOOE-02 
0.75OOOOE-32 

V 

0.450000E-02 
0.105000E-01 

X = 0.694444E-02 

T Y 

0.718406€+02 0.300000E-02 
0.726116€+92 0.900000E-02 

Y 

0. 
n.bDFCO0E-02 
o .12or O O E - O ~  

T 

0.715628Et02 
0.724745Ei02 
0.727885E+O2 

Y 

0.1 50000E-DZ 
0.75DOOOE-02 

1 

0.720872Et02 
(I. 7 27099E +02 

Y 

0.450000E-02 
0.1050OOE-01 

T 

0.722992E+02 
0.727689E+02 

X = 0.833333E-02 

7 V 

0.7 17 584 E +O 2 0.3OOOOOE-0 2 
0.725024E+02 0.900000E-02 

Y 

0 .  

0.12P900E-01 
o . ~ O ~ O Q O E - O ~  

T 

n. 7 i 4 9 2 5 ~ + 0 2  
0.723692€+02 
0.726751E+@2 

Y 

0.150000E-02 
0.750000E-02 

1 

0.719951E t 0 2  
0.7.25982E +02 

Y 

0.450000E-02 
0.105000E-01 

T 

0.721995E+O2 
0.7265596+02 

X = 0.972222E-02 

T Y 

0.717008 E t02  0.300000EG2 
0.7 24 253 E t 0  2 0.90OOOOE-02 

Y 

P. 
0.60000bE-02 
0.12OCOOE-01 

T V 

0.15OOOOE-02 
0.7500’JOE-02 

7 

0.715305E+02 
0.725192E t o 2  

V 

0.45OOOOE-02 
0.105000E-01 

T 

0 721294 E+O2 
0.725758E+02 

0.714434E+02 

0.725947€+02 
F. 7 2 2 9 4 9 ~  +n2 

X = 0 . l l l l l l E - 0 1  

T Y 

0 -7 16667 E t0  2 0.300000E-0 2 
0.723793€+02 0.900000E-02 

T 

0.718923Et02 
0.724720E +02 

T 

0.720878E+02 
0.725279E+02 

T 

0.714144E+02 
a. 7225n8~+02 
0.725466~+02 

Y 

0.150000E-02 
0.75000OE-02 

V 

O.450000E-02 
0.105000E-01 

X = 0.1250OOE-01 

T Y 

0.716554Et02 0.3OOOOOE-02 
0.723641E+O2 0.900000E-02 

T 

~1.714047~ +oz 
0.722362Et02 
0.7253O7Et02 

Y 

0.150000E-02 
0.750OOOE-32 

1 

C.7181StEt02 
0.724563E t 0 2  

V 

0.450000E-02 
0.105000E-01 

1 

0.720740€+02 
0.7251216+02 

REC= OOOCO F t L =  00002 
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Main Program 

COYMON /FORMA/Rl,R2*R3 t YF I N T t F I  NTHKIANGTOP~HCOOL~TCOOL~ HGAS ,TGASt 
1XL9NGY rR 28 t YF I NBtANGBO T t  SUMAO t SUMAI 

D3UBLE PRECISION R l t R 2  rR3 tYF INTtFINTHKtANGTOPvHCOOLvTCOOLt HGAS, 
1TGASt XLONGM tRZB vYF IN5 9 ANGBOTt SUMAO tSUMA1 tTOL 

I Y R  B t  NR BM t N TB t N TB M 9 NTD t NTD M 
COYMDN /FORAN/NR4, NRAMt NTA tNTAPtNRA1 t NRAlMt  N R A l X t  NRAlXHt 

C09MON I F O R C N l  NXPvNXPlrNTQt NTP1 t N Z v N Z l t N L X v N Z X 1  
CDYMJN 
D9UBLE PRECISION WME>A tWMEGAl tWMEGDtWMEGD1 rWMEGBtWNEGB1 
C3YMON/FORK/ WYEGPpHMEGPl rHMEGQtWMEGQ1 
D3U6LE PRECISION HHESP rHMEGPl rWHEGOtHNEGQ1 

/FORHA /WMESA t WMEGA1 9 WMEGD rWMEGDl t WMEGB t WMEGBl 

DIYENSION D E N T ( 1 Z I  
EXTERNAL DUBIO 

C 
C IPUNCH = 0 NO C4RDS PUNCHED 
C [PUNCH = 1 PUNCH 414 BCD CARDS 
C J?EAD = 0 SET I N I T I A L  GUESS FOR U t S  AND TEMPS I N  R I N I T  
C I 9 E A D  = 1 ? I N I T  RE9DS 414 BCD CARDS FOR I N I T I A L  GUESS 
C NCOUYT YAXIMUM NUMBER OF ITERATIONS PROGRAM WILL CYCLE 
C YCOUVT HEAT B4L4NCE P R I  NTEO AFTER EVERY MCOUNT ITERAT IONS 
C I C 3 S  = 0 HGAS = HGAS 
C IC35 = 1 H G A S t I )  = HGAS * C O S l T H E T A ( I l 1  
C R 2  = R ?  CASE WITH NO CLADDING 
C 

1 0  READ1 5 ,103)  I D E N T I I )  r I = l t 1 2 l  
R EADI 5 ,1001 

REAO( 5 t 101 1 

NRA vNTAINRB t NTB t N T 0  9 KXPt NTQt NZ t N Z X t  IPUNCHt IREADt 

7 ~ V R Z V R ~ ~ Y F I N T I F I  NTHKt &NGTOP tHCOOLtTC00Lt HGASt TGbS 
INC 0 UN T MCO UYT t I CO S 

?EA01 5 t l O I l  XLDNSM,RZB~YFINBITOL 
?E4D( 5 1  101 1 
READ( 5.1011 WMEGP. WMEGPI .WMEGO.WCEGOI 

LrlMEG4t WMESA1 .WMEGDtWCEGDl tWMEGBvWMEGB1 
- . - . - . -. 

WRITE( c;2OOl I D E N t I I  I .I=l ,121 
H X I T E I  6.2051 N R A ~ N T A ~ N R B , N T B I N T D ~ N X P ~ N T Q ~ N Z ~ N ~ X ~ ~ P U N C H , I R E A D ~ N C O U ~  

I T ,  MCDUNTt I C O S  
WR I TE f 6,201) 
WP I TE ( 6,203) 
W 7 I T E l  6 t 2 F 2 )  XLONGMtR2BtYFINB.TOL 
WRITEI 6 1 2 0 6 )  WMEGAtWMEGAl tHMEGD,WMEGDl tWMEGBtWMEGB1 
W ?  I T € (  6 ~ 2 0 7 )  WMEGPtWMEGPl tWMEGQtWMEG91 
4YGBOT = ANGTOP 
ICDUNT = 1 
CALL C O N S A ( I t 0 S I  
CALL CONS6 
CALL R I N I T ( I ? E A D I  

R 1 t R 2  1R3 t YF I N T t F  1 NTHK vANGTOP 
HCOOL t T 2  OOL tHGAS t TGAS 

1 SUYAI = 0.0 
SUYAD = 0.0 
CALL CDMPA(1:flSI 

C A I  L COMPR - _ -  - _  
?EL = AB SI i A 6  S I SUYAI I -ABS( SUMAO) I /ABS I SUMAI I 1 
I F ( R E L  .LE. T O L I  GO TO 2 
I F  I MOD I I CO Wi T t MCO UNTI .E 9. 0 1 WR I TE 16 2 0 4  I IC CU NT t SUM A I t SU H 40, REL 
ICOUNT = ICOUNT + 1 
I F  I I C O U N T  .tT. NCOUNTI GO TO 2 
63 TD 1 

2 ICOUNT = ICOUNT - 1 
WR I T E I  E t  2041 
CALL OlJTPUTIIPUNCd) 
GO TO 10 

LCO FgRMAT 1 1 4 1 5 1  
I F 1  FJRMAT ( IODR. 5 )  
I C 3  F 3 7 M A T ( 1 2 A 6 l  
2PO F3XMATl lHKt25X12A6 / /1H ) 
ZC I F J R M A  T I 1HK t l  1 XLHRl t 18X2HR2 t l  8 X2H R3 t 15 X9HY-FI N-TOP. 11x9 HFIN-TH ICKv 

20 2 FJRMATI  LHKt  BXLOHX-MI D-REC T 112 X6HRZ-BOT 111 X1ZHY-FIN-BOTTOHt 9X IZHTOL 

2 0 3  FORMAT( lHKtBX9HH-COOL4NTt11X12HTEMP-COOLANTt l2X5HH-GAS~ 14XBHTEMP-G 

2 0 4  F O R M A T I l W K t 5 X 1 2 H I T E R 4 T I O N  = 15t5XIOHHEAT I N  = G15.Bt5XllHHEAT OUT 

ICOUNTpSUMAI tSUMAOt REL 

119X9H4NGLE-TOP161 5XG15.81 I 1 H  I 

IE?ArVCE 1 4 1  5XG15.8) /1H I 

1AS/4( 5XG15.8 I / lH  1 

I= G l S . e t 5 X 1 5 J 9 E L 4 T I V ~  ERR = G 1 5 . 8 I I l H  I 
2C 5 F J R MA T ( 1HK p 4X3HNRA t 5X3HNTA 15 X3HNRB t 5 X3 HNT 9 15X 3HNTOt 5X3HNXP t 5X3HNTP 

l r  5X 2HN Z t  
16X3HNZ XI ?X6HIPUNCH t 3 X 5 H I  REAOt2X6HNCOUNTtZX6HMCOUNT t 4 X 4 H I C O S I 1 4 1 3 X  I 

20 6 FJR MA T ( 1 HK 9 8X 8HOMEGA (A ) 7 12 X9H OME GA 1 A 1  I 11 I XB HONEGAI 0 I t 12X9HONEGAl 0 1  

20 7 FDRM4T ( 1HK t BXBHOYEGA I P I t 1 2  X9H OMEGA( P I 1  r l lXRHOMEGA( P I ,  12X9HOHEGA( 01 

EY 0 

25111H ) 

1) 

11/41 5XG15.81 I 1 H  I 

11X BHOME 6 4  ( B I v 12X9iOMEGA (81 1 I 6  ( 5  XG15 - 8  1 I 1 H  t 

1 
2 
3 
4 
5 
6 
7 
8 
5 

10 
11 
1 2  
13 
14 
1 5  
16 
17 
1 8  
15 
20 
2 1  
22 
23 
24 
25 
26 
2 1  
28 
2 9  
3c 
3 1  
3 2  
33 
34 
3 5  
36 
37 
3 8  
39 
40 
4 1  
4 2  
43 
44 
45 
46 
4 7  
4 0  
45 
50 
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 1  
5 8  
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
66 
6 7  
6 8  
65 
70 
7 1  
72 
7 3  
74 
7 5  
76 
7 7  
7 8  
7 9  
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C 
C 
t 

2F 0 

211 1 

1 

20 

1 C  

SUBROUTINE CONSA( ICOS)  
C3YM3N /FOR4’4/NRArNRAMrNTArNTA?rNRAl rNRAlMrNRA1Xr  N R A l X M t  

CJYMDN /FORCN/ Y X P r N X P l  r NTQr NTQL r N Z r N Z 1  r N Z X r N Z X l  
C3MYDV /FORAl /DRB rHCA r A 1 X t A Z X  r A 3 X r A 4 X r A 5 X r  AbXr HGAtHCDr 

1HCAOt HGADrHC3 r HCAB r D l X  r D 2 X  r03X1AEr  BE rDEXr  DEYr ECr  DENADr 

1YR l3r VRBMr NTB r NTBY r NTD r NTDY 

2DENRZ 
03UBL E P R E C I  SI ON DRBrHCA A l X  9 A2 X r A 3  Xr A49 A5X r A b X  HGAr HCDt 

COYMDN /FORAZ/AA ( 1 5 )  ,AB ( 1 5 )  r 4 C  (15  
l H C 4 D r  HGADrHC6 rHCAB r D 1  X r D Z X r D 3 X r A E r  BE r D E X r D E Y t  ECrDENADr DENBZ 

180 ( 1 5  t r C D (  15 1 r A l D  ( 35) r B1D (35 1 r C 1  D ( 3 5  1 r BAD ( 15 1 r t A O (  15 I r 
2B 1 AD( 3 5 )  r C  I A D  ( 3 5  I r BA ( 15  ) r BB t 1 5  I r BC ( 1 5  1 r B l  A ( 2 )  1 t 81 B(20  I r B1C ( 20 ) s 
3BBD( 1 5  1 r C B O (  15)  r B 1 6 D  ( 2 9 1  r C 1 6 0  (20  # r A D ( 1 5  1 r B P ( 1 5  1 r A l P (  5 )  r B l P (  5 ) r  
4 0 1 8 X f  1 5 )  rDZBX(  15) 

PREC I S r O N  
1 S A O r C A D t B l A D r t  1AD r B A r  BB r BC r 61 A, 518. B l  C r  BBDrCBDr B l B D r  C l  BDr 
ZAP, BP r A l P r 6 1 P  r D l B X t D 2 B X  
CJYMOY /FOUTA/THETA(25)  r R A ( 1 5 J  r R A l X ( 3 5 )  r R A l ( 3 5  1 rTHET.D( l5 ) r  

OClUBLE P R E C I S I O N  THETA r R 4  r R A l X r R A l  rTHETO*THET B 

r A l A f 3 5 I  r A l B ( 3 5 ) t  A l C (  3581 AD( 1511 

03UBL E A A  9 4 6  PAC 9 A 1  A r A 1  81 A l C  r AD* BDIC 01 A 1  Or  B l  Or C l D ,  

l T H E  TB t 15 1 

0 IYENSION DR4X( 35)  
OATA P 12 /1 ,57O7963268 /  
D3UBLE P R E C I S I O N  ORAXsPIZ 
COMMON /FORMA/R l rR2  r R 4 2  r Y 1  r R A H r  P T t H C  r TCrHGrTGr  P X r  R2BrBY 11 P T L t  SUMAOr 

DDUBL E 

DJUBLE P R E C I S I O N  A ~ X ~ Y L + D R A ~ D T D ~ S T A ~ D T D D R A I D ~ B D R A ~  C U T A l r  ENTA, AYr 

LSUYA I 
P R E C I  S I O N  R 1  vR2 r R A 2  rRAH .P T t  HC r T C r  HG r T G  r P K r  R Z B r  P T L r  SUMAOr 

1SUYA I r BY 1 

l C U T A 2 r  T H E B r X l r O R 4 2 , ~ T D R 4 t D T B Z , Y A r T H A l  r D T A t E N R r T H E D r D T B r X 2 r  DTAZr 
W l D R t  STB 
C3YYOY /CLA/  U A ( 1 5 )  r U A l ( 3 5 )  r U D 1 1 5 )  r U D l ( 3 5 t  1 U B ( 1 5 I r U B 1 ( 2 0 )  
DJUBLE P R E C I S I O N  U A r U A l r U D  tUD1 t U 8 r U B l  
C J YMO N 
DOUBLE P R E C I S I O N  XA 

GRID CONSTANTS FOR REGIONS AmA1,DrDl r B r B 1  

/FORANN / N R A l l r  NRAY1, NRB M1 

XA = R 2  + RAH 
CUTAZ = DATANf Y l / X A )  

I F ( R A 2  .EQ. R 2 )  GO TO 200 
YA flSQRT(RAZ*RAZ - XA*XA) 
C U T A l  = f lATAV( YA/XA) 
GO TO 2 0 1  
T H A l  = P12-PT-CUTA2 
C U T A l  = CUT42  + T H A l  * a 2 5  
T H A l  = P I 2  - P T  - C U T A l  
N T 4 1  = NTA-1 
EYTA = N T A l  
VTAP = NTA+1 
DTA = THAl /ENTA 
DD 11 = 1rNTA 
AY = 1-1 
THETA ( I )  = AYtDTA 
NRAM = NRA-1 
EN4 = NRAM 
OQA = (R2-R11 /ENR 
D J  20 I = l r N R A  
A Y = I - l  
RA( I t  = Rl+AY*DRA 
THE0 = C U T A l  - CUTA2 
YTDM = NTD - 1 
ENTA = NTDM 
DTD = THED/ENTA 
DO 10 I = l rh lT0  
A Y = I - 1  
THETOI I )  = AY * DTD 
THER = CUTAZ 
VRBM=YRB-l 
YTBM=Y TB-1 
ENTA = NTRM 
EVR= YRBM 
DTB = THEB/ENTA 
D9B = RAH/EYR 
D3 3 0  I = l r N T B  
A Y = I - 1  

3Q TYFTB( I ) = A Y * J T B  
OD 4G I= l ,NRR 
AY = 1-1 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
1 2  
1 3  
14 
1 5  
16 
17  
1 8  
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
3 1  
30 
39 
40 
41  
42 
43 
44 
45  
46 
4 1  
48  
49 
50 
5 1  
5 2  
53 
54 
55 
56 
57 
58  
5 9  
60 
6 1  
62  
6 3  
64 
6 5  
6 6  
67 
68  
69 
70 
7 1  
72 
73 
14 
1 5  
76 
77 
78  

29 



C 
C 
C 

4(! R A l ( I ) = R 2  + AY*DRB 
V Q A 1  = NTB + NRBY 
YRA l Y = N R A l - l  
DD 50 I = l r N T B  
J =NRA 1 t1- I 

RA1X ( 1 1 = R 2  + DRB/Z.O 
DO 60 I = 2 t N R B M  

60 R A l X (  I )=RA lX(  I - l ) + D R B  
X 1 =THE TB ( N TB 1-0 TB / 2 .0  
D 3  70 I = N R B r N R A l Y  

50  R A l ( J )  = XAlDCOS (THEE - T H E T B ( I ) l  

R A l X t  I )  = XA/DCOS(THEB -X11 

N R A l X  = N R A l  + NTDM 
I F ( R 2  .EQ. R A 2 1  N R A l X  N R A l  
I F ( R 2  .EQ. R A 2 )  GO TO 202 
X 2  = CLITA2 + DTDI2.O 
D 3  1 n O  I = l t N T D M  
J = N R A l  + I 
K = N T O - I  

J 1  = J -1 
R A l X ( J l 1  = X4/DCOS(X21 

7 0  X l = X l - D T B  

R A l (  J )  = XA/DCOS(CUTAl - THETO(K) )  

iro x 2  = x z  + DTO 
202 Y R A l X Y  = N R A l X - 1  

V R A l l  = NRAIXM-1 
N R A M l  = NRAM-1 
V P B Y l  = NRBM - 1 
DRAXt 1 )=ORB/2.Q 
DD 801  =2rNR41XY 

Di tAX(NRA1X)  = R A l l N R A l X )  - R A l X ( N R A 1 X M )  

I T E R A T I O N  CONSTANTS FOR REGIONS A r A I  

C A L L  

I F ( R 2  .EQ. R A 2 1  GO TO 203 

80 DPAX( I )=RALX( I 1 - R A l X  (1 -11  

C IRCOL ( DR A t D  TA r RA t AA *AB 9 AC t UA r NRA 1 
HCA = HC * ?l* DTA 

C A L L  C IRCOT( 9RAXrDTA r R A 1  t R A l X r  A 1  A t  A 1  B r  A1C r U A l  t NRAlX 1 
A2X = A l C ( 1 )  

203 ALX = AA(NRA1 + AB(NRAM1 
A l C ( N R A l X 1  = Z.O*AlA(NRAlX) + A l B ( N R A l X M 1  
HGA = HG * R A Z  * DTA 

r 

C 
C 
C 

L 

C I T E R A T I O N  CONSTANTS FOR REGIONS D I D 1  
C 

C A L L  C IRCOLfDRArDTDeRA rAO t B D t C O r  UDtNRA)  
HCD = HC * R 1  * DTD 
I F ( R 2  .EQ. R A 2 1  GO TO 2 0 4  

A6X = 2.0 * llO(11 + B l D ( 1 1  

A5X = AD(NRA) + BDtNRAM) 

CALL C IRCO T( DR AX t D  TD r R A 1  t R A l  X t A 1  O r  B l  0 t C 1  D r U D l  r N R A l  X M I  

204 I F I R Z  .EQ. R A 2 1  A 6 X  = HG * R 2  * OTD 

A O f N R A )  = AD(NR4)IZ.O 

C 
C 
C 

I T E R A T I O N  CONSTANTS FOR BOUNDARY BETWEEN REGIONS A t 0  AND A l r  D l  

DO 103 I = 1,NRA 
8 A D ( I )  = ( A Y ( I )  + B D ( I I ) / 2 e O  

CAOIYQA)  AA(NRA)/2.0 + AO(NRA)  + BAO(NRAM1 
1 0 3  C A D ( I )  = A A ( I 1  + A O ( I )  + R A ( I 1  * (DTA + D T D I I D R A  

C A O ( 1 )  = A A ( 1 1  + A O ( 1 )  + B A O ( 1 )  
I F ( R 2  .EQ. i t 4 2 1  GO TO 205 
B l A D ( 1 )  = ( A l B ( 1 )  + B l D ( l 1 1 1 2 . 0  
DD 104 I = 2,NRAlXM 
B l A D t I )  = ( A l B ( 1 )  + B l D 1 1 1 1 1 2 . 0  

1 C 4  C l l D t I 1  = A l A ( I 1  + A l D ( 1 )  + B l A D ( 1 )  + B l A D ( 1 - 1 )  

2 0 5  HCAD = (HCA 4 HC31/2.0 
C l A O ( 1 1  = A L P ( 1 1  + A l O ( l 1  + B l A D ( 1 )  

HG4D = HGA/2.O 

C l A D ( N R A l X 1  = A l A ( N R A 1 X I  + B l A D ( N R A l X M 1  
I F ( R 2  .EQ. S A 2 )  HGAD = HSAD+A6X/2.0 

I T E R A T I O N  CDNSTANTS FOR REGIONS B r B 1  

C A L L  
C A L L  

X 1 = 2 .O*D S I N  (DTA 1 2 - 0 1  

C IRCOL( DRAtDTB rRA 184 r BB rBCtL 'B rNRA1 
C IRCO Tf 3 R A X t D T B  t R A 1  p R A 1  X t  B l  A t  B l  B t  B1C t U B 1  t N R A l  M I  

A4X = B1C (1) 

79 
80 
8 1  
8 2  
83 
8 4  
85 
86 
87 
8 0  
89 
90 
9 1  
92 
93 
94 
9 5  
96 
97 
9 8  
99 

100 
10 1 
102 
103 
104 
10 5 

1 0 7  
10 8 
109 
110 
111 
11 2 
113 
114 
1 1 5  
116 
1 1 7  
118 
119 
120 
121 
122 
1 2 3  
124 
125 
126 
127 
1 2 8  
129 
130 
13 1 
132 
133 
1 3 4  
135 
136 
137 
1 3 8  
139 

14 1 
142 
143 
144  
1 4 5  
146 
147 
1 4 8  
149 
1 5 0  
1 5 1  
152 
153 
1 5 4  
1 5 5  
1 5 6  
1 5 7  

106 

140 

30 



4 4 X  = i.O* B l A ( l I +  B l B ( 1 I  
A3X = BA(NR4)  + BBfNRAMI 

HCB = K * R l * > T B  

B B D ( I ) =  ( B D ( I )  + B B ( I ) I / 2 . 0  
92  CBD( I )  = A D ( 1 l  + B A ( I )  + R A ( I I * ( D T D + D T B ) / D R A  

CBD(NRA1 = 4D(NR4)/2.0 + BA(NRA1 + BBD(NRAM1 
C B D ( 1 l  = A D ( 1 I  + B A ( 1 )  + B B D ( 1 1  

BA(N3A t = BA(NRA)/Z.O 

DO 92 1=11NR4 

C 
C ITERATION CDNSTANTS FOR BOUNDARY BETWEEN REGIONS D r 8  AND D l r  8 1  

B l B O (  1) ( 3 1 D ( l ) + B 1 3 ( 1 l  1 /2 .0  
DD 93 I=Z,NRAlM 
B l B O ( I )  = i B l O ( I ) + B l B i I ) I / 2 . 0  

C l B D ( 1 l  = A 1 3 ( 1 )  + B 1 3 ( 1 )  + B l B D ( 1 1  
C l B D ( N R A 1 l  = A l D ( N R 4 1 )  + B l B D 1 N R A l M l  

D1X = AD(NR4) + BBD(NRAM1 +BA(NRA) 

93  C l B D f I )  = A l D ( 1 )  + B l D ( 1 )  + B l B D ( I ) +  B l B D ( 1 - 1 )  

HCAB = (HCD + HCB)/2.0 

D 2 X  = A l D ( 1 I  + B l D ( 1 ) / 2 . 0  
D3X = B l A ( 1 l  + B l R ( l l / Z . O  
DTD = DEY 
DO 110 1% 2 r N R A l M  
D l B X  ( 1 )  = A l D ( I ) +  ( B 1 D ( I 1 + B l D ~ I - l I l / 2 . 0  

D l B X  ( N R A l l  = A l D ( N R 4 1 )  + BlD(NRA1M)IZ.O 
D2BX I NR411 =s B1R (NRALMI /2.0 
IFtR.&Z .NE. R2)  GO TO 206 
DZX = A6X/2.0 
D l B X (  1) = HG * D R A X ( 1 )  * T H A l  
I F (  I C O S  .NE. 1 1  GO TO 207 
X 1  = DCOS(THA1 +THEDI 
D2X = D 2 X  * X 1  
D l B X f l l  = D l B X 4 1 )  * X1 

207 D3X = A4X12.0 

110 DZBX( I! = B1A ( I )  + ( 3 1 B ( I l +  B l B ( I - l I l / 2 . 0  

DO 2 0 8  I = 2 r N R A 1  
D l B X (  I )  = HG * D R A X ( 1 )  * T H A l  

2 0 8  IF( I C O S  .EQ. 1) D l B X ( 1  1 = D l B X ( 1 )  * X1 
C 
C ITERATION CDNSTANTS FOR BOUNDARY BETHEEN REGIONS B r P  AND B l r P l  
t 

2 0 6  N X P l  = NXP - 1 
ENTA = N X P l  
X1= P X l E N T A  
AE = X l /DRA 
B E  = O R A / X l  
DTRD24 = DTBlDRA 

A P ( I I  = ( B B ( I I  + AE)/2.0 
OD 3 1  I = l r N R &  

3 1  B D ( I I  = B A ( I I  + BE + AE + RA( I ) *DTBDRA 
B P ( 1 )  = B A ( l l +  A P l l l +  BE/2.0 
DEX -i BA(NRA1 + B E / 2 . 0 +  AP(NRAM1 
DENAD = X l D R B  
DEYBZ = D R B l X l  

A l P ( I 1  = ( B l B ( I I + D E N A D ) / 2 . 0  
DO 32 I = l * N R B  

3 2  B l D ( I I  = B 1 4 ( I )  + DENBZ + ( R A l ( I ) * D T B  + X l l / D R B  
DEY = B l A (  1) + DENBZl2.0 + A l P ( 1 I  
B I P ( V S R )  = B l A ( N R B I +  DENBZ/2.1! + A l P t N R B M )  
EC = iHCB+X l *HC l /2 .0  
RETURN 
EN 0 

1 5 8  
159 
160 
161 
162 
1 6 3  
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165 
166 
167 
1 6 8  
169 
170 
171 
172 
173 
1 7 4  
175 
1 7 6  
177 
178 
179 
180 
1 8 1  
182 
183 
184 
1 8 5  
186 
187 
1 8 8  
189 
190 
19 1 
192 
193 
194 
195 
1 9 6  
197 
198 
199 
200 
20 1 
20 2 
20 3 
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212 
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SUBRDUTINE CONSB 
COYMJY /FORAN/NRApNRAM, NTA 1 NTAPI NRAl  r N R A l  MvNRAlX 9 NRA lXHt  

COYY7N /FORCN/ N X P t N X P l  tNTQtNTQ1 rNZ ,NZ l  t N Z X t N Z X 1  
COYMOY /FORCl /PXZZ rHCP r PXZ t P X 1  t P X 4 1 P Z X t P l X 4 r P l X 3 t H C P O t S l P t S 2 P r  

1NR fl t N4 BM t NTB t N TBM t NTD t NTD M 

lHC9 9 Q 1 X, Q2 X t  HC QZ 
1p 1 x  2 ,  P 1x 1 

1HCQ 9 3 1 X t  Q2Xt  HCOZ t Q Z 1 v  QZ2 tHCZ tZR3 tHCRL t ZR1 rZR2 P ZR4t  ZR51 HCZRI PX3 
2.P 1x2.  P l X l  

1paB(  1 5 l . P Q A 1 1 1 5 )  , P Q B 1 ( 1 5 )  t A Q T ( 2 1 )  t B Q T I 2 1 )  r C Q l  ( 2 l I , Z A 4 1 5 I , Z B  (15)s 
2ZC( 1 5 ) ,  AOZ ( 1 5 )  , C P Z ( l 5 I  t Z A R L ( l 5  1 t ZBRL415 I 

Q 21 t Q 22 ,HC Z 9 ZR3 rH C RL 9 ZR1 t ZRZ 9 ZR41 Z R5 t HCZR t PX31  

DJUBLE PRECIS ION PX22 t H C P t P X 2 r P X l , P X 4 , P 2 X t P l X 4 t P l X 3 ~ H C P Q t S 1 P t S 2 P f  

COMMON / F O R C 2 / A O ( 1 5 I  ,BO ( 1 5 )  pCO(15 I , A 1  O ( 5 l  r B l Q ( 5  1 rCl.015 ) t  POA( 1519  

DOUBLE P R E C I S I O N  AQtBQrCOt  A1 O t  B l  O t C l  Q t  PQAsPOBt P Q A l r  P Q B l t  

CDYYON /FOUTC/THETP(ZO) t X P ( 2 0 )  r R Q A ( 1 5 I  r R Q ( 5 )  r T H E l Z ( 2 0  I t  

DJUBLE PRECI  $ ION THETQ PXP tRQA r R Q t T H E T Z t X Z  . P i t  Y P t Y P l  
DATA P 1 2 / 1 . 5 7 0 7 q 6 3 2 0 /  
CDMHON IFORHA / R 1  v R 2  pRA2 r Y 1  r R 4 H  9PTtHCt  TCtHGvTGt PX 1 R 2  BrBY 19 P l L r  SUHAOr 

DO UBL E PREC I SI ON 
1SUYA I r Y 1  

DOUBLE P R E C I S I O N  B Y ~ ~ D R A ~ D X P I O P R ~ X ~ ~ T H E Z ~ O E L Z ~ X ~ ~ T H ~ E P ~  OR61 ETOS OQL, 
1t 1DR t P  12 rDZXp SUM1 rENTrDRA2 r A Y  r STAr X 1  ~RZORIENZ r D P l X 2  t X P R t  R 1 8 t  XOTpZX 

C 3 M M O Y n L B / U Q f 1 5 ) r U Z ( l 5 )  t C P ( 1 5 l  t U P ( 1 5 I  p C P l ( 5 )  t U P 1 ( 5 I r C Z ( 1 5  

DOUBLE P R E C I S I O N  U O v U Z t C P q U P t C P l  t U P l r C Z v U Z R  
C9MYDN /CLAB/ P X A t P X A P t P X A l  r P X A l P t  ZRAt ZRP 
DOUBLE 

14PTtBQ Tt CQ Tr ZA t ZB t ZC t A P Z  tCQZ t ZARLt  ZBRL 

1 XZ ( 2 Q ) t Q T  ( 2 0 I , Y P ( 2 0 1 t Y P l ( 5 )  

l S U M A I  
R 1 tR2  rRA2 rRAH 9 P T t  HC r TC t HGtTG PX 1R2 61 PT Lt S UHAOt 

1 U Z 7 ( 1 5 I  

PRECI SI ON PXAt  PXAPI PXA1 t P X A l P  vZRAt ZRP 
C 
C GRID CONSTANTS FOR REGIONS P 1 P l r C s O l  t Z L t Z R  
C 

R l B =  R2B - R Z  + R 1  
THEQ= D A T A N ( B Y l I ( R Z B + R A H )  I 
ENT = NRAM 
D9A = ( R 2 - R 1 ) / E N T  
ENT = NRBM 
DRB = RAH/EYT 
DRAL = ORA/2.0 
N X P l =  NXP-1 
ENT= N X P l  
DXP = PX lENT 
DO 7 I = l r N X P  

7 

20 a 

20 1 

2 

3 

5 

3 c  

3 2  
C 

hY=  1-1 
KP ( I = AY*DXP 
DO 2CO I = 1rNRA 
4 Y = I - 1  
YP( I )  = AY * DRA 
D!l 2 0 1  I = l r N R B  
4 Y = I - 1  
Y P l (  I )  = AY * DRB + Y P t N R A l  
V T Q l =  NTQ-1 
ENT= NTQ-1 
DTQ= THEQ/EMT 
DO 2 I = l r N T O  
A Y =  1-1 
TH€TO( I ) =  AYeOTQ 
n3 3 I=l,NRA 
AY= 1-1 
R Q A ( I ) =  R l B +  BY 9: ORA 

R 2 (  1) = RQA(NRA1 
92DR = R2B + DRflI2.O 

DD 5 1=2,NRB 
7 Q ( I I  = R O ( 1 - 1 )  t DRB 
THEZ= P I 2  + P T L  - THEQ 
N Z 1 =  N Z - 1  
ENZ= N Z 1  
n E L Z =  T H E Z R N Z  
D3 3 0  1 = 1 t N Z  
AY= 1-1  
THETL( I ) =  AY9:DELZ 
Z X =  R1-R1B 
V Z X l =  NZX-1  
FVZ= N Z X l  
DZX= ZX/ENZ 
03 32 I = l t N Z X  
A Y =  1-1 
XZ( I ) =  AY*DZX 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
1 2  
13 
1 4  
1 5  
1 6  
11 
1 8  
19 

2 1  
2 2  
23 
24 
2 5  
2 6  
2 1  

2 9  
30 
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 1  
3 8  
39 

4 1  
4 2  
4 3  
44 
4 5  
46 
4 1  
4 8  
49 
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 1  
5 8  
5 9  
6 0  
6 1  
6 2  
6 3  
64 
6 5  
66 
6 1  
6 0  
69 
10 
11 
1 2  
1 3  
1 4  
75 
16 
11 
1 8  
1 0  

20 

2 e  

4 0  

tw 
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C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

6 

5 5  

5 6  

90 

I T E R A T I O N  CONSTANTS FOR REGIONS P,P1 

P X l  = DXPIDRA 
P X 2  = DRA/DXP 
P l X l  = ORB/DXP 
P l X 2  = DXP/DRB 
?X22=  PX2/2.0 
HCP= HC*DXP 
PX3=  P X l + P X Z  
PX4= 2.0*PX3 

P l X 4 =  P lX1 /2 .0  
P2X= P l X l + P l X 2  
PXA = -PXL/PX4 
PXAP = P X 2 / P X 4  
P X A l  = - P l X Z / P l X 3  
P X A l P  = P l X l / P l X 3  

p i x  3= i. a* { P 1 x i + p  1 x2 ) 

CALL RCOL( PXA r C P  tUPtNRAM) 
CALL R C O L ~ P X A l t C P l t U P l  tNRBM) 

I T E R A T I O N  CONSTANTS FOR REGIONS QrQ1 

CALL C IRCOL( DRArDTQ tRQA t A Q f B Q r C Q  pUQINRA1 
HC?= H C * R l R * l T Q  
DQR= DTQ/DRB 
STA= D SIN{DTQ/Z.Ol 
X 2 =  DRB/(Z.D*STAI 
A l a (  1 ) = X2/ (  2 e O t R 2 B )  
B l Q (  1 = RZDR*DQR 
C l Q ( l ) =  X Z / R 2 B  + B l Q ( l l  
09 6 I = 2rNRB 
A 1 Q  ( I 1 = X 2 /R Q ( I 1 
A l Q f I  1 = B l Q ( 1 - 1 )  + DTQ 
C l a r  I ) =  2 . 4 * ( A l Q ( I  1 + R Q ( 1  )*DQR) 
? l X =  AQ(NRAI + BQtNRAM) 
3 2 X =  Z .O*A lQ( l )  + 8 1 Q ( l t  

I T E R A T I O N  CONSTANTS FOR REGION Z L  

CALL C IRCOL( DRA VDELZtRQA r Z A t  ZB t ZCrUZ t NRA) 
ZC(NRA )= ZA(VRA) + ZB(NRAM) 
ZA(NRA I =  ZA(NRA)/Z.O 
HCZ= HC*RlB*DELZ 

I T E R A T I O N  CONSTANTS FOR REGION ZR 

Z R 1 =  DRA/(Z.D*DZX) 
Z 9 2 =  DZX/ORA 
ZR3= 2.O*ZRl 
ZR4= Z R 3  + ZR2 
Z R 5 =  2.0*ZR4 
Z7A = -ZR2 /ZR5 
ZRP = ZR3/ZR5 

HCZR= HC*DZX 
CALL RCOL ( Z7A t CZ t UZR r NRAM) 

I T E X A T I O N  C3NSTANTS FOR BOUNDARY BETUEEN REG1 ONS Pp Q AND P l t  Q 1  

OD 5 5  I = l t N R A  
P ? A ( I )  = ( P X l + B Q ( I ) ) / Z . O  
P Q B t I I  = PX2+  A Q ( I )  t PX1+ RQA( I )+DTQ/DRA 
P q B ( 1 )  = 17x22 + A Q ( 1 )  t P Q A ( 1 )  
DO 56 I= l ,NRB 
P 3 A 1 (  I = I P l X 2  t B1Q ( 1 )  i l 2 . O  
PQB1( I )  = P l X l  + A l Q ( 1 )  + P l X 2  + KQ (I)* DTQIDRB 
X2 = DTQIZ.0 
X I  = R2B + RAH 
X 3  = X1-DRB12.0 
SUM1 = 4.0 
03 90 I =  2rh lTQ 
QT ( I )  = X l / ) C O S ( T H E T Q ( I )  1 
X3T = Q T ( I )  * D S I N ( T H E T Q ( I 1 )  - SUM1 
SUM1 = S U Y l  + XQT 
AQT( I )  = X 1  -X3*  DCOS(X2) 
ADT ( I )  = A ? T ( I ) / X Q T  
X2= X Z  + DTQ 
R?T f I )  = X 3  4 D T Q / (  Q T ( I )  - RQ(NRBM1) 
A?T (NTQ +I) =0.r! 
DO 9 1  I = Z t N T Q  

8 1  
8 2  
83 
84 
8 5  
86 
8 7  
8 8  
8 9  
90 
91  
92 
9 3  
94 
95 
96 
97 
9 8  
99 

100 
10 1 
102 
103 
104 
10 5 
106 
107 
10 8 
109 
110 
111 
112 
113 
114 
1 1 5  
116 
11 7 
118 
119 
120 
121 
122 
123 
124 
1 2 5  
126 
127 
1 2 8  
129 
130 
131 
132 
133 
134 
135 
136 
1 3 1  
138 
139 
140 
14 1 
142 
1 4 3  
144 
145 
146 
147 
1 4 8  
149 
150 
1 5 1  
152 
153 
1 5 4  
1 5 5  
156 
157 
1 5 8  
1 5 9  

33 



9 1  C ' J T ( 1 )  = A P T ( 1 )  + A Q T ( I + l )  + B Q T ( 1 )  
C Q T ( 1 )  = P 1 X 4  +PPAl (NRBMI  + AQT(2)  
Q T ( 1 )  = X 1  
B Q T ( N T 0 )  = BPT(NTP) /2 .0  

S 2 D  = P l X 4  + A 1 9 ( 1 )  + P Q A l ( 1 )  
S1P P X 2 2  + 4P lNRAl12 .0  + CQAfNRAH) 

HCPQ (HCP +HCQ)/2.0 
C 
C I T E R A T I O N  CJNSTANTS FOR BOUNDARY BETWEEN REGIONS P t Z L  

D3 92 I = l r N R A  
A P Z ( 1 )  = ( B Q I I )  + Z B ( I I ) / 2 . 0  

9 2  C ? Z ( I )  = A P ( 1 )  + Z 4 ( I )  + R P A ( I ) * ( D T P +  D E L Z ) I D R A  
C a Z ( 1 )  = A Q ( 1 )  + Z A ( 1 l  + A Q Z ( 1 )  

O Z l  = PQ(NRA1/2.0 + Z A t N R A )  + APZtNRAM) 
H C l Z  = (HCQ +HCZ)/Z.O 

QZ2 = A 1 8  (1) + R l Q ( 1 ) / 2 . 0  
C 
C I T E R A T I O N  C3NSTANTS FOR BOUNDARY BETWEEN REGIONS Z L t Z R  
C 

0 2 4  = DELZIDRA 
DD 3 3  I =  1 t N R A  
Z A 9 L  ( 1 )  = ( Z B I I )  + ZR2)/2.O 

33 ZBRL ( 1 )  = Z A f I )  + ZR4 + R Q A I I ) *  DQR 
Z B R C ( 1 )  = Z A R L ( 1 )  + Z A ( l )  +ZR1 
ZBRL(NRA1 = ZA(NRA)  + ZR1 + ZARLtNRAMl 
HCPL = ( H C Z  + HCZR)/2.0 
RETURN 
END 

SUBROUTINE RCDL (A t E L r  U tN l  
C 
C R J U T I N E  TO TRIANGULARIZE M A T R I X  EF COEFFICIENTS I N  RECT. REGIONS 
C 

D I M E N S  ION E L (  1 t U ( 1 )  
DJUBLE P R E C I S I O N  A t E L t U  
F L ( 2 I  = 1.0 
U ( 2 )  = A 
03 1 I = 39N 
E L ( I )  1.0 - A * U ( I - 1 )  

1 ! J ( I )  = A I E L ( 1 )  
RETURN 
EY D 

SUBRDUTINF C I R C O L  (DRA rDTA 7 RA r A A t  AB t AC ,ADIN) 
C 
C R J U T I N E  TO COMPUTE C O E F F I C I E N T S  AND TRIANGULARIZE MATRIX FOR 
C R A D I A L  REGIONS DF TUBE H A L L  
C 

D I Y E N S I O N  R 4 ( 1 )  , B A I L )  t A B ( 1 )  t A C l l ) t A D ( l l  
DDllBCE PRECIS ION RAvAAtAB rACrADtDRA2tDTAZ t S T A r D T D R A t X l r R 1 D R  

l r  D q 4 r  DTA 
DRA2 = DRAI2.0 
DTA2 = DTA/2.Q 
V 1  = N-1 
STA = D S I N ( 3 T A Z I  
DTDRA = DTA/DRA 
X 1  = DRAZISTA 
? l D R  = R A ( 1 )  + D4A2  

A B ( 1 )  = R l D R  * DTDRA 
A t (  1) = X I I q A ( 1 )  + AB (1) 

A A ( I I  = X l I R A ( 1 )  

A A ( 1 1  = X1/(2.Q * R A ( 1 ) )  

DO 1 I 2 r N  

P B ( 1 )  = A B ( [ - 1 )  + DTA 
1 A C ( I )  = 2.0 * ( 4 A ( I )  + R A ( 1 )  * DTDRA) 

A D ( 2 )  - A B ( 2 ) I A C ( 2 1  
D3 2 I = 3 9 ' 4 1  
A C ( 1 )  = A C ( 1 )  + A B ( I - 1 )  * AD( [ -1 )  

RFTURY 
EY D 

2 A D f I )  = - A B ( I l / A C ( I )  

1 6 0  
1 6 1  
162 
163 
1 6 4  
1 6 5  
166 
167 
1 6 8  
169 
170 
171 
172 
173 
1 7 4  
1 7 5  
176 
1 7 7  
1 7 8  
179 
180 
1 8 1  
182 
183 
184 
1 8 5  
186 
1 8 7  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
1 8  
19 
20 
21  
22 
23 
24 
2 5  
2 6  
27 
28 

34 



SUBRDUTINE t IRCOT(DRA X tDTA r R A l  r R A 1  X , A 1  A, A 1  e. A l C t  A 1  0,N) 
C 
C ROUTINE TO CDMPUTE C0EFFICIENT.S AND TRIANGULARIZE MATRIX FOR 
C ? A D I A L  R E G I J V S  OF CLADDING AND F I N  
C 

DIMEV S I D N  

D3 UBLE P R E C I  SI ON D RAX 9 R A l  VRAl  X * A L A  r A 1  8 9 A1C t A l  D v X l t  OTA 
V 1  = N - 1  
X 1  = 2.0 * >SIN(DTA/Z.O) 
A l A ( 1 )  = D R 4 X ( l I / ( X l  * R A l ( 1 ) )  
A l B ( 1 )  = R A l X ( 1 )  * D T A I ( R A l ( 2 )  - R A l ( 1 ) )  
A l C ( 1 )  = 2.0 * A l A ( 1 )  + A l B ( 1 J  

A l A ( 1 )  = D R A X ( I ) / ( X l  * R A l ( 1 ) )  
A l B ( 1 I  = R A l X ( 1 )  * D T A / ( R A l ( I + l )  - R A l ( I ) )  

A l D (  2 ) 

A l C ( I I  = A l S ( 1 )  + A l B ( 1 - 1 )  * A l D ( 1 - 1 1  

RFTURN 
EV D 

DR4X( 1) pJMAX(1) ,RA1 (1) q R A l X ( 1 )  .ALA( l ) r A l B ( l  ) ,A lC(  1 J s  
1A1D(  1 ) 

D3 1 I = 2 9 Y  

1 A l C ( I )  = 2.0 * A l A ( 1 )  + A l B ( 1 - 1 )  + A l B f I )  
=-A 18 ( 2 t /A  I C  (2 ) 

D3 2 I = 3,Nl 

2 AI .D( I )  = - A l S f I ) / A l C ( I )  

SUBROUTINE R I N T I  ( I R E A D )  
COYMON /FORAY/NRAp NRA M, NTA t N T A P t  N R A l  

C3YMON /FORGN/ N X P t N X P l r N T P t  N T Q l  ~ N Z t N Z l r N Z X t N Z X l  
C3YY3N/FORA/ A ( 1 5 ~ 2 5 )  r A l ( 3 5 t 2 5 )  ,B(15 ,15)  ~ B Z ( 2 0 r 1 5 ) r D ( l 5 r 1 5  I t  

N R A l  M t N R A l X  ,NRAlXMt 
1YP B t NR BM , NTB VN TBM NTD t NTD M 

1 D 1 ( 3 5 r 1 5 ) t T B A ( 2 5 )  t T A 1  ( 2 5 )  r T T A ( 2 5 )  t T B B ( 1 5 ) t T B 1 ( 1 5 1  c T B D ( 1 5 ) r  
2TD I (  1 5  ) t T D D (  15 )  

D3UBLE 
1TD I t  TDD 

l Z ?  

PREC I S I O N  A ,A1 9 B 981  tD pD1, TBA t T A I  r T T A t r  BBITB I t T B D t  

COMMON IFORC P (20 (15)  , p i  ( 2 0 ~ 5  t , at15 ,20 ) ,a i  (1 5 ,20 ) , ZL(  1 5 ~ 2 0  J ,  
( 2 0 1 1 5 )  t T P B ( 2 0 )  r T P 1  (20)  r T B Q ( 2 0 )  ,TQI (20) r T Z B ( 2 O )  ,TZBR(ZO) 

D3UBLE P R E C I  S I D N  P I P 1  , Q t P l  tZL,ZR,TPBtTPI ,TBP,TPI tTZBtTZBR 

I F  (IREAD.EQ.1) GD TO 600 

IREAD = 1 READ BCD CARDS CONTAINING U P S  FOR A L L  REGIONS 

D3UBLE P R E C I S I O N  B Z  

4ND TEMPS ON BOUNDARIES AND INTERFACES 

I M I T I A L  CONSTANT GUESS OF l Q 0 0  DEGREES FOR SAMPLE PROBLEM 

D3 1 I = 1,NTAP 
T B ~ (  I I = 1oon.o 

T T A (  I = 1ono.o 
T A I (  I )  = 10OO.l.l 

D3 2 J = l t N R A  
2 A ( J t I )  = .1802084 

03 1 J = 1,NRAlX 
1 A l (  J t  I )  -75271 

D3 4 J = l , N T 3  
DO 5 I z l r N R A  

D3 6 I = l , N R A l X  
5 El( I t J )  = A ( I t 1 )  

f D l ( I t J 1  = A l ( 1 1 1 )  
T B D ( J )  = T B A ( 1 )  

4 T D I ( J )  = T A I ( 1 I  
D3 7 J=l ,NTB 
D3 8 I= l ,NRA 

8 R( I t J )  = A ( 1  8 1 )  

DD 9 I = l t N R A l  
B Z  ( I ,  J 1 = 4.7233244 
T R R ( 1 )  = T D I ( 1 )  

9 TDD( I )  = T D I  (1) 
T B D ( J )  = T B A ( 1 )  

7 T R I f J )  = T A I ( 1 )  
D3 10 J=l.NYP 
DO 11 I=ZpNRA 

11 P ( J - 1 )  = A ( I v 1 )  

1 2  P l ( J t 1 I  = B Z ( I t 1 )  
DI1 1 2  I= l ,NRB 

T P B ( J )  = T B A ( 1 )  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14 
1 5  
16 
17 
1 8  
19 

2 1  
22 
23 

2a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
1 5  
1 6  
1 7  
18  
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
2 8  
29 
30 
3 1  
32 
3 3  
34 
35 
36 
37 
30 
39 
40 
4 1  
42 
4 3  
44 
45 
46 
47 
4 8  
49 
50 

35 



10  T P I I J I  = T A I ( 1 1  
DT) 13 J E l r N T Q  
D9 14 I z l v N R 4  

1 4  a ( I , J )  = A ( I t 1 I  
D3 1 5  I =  1rNRB 

1 5  a l (  I p J )  = B Z ( I  111 
T B a ( J I  = T B 4 ( 1 l  

1 3  T a I ( J )  = T A I ( 1 )  
D3 1 6  J = L t N Z  
03 17 I= l ,NRA 

1 7  Z L ( I , J )  = A ( I . 1  
1 6  T Z B ( J 1  = T B 4 ( 1 )  

n3 3.8 J = l * N Z X  
Di) 19 I = l t N R 4  

1 9  Z R (  JI I ) = A ( I  9 1  

1 8  TZBR(J  1 = T 3 4 ( 1  
GD TO ea1 

C 
C 9 EAD 
C 

6TO CALL 
CALL 
CALL 
C4LL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
C4LL  
CALL 
CALL 

I N I T I A L  GUESS FROM BCO CARDS 

CALL BCREAD 
CALL BCREAD 
CALL BCREAD 
CALL BCREAD 
C4LL  BCREAD 
CALL BCREAD 
CALL BCREAD 

RETURN 
EV D 

6 n 1  COVTINUE 

SUBROUTINE COMPA( I C O S )  
COYMD’4 /FDRA’4 /NRA 9 NRAM, NTA SNTAPt NRAl  r NRAl  MI NRAlX1NRAlXMv 

1 V R  6, NR BMI NTB r N TBM 9 NTD 
COYMON /FORA1 /DRB t H C A t A 1 X  r A 2 X  vA3XrA4X e 4 5 X t  A6X, H G A v H C O t  

1HC40p HGAD, HC3 tHCAB ,DL X vD2 X 903 X, AEr BE tDEX r DEY, EC ,DENAD* 

NTD M 

2DEYBZ 
03UBLE 

C31MOY/FORA2/4A(l5)r4B~l5l r A C ( 1 5 l  ~ A l A ( 3 5 1  , A l 8 ( 3 5 ) t A l C ( 3 5 l r  A D t l 5 l r  

PRECI S I O N  DRB 9YCAt A 1  X r A 2  X vA3XtA4,A5X r A 6 X  9 HGA~HCDI 
1HC4Dp HG4DrH33 s H t 4 B  ,DL X sD2X SD3XpAEs BE ,DEXrDEYt EC. DENAOt DENBZ 

l B D ( 1 5 ) r C D 1 1 5 ) t 4 1 3 ( 3 5 )  t B l O ( 3 5  l r C l D ( 3 5 l  r B A D ( 1 5 1  r C A D ( 1 5 ) r  
2814 D ( 3 5 ) r C  14 0 ( 3 5  I t BA( 1 5 I ,B B (1 5 1 , 8C ( 1 5  I t 8 1  A (23 I r 8 1  B ( 20 1 v B l C  ( 20 1 t 
3BRD( 1 5  ) t C B O (  1 5 )  r B l B O (  201 r C l B D  (201 v A P ( 1 5  1 t B P ( 1 5 )  ,ALP( 5 )  r B l P (  5 ) r  
4DLBX( 1 5 )  t D 2 B X f  1 5 )  

PRECI  SI ON 
l B A D t C 4 D ~ R L A O t ~ l A ~ , B A r B B t ~ C  ,BlA,BlBtBlC,BBD,CBDIBLBD,CLBDrC18D, 
2AP pBP , A l P t B l P  t D l B X t 0 2 B X  

1 
2 T D I ( 1 5 ) 1 T 0 0 ( 1 5 l  

lTHETR(  1 5 )  

1TD I ,  TOO 

D3UBL E 44 948 S A C  ,A1 A t  A 1  8, A l C  t AD, 8D.C D t  A l D r  6 1  I?, ClD,  

CIYYON/FORA/ A ( 1 5 r 2 5 )  t A l ( 3 5 9 2 5 1  r B ( 1 5 t 1 5 l  v B Z ( 2 0  1 1 5 )  ,D( 1 5 r 1 5 ) ~  
D l ( 3 5 9 1 5 1  r T B A ( 2 5 l  r T 4 I  (251 p T T A ( 2 5 I  v T B B ( 1 5  I , T B I ( 1 5 )  s T B D ( 1 5 I r  

C IYMON/FOUT4/THETA(25)  r R 4 ( 1 5 l  r R A l X ( 3 5 l  r R A 1 ( 3 5 ) , T H E T D ( 1 5 ) ,  

DOUBLE 

D3UBLE P R E C I S I O N  THET~,RP,RALXIRAL ,THETO*THETB 
DIYEVSION C 5 4 A ( 2 5 l * Z O Y 4 1 ( 2 5 l  rCONAI ( 2 5 ) r C D N A l I ( 2 5 l ,  

PRECI SION A v A l  , 6, B l  9 O , D l t l B 4  ,TA I  9TTAtT  BBITBI rTBD, 

5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
70 
7 1  
72 
7 3  
7 4  
7 5  
7 6  
77 
7 8  
7 9  
80 
8 1  
82 
8 3  
84 
8 5  
8 6  
87  
88  
8 9  
90 
9 1  
9 2  
93 
9 4  
9 5  
9 6  
9 7  
9 8  
99 

1 
2 
3 
4 
5 
6 
7 
8 
5 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17 
18 
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  

36 



1TB 1 l 2  5 1 t T T l ( 2  5 )  1 TA I1 ( 2  5)  9 T A I  2 ( 2 5  1 t T A I  3 (25 ) t CON881 1 5  ) 9 

2CJVB I (  1 5 1  t C J N B l I  ( 1 5 )  rCONBC ( 1 5 )  tCONBD( 1 5 )  t COND I (  1 5 )  t CDNDD 
3( 1 5  1 t C ON01 I 1 15 1 t X( 35) tF ( 3 5  ) 

1 T A I 2 r  T A I 3 t C 3 N B B t C O N B I  ~ C O N B l I ~ C O N B C t C C N B D t C O N D I ~  
2CJYODtCONDl I  t X t F  

127  ( 2 0 t 1 5 ) r T P B ( 2 0 )  r T P I ( 2 0 )  t T B Q ( 2 0 )  r T P I ( 2 D ) t T 2 8 ( 2 0 ) t T Z B R ( 2 0 )  

OOUBL E P R E C I  SION COAA tCQNA1 r C O N A I  t C O N A l I  T B l  t T T 1  t T  A I 1  t 

CJVMON /FORC/ P ( 2 0 t 1 5 )  s P 1 ( 2 0 t 5 ) t C ( 1 5 r Z O )  t 9 1 ( 1 5 r 2 D ) r Z L ( 1 5 r 2 0 ) r  

DJUBLE P R E C I S I O N  P t P l  t Q t Q l  ~ Z L I Z R I T P B ~ T P I  r T B P t  T Q I  r T Z B r T Z B R  
DATA P 1 2 / 1 . 5 7 0 7 9 6 3 2 6 8 /  
COVMDN /FORMA/Rl,R2 tRA2 t Y 1  r R A H t  PT  tHC t T C  r H G t T G t  PX t R 2 B t 8 Y  1gPTLtSUWAO. 

DOUBLE P R E C I S I O N  R l r R 2  r R 4 2  r R A H r P T r H C r T C r H G t T G  r P X t R 2 B t  PTLtSUMAOt  

COYMON 
DJUBLE P R E C I S I O N  WMESA t W M E G A l t W M E G D t W M E C D l ~ W M E G B t H M E G 8 1  
DJUBLE P R E C I S I O N  A 4 X t B Z t B 2  r H G A l  VHGADl t B I X t X l t  D T D t D E T t X 2 r 8 3 r X 3 r  P I 2  

COYMON /CLA/ U A ( 1 5 )  t U A 1 ( 3 5 ) t U O ( l 5 l  t U D l ( 3 5 )  t U B ( 1 5 ) r U B 1 1 2 0 )  
OJUBLE P R E C I S I O N  U A t U A 1 , U D p U D l r U B t U B l  
CD'lMOY / F O R A N N / N R A l l r N R A M l  r N R B C l  

1SUYA I 

l S U Y A I t Y l t B Y 1  
/FOR WA/kMEGA t WMEGAl t WMEGD t WMEGDl 9 WHEGB t WMEG 8 1  

l t  X 4 r X 5 t X b  

C 
C COMPUTE U'S ON REGION A 
C 

DJ 1 I = l t N R A  
1 A ( I t I . 1  = A ( I t 3 )  

03 2 I = l t N R A l X  
2 A l ( I t 1 )  = A l (1 .3 )  

T A I ( 1 )  = T A I ( 3 )  
T T A ( 1 )  = T T 4 1 3 )  
T B A ( 1 )  = T B a ( 3 )  
CALL C O N l ( T 3 A t T B 1 t N T A P t C O A A )  
CALL 
CALL C O N l ( T A I r T A I 1 t N T A P t C O N A I )  
CALL 
03 4 J = 2 r N T A  

CON2( TTA t T T l  t NTAP t C O N A l )  

CON2( TA I t  T A I  2 tNTAPrCONA1 I I 

J P  = J + l  
J 1  = J-1 
B I X  = HCA * ( T C  - T B A ( J )  + T B l ( J 1 )  
A ( 1 t J 1 =A 1 1 9  J I + WME G A* ( ( AB(  1 ) * 1 A (1 t J l  1 +A( 1 9 J P )  1 +AB ( 1 1 *A( 21 J 

T B A I J )  = T B A ( J )  - T B l ( J )  + A ( l r J ) / C O A A ( J )  

IF(J.EQ. 2 )  SUMAO = SUMAO/Z.O 
F ( 2 )  = A B ( 1 )  * A ( l t J )  + A A ( 2 ) * ( A ( 2 . J P l  + A I Z t J l l  I 
0) 5 I = 3 r N R A M l  

F ( Y R 4 M )  = ASINRAM) * A ( N R A t J 1  + AA(NRAH) * ( A ( N R A M t J P ) + A ( N R A M r J l ) )  
CALL 
03 20 I = 2 t N R A M  

+B I X  I /  
l l A C t l ) + H C A 1 3 3 A A (  J) )-A (1 t J) 1 

SUYAO = SUMAD + H t A  * l T C  - T B A ( J )  ) 

5 F ( I )  = A A I I )  * ( 4 ( I t J P ) +  A ( I t J 1 ) )  

C L I N E  ( 4 8  t A C t  UA tF 9 X t  NRAM) 

2 0  A ( I t J )  = A ( 1 . J )  + WMESA * ( X I I )  - A ( I t J ) )  
C 
C CJYPUTE U ' S  ON M A T E R I A L  I N T E R F A C E  BETWEEN REGOONS A AND A 1  
C 

IF(RZ.NE.RA2) GO TO 101 
H G A l  = HGA 
I F (  ICOS.EQ.1) HGA1: HGA * D C O S ( T H E T A ( J 1 ) )  

B I X =  H G A l  * ( T G - T A I I J )  + T A I l I J ) )  
A(VRAVJ)= A(NRA7JI  + WMEGA* ( (AA(NRA)* (A(NRAt  J1)+ A(NRA,JP))/Z.O 

T A I ( J ) =  T A I ( J 1  - T A I l ( J 1  + A ( N R A t J ) / C O N A I ( J )  

I F (  J.EQ.2) SUMAI= SUMAI 12.0 

1t 48tNRAM) t A ( N R A H t J )  + B I X ) / ( A l X  + H G A l / C O N A I ( J ) ) - A ( N R A t J  1 )  

SUMAI = SUHAI + H G A l  * ( T G - T A I l J ) )  

GO TO 4 
l P 1  DET = A l X I C J V A l I  ( J I t  A 2 X l C O N A I  ( J )  

B l = A A (  NR4)* (A I NRA 9 JP)  + A ( N R A *  J1) 1 /2.+AB (NRDM)*P( N R A H t J  ) + A l A (  l)* 

C 
' C  
C 

l ( A l l 1 ,  JP ) + A l ( l t J L )  ) + A 1 8 ( 1 ) * A l ( 2 t  J) 
82 = T A I 2 ( J )  - T 4 I l ( J I  
X 1  = [ -A2X f 8 2  + B l / C O N A l I ( J ) ) / D E T  
X 2  = ( 4 1 X  f 8 2  + B l I C O N A I ( J ) I / D E T  
A ( N 7 A t J )  = A ( V R A t J )  + WMEGA*( K l - A ( N R A t J ) )  
A L ( l t J 1  = A l ( l t J ) +  W M E G A l * ( X 2 - A l f l t J ) )  
T A I ( J )  = TAI'1J) + I A ( N R A r J ) / C O N A I I J )  + A l I l r  

1) + T 4 1 2 ( J ) ) ) / 2 . 0  

COYPUTE U'S ON REGION A 1  

F ( 2 )  = A l B ( l ) f A l ( l t J )  + A l A ( 2 )  * ( A l ( 2 t J P )  +A1 
D3 8 I = 3 t Y R A 1 1  

26 
27 
28 
29 
30 
3 1  
32 
33 
34 

,35 
36 
3 7  
38  
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
4 8  
49 
50 
5 1  
52 
53 
54 
55 
56 
5 7  
5 8  
59 
60 
61  
62 
6 3  
64 
65 
66 
6 7  
68 
69 
70 
7 1  
72 
73 
74 
7 5  
76 
77 
78 
79 
80 
8 1  

83 
e4 
85 
86 
87 
88 
89 

9 1  
92 
9 3  
94 
95 
96 
97 
98 
99 

100 
10 1 
10 2 
10 3 
104 

8 2  

90 
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8 F ( I )  A l A ( 1 )  * ( A l ( I i J P )  + A l ( I t J 1 ) )  10 5 
F( 1x4 1 X M  =41B ( NRAlXM) * 4 1  (NRA1 X rJ )  +ALA(  NRAl  X M ) * (  A l (  NRA lXMI  J P  1 + 106 

l A l ( N Z A l X Y , J L )  I 1 0 7  
CALL C L I N E ( A l B i A 1 C  ,UP1 I F i X I N R A l X M )  10 8 
03 2 1  I = 29NRAlXM 10 9 

2 1  A l ( 1 . J )  = A l ( I i J 1  i WMEGAL * ( X ( I )  - A l ( I I J ) I  110 
H G A l  = HGA 111 
I F ( I C 0 S  .EQ. 1) H G A l  = HGA * D C O S ( T H E T A ( J 1 ) )  1 1 2  
B I X  = h G A l *  ( T G  - T T A ( J I  + T T l ( J I 1  113 
A l (  Y Z P  1 x 1  J ) = A 1  ( N R A l  X I  J I+WMEGAl * (  ( A L A (  N R A l X ) * (  A l ( N R A l X 1  J1  ) + A l ( N R A l X  1 1 4  

1, J-J 1 )  + A l B (  N 7 P l X M ) * A l  ( N R A l  XM. J ) + B I  X I  / ( A l C (  N R A l X )  +HGAl /CONAl (  J 1 I -  1 1 5  
2A1t  NRA 1 x 9  J ) )  1 1 6  

T T A ( J )  = T T 4 l J l  - T T l ( J 1 + A l ~ N R A l X i J ) / C O N A l ~ J ~  1 1 7  
SUYAI = SUMAI + H G A l  * ( T G - T T A ( J ) I  1 1 8  
I F ( J * E Q .  2 )  SUMAI = SUMAI/Z.O 1 1 9  

4 CCJNTINUE 1 2 0  
C 1 2 1  
C CJMPUTE U'S 3N BOUNDARY BETWEEN REGIONS A AND 0 1 2 2  
C 1 2 3  

B I X  = K A D  * (TC - TBA(NTAPI  + T B l ( N T A P ) I  1 2 4  
A (  11 Y TAP ) =A ( 1 i N T 4 P )  + WMEGA* ( (AA (1 1 * A (  1 r NT A I  + AD( 1 ) * O (  I i 2 )+BAD( 1 I * 1 2 5  

LA ( 2 1  '4 TAP 1 + B I X I  / ( C A I  ( 1) + HCAD/COAA ( NTAP 1 )-A ( 1, NT AP 1 1 1 2 6  
TBA(NTAP 1 = TBA(NTAPI  - T B l ( N T A P 1  + A ( l i N T A P ) / C O A A ( N T A P )  1 2 7  
SUYAD = SUMA'J + HCAD * ( T C - T E A ( N T A P ) I  1 2 8  
D 3  70 1 ~ 2 i N R 4 M  1 2 9  
I1 = 1-1 130 

70 A (  I IVTAP) = A t 1  iNTAP)+WMEGA*( ( A A ( 1 )  * A ( I t N T A ) + A D (  I ) * D (  I t 2 ) + 8 A O (  I1  I *  13 1 
1 A (  11 i N T 4 P )  +BAD(I)*A(I*ltNTAP))/CAD(I) - A ( I i N T A P )  J 1 3 2  

IF(R2.EQ. R 4 2 )  GO TO 110 1 3 3  
D E 1  = C A D ( N 7 A 1 / C O N A l I ( N T A P I  + C l d O l l l / C O N A I ( N T A P )  1 3 4  
8 2  = A A I  NRA) * A  (NRA rNTA )/2.O+AD(NRA) *D( NRAIZ ) +  BPD( NRAM) *A(N RAMI NTAP 1 3 5  

1 3 6  
8 3  = T A I 2  (NTAP)  - T 4 I l ( N T A P I  137 
X 1  = { - C l A D ( l J  * 83 + 8 2 / C O N A l I ( N T A P ) )  / OET 1 3 8  
X2 = (CAO(NR4)  * 8 3  + B Z / C O N A I ( N T A P I I  / DET 1 3 9  
A ( N R 4 i N T A P )  A l N R A i N T A P I  + HMEGA * ( X l - A ( N R A i N T A P 1  t 1 4 0  
A l ( 1 I N T A P )  A l ( 1 r N T A P )  + WMEGAl * ( X 2 - A l 4 l i N T A P I l  141 
T A I ( N T A P )  = T A I f N T A P )  + ( A ( N R A i N T A P ) / C O N A I ( N T A P )  + A l ( 1 i N T A P )  1 4 2  

2 / C 3 N A l I ( N T A P )  - ( T A I l ( N T A P 1  i T A I Z ( N T A P ) I I /  2.0 1 4 3  
C 1 4 4  
C CDMPUTE U 'S  ON BOUNDARY BETWEEN REGIONS A 1  AN0 D l  1 4 5  
C 1 4 6  

DO 71 I = 2pNRAlXM 1 4 7  
I1 = 1-1 1 4 8  

71  A 1 (  I INTAP) =Al(IiNTAP)+WMEGAl*((AlA(I)*Al ( I i N T A I + A l D ( I I * D l (  1 i 2 ) +  14 9 
1 5 0  

HGADl  = HGAT) 1 5 1  
I F ( I C 0 S  .EQ. 1) HGADl = HGAO * DCOS(THETA(NTA1) 1 5 2  
B I X  = HGADl.4: (TG - T T A f N T A P I  + T T l ( N T A P ) I  1 5 3  
A 1( W 4 lXINTAP 1 = A 1  .( NR41 X, N T A P l  i WMEGAl*( ( A 1  A (  NRA lX  ) * A l (  NRAlX. NT A I  + 1 5 4  

l B l A D (  NRA l X M ) * A l  (NRAL XM iNTAP)  + B I  X I /  (HGADl /CONAl  (NTAP)  +C lAD(NRAlX  I I 1 5 5  
2- A 1 ( NR A 1  X I NTAP 1 1 1 5 6  

T T A t V T A P )  = TTAtNTAP)  - T T l ( N T A P )  + P l ( N R A l X i N T A P ) / C O N A l ( N T A P )  1 5 7  
SUYAI  = SUM4I+HGAD1 *( TG - T T A ( N T A P I  I 158 

C 1 5 9  
C C3MPUTE U ' S  ON REGION D 160 
C 16 1 

GO TO 2 0 1  1 6 2  
110 HGAD1 = HGAD 1 6 3  

I F (  I C O S * E Q * l I  HGADl = H Z 4 0  * OCOSlTHETA(NTA1 1 1 6 4  
B I X =  HGAOl * ( T G - T A I ( N T A P )  i T A I L ( N T A P 1 )  1 6 5  
A(NRA,NTAPI= A tNRAiNTAP)  i WMEGA * ( ( A A ( N R A ) * A f N R A i N T A I / 2 . 0  + 1 6 6  

l A D ( N R 4 )  * D ( Y R A t 2 )  + B A D ( N R l M ) * A ( N R A M t N T A P I + B I X I / ( C A O ( N R A )  1 6 7  
2 + H G A D l / C O N 4 I ( N T A P ) l  - A(NRAvN1API I 1 6 8  

T A I ( N T A P ) =  T A I  INTAP) - T A I 1 1 N T A P )  + D ( N R A i N T A P l / C O N A I ( N T A P I  1 6 9  
SUYAI = SUHAI + HGADl * l T G - T A I 1 N T A P l 1  170 

2 n l  DD 1 9 0  I = l * N R A  1 7 1  
190 D ( 1 1 1 1  = A ( I i N T A P 1  1 7 2  

D3 191 I = l , Y R A l X  1 7 3  
191 D1(  I i  1) = A l ( 1 i N T A P )  1 7 4  

C 4 L L  CON 1( TB 5 I T8 1 I NTD t CON8D I 1 7 5  
CPLL CONI (  TI119 T A I l  INTDICONDI ) 176 
C4LL CON 2( T3 I t T A I 2  INTO iCONDl  I 1 1 7 7  
03 1 1 2  J=2*YTDM 1 7 8  
J 1  = J -1 1 7 9  
J P = J + l  1 8 0  
B I X  = K O * l T C - T 8 3 ( J I + T B l ( J ) I  1 8 1  
D( 1 i J I = O (  I t  J) +WMEGD* ( (AD 11 ) * ( D f  1 i J P I  + D l  1 i J l  1 1 +ED( 1) * 1 8 2  

1) +A 1 A l  I )+A l( 1 i NTA 1 + A l D  (1 1 * D l  (1 12 )+ B l  AD(1 )  * A 1  ( 2 i NTAPI  

1R 1 AD( I 1 ) * A 1  ( I 1 i NTAP 1 + B l  AD I I 1 * A 1  ( I +1* NTAP) 1 I C 1  ADI I ) - A l (  11 NT AP 1 ) 
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1D( 29 J ) +B I X  I l l  L D  ( 1 1  +HCD /CONBD ( J) ) -D I1 v J) I 
T 6 D ( J )  = T B J ( J )  - T B l I J )  + D I l r J J / C @ N B D ( J )  
SUYAO = SUMAD + HCD * (  TC -TED( J) ) 
F ( 2 )  = B D ( 1 )  * D ( l r J )  + A D ( 2 1  * ( D ( 2 r J P J  + D ( 2 , J 1 ) 1  
DJ 1 1 3  I = 3 t N R A M l  

F(NRAY ) = BD(NRAM) *D(NRArJ )  + ADINRAM) * (D(NRAM'JP l  + D ( N R A M s J l l )  
CALL C L I N E ( B D s C D r U D r F r X r N R A M )  
03 2 6  I 2tNRAM 

1 1 3  F ( I 1  = A D ( I )  * ( D ( 1 p J P )  + D ( I s J 1 ) )  

2 6  D ( 1 . J )  -i D ( 1 . J )  + WMEGD*(X( I )  - D ( I r J ) )  
C 
C CJMPUTE U'S DN MATERIAL  INTERFACE BETWEEN REGOCNS D AND D 1  
C 

IF(RZ.NE.KA2) GO TO 2 0 3  
HGADl  = A6X 
I F ( I C 0 S  .EQ. 1 1  HGADl = A 6 X  * DCOS(THETD(J )  i T H E T I ( N T A ) )  
B I X =  H G A D l  * I T G -  TDI ( J )  + T A 1 1 t J t l  
D( VRAr J 1 

2D(NRAr J )  1 

= D(NRA t J l  +WMEGD* ( (AD ( NRA1 * ( D ( N R A r J l  J+D( NRA, J P )  
1) + RT)(NRAM) * D(NRAM,JI  + B I X ) / ( A 5 X  + H G A D l l C O N D I ( J ) )  - 
T D I t J )  = T D I I J )  - T A I l ( J J  + D ( N R A r J l / C O N D I ( J )  
SUYAI=  SUMAI + HGADl  * ( T G - T D I ( J I I  
GO TO 1 1 2  

2 0 3  DET = A 5 X / C ) Y D l I ( J )  + A 6 X / C O N D I ( J )  

1 8 3  
1 8 4  
1 8 5  
1 8 6  
1 8 7  
1 8 8  
185 
190 
1s 1 
1 9 2  
193 
1 9 4  
195 
1 9 6  
197 
1 9 8  
199 
2 0 0  
2 0  1 
2 0 2  
20 3 
264 
20 5 
2 0  6 

B l = A D (  NRA)*(  D(  NRA pJPJ+D(NRA, J1) 1 +BD(NRAMl *D(NRAMr J )  + A L D ( 1 )  *( D1( 11 20 7 
208 

6 2  = T A I 2 ( J )  - T A I l ( J I  2 0  9 
1JP  1 +D 1 ( 1 r J 1 ) 1 + B l D  ( 1) *3  1 ( 2  r J) 

X 1  = ( -  8 2  * A 6 X  + B l / C O Y D l I ( J ) l / D E T  2 1 0  
X 2  = ( 8 2  * 4 5 X  + B l / C O N D I ( J ) ) / D E T  2 1 1  
D(  '494 9 J j = D( V R A  J 1 +WMEGD* ( X l - D f  NRA r J I 1 212 
D l f l r J )  = D l l l r J l  + WMEGDl * ( X 2  - D l ( l r J 1 )  2 1 3  
T D I ( J )  = T D I ( J )  i ( D ( N R A ' J I / C O N D I ( J I  + D l ( l t J ) I C O N D l I ( J )  - 214 

1 ( T A I l f J )  + T A I 2 ( J ) ) ) / 2 . 0  2 1 5  
C 2 1 6  
C CJYPUTE U ' S  ON REGION D l  2 1 7  
C 2 1 8  

K = N R A l X  - J 2 1 9  
K l  = K - 1  2 2 0  
F ( 2 )  = B l D ( l I * D l ( l , J )  + A l D ( 2 )  * ( D 1 ( 2 r J P J  + D 1 ( 2 1 J 1 1 )  2 2 1  
D3 114 I = 3 r K l  2 2 2  

1 1 4  F ( I )  = A l D ( 1 )  * ( D l ( I r J P 1  + D l ( I ' J 1 ) )  2 2 3  
F( < 1 = BLOCK ) + D L ( K + l o  J 1 + A l D (  K) * ( D l  (Kr J P )  + D l ( K t J l  ) I 224 
CALL C L I N E ( B l D v C l D v U D 1  rF r X r K )  2 2 5  
D3 2 3  I = 2 r K  226 

2 3  D l I I r J )  = D l ( I t J )  + WMEGDl* ( X ( I )  - D 1 I I s J ) l  2 2 7  
K=K+1  2 2 8  
D L ( K r J I = D l I K r J ) + W M E G D l * ( ( A l D I K ) * D l  ( K , J - 1 ) + 6 1 D ( K - l ) * D l ( K - l r J ~  ) / ( A l D  2 2 9  

2 30 
1 1 2  CONTINUE 2 3 1  

c 23 2 
C CJMPUTE U ' S  ON BOUND4RY BETWEEN REGIONS D AND B 233 
C 2 3 4  

B I X  HCAB * (TC - TBD(NTD) + T 8 1 ( N T D l l  2 3 5  
D(  19'4 TD ) =9 ( 1 v NTD 9 +WME:D* ( (AD (1 1 * D ( l  r NTDMI +BA( 1 )*E( 1.2) +BBD( 1 )* 2 3 6  

l D l 2 t V T D  1 + B T X ) / ( C B ) ( l )  + HCAB/CONBD(NTD ) t - D ( l r N T D  ) J  2 3 7  

SUYAO = SUM40 i HCAB*(TC -TBD(NTDI )  239 
DJ  170 I = 2rNRAY 2 4 0  

2 4 1  
2 4 2  

T D D I 1 )  = T D I I N T D )  24 3 
C 2 4 4  
t CJYPUTE U AT  MATERIAL INTERFACE POINT BETWEEN REGIONS D r D l r 8 l  2 4  5 
C 2 4 6  

CALL CON3( TDDt  T A I 3 t N R A l  r CONBC) 2 4  7 
IF(RZ.NE.RA2) GO TO 2 0 4  2 4 8  
X3 = CI IX+D2X/CONDI(NTD) 2 4 9  
H G 4 D l  = D3X + D l E i X ( l ) / C O N B C I l )  2 5 0  
DET = XZlICONBC(1) +H:ADl/CONDI (NTD)  2 5 1  
8 I X =  D2X * ( T G  - T D I ( N T D )  + T A I l f N T D I )  2 5 2  
83 = D l R X ( l l * ( T G  - T l I ( N T D )  + T A I 3 ( 1 ) )  2 5 3  
6 1  = AD(NRA1 * D(NRA1NTDM) + B A ( h 4 A )  * 6 I N R A s 2 )  + EBD(NRAM) * 2 5 4  

lD (N?4M,NTD)+BIX  + B l A ( 1 )  * B Z ( 1 1 2 )  + B l B ( l ) * B Z ~ 2 1 1 ) / 2 . 0  + 63 2 5 5  
6 2  = T A I 3 ( 1 l  - T P I l ( N T D )  2 5 6  
X 1  = ( B l / C O N 6 t ( l )  -82  *HGADl ) /DET 2 5 7  
X2  = ( 5 2  *X3  + B l / C f l N D I ( N T D ) ) / D E T  2 5 8  
D ( V R A t N T D ) =  D(NRArNTD1 + WMEGD* ( X l - D I N R A ' N T D ) )  2 5 9  
6 Z ( l r l ) =  B Z ( l r 1 )  + WMEGBl * ( X 2  - B Z ( l r l 1 )  26Q 
T D l ( N T 3 )  = T D I  (NTD)  +(D(NRA,NTD) /CONDI (NTDI  + B Z ( l v l I / C O N B C ( l I  2 6 1  

1( < )+I3 LO( K - l l  I - D l t K ,  J) ) 

TBD(NTD)  = TBDtNTD)  - T B l ( N T D 1  + D ( l r N T D ) / C O N B D ( N T O )  2 3 8  

170 D1 I t  NTD 1 = D ( I rNTD I+HMEGD* ( ( A D  ( I I*O( I tNTDM)+B A (  I l * B (  11 2 )  +BED( 1-1 )* 
1D( I - l , N T D ) + 3 B D ( I  ) + D ( I + l ' N T D ) I  /CEDI  I l - D ( I r N T D )  1 
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1 - ( T A I l ( N T 3 )  + T A I 3 ( 1 ) ) ) / 2 . 0  
SUYAI  = SUM41 + ( D 2 X  + D l B X l l l l * ( l G  - T D I ( N T D ) )  

B I X =  D I B X ( I 1 *  (TG + T A 1 3 t I )  - T D D I I I I  
D'3 205 I=2 ,YRAlM 

B Z ( I t l ) =  B Z ( I t 1 )  + WMEGBl * ( ( B l A t I )  * BZfItZ) + ( 8 1 B ( I - l l * B Z I I - l ~  
11) + 8 1 B ( I ) * B Z ( I + l t 1 ) ) / 2 . D  + B I X ) / ( D Z B X ( I I  + D l B X ( I ) / C O N B C ( I ) I - B Z I  
2 1 , l )  1 

T D D ( I ) =  l D D ( 1 )  - T A I 3 ( I I  + B Z ( I t l ) / C O N B C ( I l  

R I X =  D I B X ( N R I 1 )  * (TG + T A I 3 f N R A l )  - T D O ( N R A 1 ) I  
B Z I V ? A 1 ~ 1 1 =  B Z ( N R A 1 r l I  + WMEGBl * ( ( 8 L B 1 N R A l Y ) * B Z ( N R A l n . L ) / Z . D  + 

TDD(VRA1 T D D l N R A l  1- T A I 3 t N R A l  I + BZ(NRA1 r l l / t O N B C l N R A l )  

03 206 I S l r N R A  

205  S U Y A I =  SUMAI + D L S X I I I  * ( T G - T D D ( I ) )  

1B I X  I / (  516( NRA 1M) 12.0 + D l B X ( N R A 1  )/CONBC( N R A l )  l -BZ(  N R A l t  1) I 

SUYAI  = SUM41 + D l B X I N R A 1  ) * ( T G - T D D ( N R A l ) )  

206 B (  I t l ) =  O t I r N T D )  
GJ TO 207 

2 0 4  DET=D3X/ (CONDI  (NTD )*CONDL I I N T D )  ) + ( D l  X / C O N D l I  I NTO)+DZX/COND I (  N T D )  I /  
lCJVRC(  1) 

B 1  =AD( NRA 1 *D ( NRA , NTDM) + BBD (NRAH) *D( NRAMr NTD 1 +BAl  NRA) *B( NRAt 2 ) 
l + A l D (  1 )* DlIl~NTDM~+BlD(l)+D1(2sNTD)/2.3 + B l A l 1 ) * B Z ~ l r Z ~ + B l B l 1 l * B  
22 I 2 1  1) 12.0 

6 2 =  T A I Z ( N T D ) - T A I l l N T D I  
6 3  = T A I 3 ( 1 )  - T $ I l ( N T D I  
X l =  ( -83  * > 3 X / C O N D l I  ( N T D l + I B l / C C N D l I  (NTD)-BZ*DZXI/CONBC( 1 1 )  

X 2 =  1 D3X*( 8 2 - 8 3 )  / C O N D I  l N T D l +  ( D l X * B 2  + B l l C O N D I  (NTD 1 ) /  CONBC4 1) t 

X 3  = ( -  IDZX*  B Z - B l / C O N D l I ( N T D )  ) /CONDI  ( N T D I  + 8 3 * ( 0 1 X / C O N D l I  

D(YRA,NTO)= D I N R A t N T D I  + WMEGD* ( X l - D ( N R A r N T D l )  
D l ( l r N T D 1  = 3 1 ( 1 r N T D )  + WHEGDl* IXZ-  D l l l r N T D )  1 
B Z ( l t 1 )  = R Z ( l t l ) +  WMEGBl* IX3-  B Z ( t t 1 ) )  
TD I ( V TO ) = 

l / D E T  

I/ DET 

l ( \ I T D I  + D 2 X / 2 O N D I ( N T D l  I l / D E T  

TD I ( NT3 I +I 3 (NRA tNTD1 I C  ONDI ( NTD) + D l t l t  NT Dl1 CON01 I (  N T D )  
I+ B Z ( l r I . ) / C J N B C ( l ) - '  ( T A I l ( N T 0 )  + T A I Z ( N T D l +  T A I 3 I l ) l ) / 3 . 0  

T D D ( 1  ) = T31  (NTD)  
DO 90 I =l,NRA 

90 R ( I t 1 )  = D ( I s N T D 1  
C 
C CJMPUTE U ' S  ON MATERIAL INTERFACE BETWEEN REGOCNS 0 1  AND Bl 
C 

C A L L  CON2 ( T D D t  T A I Z t N R A l  9CONDD) 
0 3  209 I 22,NRAl 
I1 = 1-1 
DET = D l B X I I I / C O N B C ( I )  + D Z B X ( I I / C O N D D ( I l  
x 3 =  1.0 
IF ( I . E Q .  NRA1)  X3=0.0 
6 1  = A l D ( I )  * D l ( 1 r N T D M )  + B l D I I l  ) *  D l 1 1 1  sNTD)/2.0 + B l B ( I 1  I *  

1 6 2  ( I 1  ,1) /2 .0 + X 3 * ( B l D ( I  ) * D l ( I + l r N T D ) / Z . O +  B l A l I ! *  B Z ( I t 2 l  + 
2 B l B (  I ) * B Z ( I + 1 , 1 ) / 2 . 0 I  

6 2  = T A I 3 1 I l  - T I I Z t I )  
X 1  = (-BL*D28X(I) + B l / C O N B C l I I ) / D E T  
X2=  ( B Z *  DLBX ( I ) +  B l / C D N D D ( I ) ) / D E T  
Dl ( I t N TD ) = D l  ( I t NTD ) + WHESD1*( X1  -01 I I r NTD 1 
R Z l I t l )  = B Z  ( I d ) +  WMEGBl* 1x2- B Z l I t 1 ) l  

2nO TDD( I )  = T D D ( I t  + ( D l ( I t N T D t / C O N D D ( I ) +  B Z (  
1(I) + 1 4 I 3 ( 1 1 ) 1 / 2 . 0  

C 
C CgMPUTE U'S ON REGION B 

2 0 7  C 4 L L  C O N l (  TRB ,TB l *NTS tCONBB1 
CALL 
CALL 
D3 12 J=ZrNTBM 
J P = J + l  
J l  = J -1 
B I X  = H C B * ( T : - T R B ( J ) * T B l ( J ) )  

CON31 T B I  r T A I 2  rNTB t C O N B l I  ) 
CONL( T B I  r T A I L  rNTB rCONBI 1 

r l  ) / CONBCt I 1- I T  A I 2  

262 
2 6 3  
264 
2 6 5  
2 6 6  
267 
2 6 8  
2 6 5  
27 0 
2 7 1  
27 2 
2 7 3  
214 
2 1 5  
276 
2 7 7  
2 7 8  
2 1 9  
280 
2 8 1  
2 8 2  
2 8 3  
2 8 4  
285 
2 8 6  
2 8 1  
288 
2 8 9  
2 9 0  
291 
2 9 2  
293 
294 
2 9 5  
2 9 6  
2 9 1  
2 9 8  
2 9 9  
300 
30 1 
30 2 
30 3 
304 
30 5 
306 
3 0 1  
30 8 
3 0 9  
3 1 0  
31 1 
3 1 2  
3 1 3  
3 1 4  
3 1 5  
3 1 6  
31  7 
3 1 8  
319 
3 20 
3 2 1  
3 2 2  
3 2 3  
3 2 4  
325 
326 
3 2 1  
32 8 
3 2 9  
3 3 0  
3 3 1  
3 3 2  
3 3 3  
3 3 4  
3 3 5  
33 6 
3 3 1  
3 3 8  
3 3 9  

40 



C 

C 
C 
C 

C 
C 
C 

C3YPUTE I J 'S  ON MATERIAL INTERFACE BETWEEN REGIONS 8 AND 81 
DET = A 3 X I C 3 N B l I  ( J 1  + A 4 X I C O Y B I  ( J )  
B l = B A (  N R A l * f B  (NRA r J P ) + B ( N R A v  J l )  ) +BB(NRAM)*B(NRAC, J ) + B l A ( l )  *( BZ ( l r  

1J' 1 +3 Z ( 1 9  J l )  ) + E l 5  (1) *B Z ( 2  t J) 
B 2  = T A I 2 ( J )  - T A I l ( J 1  
X l  = ( -  62 4 A4X + B l / C O Y B l I ( J ) ) / D E T  
X 2  = ( 8 2  * 4 3 X  + B L / C O N B I ( J $ ) / D E T  
R (  V?A t J 1 = 
B Z ( 1 r J )  = B Z ( 1 . J )  + HMEGBI * ( X 2  - B Z ( 1 r J ) )  
T B I ( J I  = T B I ( J )  + ( B ( N R A r J I / C O N B I ( J )  + B Z ( l , J l / C O N B l I ( J )  - 

B (  YRA 9 J) +UMEGB* (Xl -B(NRA v J) 1 

1 ( T A I l ( J )  + T A 1 2 r J ) ) ) / 2 . 0  

C3MPUTE U ' S  ON REGION B 1  

K = NRA1-J 
K 1  = K - 1  

340 
34 1 
3 4 2  
343 
344 
345 
346 
341 
34 8 
349 
350 
351 
352 
353 
354 
3 5 5  
356 
3 5 7  

359 
360 
361 
362 
363 
3 6 4  

3 5 8  

B Z ( K r J  I = B Z ( K r J ) +  HMESAl*( ( B l A I K I * B Z ( K v J l  I + B l B I K L  1 * 8 Z ( K 1  r J I )  365 
I/ ( B 1 4 1 K )  + 3 1 B f K l  ) ) - B Z ( K , J J )  3 6 6  

1 2  C3NTINUE 361  
368 

C3MPUTE U ' S  ON BOUNOIRY BETWEEN REGIONS B AND P 365 
3 70 

B I X  = EC*(TC-TBB(NTBI + T B l f N T B l l  37 1 
R 1  1 t Y T B )  = 3 ( 1 r N T 3  t WME;B* ( (BA (1 1 * B ( 1  r NTBM) + BE*P(Zs 1 ) / 2  e 0  372 

1+ A P ( l t *  B ( 2 r N T B )  + B I X ) / ( B P ( l )  + EC/CONBB(NTB))  - B ( 1 , N T B ) I  3 1 3  
P ( 1 . 1 )  B ( 1 r N T B )  374 
TBB( N T R )  = TBB (NTB 1-TB 1 ( N T B ) t B  (1 r N T B I  /CONBB(NTB 1 315 
SUYAD = SUM43 + EC * (TC - T B B ( N T B I )  376 
D3 4P 1=ZvNR4M 3 1  7 
I1 = 1-1 318 
B (  I r Y T B J  = B ( I  ,NTB)+WMEGB*( (BA( I ) *B l I  rNTBM)+BE*P12r  I ) +  315 

1 4 P l  I 1  ) * E (  I1 r NTB)  t AP ( I  1 * B ( 1 + 1  r NTB) / B P (  1 ) -  B (  I INTB) 3 BO 
4 C  P ( 1 , I )  = B ( I t N T 6 )  3 8 1  

DET = D E X / C O N B l I t N T B )  + DEY/CDNBI (NTB)  382 
B I Z  B A I N R A )  * RINRA,NTBM)+ BE*P(2rNRAI lZ.O + AP(NRAMl* 3 8 3  

3 8 4  
8 2  = T A I Z ( N T 3 ) - T P I l ( N T B )  3 8 5  
X 1  = (-B2*DEY + B l l C O N B l I  ( N T B I  1 /DET 3 8 6  
X2 = (B2*DEX + B l / C O N B I ( N T B I ) / D E T  387 
R ( V R & t  NTB)  = B ( NRAtNTB I+WMEGB*(Xl-B( NRAtNTB)  ! 3 8 8  
B 7 f l t N T B )  = B Z ( 1 r N T B )  + WMEGBl * (XZ-BZ( l rNTB) l  389 
P (  1,VRA) = 3(NRA,NTBI 390 
P 1 ( 1 , 1 )  = B Z ( 1 r N T B )  391 
TB I ( YTB 1 = TB I (NTB 1 * ( B (NRA ,NTBt /CONE1 NTB 1 + 8 2  ( l r N T 8 )  /CONE 1 I( 392 

I V T B )  - ( T A I l ( V T B )  + T A I Z ( N T B ) ) ) / 2 . 0  3 9 3  
394 

C3YPUTE U'S ON BOUNDARY BETWEEN REGIONS 81 AND P 1  3 9 5  
396 

D3 41 I=2,NRBM 391  
I1  = 1-1 3 9 8  
BZ ( I ,N TB ) =  B 2 ( I r NTB ) +  WYEGBl* ( ( 6 1  A( I )  *BZ ( I  r N T B C )  + DENBZ*Pl( 2r I ) +  399 

l A l P (  I1 ) * B Z ( I l  rNTB)+AlP(I)+BZ(I+l,NTB))/81P( 11- B Z ( I r N T B 1  1 400 
4 1  P l ( l * I J =  BZ(1,NTB) 40 1 

B Z (  '43 B ,NTB ) = B Z  (NRB VNTB I *  HHEGBl*d(  81 A(NRB) *BL ( NRBI NTBM) +OENBZ 40 2 
40 3 

P 1 (  l v N R B ) =  SZ(NRBrNTB1 404 
RETIJRY 405 
EV 0 406 

18 (,V9 AY t N  TB ) + B 1 A  ( 1) $8 Z (1 r NTB M) +DE NB Z * P 1 ( 2  9 1  ) / 2 .O+ Alp ( 1 ) *BZ ( 2r NT B ) 

11P 1 ( 2 r NRB ) I 2 . 0  + A 1 P (  NRB '4) *BZ ( NRBM s NTBJ ) / B l P (  NRBI-BZ ( NRBr N T B  1 1 

SURRDUTINE ZOMPR 
COMMON /FOKAY/NRAr NRA M, NTA r NTAPv N R A l  s N R A l  M t  NRAlX  r N R A l X H r  

C3YYON /FORCN/ N X P t N X P l  pNTQr N T Q l  r N Z s N Z 1  r N Z X v N Z X 1  
C3YM3N /FOR3 I P ( 2 0  9 1 5 )  f P l ( 2 O 9 5  s Q ( 1 5  r 2 0 )  r Q l ( 1 5 r 2 0 )  r Z L (  15r20)r  

l N R B r  NRBY, NTB r N  TBMr NTD r NTDM 

41 



_ _  - . - . . - . - - . - - . - . ~- - 
03UB; E .  PREC I SION P 9 P1,Q. Q l  ,Z L t  ZR t T  PB t T  P I  t TBQt T P I  sT Z Bt T Z  BR 
COYMON l F O R C l  /P X22 t HCP t PX2 t P X 1  t PX4 t PZ X t P1 X 4  r P 1  X 3  t HC PQt  S 1 P t S  2 P t  

1HC2 99 1 Xt QZX, HCQZ Q Z l  9 Q 22 tHCZ t LR3 rHC RL t ZR1 t ZR2 t ZR41 Z R5, HCZR t PX 3 9  

l P l X 2 , P  1 x 1  

1HC '2 9 3 1 XI Q 2 X t  HC P Z 9 Q 21 t Q 22 1 YC 2 p ZR3 rH CRL 9 ZH1 t Z R 2  t ZR41Z R5 P HCZ R t  PX 3 
2 t P l X 2 ,  P l X l  

1 P 2 8 (  1 5 )  t P Q A l (  1 5 )  p P Q B l ( 1 5 )  r A Q T ( Z 1  ) t B Q T ( 2 1  I ,COT ( 2 1 )  t ZA( 1 5  ) t Z  B ( 1 5 ) s  
2 Z C ( L 5 l t  AQZ ( 1 5 ) t C Q Z ( 1 5 )  r Z A R L ( 1 5 ) f Z B R L ( 1 5 )  

1AQTtBQTtCQTt  Z A t  ZB 

D3UBLE PRECI  S I O N  PX22 tHC P 9 PX2 P X l t  PX4 9 P2 X v P l K 4  t P l X 3 t H C P Q t S  1 P t  S 2 P 1  

C 3 M M O N I F O R C Z / A Q ~ l 5 )  t B Q ( 1 5 )  r C P ( 1 5 )  r A l Q ( 5 )  , B l Q ( 5 1  t C l Q ( 5  ) r P Q A (  1 5 ) s  

DJUBL E P R E C I S I O N  AQ73Q t C Q v A l Q t B l O t C 1  Q*PQArPQBt  P Q A l  t P Q B l r  
ZC , 4 8 2  t C Q Z t  ZARLt  ZBRL 

C3YMON /FOUTC/THETP(ZQ) t X P ( 2 0 )  t R Q A l 1 5 )  t R P ( 5 )  t T H E T Z ( 2 0  I t  

DI)UBL E P R E C I  SI ON THETQ 9 XP 
D IWEY S I O N  

l C 3 Y Q I  201 r C O V P I  120) t C O N Q l I  ( 2 0 )  t C O N Z ( 2 0 )  rCONZR( 2 0 )  t X (  1 5 ) t  F ( 1 5 )  
OLlUBLE P R E C I S I O N  T B l t T A I l  t T A I Z t C O N P t C O N P 1  ,CONPl I tCONQt C O N P I t  

COMMOY /FORM4 / R l r R 2 * R A 2  t Y 1 ,  RAH 9 P T t H C t  T C t H G t T G t  PX r R 2 B t d Y  1, PTLI SUMAOt 

03UBLE P R E C I S I O N  R l t R Z  tRA2 r R A H t P T t H C  ,TC,HGtTGtPXtR2Bp PTLtSUMAOt 

COMMON/FORhC/ WMEGPtWMEGPl tWMEGQtWMEGQ1 
03UBLE P R E C I S I O N  WME;PtWMEGPl rWMEGQtWMEGQ1 
D3UBLE P R E C I S I O N  
COMYON K L B / U 3 (  1 5 1  r U Z ( 1 5 1  t C P ( 1 5 )  t U P ( 1 5 )  r C P l ( 5 )  p U P l (  5 l , C Z (  15 I t  

i x z  ( Z O ) . Q T  ~ z o ) ~ Y P ( z o ) , Y P ~ ( ~ )  
RQA t RQ t T H E T Z  t XZ t QT 9 Y P t Y P 1  

T3 1 t 2 0 )  t T A I l ( 2 0 )  r T A I 2  (20 1 tCONP(20  1 t CONPI ( 2D C O N P l I (  2 O l t  

i c m a i  I ,CON z, CONZR , X,F 

lSUMA I 

1 S U Y A I t  Y1,BYl 

R2 TOE T t  X 1  t a1 X t B 1  t XZ t X4 r X  5 

lUZR ( 1 5  ) 
D'JUBLE P R E C I S I O N  UQ,UZtCPtUP*CP l  .UP1 t C Z t U Z R  
CJYMJN 
D3UBLE P R E C I S I O N  PXAVPXAPt P X A l  t P X A l  PI ZRAt  ZRP 
COWM3N /FOR4NN/NRA11 pNRPM1 t N R B M l  

/CLA3 / PXA tPXAP t P X A l  t P X A l  P t  Z R A t  ZRP 

t 
C CJYPUTE U ' S  I N  RECT4NGULAR REGION P 
C 

CALL CON1( TP8 t T B 1  tNXP vCONP) 
CALL CON1 ( P I  r T A I l  ,NXPtCONPI l  
CALL CON3 ( T P I  ,TAIZ.NXP,CONPLI 1 
D3 4 J x 2 t N X P l  
J P  = J + l  
J l  = J-1 
S I X =  HCP*( TC-TPB ( J l  + TB1 (J) ) 
P I J t l ) l  P ( J p 1 )  + W M E S P * ( I P X Z Z * ( P ( J l  9 1 )  + P t J P  

T P B ( J ) =  T P B ( J 1  - T B l ( J )  + P ( J t l ) / C O N P ( J I  
F ( 2 1  = -PXA* P ( J p 1 1  + PXAP * ( P ( J P v 2 )  + P(J1 .2  
D3 5 I = 3 t N R A M l  

F ( V R P Y )  = -PXA * P ( J t N R A  1 +PXAP * ( P ( J P t N R A M I  
CALL 
D3 25 I = PtNRAM 

I B I X ) / ( P X 3  + HCP/tDNP( J ) l - P ( J t l ) )  

5 F ( I I  = PXAP * ( P ( J P t I )  + P ( J l r I l 1  

R L I N E  I P XA 9 CP t UP t F ,X t NRA MI 

2 5  P t J t I I  = P ( J t 1 )  + WME;P * ( X ( I )  - P ( J t I 1 )  
C 
C C3YPUTE U ' S  ON MATERIAL  INTERFACE BETWEEN REGIONS P I P 1  
C 

DET = PX3 /CONPl I  ( J I  + P Z X l C O N P I  ( J I  
R 1 =  P X 1  * P ( J t N R 4 M )  + P X Z E * ( P ( J l  rNRA)  + P ( J P  t N R A ) )  + P l X 2  * 

l P l ( J r 2 )  + P l X 4  * ( P l ( J 1  9 1 )  + P l ( J P  r l ) )  
8 2  = T A I 2 1 J )  - T A I l ( J )  
X1= ( B l / C O N P l I ( J )  - BZ*PZX) /OET 
X 2 =  ( P X 3 * B 2  + B l / C O N P I ( J l ) / D E T  
P [J ,NRA)=  P(J,NRAI + WMEGP * ( X l - P ( J t N R A I )  
P l ( J t l ) =  P l ( J t 1 )  + WMEGPL * ( X Z - P l ( J t 1 ) )  
T P I ( J ) =  T P I ( J )  + ( P ( J t N R A ) / C O N P I ( J )  + P l ( J t l ) / C O N P l I ( J ~  - 

1 ( T A I l t J )  + T A I Z ( J ) 1 ) / 2 . 0  
C 
C C3YPUTE U'S 3 N  RECTANSULAR REGION P 1  
C 

F ( 2 )  -PXA1 * P l ( J t l )  + P X A l P * ( P l I J P t Z )  + P l ( J l t 2 ) 1  
D 3  6 I = 3rVRBM1 

F(YR8Y 1 - P X A l *  P l ( J * N R B  ) +PXA lP* (P l ( JP ,NRBM)  
CPCL R L I N E ~ P X A l t C P l t U P 1  ,F,XtNRBM) 
03 26 I 2pNR8Y 

P l ( J , Y R B )  = P l I J t N R B )  +WYEGPl * ( ( P l X Z * P l ( J t N R B M  

6 F ( I )  = P X A l P  * ( P l ( J P , I )  + P l ( J l t 1 ) )  

2 6  P l ( J t 1 )  = P l ( J t 1 )  + WYEGPl * ( X ( 1 )  - P l ( J t 1 ) I  

l + P l ( J P , N R B ) ) ) / P Z X  - P l ( J t N R B ) I  
4 SUVA0 i: SUMAO +HCP * (  TC - TPB( J) 1 

+ P l X 4 * ( P l ( J l t  N R B I  

6 
7 
8 
9 

10 
11 
12 
13 
14 
1 5  
16 
1 7  
1 8  
1 9  
20 
2 1  
22 
2 3  
24 
25 
26 
27 

29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38  
39 
40 
4 1  
42 
43 
44 
45  
46 
47 

49 
50 
5 1  
52 
53 
54 
55 
56 
5 7  
5 8  
59  
6 0  
6 1  
62 
63 
64 
65 
6 6  
6 7  
6 8  
69 
70 
7 1  
72 
1 3  
74 
75 
76 
1 7  
78 
79 
BO 
8 1  
82 
a 3  
8 4  

2a 

4a 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C3YPUTE L ' S  ON BOUND4RY BETWEEN REGIONS P AND Q 

R I X  = K P Q * ( T C -  TPB(NXP1 + T B l ( N X P I )  
P ( U X P t  I ) =  P ( V X P r l ) +  WMESP*((PXZZ * P ( N X P l r l ) + A Q ( f )  * Q ( 1 9 2 ) +  PPAL1)  

TP 8 ( V X P ) = 
SUMAO = SUM40 + HCPQ * ( T C  - T P B ( N X P ) I  
a ( l t l ) =  P ( N X P p 1 )  
D3 50 I x 2 r N R A M  
I1 = 1-1 
P(NXP t I )  = P (  N X P t  I 1  

1 + P ( N X P t 2 )  + B I X I / ( P Q B ( l I +  HCPQ/CONPlNXPI ) -  P ( N X P t 1 ) )  
TP9 ( N XP I -TB 1 I N  XP I + P ( NX P t 1 I /C ONP ( NX P I 

+ 
I + 

WMEGP*( { P X Z * P ( N X P l  t I I + A Q (  I I * Q l I r  2 ) +  
12 3 A ( I 1 l * P  ( V XP t I 1 PQA I I *P.( N XP r I + 1) I / PQB( I ) -P( NX PI I I # 

5 0  Q I I t l ) =  P f N X P t I I  
DET = S l P / C D Y P l I l N X P )  + SZP/CONPI (NXPI  
R l  = P X22 *P ( Y X P l  r NRA 1 + AQ(NRA) *O( NRAtZ)  /2.0+ PQA( NRAM I + 

82 = T A I Z I N X P I -  T A I l ( N X P 1  
X 1  = ( -S2P*B2 + B l / C D N P l I ( N X P I ) / D E T  
X2 = ( S1P + B 2  + B l / C O N P I  ( N X P I  i /DET 

1P( NXP t N R A Y ) + P l X 4 * P l (  N X P l  r l  ) + A 1 0 1  1) * Q l ( l t 2  1 + P P A l ( 1 1  *P1(  NXPt 2 )  

P t  NXP t NR A I = P ( NXP t NRA 
P 1( YXP I 1 1  = P 1 ( N  XP r 1 1  + HYEGPl * (  X2 -P1(  N X P t l )  I 
Q ( N R A t 1 )  = P ( N X P r N R A I  
T P I l V X P )  = T P I  (NXP) + (P (NXPrNRA)  /CONPI (NXPI  + P l ( M P ~ l I / C O N P l I  

+ WMEGP* ( X l - P (  NXPt  NRAI I 

1 l Y X P )  - ( T A I l t N X P I  + T A I 2 ( N X P I ) I / 2 . J  

C3MPUTE U'S ON BOUNDARY BETWEEN kEGIONS PI. AN0 P 1  

a l (  l r  1 )= P l I N X P r l I  
D3 5 1  I = 2 t N R B M  
I1 = 1-1 
P l (  VXP t I I =  PI,( N X P t I  1, WYEGPl*( ( P l  X l  * P l (  N X P l r  1)  + A l Q (  I I * P l (  It 2) 

l + P ? A l ( I l  I * P l ( N X P p I l  I +  P Q A l I I ~ * P l I N X P r I + l I ~ / P Q B l ~  I )  - P l ( N X P r 1 I J  
5 1  a l (  I t  I t =  P l ( V X P t 1 I  

P 1 (NXP tNRB ) = P l (  NXP tNRB I +  WMEG P1* (  f P 1  X 4 * P l  (NXPL t NRBI +PQA1( NRBM ) 

8 1  ( NR B t 1 I =  P 1 ( NXP t NRB I 

* 
l P l ( N X P r N R B M ) + A Q T 1 2 I *  Q l ( N R B r 2 ) I  / C P T ( l ) - P l ( N X P t N R B )  I 

COMPUTE U'S ON REGION Q 

CALL CONI (  T B Q r T B l  1NTQtCONQ) 
CALL CON1 ( T 2 I r T A I l v N T Q t C O N Q I I  
CALL CON 31 TQ I r T A I  2 rNTQ rC ON91 I I 
03 1 J = 2 t N T Q 1  
J P = J + l  
J 1  = J -1 
B I X =  H C Q * ( T C - T R Q ( J ) + T B l ( J I ~  
3 (  l T J  I =  Q ( l * J ) + W Y E G Q * I  ( A Q ( l ) * ( Q ( l r J l  I + O ( l r J P  I I + B Q ( l ) *  

T B Q ( J I =  TBQ(Jl-TBl(JI+Q(lrJI/CONQ(JI 
SUqAD = SUMAO + HCQ * l T C  - T B Q I J I I  
F ( 2 )  = B Q ( l . 1  * Q ( l r J I + A Q ( 2 I * ( Q I Z t J P )  + Q l Z t J l I  I 
DJ 2 I = 3tYRAM1 

F ( Y 9 4 Y  1 =BQ(NRAYI * P ( N R A t J I + A P ( N R A M ) * ( Q ( N R A M t  J P I + Q ( N R A M t J l I I  
CALL 
D3 20 I = 2tNRAM 

l a  ( 21  J 1 +B I X I /  ( C Q ( 1 ) +HC Q I C  ONQ( Jl  ) - P I  1 P JI I 

2 F l I l  = A Q I I I  * ( Q ( I t J P I  + Q ( I t J l l I  

C L I N E  I B Q  tCQt UQrF r Xr NRAMI 

2 0  Q t  I r J l  = Q 1 I t J )  + WMZrUP * ( X ( I )  - Q(1rJI)  

C3YPUTE U ' S  ON MATERIAL INTERFACE BETWEEN REGiONS Q AND Q1 

DET = QlX/CDNQlI(JI+Q2X/CONQI(J) 
B 1 =  A Q  ( N K A I *  ( Q  (NRA r JP I +Q( NRAr J1 I /Z.O+BQ(NRAMI * O (  NRAMt 

1J I +A 1Q( 1 )*( Q 1  I1 r JP 
B 2 =  TA 121 J 1- TA I1 ( J I 
X 1 =  l - P 2 X * B 2 + B l / C O N Q l I  (J I  I /DET 
X2=  I Q l X * R 2 + B l / C O N Q I ( J I )  /DET 
P I  Y R A  1 J I = Q (  NRA t J) + WMEGQ* ( X l - P (  NRA t J) I 
P l ( l r J 1 =  Q111tJ)+WMESQl*(X2-Q1(1tJ)~ 
TQ I ( J ) = 

) + Q 1 ( 1  t J1 I 1 +B1 a (  1) * 0 1 ( 2  t J )  

TQ I ( J 
I( T A I 1 (  J l + T A I  2 (  J )  1 I 12.0 

+ (Q ( NRA 9 JI I C  ONQI ( J ) +Q1( 1 t J) I CONQ 1 I ( J I - 

C3YPUTE U'S ON REGION Q 1  

D3 3 I = ZrYRBH1 
I1 = 1 - 1  

3 3 1  1 11 J I =  Q 1 (  1 ,  J)+ W E ^ J Q l *  ( ( A l Q ( I I * (  01 ( I  t J1 I+Q1 ( I  r J P  1 )  + 
l R 1 3 (  I 1  I*Ql(I 1 t J ) + B l Q I I  I * Q l  ( I + l  * J ) I / C l Q (  I I - Q l (  I r J  ) 1 

8 5  
8 6  
8 7  
8 8  
8 9  
90 
91  
9 2  
93 
9 4  
9 5  
9 6  
9 7  
9 8  
99 

100 
101 
10 2 
1 0 3  
1 0 4  
10 5 
1 0 6  
107 
1 0 8  
109 
110 
111 
1 1 2  
113 
114 
1 1 5  
116 
1 1 7  
1 1 8  
119 
1 2 0  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
125 
1 2 6  
1 2 7  
1 2 8  
1 2 9  
130 
1 3 1  
1 3 2  
1 3 3  
1 3 4  
13 5 
1 3 6  
1 3 7  
1 3 8  
139 
140 
1 4 1  
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 8  
149 
1 5 0  
1 5 1  
1 5 2  
1 5 3  
1 5 4  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 9  
160 
161 
1 6 2  
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Q 1 (  'I? B Y  9 J I = Q l (  NRBM , J l  + WMEGQl * ( ( A 1 0  ( NRBM I * ( 91 ( NR BM, J 1 I +Q1( N R W  v J P 
1 I I +B 1 Q  t NRBMl I *Ql ( NRBY11 J 1 +BOT ( J I *a1 ( NRBt J I I I ( A 1  Q( NRBM I *2 -0 + 8 l Q (  NRB 
Z Y l I + R Q T (  J l  l - Q l ( N R B H r J 1 l  

l Q l f V R B , J P  I + B Q T ( J l *  P l I N R B H ~ J l l / C Q T ~ J l  - Q l ( N R B v J 1 )  
Q l ( N R B , J l =  31 (NRB,J )  + W M E G Q 1 * ( ~ 6 Q T ( J I * Q 1 ( N R B , J L  I + AQT(JP  I *  

1 CONTINUE 
C 
C COMPUTE U ' S  ON BOUND4RY BETHEEN REGIONS Q AND Z L  
C 

B I X  = HGQZ*(TC-TBQ(NTQl + T B l ( N T C l 1  
Q (  1, YTQ I 

Z L ( l , l l  = Q(1 ,NTa l  
T B 3 ( Y T Q I  = TBQtNTQI  - T B l ( N T Q 1  + Q ( l , N T Q I / C O N Q ( M Q I  
SUMAO = SUMAO + HCQZ * (TC - TRQ( NTQI I 
03 2GO I x 2 v N R A M  
I1 = 1 - 1  
Q( 1,VTQI 

* 2 ( 1 ,NTQl +HHEGQ+ ( ( A Q ( 1  l * Q ( l  t N T P l  l + Z  A (  1 l * Z L (  1 .21 
1+ AQZ( 1 1  * P ( 2 r N T Q l  + 61x1 / ( C Q Z ( l I  + HCQZ/CONQ(NTQll-Q(19NTQ)l 

Q ( I  ,NTQl+WMEGQ*((AQ(I  )*C(I t N T P l I + Z A ( I l * Z L (  1 ,2 )+  
,NTQI+AQZ( I l * Q ( I + l  vNTQl I I C Q Z (  Il-Q( 11 NTQI I 1 4 3 2 1  11 l*Q(I 1 

20C Z L (  1 .11  = Q ( I  PNTQI 
DET = Q Z l / C O N Q l I ( N T Q I  + QZZ/CONQI(NTQI 
B l  = A Q t N R A I  * Q(NRA,NTQl l  /2.0+ AQZ(NRAM1 *PLNRAHsNTQl+ZA(NRAl  
l* ZL ( N R A 1 2 ) +  A l Q f  1 l * Q l  (1 ,NTQl I +  B l  Q ( 1 l  *Q1(2,NTQJ/2.0 
B2 = T A I Z ( N T Q ) - T A I l ( N T Q )  
X 1  = ( -QZ2*B2 + B l / C O N Q l I ( N T Q I l I I ) E T  
X2 = ( Q Z 1 * 8 2  + B l / C O N Q I ( N T Q l l / D E T  
Q ( '42 A t NTQ I =2 ( NRA 9 NTQI + WHEG Q* ( X l - Q (  NRAp N T Q I  I 
Q l! 1, N TQ I = a 1  I1 ,NTQl+ WMEGQl* ( X2-Q1(1,  NTQI  I 
T3 I ( V TQ I =TQI ( YTQl+  (Q ( NRA VNTQI /CON01 (NTQI  +91(1 I NTQI / C O N P l I (  NTQ)  

ZL(NRA 9 1  l = Q ( N R A i N T Q l  
l - ( T A I l ( N T Q I + T A I 2 ( N T Q l  1 1 / 2 . 0  

C 
C COYPUTE U ' S  ON BOUNDARY OF REGION Q l  
C 

DJ 2 0 1  I = 29NRBYl  
I1 = 1 - 1  

2 0 1  Q 1 (  I , N T Q l = Q l ( I  ,NTQl+WMEGQl*( ( A l Q ( I I * Q l ( I t N T Q l  l + B l Q (  I1 I*Ql( I1 ,NTQ 
1 1 / 2 e O + R l Q (  I l * 3 1 ( 1 + 1 t N T P 1 / 2 . 0 l  / ~ A l Q ~ I l + ~ 8 l Q ~ I l  + B l Q (  I1 
2 0 1  ( 1, N TP I I 

Q 1 (  NR BM,NTQI = Q 1 (  NRBMvN TQI +WMEGQl*(  ( A lQ(NRBH1 * Q 1 (  NR BH, NTQ1)  * B l Q (  NRB 
1 Y  1 ) * Q  1 (NRBMl t NTQ I /Z.D+BQT( NTQI  * Q 1 (  N 4 B t  NTQ) I /  ( A l a (  NRBM I +81Q(  N R B H l  I /  
2 2 . O + B Q T ( N T Q l l - Q l ( N R 8 ~ , N T P l  I 

Q 1 (  NR B ,N TQ l = Q 1 (  NRB 7 NTQl+  HMEGQl* ( IAQT ( NTQI * 9 1 (  NRBs NT 9 1  I + 
l B 3 T ( V T Q I * Q l ( Y R B Y , N T Q l  I / 1AQT(NTQl+BQT(NTQl  I - Q l ( N R B , N T Q l )  

I l /2 .Ol -  

C 
C CDMPIJTE U 'S  ON REGION ZL 
C 

CALL CON1 ( T Z B v T B l v N 2 , C O N Z I  
D3 30 J = 2 9 N Z l  
J P = J + l  
J 1  = J -1 
R I X  = HCZ*(TC-TZB! J l +  TB1(  Jl I 
Z C I  1, J I =  ZL(  1 9  J )+WME;Q* ( (ZA( l I * (  ZL(1 ,Jl  ) + Z L (  l r J P  ) l+ZB(  l ) * Z L (  2 1 J )  

TZB( J I = 
SUYAO = SUMIO + HCZ * ( T C  - T Z B ( J 1 I  
F (  2 )  = Z B ( 1 I  * Z L ( l  v J l + Z A ( Z l  * ( Z L ( 2  , J P l + Z L ( 2 r J l I l  
03 3 1  I = 3 p N R A f i l  

F ( Y A 4 Y  I = Z S ( N R A Y I * Z L ( N R A , J l  +ZA(NRAYl  * ( Z L ( N R A H , J P I  + Z L ( N R A H , J l I I  
CALL C L I N E ( Z B t Z C i U Z , F g X , N R A H )  
DC) 22 I = 2 tNRAY 

Z L ( N 9 A v J I  Z L 1 N I A s J l  + WMESQ * ( ( Z A ( N R A I  * ( Z L ( N R A r J 1  I + ZL(NRA1 

l + B I X l / ~ Z C ~ l l + H C Z / C O N Z ~ J I l  - Z L 1 l g J ) l  
T Z B (  J I - TB1 I J l + Z L  (1 9 J l  ICON2 ( J I  

3 1  F ( I I  = Z A ( I 1  * ( L L ( I p J P I  + Z L ( I * J l I l  

2 2  Z L ( I , J l  = Z L ( I , J I  +HMEGQ * ( X ( I l  - Z L ( I , J I I  

1JP ) I  + ZB(N94Ml  * Z L ( N R A M , J I I / Z C ( N R A I  - Z L ( N R A , J I I  
31! CONTINUE 

C 
C C3YPUTE U'S ON BOUNDARY BETWEEN REGIONS Z L  AND ZR 
C 

B I X  = HCRL * !TC-TZB(NZI+  T B l ( N Z 1 )  
Z L ( 1 , Y Z I  5 Z L ( 1 , N Z  I + HYEGQ * ((ZARL(ll*ZL(2~NZl+ZA(ll* 

l Z L ( l ~ N Z l I +  Z 4 1 * Z R ( 2 + 1 1  + BIXl/(ZBRL(ll+HCRLICONZ(NZIl - 
' L Z L ( 1  t N Z l l  

T Z B ( N Z l =  TZB1NZI  - TR1 ( N Z I  + Z L ( l r N Z l / C O N Z ( N Z l  

03 34 1=2iNRAM 
I1 = 1-1 

SUYAO = SUYAO + HCRL * (TC - T Z B ( N Z l 1  

1 6 3  
1 6 4  
1 6 5  
1 0 6  
1 6 7  
1 6 8  
1 6 9  
110 
171 
1 7 2  
173 
1 7 4  
1 7 5  
1 7 6  
1 7 7  
1 7 8  
1 7 9  
1 8 0  
1 8 1  
1 8 2  
1 8 3  
1 8 4  
1 8 5  
1 8 6  
1 8 7  
1 8 8  
1 8 9  
190 
191 
1 9 2  
1 9 3  
1 9 4  
1 9 5  
196 
1 9 7  
1 9 8  
1 9 5  
2 0 0  
20  1 
2 0 2  
2 0  3 
20 4 
20 5 
2 0 6  
2 0  7 

2 0 9  
2 1 0  
2 1 1  
2 1 2  
2 1 3  
2 1 4  
2 1 5  
2 1 6  
2 1 7  
2 1 8  
2 1 9  

2 0  a 

2 2 0  
2 2 1  
2 2 2  
2 2 3  
2 2 4  
2 2 5  
2 2 6  
2 2 7  
2 2 8  
2 2 9  
2 3 0  
2 3 1  
2 3 2  
2 3  3 
2 3 4  
2 3 5  
2 3 6  
2 3 7  
2 3 8  
2 3 9  
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34 Z L I  I v N Z ) =  Z L l I ~ N Z l + W M E G Q * l l Z A R L ~ I ~ * Z L ~ I + l  t N Z ) +  240 
L Z 4 R L t I l  I * Z L ( 1 1  t N Z )  + Z R 3 * Z R ( 2 r I J + Z A ( I ) * Z L ( I t N Z l ) t l  24 1 
ZZBRLt I - LL ( I  .NZI ) 242 

Z L ( Y ? A v N Z )  = ZCfNRAvNZ)  + WMEGQ * l l Z A ( N R A )  * Z L l N R P v N Z l )  + 243 
l7Sl * Z R l 2 t N R A )  + ZARL(NRAM1 * Z L ( N R A M v N Z ) ) / Z B R L l N R A l  - Z L l N R A t N Z l  244 
2 )  245 

D3 3 5  I = l t N R 4  246 
3 5  Z . T f l t I ) =  Z L ( I t N Z 1  24 7 

C 2 4 8  
C C34PUTE U ' S  ON REGION ZR 249 
C 

CALL CON1 (TZf iR tTBl  tNZXvCONZR) 
03 32 J=ZvNZX 
J 1  = J-1 
J P  = J + l  
I F ( J  .LT. NZX)  GO TO 2 8  
D!l 29 I = l t N R A  

2 9  Z R ( J P t 1 )  = Z R ( J 1 t I )  
2 8  R I X  = HCZR + ( T C  - T Z B R I J I  t T B l ( J ) )  

ZR I J t 11+ HME;Q* ( I Z R l *  I ZR (J1 ZR I J t  1 ) =  

T Z B R I J ) =  T Z 3 R I J ) - T B l ( J )  + Z R I J t l ) / C O N Z R ( J )  

F l 2 )  = -ZRA * Z R ( J t l )  t Z R P  * l Z R l J P t Z )  + Z R l J l t Z ) )  
D3 3 3  I = 3 t N R A M l  

F(IURA'4) = -ZRA *ZRIJvNRA 1 +ZRP + IZR(JPrNRAM)  + Z R I J l r N R A M ) )  
CALL 
DO 27 I = 2 tNRAY 

Z 9 (  J t N R A  1 = ZR ( J t N R A l  +WYEGQ*((ZFQ*ZRl JvNRAM) + Z R l * l Z R l  J l t  NRA)  + 

t1 ) + Z R (  J P  r 1) ) + 
1 Z R 2 * Z R ( J t 2 )  + B I X ) / ( Z R 4  + H C Z R / C O N Z R ( J ) ) - Z R ( J v l l )  

SUMA9 = SUYAO + HCZR *(TC - T Z 6 R l J ) l  

3 3  F I I )  = ZRP * ( Z R l J P t I I  + Z R I J l t I J )  

R L I N E  ( ZRA t C Z t  UZR vF t X  rNRAM) 

2 7  Z R ( J v 1 )  = Z R l J t I I  + WYEGQ * ( X ( I )  - Z R l J t 1 ) )  

1 ZR ( J P tNRA 1 ) 1 1 2 4 4  - ZR ( J t NRA) 1 
3 2  CONTINUE 

RETURN 
EVO 

SUBROUTINE C O N l (  T D L D t U t N T I  PvCOND) 
C 
C CDNDUCTIVITY FOR STAINLESS STEEL 
C T ? E F 1  = 70.0 FOR SAMPLE PROBLEM 
C 

DIMENSIOY 
DJUBLE PRECI  S I D N  TOLD t UtCOND vB t T K t  TEGtSUMtTNEW 
D4TA I 8 1  1 9  J) t J =115)/.  8O38O307D-4r063751499D-6~~0142D1613D~8v010B3 

DATA 2. J) t J=115) / .11520489D-3 r .  1947996lD-6,-.124071!+9vo624877 

DATA ( B (  3 9 5 )  t J =1 t 51 / .40113088D-3 , - .384859870-6t .339124520-9v-e99 

DATA ( TK ( J  ) t J = 1 v  3)  170. DO ,400. D o t  12OO.D0/  
DdTA I N / l /  

T O L D ( 1 )  t U ( 1 )  t C O N D l 5 0 )  v E ( 6 t 5 )  v T K 1 6 ) * T E G l 6 )  

17124D- 11 t@.30/  

11D-13tO.D0/ 

1 2 6 3 9 1  40- 13 t l r )  6384249-1 6 / 

4 

24 

2 
8 

IF ( I N  .EQ. 1) GO TO 6 
D3 1 J = l * N T I Y  
I F  1 T r ) L D I J )  .GT. 70.DO) GO TO 2 Q  
T J L D I J  = 7n.DO 
C 3 V D (  J )  = -1184193D-3  
U I J )  = 0.P 
GO TO 1 
K =  1 
D3 2 L = 192 
1 1 = L + 1  

2 50 
2 5 1  
252 
253 
2 5 4  
255 
2 5 6  
257 
258 
259 
260 
2 6 1  
262 
263 
264 
265 
266 
2 6 7  
2 6 8  
269 
270 
271 
212 
2 1 3  
274  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
15 
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
2 7  
28 
29 
30 
3 1  
32 
3 3  
34 
35 
36 
3 1  
38 
39 
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SUBROUTINE CON2( TOLD,UtNTI PlrCOND) 
C 
C 
C TREF2 = 230.0 FOR SAMPLE PROBLEM 

C3NDUC T I V I TY N IC KE L 

C 
D IYENSION 
O3URLE PRECI  SI ON TOLJ 9 U,CUND t B t T K ,  TEG ,SUM,TNEW 

T O L D ( 1 I  p U ( 1 1  rCOND(50)  r B ( 6 r 5 )  r T K ( 6 )  r T E G ( 6 )  

DATA I E!( 1, J) t J = l ,  5 )  / .40450270-2  , - ~ 1 3 4 4 3 1 0 5 D - 4 ~ . 1 9 0 1 4 0 1 4 D - 7 ~ - . 8 8 1 3  
141 260-  111 - .63860967D-15 /  

150469D-11 ,  . 67843954D-15 /  

178D-12,-. 2 3 6 5 0 1 9 D - 1 6 l  

DA TA ( B ( 2 9 J 1 9 J =1 9 5) / 

D A T A  

1 6  5 8  1 2  5 70-2 9 -e 2 7  2 9 9  41 1D-5 9 0 3  4 4 5  85 970-8  1 -  2 3 8  

I B I  3, J )  9 J=1, 5) /e 4 3 2 9 4 1 O l D - 3  r .222904460-6  r - .17147530-9,  1 2 0 0 4 8  

DATA ( TK ( J  >, J = l , 3 )  /230.00 t 660. DO, 1360 .  DO/ 
OAT4 I N / l /  
I F  ( I N  . E Q e  1) GO TU 6 

4 03 1 J - l r N T I M  
20 K =  I 

0 3  2 L = l r 2  
L 1  = c  + 1 

2 I F  ( T O L D ( J ) . G T . T K ( L l ) )  K=L1  
8 C D V D ( J ) =  8 I K , 1 )  + TOLD(J )  * ( B ( K v 2 )  + T O L D ( J )  * I B ( K 9 3 )  + T O L O ( J I *  

l I B ( K r 4 )  + T O L D ( J )  * B ( K 1 5 ) 1 1 )  
N = K  
SUY = 0.0 
DO 7 I = I , Y  

TNEW = SUM + T U L D ( J 1  * ( B ( K , l I  + TOLD(J1  * (B(K,21/2.0 + T O L D I J )  * 
1 (B(K,31/3.0 + T O L D ( J I  * ( B ( K v 4 ) / 4 . 0  + T O L D I J )  * 8(K*5)/5.0))1) - 
2 T K ( V )  * ( B ( K r 1 )  + T K ( N )  * (8 (K ,2 ) /2 .0  + T K ( N )  * (B(K ,3 ) /3 .0  + TK 
3 ( ' 4 )  * ( R ( K t 4 ) / 4 . 0  + TK(N) * B ( K , 5 ) / 5 . 0 ) ) ) )  

7 SUM = SUY + T E G ( I i  

U( J 1 = TNEH/COND (J)  
1 CONTINUE 

RETURN 
6 T E G ( 1 )  = 0.0 

DO 5 I = 1 , 2  
I I = I + l  

5 T E G ( I 1 )  = T K ( I 1 )  
1 R (  I , 3 ) / 3 . 0  + TK 
2TK( I )  * ( B ( I  9 1 1  
3 T K ( I )  * ( 8 ( I  e4 
IY = 2 
63 TO 4 
EV D 

SUBRD U T I  NE CON31 TOLD U r N T I  PIC OND I 
C 
C CONDUCTIVITY COPPER 
C T I E F 3  = 120.0 FOR SAMPLE PROBLEM 
C 

DIMENSION 
D 3 U B L E  PRECIS ION TOLD,U,COND,B,TK,TEG.SUMITNEU 
DATA (B( l r J ~ ~ J ~ 1 ~ 5 ~ / 1 ~ 2 6 9 2 3 2 D O ~ ~ ~ 6 6 7 4 6 3 3 2 ~ ~ 1 ~ ~ 1 4 2 2 9 3 4 D ~ 2 ~ ~ ~ 1 3 9 9 3 4 7  

DATA ( B ( 2 - J )  ~ J ~ 1 ~ 5 ~ / ~ 4 4 ~ 8 8 4 9 1 0 ~ ~ ~ ~ 1 2 7 9 5 5 3 3 D ~ 1 1 ~ 1 3 7 5 1 0 6 6 0 ~ 3 ~ ~ ~ 6 0 5 9 5  

DATA ~ ~ ~ 3 ~ J ~ t J ~ 1 1 5 l / ~ 4 ~ 0 1 8 6 5 0 ~ 1 ~ - ~ 6 6 7 9 5 8 5 1 D - 3 ~ ~ 3 7 7 7 ~ 9 0 0 0 ~ 5 ~ ~ e 9 3 4 1  

DATA lOO2119D-r t  v 21603633D-7,  -. 2 1 6 8 9  

T O L O ( 1 )  t U ( 1 )  ,CONO(50) ,B (6 ,5 )  1 T K ( 6 )  wTEG(6)  

19D-4, 5 2 4 7 1 4 2 4 0 - 7 /  

1 9 4 8 D - b r . 8 2 3 5 7 5 1 3 D - 9 f  

1 3 8 6 9 D - R 1 * 8 4 9 6 8 0 0 7 D - 1 1 /  
( 8 ( 4 1  J 1 t J = l  , 5 1 / a  701 82 20213-2 

4 0  
41  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
19 
20 
2 1  
2 2  
23 
2 4  
2 5  
2 6  
2 7  
28 
29 
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
39 
40 
4 1  
4 2  
4 3  
4 4  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
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SUBROUTINE R L I N E l A t E L t  UtF t X,N) 
t 
C R 3 U T I N E  10 SOLVE 4 X  = F HHERE A IS TRI-DIAGONAL WITH CONSTANT OFF 
C DIAG3MAL ELEMENTS AN3 A = L U  WHERE L AND U 4RE LOUER AND UPPER 
C TR [ANGULAR Y4TRlCE S 
C 

D IMEN S ION 
D3UBLE P R E C I S I O N  A.EL.U.F,XtY 
V 1  = N - 1  

EL ( 1 I V U (  1) r F  ( 1  ) t X ( 1 )  t Y ( 1 5  I 

X ( N )  = Y1N)  
DD 2 J = 2 t N l  
I = N + l  - J 

RETURN 
EV D 

2 X (  I I  = Y ( 1 l  - U ( 1 )  * X ( I  1) 

1 5  
1 6  
1 7  
1 8  
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
30 
3 1  
3 2  
3 3  
34 
3 5  
3 6  
3 7  
3 8  
39 
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
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SIJBRDUTINE CLI NE ( E M * E L  r U r F  r X  t N) 
C 
C 9 3 U T I N E  T@ SOLVE A X  = F WHERE A I S  TRI-DIAGONAL AND A = L U r L  AND U 
C AXE LJWER A V O  UPPER TRIANGULAR MATRICES 
C 

DIMEUSION E M ( l I r E L ( 1 )  r U ( 1 )  r F ( l ) t X ( l )  t Y ( 3 5 )  
D3 UBL E PREC I SI ON E M rE L r UvF. X t Y 
V 1  = N-1  
Y ( 2 )  = F ( 2 ) / E L ( 2 )  
03 1 I = 3 r Y  

1 V ( I )  = ( F ( I I  t EM(1-1 )  * Y ( I - l l ) / E L ( I )  
X ( V )  = Y ( N )  

I = N - J  + 1  

SETUXN 
END 

DO 2 J = 29 '41  

2 X ( I )  = Y 1 I )  - UII) * X ( t + L )  

SlJBRDlJ TINE OUTPUT( I PUNCH) 
CCl'!YflY /FORMA/R l rR2  tR42  P Y F I  NTIFI NTHKr ANGTOPrHCOOLrT COOL, HGASt TGASr 

SUMAI 
D3UBL E PREC I SI ON R 1  r R 2  rRA2 

CJqY3N/FORA/ A ( 1 5 r 2 5 )  t A l ( 3 5 1 2 5 )  t B ( 1 5 r 1 5 ) r B Z ( 2 ~ 1 1 5 ) r a ( 1 5 r 1 5 ) r  
tTA I ( 2 5  1 t T T A  ( 2 5 )  r TBB ( 1 5  

lXLJNGM rR2B ,YF INR rANGBOTt SUMAO 

LTGA S t  XLONGM t R 2 8  r YF I NB t ANGBO T r SUMAC r SUMAI r T  OL 

1 D l f  3 5  t 1 5 )  rTSA ( 2 5  
Z T D I (  1 5 ) r T D D ( 1 5 )  

1TD I t TDD 

LZ? ( 2 O 1 1 5 ) r T P 8 ( 2 O )  t T P I ( 2 0 )  rTBQ(2O)  r T Q 1 ( 2 3 ) , T Z B ( 2 0 ) r T Z B R ( 2 0 ~  

YF I NT r F  I NTHK r ANGTOPr HCOOLt TCOOL r HGASr 

r T B  I ( 1 5 )  ,TED( 1 5 )  r 

DJUBLE PRECIS ION A r A l  ~ B ~ B Z I D ~ D ~  t T B A r T A I r T T A r T B B r T B 1 , T B D t  

CJYMON / f O R C /  P ( 2 0 . 1 5 )  r P l ( 2 O r 5  I r C ( 1 5  r 2 0 J  r Q l ( 1 5 1 2 0 )  r Z L (  1 5 ~ 2 0 ) r  

D3UBL E 
C3YYOY /FORCN/ N X P r N X P l  rNTQrNTO1 r N Z r N Z 1  t N Z X t N Z X 1  
C3MYON /FOUT4 /THETA ( 2 5  

D'JUBLE PRECIS ION THET4rRA t R A l X t R A 1  rTHETDtTHETB 
C3YM3N /FOUTC/THETP(ZD) t X P ( 2 0 )  t R Q A ( 1 5 )  t R O ( 5 )  r T H E T Z ( 2 O ) t  

DJUBLE PRECIS ION T H E T Q r X P t R Q A r R Q r T H E T Z r X Z r O T r  Y P r Y P l  
C O Y  M?N/FORAN/NRAr NRA M r  NTA r NTAPtNRA1 r NRAl  M r  NRAlX  t NRAlXMt  

P R E C I S I O N  P r P 1  r 4 r Q 1  r Z L r Z R  r T  FB r T P I  tTBOt TO1 r T Z  81 TZBR 

t R A l ( 3 5  ) r T  HET D( 1 5  I t  t R A  ( 1 5  ) t R A l X  135 
l T H E T B (  15  I 

1 X Z  ( 2 0 )  t Q T  ( 2 P l  t Y P ( 2 6 )  r Y P l ( 5 )  

1'44 B r  NRBM 9 NT3 t NTBM t NT3 t NTD M 
DATA CDNV/57 .2957795 /  
D I Y E N S I O N  U( B O ) t T E M P ( B Q )  

C 
C IPUQCH = 1 PUNCH BCD CARDS WITH U D I S T R I B U T I O N  FOR ALL  
C SUBREGIONS AND TEMPS ON BOUNDARIES AND INTERFACES 
C 

I F (  IPUNCH .NE. 1) GO TO 600 
CALL RCOUMP ( A t l r l )  t A ( 1 5 r 2 5 )  10)  
C4LL  BCOUMP ( A l ( l r l 1  r A l ( 3 5 1 2 5 )  1 0 )  
CALL BCDUMP ( D ( l r l ) r D ( 1 5 1 1 5 )  9 0 )  

CALL SC'JUMP ( D l ( 1  r 1 )  r D l ( 3 5  915)  9 0 )  
C I L L  BCIUMP ( B ( l t l ) r B ( 1 5 t 1 5 l  191 
CALL BCDUMP ( B Z ( l r 1 )  t B Z ( 2 0 t 1 5 )  r Q )  
CALL BCJUMP ( T B A ( 1 1  t T B A ( 2 5 )  r 0 )  
CALL BCIUMP ( T A I  (1) r T A I ( 2 5 )  10)  
CALL RCOUMP ( T T A ( l ) r T T A ( 2 5 1  ,(I) 
CALL BCDUMP ( T B D ( l l r T B D ( 1 5 ) r O )  
CALL BCIUMP ( T D I ( l ) t T D I ( 1 5 ) t O )  
CALL 3C'lUMP ( T D O ( 1 )  ,TDD(15)  tal 
CALL BCDUMP ( T B B ( l ) , T R B ( 1 5 )  9 0 1  

C I L L  BC9UMP ( T B I ( 1 )  r T B I ( 1 5 )  9 0 )  

CALL SCDUMP ( P ( l r 1 )  r P ( 2 0 r 1 5 l  1 0 )  
CALL BCDUMP ( P l ( l r l ) t P 1 ( 2 @ t 5 I  r 0 )  
CALL RC9UMP ( Q ( l t l ) r Q ( 1 5 r 2 0 )  9 0 )  
CALL BC'3UYP ( Q l ( l r l ) ~ Q 1 ( 1 5 r 2 0 )  9 0 )  

CALL RCOUYP ( Z L ( l r l ) t Z L ( 1 5 1 2 0 )  9 0 )  

CALL BCOUMP ( Z R ( l t 1 )  t Z R ( Z O r 1 5 )  rO) 
CALL BCDUMP ( T P B ( 1 )  t T P B ( 2 0 )  r O )  
CALL BCDUMP ( T P I  (11 t T P I ( 2 0 )  rO) 
CALL RC3UMP f T B Q ( 1 )  t T B Q ( 2 ' 3 )  r O )  
CALL SCDUMP ( T Q I  (1) r T Q I  ( 2 0 )  90) 
CALL BCIUYP ( T Z B ( 1 )  t T Z B ( 2 0 )  9 0 )  

CALL BCQUMP ( T Z B R ( l ) r T Z B R ( Z O I  10) 
6 C @  CDYTIYUE 

C 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1c 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17 

10 
11 
1 2  
13  
1 4  
1 5  
16 
1 7  
1 8  
19 
2 0  
2 1  
2 2  
23 
2 4  
25 
2 6  
2 7  
2 8  
2 9  
30 
3 1  
32 
33 
3 4  
3 5  
3 6  
37 
38 
3 9  
4 0  
4 1  
4 2  
43 
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
50 
5 1  
52 
5 3  
5 4  
5 5  
5 6  
57 

48 



C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

7. 

4 

1 

1 5  

1 6  

1 4  

6 

7 

5 

3 1  

REGION A 

T 1  = T B A ( 1 )  
UR ITE ( 6, ion) 
03 1 I=Z,NTAP 

W ? I T E (  6,1011 THETA(!-1) 
03 2 J=l,NRP 
U ( J I  = A ( J p 1 )  
CALL 

THETA( I t  = THETA(!) 0; CONV 

S L B T 1  (Up T 1  ,TEMP, 1 9NRAl 
T 1  = T E M P ( 1 l  
T 2  = TEMPtNRA) 
W3 I T E  ( 6, 1 8 2 )  ( RA ( J I ,TEMP ( J l  t J = l v  NRA) 

REGION A 1  

I F ( R 2  .EO. R A 2 )  GO TO 1 
DJ 4 J = l , N R A l X  
I J ( J )  = A l ( J , I )  
CALL SURTZ(UvTZvTEMP, l  VNRAlX) 
W ? I T E ( 6 , 1 0 2 l  ( R A l ( J ) 9 T E M P ( J )  9 J = l , N R A l X )  
CCI V T I  N UE 

REGION 0 

D3 14 I = ZsNTD 

W?ITE ( 6 9 1 0 1 l  THB 

U ( J )  = D ( J , I )  

THB = THETO(1)  * CONV + THETAtNTAI  

03 1 5  J = 1,NRA 

C 4 L L  S U B T I (  Uv T 1  .TEMP 11 v YRA) 
T l  = TEMP(1)  
T 2  = TEMP(NRA1 
W?ITE(6 ,1C2)  ( R A ( J ) , T E N P ( J ) ,  J= 1,NRA) 
I F ( R 2  .EQ. P A 2 1  GO TO 14 

REGION D 1  

JJ  = N R A l X  + 1 - I 
03 1 6  J = 1rJJ 
U ( J )  = D l ( J , I I  
CALL S U E T ~ ( U I T ~ , T E M P ~ ~ I J J I  
WRITE ( 69 1 0 2 1  ( R A 1  ( J )  ,TEMP( Jl 9 J= l  9JJl 

C3N T I N  UE 

REGIOY B 

THBL = THE 

THB = T H E T B ( I 1  * CDNV + THBL 
D3 5 I = l r N T B  

WPITE ( 6 , 1 0 1 )  THE 
D3 h J = l t Y R A  
U ( J I  = B ( J v I 1  

CALL S U B T ~ ( U I T ~ , T E M P ~ ~ ~ N R A I  
T 1  = TEMP(11 
T 2  = TEMP(NRA) 
W P I T E I b , l 0 2 )  ( R A ( J ) p T E M P ( J l v  J= l r N R A l  

4 E G I O N  E 1  

JJ = N R A l  t 1 - I 
03 7 J = l r J J  
U ( J I  = B Z ( J , I )  
CALL SUBT3(UsTZ,TEMPvl  tJJ)  
W R I T E ( 6 v l O Z I  ( R A l ( J ) v T E M P ( J l  9 J= 1,JJl 
C3VTINUF 

PEGIDN P 

W? I T E  ( 6, 1 2 0 )  
D3 3(! I = l v N X P  
WRITE(6,1@51 X P ( I I  

U ( J ) =  P ( 1 . J )  
CALL 
U ? I T E ( 0 , 1 0 2 1  ( Y P t J ) ,  T E M P ( J I r  J = l * N R A l  

D3 31 J=19N3A 

SUBT1 (U9 T 1  ,TEMPI 1,NRAI 

R E G I n N  P 1  

5 8  
5 9  
60 
6 1  
62  
63 
64 
65 
66 
67 
68  
69 
70 
7 1  
72 
73 
74 
75 
76 
17 
7 8  
79 
80 
8 1  
82  
83 
84 
8 5  
86 
87 
8 8  
89 
90 
91  
92 
93 
94 
95 
96 
97 
98 
99 

100 
10 1 
10 2 
103 
104 
105 
106 
107 
10 8 
109 
110 
111 
112 
113 
1 1 4  
1 1 5  
116 
1 1 7  
1 1 8  
119 
120 
1 2 1  
122 
123 
124 
125 
126 
127 
1 2 8  
129 
130 
1 3 1  
132 
133 
134 
1 3 5  
1 3 6  
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3 2  

317 
C 
C 
C 

34 

c- 
C 
C 

3 5  

33 
C 
C 
C 

3 9  

3 8  
C 
C 
C 

4 1  

40 
1n I3 

T 1  = TEMP(1)  
T 2  = TEMP(NR4) 
D3 3 2  J=l,NRB 
U ( J  I =  P l ( I r J I  
CALL SLBT3(U,T2rTEMPv l  tNRB) 
WR I T E t  6, 1 0 2 1  ( Y P 1  ( J I  TEMPI J) t J=l ,NRB) 
COYTINUE 

REGION Q 

WRITE (6 ,122 )  
D3 3 3  I= l ,NTQ 

WRITE( 6 9  101) THB 
D3 3 4  J=l,NRA 
U (  J Q( J, I )  
CALL S U B T l ( U , T l t T E M P r l , N R A I  
W7 I TE ( 6 1  l(121 

THB = T H E T Q ( I ) *  CONV 

(RQ4 1 J) TE YP ( J) 9 J=l 9 NRA) 

REGION Q 1  

T 1  = TEMP(11 
T2 = TEMP(NRA1 
D3 3 5  J=l,NRS 
U ( J ) =  QI(J, I )  
CALL S I B  1 3 (  U t  T 2  7 TEMP v 1 t NR8 1 
W R I T E ( 6 . 1 0 2 )  ( R Q ( J ) ,  TEMP(J1 t J=l,NRBM) , Q T ( I )  ,TEMP(NRBl 
CJN T I N  UE 

RFGIDN ZL 

THBL = THB 

THB = l H E T Z ( I 1  *CONV + THBL 
D3 3 0  I = 2 t N Z  

WRITE( 6 r l C 1 1  THB 
0 3  3 9  J = l t  NRA 

CALL S C B T l ( U , T 1 r T E M P ~ l  sNRA1 

WRITE( 6 1 1 O Z l  (RQA( J) 9 TEMP(J1  9 J = l r N R A )  

U ( J ) =  Z L ( J , I l  

T 1  = TEMP(1 )  

C 3  V T I Y UE 

REGION ZR 

W ?  I T E (  6,1231 
0 3  40 I = 1,NLX 
W R I T E ( b r 1 0 5 1  X Z ( 1 )  
D3 4 1  J=l ,NR4 
IJ(J)= ZR(1.J)  

T 1  = TEMP(1)  

CONTINUE 

CALL S V B T l ( U r T l ~ T E M P t l r N R A 1  

W R I T E ( 6 r l O 2 1  ( Y P ( J I r  T E M P ( J 1 r  J Z l r N R A 1  

FORMAT( lHl ,37X46HTENPERATURES ON THE TOP RAD1 AL SECTION OF T U B E / / l  
1H 1 

10 1 F3 R MA T ( 1HK p 50  X 7H THE T = E 1 3 6 / / 9  X1H R t 1 5  X 1  HT 9 15 X 1 HR, 15X 1 HT , 
115X lHR ~ 1 5 X l H T ~ 1 5 X l H R t 1 5 X 1 H  T / l H  1 

1 @ 2  FORMAT(8 (  3XE13.6) 1 
1C15 F3RMAT( lHK,53X4HX = E l 3 ~ 6 / / 9 X l H Y ~ 1 5 X l H T ~ l 5 X l H Y ~ l 5 X l H T ~  

115X 1HY w 1 5 X l l i T 1  l 5 X l H Y  11 S X l H T / l H  I 
1 2 0  F3RMAT( lHKt37X46HTEMPERATURES ON THE 

1H 1 

1 / 1 H  ) 

1 )  

1 2 2  F 3 R M 4 T ( l H K , 3 7 X 4 W T E M P E R A T U R E S  ON THE 

1 2 3  FORMAT(lHK.37X45HTEMPE RATURES ON THE 

RETURN 
EYD 

MIDDLE RECT4NGULAR SECT I O N / / l  

LOWER R A D I P L  SECTION OF TUBE/ 

LOWER RECTANGULAR SECTIONIIIH 

SUBRJ U TINE SUB T 1 (  U 9 T l  t TE MP v N1 v N2 1 
C 
C SURRDUTINE TO TUANSFOUM U FOR STAINLESS T O  TEMPERATURE 
C T 7 E F 1  = 70.Q FOR SAMPLE PRORLEM 
C 

DATA ( B (  1, J) t J = 1  t 5 1  / .Bn380307D-4, .63751499D-6 9 - e  14201613D-81 .1083  

1 3 7  
1 3 8  
139 
140 
1 4  1 
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 8  
1 4 9  
1 5 0  
1 5 1  
1 5 2  
1 5 3  
1 5 4  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 9  
160 
1 6 1  
16 2 
1 6 3  
1 6 4  
1 6 5  
1 6 6  
1 6 7  
1 6 8  
169 
1 7 0  
1 7 1  
1 7 2  
1 7 3  
1 7 4  
1 7 5  
1 7 6  
1 7 7  
1 7 8  
179 
1 8 0  
1 8 1  
1 8 2  
1 8 3  
1 0 4  
1 8 5  
1 8 6  
1 8 7  
1 8 8  
1 8 9  
190 
191 
1 9 2  
1 9 3  
1 9 4  
1 9 5  
1 9 6  
1 9 7  
1 9 8  
1 9 9  
200 
2 0  1 
2 0  2 
20 3 
2 0  4 

1 
2 
3 
4 
5 
6 

50 



1 7 1  24D- 11 9 O.DO / 

l l D - 1 3 9  Q.DO/ 

12P3914D- 1 3  9 .10638424D-16 /  

DATA ( B 1 2  9 J I 9 J =1 9 5 1 /. 11 5 2 0 4  890-3  9 .  1 9 4 7 9 9 6 1 D - 6  9 -. 1 2 4 0  770-9 9 6 2 4 8 7 i  

DATA I B I  39 J I  9 J =1951/ .4O113O88D-3 .-.384B59B7D-6t.339124520-9,-.99 

DATA 1 1 K I J ) v J  = 1~31 /70 .00~400 .DQ~1200 .M1/  
D I Y E V S I O N  
DGUBLE P R E C I S I O N  B r T K  
DATA I N l l l  
I F  ( I N  .EQ. 1 1  GO TO b 

U ( B @ )  rTENP(8O)  9 8 1 6 9 5 1  v T K ( 5 )  vTEG(6 )  

4 DO 1 I z N 1 9 N 2  
3 Y  = 1  

DO 2 L = 1 9 2  
L l =  L + l  

C 3 Y D  = B ( K 9 I . l  + T 1  * l B l K * 2 )  + T 1  * l B ( K 9 3 )  + T 1  * 2 I F ( T 1  .GT. TK(  L l ) )  K = L 1  

1 l B l K , 4 l  + T 1  * R ( K t 5 1 1 1 1  
V = K  
SUM = (3.0 
0 3  7 Y = 1 r Y  

TVEW = SUM + T 1  * I B ( K 9 1 )  + T 1  * l B l K ~ 2 l / 2 . 0  + T l  * 
1 ( B ( K 9 3 ) / 3 . 0  + T l  * l B l K v 4 ) / 4 . 0  + T l  * B l K ~ 5 ~ / 5 0 0 l ) I l  - 
2 T K f N I  9: I B I K v l )  + T K ( N I  * l B l K t 2 ) / 2 . 0  + TK(N0  * l B I K t 3 1 / 3 * 0  t TK 
3 ( Y )  * 1 B ( K q 4 1 / 4 . n  + TK(N1 * B l K , 5 1 / 5 . 0 t 1 ) 1  

7 SUM = SUM + T E G I Y I  

TVEW = T 1  - I - U I I I  * TNEWl/COND 
REL = ABS( (T l -TNEWI /TNEW)  
Tl=TNEW 
I F  (REL.LF.1.OE-6) GO TO 1 
GO TO 3 

1 TEMPI I f = TNEW 
RETURN 

0 T E G ( 1 )  = 0.0 
DO 5 I = 1 9 2  
I I = I + l  

5 T E G t I I I  = TK 1 1 1  
l B (  I t 3113.0 TK 
2 T < ( I l  * I B I I  9 1 1  

3 T K ( 1 )  * (R( 94 
I Y  = 2 
6 3  TO 4 
EV D 

SU BR 0 U 1 I NE S UB 1 2  I U 9 T 1  t TE M P 9 N 1 9 N2 1 
C 
C SUBROUTINE TO TRANSFORM U FOR N I C K E L  T O  TEMPERAfURE 
C T I E F 2  = 236.P FOR SAMPLE PROBLEM 
C 

D4TA B t  1 9  J )  9 J =1 I 5 1  / 4 0 4 5  027D-2 9 - a  1 3 4 4 3 1 0 5 0 - 4  9.190140 14D-79-.8813 

D A T A ( B ( 2 , J ) p  J = l r 5 l /  r 1 6 5 8 1 2 5 7 D - 2 r - ~ 2 7 2 9 9 4 1 l D ~ 5 ~ ~ 3 4 4 5 8 5 9 7 0 - 8 , ~ 0 2 3 6  

DATA ( 8 (  39 J I 9 J = l t  5 11.43294101D-3 .. 2 2 2 9 0 4 4 6 0 - 6  * - e 1 7  1 4 7 5 3 0 - 9  9.120048 

DATA ( T K ( J l . J = l ~ 3 1 / 2 3 0 . D O t  660.D0, 136OoDO/ 
DIMEUSION 
DOUBLE P R E C I S I O N  B t T K  

I F  ( I N  .EQ. 1 1  GO TO 6 

16126D-  11 1 -  e63  8 6O967[5-15/  

150469O-119.67843954D-15/  

17BD-12  1-  2 3 6 5 0  1 9 3 - 1 6 1  

U l 8 0 )  t T E M P ( 8 0 I  s B ( 6 ~ 5 I  s T K l 5 1  r T E G l 6 l  

DATA I N / l /  

4 D3 1 I = N l , N 2  

D3 2 1 . ~ 1 9 2  
L l =  L + l  

C3ND = B I K 9 1 )  + T 1  * l B l K 9 2 )  + T 1  * I B l K v 3 )  + T 1 '  * 

3 K  = 1  

2 I F I T 1  .GT. T K ( L l l 1  K = L l  

l ( B ( K . 4 1  + T 1  * B l K ~ 5 l l l )  
N = K  
SUM = c.0 
DO 7 H = 1.Y 

TVEW = SUM + T 1  t ( B 1 K t l l  + T 1  * 1 8 I K ~ 2 1 / 2 . 0  + 11 * 
1 I B ( K 9 3 1 / 3 0 0  + T 1  4 ( B ( K ~ 4 ) 1 4 . 0  + T l  * B ( K 9 5 ) 1 5 . 0 ) ) 1 )  - 
2 T K ( Y I  * l B I K , l l  + T K I N I  * ( B I K 9 2 1 / 2 . 0  + T K I N I  * (B(Ke3113 .0  t TK 
3 I N )  * l B l K p 4 ) / 4 . 0  + T K I N I  * B l K t 5 ) / 5 . 0 ) l l l  

7 SUM = SUM + T E G t Y I  

TYEW = T 1  - ( - U t 1 1  + T N E W I K O N D  

7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
16 
11 
1 8  
19 
20 
2 1  
2 2  
23 
2 4  
2 5  
2 6  
27 
2 8  
29 
30 
3 1  
32 
33 
3 4  
3 5  
36 
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
43 
4 4  
4 5  
4 6  
4 7  
4 8  

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 1  
28 
2 9  
30 
3 1  
3 2  

51 



SlJBROUTINE SUBT3(UiTl  ,TEMPIN1 ,N2)  
C 
C SUBROUTINE TO TR4NSFORM U FOR COPPER TO TEMPERATURE 
C TqEF-3 = 120.0'FOR SAMPLE PROBLEM 
r L 

D A T A  ( E (  1, J l  9 J = l t 5 ) / l e  269232DO1-.66746332D-1, .1422934D-29- .1399347 

DATA ( 8 1  2, J) i J= l r  5) /.44088691DOi-.12795533D-l ,*137510660-3,-.60595 

D A T A  (8(3,J)tJ=li5~/.49401865D-l ,-.66795851D-3r.37770900D-5,-.9341 

DATA f R(4, J )  P J=1,51/.70182202D-2 9-e 10021190-4 t .216036330-7,-.21689 

DATA f B(  5 ,  J)  9 J= l ,  5 ) / *  52029382D-2 ,.19182ilBOD-b 1-.554337990-9, a14533 

190-4,- 52471424D-7/ 

19480-6,.823575133-9/ 

13869D- @i e84968007D-11 I 

142 9D- 10, 81662 7650-14 / 

DIMENSION U( @OI,TEMP(BO) i 8 ( 6 , 5 l r T K ( 5 )  tTEG(6) 
D3UBLE PRECISION B tTK 

I F  ( I N  .EQ. 1 1  GO TO 6 
DATA I N / l /  

4 OD 1 I + l i N t  

03 2 L = 115 
3 K  = 1  

L 1 =  L + l  

C 3 Y D  = B I K t l )  + T 1  * (B(Kv2)  + T 1  * ( B ( K s 3 1  + T 1  * 2 IF (TL.GT.TK(L ) )  K = L l  

l ( R ( Y , 4 )  + T 1  * 8 ( K , 5 ) ) ) I  

1 
2 
3 
1 

2.c + 
15.01 

33 
34 
3 5  
3 6  
37 
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
46 
4 7  
48 
4 9  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
3 4  
35 
3 6  
37 
38 
3 9  
40 
4 1  
42 
43 
44 
45 
46 
4 7  
48 
49 
50 
5 1  
52 
53 
54 
55 
5 6  
57 

52 
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