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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 - [K(T)VT]'= 0, with
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.

INTRODUCTION

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 manual preparation, especially if solutions are desired for a varied set
of configurations. HETRAN is designed to overcome this difficulty for a particular type
of geometry since it is a computer program which generates the grid.
HETRAN was originally written to determine design criteria for rocket nozzle tubes.
A detailed discussion of this problem may be found in reference 1.
Following the presentatlon of mathematical development, the FORTRAN IV program,
HETRAN, is presented with a complete description of the required 1nput and the output
obtained. The input and output for an example case is also given.
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SYMBOLS

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/m2

heat transfer coefficient on cladded, heated gas side of tube, W/m2

th

conductivity of i~ material (i =1, 2, 3), J/(m)(éec)(K)

ith material (i=1, 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 wall of tube (top arc), cm

radius to interface between outer wall of tube and inner arc 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), em

temperature, K
temperature at Ith, Jth grid point, K
temperature of coolant, K
temperature of gas, K

reference temperature used as lower limit in Kirchoff Transform for mater-
ial 1, K '

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



reference temperature used as lower limit in Kirchoff Transform for mater-
ial 3, K

th material obtained from Kirchoff Transform

th material at Ith,Jth

dependent variable for i
dependent variable for i 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

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 Al’ rad

angle corresponding to subregions B and Bl, rad

angle corresponding to subregions D and Dl’ rad

angle by which top circular arc of tube is less than 7/2 radians, rad

angle corresponding to subregions Q and Ql’ 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

oT
-K(T) 2= =h (T, - T) on 9
an c\Tc 3

aT
“K(T) & =h (T_ - d
()an o(Tg-T)  on 3g

(1)
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an On al, 82, 34, 85, 86, a7

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

.e\madding (material 2)
/
91 ]

/ %

Tube wall .
(material 1) ~

"~ 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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METHOD OF SOLUTION

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

T

u = 4 K,(2)dz (2a)
refl
T .

ug = 4 Kz(z)dz (2b)
ref2
T

ug = A K3(z)dz (2¢)
ref3

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, =0 (3)
aul
- —6;— = hC(TC - T) on 83
aul
—_= on d,, 0y, 0
an 2 "4 75



For material 2:

\vj Uy = 0
auz
-—2=h (T -~ ]
= g( e T) on dg
Ju
on
For material 3:
3. _
v ug = 0
ou
3
on 0dp, ¢
an 6> “7

These equations are 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 lies 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 are solved by point overrelaxation. Since the equations at these points are non-
linear, an iterative method for solution is required.

The derivation of the difference equations for these special points will be illustrated
by tgldng typical points on the radial grid of regions A and Al'

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
regfon 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
V uy dA = —=ds
cell around cell



Figure 2. - Composite region divided into 12 subregions.

(2,5

(1,3

20y

{1,J-1 (1, 1+1)

AN

Figure 3. - Detail of grid for boundary point on region A.



- du ou ou Ju
= -—-l-ds+ ——lds+ —-—lds+ —lds
0 9 or
a-b c-d d-a

uq (1,Jd) - uq(1,J-1) Ary u,(1,J) - uy(2,d) Ar
on 1 1 1. %M 2 <r1+ 1>A6A

AB 2 Arg 2
2r1 sm-—é 1

u,(1,J) - uq(1,3+1) Ar
41 1 1 n, [Tc - T(1, J)]r1 A6, (5)
A9A 2
2r1 sin ——
2

The temperature T(1,J) is not known. But assuming a previous estimate of u; at
(1,7), say u1(1 J) and a corresponding temperature T(1 J), it is possible to approxi-
mate T(1,J). Let

T
HT) =ug - / Kl(z)dz
Trefl

'g'f‘ = -K I(T)

dT

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

: £(T) ~ £(T) + (T - T) &L (6)
: dTir.T
T
0~y - K,(z)dz - (T - T)K(T)
Trefl



T(1,J
L9 K,(2)dz

u1(1,J) Tref1
K[ T(1, 3)] K{T(1, 3)]

T(1,J) ~ + T(1,d) (7

Substituting equation (7) into equation (5), rearranging, and solving for u1(1, J) give

Ar1 Ar1 AGA
ul(l, J) = ——-_-Zé-_. [ul(l,J-l) + ul(l, J+1)] +[ry+ ry rew u1(2, J) + h,ry A8,
o SR 1
4r1 sin ——
2

i (1, 3) ]

/ K,(z)dz
T

refl Ar1 Ar1> AGA s hcr1 A@A

— + [rq + - ;
K [T(1, 3] g0, ot A6, ( 17 2 Jar,  x[T(1,9)]
I J

2
Let Z = u1(1, J); then the new guess for ul(l,J) is obtained from

x |T, - T(1,J) +

uy(1,9) = 14(1,3) + w[2Z - 4,(1,3)]

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

The difference equations for a material interface point are obtained in a similar
fashion. The cells about the point (N, J) of region A and the corresponding point (1, J)
of region A; have a common boundary (path b — ¢ of fig. 4). The cell for (N,J), say

Figure 4. - Detail of grid for material interface point regions A and AL



celly, is cross-hatched area in figure 4, and the cell for (1,J), say celly, is the stippled
area in figure 4.
Again using the divergence theorem results in

0=/ VzuldA+/ Vzusz

ce111 ce112

Ju Ju
= % _1 ds + % _2 ds
on on

around ce111 around ce112

ou ou ou ou
/-——ds+/—-——1ds+ /——lds+ /——l-ds+/ —24s
00 or 20
ou ou ou
+ -——z-ds+ --—zds+ -—-gds (8)
or
-b

by~cy

The assumption of continuity of heat flow implies

ou ou
/ .._lds+ /.—Z-ds-
b-c

Dropping these integrals out of equation (8) and continuing with the approximation lead to

10



0 ul(N, J) - ul(N, J-1) Arq . ul(N, J) - u1(N, J+1) Ary . ul(N, J) - ul(N-l, J)

A 2 A6 2 Ar1
2r2 sin —= 2r2 sin ——
2 2
/  Ar uy(1,J) - ug(1,J-1) Ary  ug(1,d) - ug(2,d) Ar
sz-—lA9A+ 2 2 2+ 2 2v” r2+———gA9A
2 A8 2 Ar2 2
2
Uo(1,d) - uy(l, J+1) Ar Ar Ar
A 2" 2 1 + rz—-—lAGAul(N,J)
A6 2 AO 2
2r, sin —— 2ry sin —=
2 2 2 2
Ar2 Ar2
b |2t [rg + —L)A0, |ue(1,d)
N 2779 |TALT2
; A
2r2 sin —=—
2
Ar Ar.\ Af
s [N, I-1) +u (N, 34 1)] (r-z - _—l>__é u (N-1,3)
A9 2 /Ar
. A 1
4r2 sin —=
2
Ar Arg\ A
+—————-—2—— [uz(l,J-l) + uz(l, J+1)J + [rg + —2)_ A u2(2, J) (9)
AGA 2 Ar2
4r2 sin —=
2

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

T(J)
f Kl(z)dz

ul(N, J) Trefl

~ - T 10
R ) ()

11



TI(J)
Kz(z)dz

up(1,9) " Tret,
K TIG)  K,[THI)

TI(J) = + TI(J) (11)

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

/ T3) K2(z)dz ‘4 ) Kl(z)dz

u1(N J) u2(1 J) Trefz ref;

Tk[TO] K@) K] K [Td)]

T(J)
/ Kz(z) z / () 1(z)dz
ul(N J) u2(1 J) Tref2 ref1

EIT(J)] K T0)] K,| T(J)] T R[TO)

> (12)

Equations (9) and (12) are 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) T(J) A
Kz(z Z Kl(z)dz
uo(1,J) uy(N,J) Tret Tret
2 1 -4 2 N 1 .
K| T(3)] K1[T(J ] K,[T()] X,[T()]
TJ) = TJ) + = =
2
Convergence of the iteration process is assumed to occur when
heat in ~ heat out < tol (13)
heat in

where tol is some preassumed number and

12



2
heat in = - / ou ds
gas side on
heat out = - / ou ds
on

coolant side J

> (14)

Trapezoidal integration is used to approximate these integrals so as to be consistent
with the difference equations.

When convergence has occurred, the temperatures corresponding to the u, func-
tions are determined by iterating on equations of the same type as equation (7).

The program was converted to double precision after it was found that the large as-
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 are 17 subroutines: CONSA, CONSB,
RINIT, COMPA, COMPB, RCOL, CIRCOL, CIRCOT, RLINE, CLINE, OUTPUT, CONI,
CON2, CON3, SUBT1, SUBT2, and SUBT3. The subroutines CON1, CON2, CON3,
SUBT1, SUBT2, SUBT3, and part of RINIT 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.
SUBT3

SUBT2
SUBT1

__ output

CON3

CON1
CLINE
RLINE

— COMPB

CON3

CON2
CON1
CLINE
RLINE

MAIN ———— COMPA

T 1T I

[— RINIT

CIRCOL

L conse — Reor
CIRCOT
L consA Ecmcm
RCOL

Figure 5. - Calling relation of subroutines.

13



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 Bl 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 CONSB calculates the grid constants for subregions P, Pl’ Q, Ql’ 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.

Subroutine COMPA calculates the ui's at each point of the grid for subregions A,
A1, D, Dl, B, and B1 and the temperatures at interface and boundary points of these
regions.

Subroutine COMPB calculates the u;'s at each point of the grid for subregions P,
Pl’ Q, Ql’ 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 SUBTI,
SUBT2, and SUBT3. In addition, if IPUNCH is set equal to one in the input data, OUT-
PUT will 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.

INPUT

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



12|73

TITLE

1011 1516 20)21 25|26 30{31 35[36 40{41 45|d6 50[51  55(56 60]61 65(66 70|71

\
&
NRA | NTA | NRB | NIB | NTD | NXP | NTQ | NZ ) NZX | JPUNCH | IREAD | NCOUNT | MCOUNT | 1COS \‘

1 8 )17 2|» 32|33 {41 48]49 56| 57 64 | 65 23 8
R1 R2 R3 YFINT FINTHK ANGTOP HCOOL TCOOL HGAS TGAS
XLONGM |  R2B YFINB | TOL NN NN R NN
WMEGA | WMEGAL | WMEGD | WMEGDL WMEGB | WMEGBI iR T @ | @i§— = _—_—rrmr @ I R imamOIEEIE

WMEGP

WMEGP1 | WMEGQ | WMEGQDL | N N

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.

NRA
NTA
NRB
NTB

NTD

NTQ

NZ

NzZX
IPUNCH

Input Variables and Definitions

number of division points for radius, ry - ry (see fig. 2), =15
number of division points for angle @ A (see fig. 2), =24
number of division points for length f (see fig. 2), 4= NRB =<5

number of division points for angle og (see fig. 2),
NRB + NTB + NTD - 2 < 35

number of division points for angle 6 (see fig. 2)

number of division points for middle rectangular length X (see fig. 2),
=20

number of division points for angle GQ (see fig. 2), =20
number of division points for angle 6, (see fig. 2), =20
number of division points for lower rectangular length Xy, (see fig. 2), <19

trigger to OUTPUT subroutine:
=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

15



IREAD

NCOUNT

MCOUNT

ICOS

R1
R2

R3
YFINT

FINTHK
ANGTOP

HCOOL
TCOOL
HGAS
TGAS
XLONGM
R2B

TOL

WMEGA
WMEGA1
WMEGD

16

trigger to RINIT subroutine:
=0  User must set initial guess for u's

=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 are printed
(see egs. (13) and (14))

trigger to activate a cosine variation for the heat transfer coefficient on
the cladding:
=0  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 yy infig. 2)

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

angle in radians by which top circular arc of tube is less than 90° (see
Opop 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 X, infig. 2)

radius to outer wall of tube (lower arc) (see ry,, infig. 2)

trigger to stop iterations. If heat balance (eq. (13)) = TOL, iterations are
stopped and output is printed.

relaxation factor for subregion A (see fig. 2)
relaxation factor for subregion Al (see fig. 2)

relaxation factor for subregion D (see fig. 2)



WMEGD1 relaxation factor for subregion D1 (see fig. 2)

WMEGB relaxation factor for subregion B (see fig. 2)

WMEGB1 relaxation factor for subregion B1 (see fig. 2)

WMEGP relaxation factor for subregion P (see fig. 2)

WMEGP1 relaxation factor for subregion P1 (see fig. 2)

WMEGQ relaxation factors for subregions Q, ZL, and ZR (see fig. 2)
WMEGQ1 relaxation factors for subregion Q1 (see fig. 2)

Instructions for 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 fin 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, SUBTI,
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; CON1 refers to material 1,
CON2 to material 2, and CON3 to material 3. Consequently, a description of CON1 is
sufficient for all three routines.

17



The purpose of CON1 is to return to the calling program the conductivity of mater-
ial 1 at a given temperature and the variable

T
Kl(x)dx

Tref

K,(T)

Usage: Subroutine CON1(TOLD, U, NTIM, COND) where

TOLD vector of temperatures supplied by calling program

T
U vector Kl(x)dx KI(T) computed in CON1

/T
ref1

NTIM number of elements in vector TOLD supplied by calling program

COND 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 LOOP'" to calculate from I=1, NTIM

the conductivities, COND(I), for material 1, corresponding to the given temperatures
TOLD(I). It must also calculate the variables

T
Kl(x)dx
ref 1

TOLD(I)

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 SUBT1 is sufficient to describe all three subroutines.

The purpose of SUBT1 is to calculate a vector of temperatures for material 1,
given the corresponding ui's. The method which is useful for this calculation, is the
Newton method of equation (7).

Usage: Subroutine SUBT1(U, T1, TEMP, N1, N2) where

9) vector of ul's, supplied by calling program
18



T1 initial guess to TEMP(N1) supplied by calling program

TEMP vector of temperatures, calculated by SUBT1, corresponding to vector of u's
N1 initial point of '"DO LOOP" supplied by calling program

N2 final point of ""DO LOOP'" supplied by calling program

U and TEMP must be declared dimensioned variables in SUBT1 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(I). Newton's
method as given by equation (7) is an effective method for performing this calculation.

Subroutine RINIT sets the initial guess for the u, 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 Uy at the given points.

There are two ways to set the initial guess in RINIT. X IREAD is set equal to 1 on
the input data, then RINIT will attempt to read 414 BCD cards. These cards are gener-
ated by subroutine OUTPUT and contain the complete field of u; and the temperatures
along the boundaries and interfaces from the last iteration. I 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 uy, U, and Ug 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 are the same as for input. The sample input used inches
and degrees Rankine; the output units are 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 CASE~-STAINLESS TUBE,NICKEL CLADDING,COPPER FIN--NO COS VAR,

\ NT 1€0s
NRA NTA NTB NTD NXP NTQ NZ NZX IPUNCH IREAD NCCUNT MCOUI
9 20 5 5 10 i0 10 10 4 a 3000 250 -0
R1 R2 R3 Y=-FIN-TOP FIN-THICK ANGLE-TOP
0.40500CCNE-0L 0,52500000E-01 0.725)0000E-01 0.12600000E~-01 G+95959599E~03 0
H-COOLANT TEMP~C OQLANT H-GAS TEMP-GAS
0,148050006-01 1. 0000000 0.19429000E~02 5897.00000
X=-MID-RECT R2-BOT Y-FIN-BOTTOM TOLERANCE
0.3250CQCHE~N1 0. 40000000E-01 0494932999902 0.99999999E~04
DMEGA{A} . OMEGA (AL} OMEGA(D) OMEGA{(C1) OMEGA(B) OMEGA(B1}
1,91999599 1. 91999999 1.91939999 1.91999999 1.91599999 1.91999999
OMEGA{P} OMEGA(PL) OMEGA(Q) OMEGA(QL)
1491999559 1. 91999999 1.91939999 1.91999999
ITERATION = 250 HEAT IN = 0,52211515 HEAT OUT = -0.60466251 RELATIVE ERR = 0.,15810259
ITERATION 500 HEAT IN = 0.52490184 HEAT OUT = -0454039369 RELATIVE ERR = 0429513791E-01
ITERATION 750 HEAT IN = D0¢52544611 HEAT OUT = ~0.52846774 RELATIVE ERR = 0.57506089E-D2
ITERATION 1000 HEAT IN = 0452555250 HEAT QUT = <0.52615677 RELATIVE ERR = 0.11497699E-02
ITERATION 1250 HEAT IN = 0452557338 HEAT OUT.= -0.5257037$ RELATIVE ERR = 0.24812427€-03
ITERATION 1421 HEAT IN = 0.52557682 HEAT GUT = -0452562915 RELATIVE ERR = (. 99558095E-04
TEMPERATURES ON THE TOP RADIAL SECTION OF TUBE
THET = O
R T R T R ¥ R T
0.40500CE-01 0.770166E +03 0.420000E~01 0.838638E403 0.435000E-01 0.903183E+03 0.45000606-01 0.964230E+03
0.465000E-C1 0.102212E+04 0. 480000E-01 0.107715€E+04 0.495000E-01 0.112956E+04 0.510000£-01 0.117954E+04
0.5250G0E-01 0e122742E+04
0.525200E-01 0al22742E+04 0.528333E-01 0.123210E+04 0.531667E-01 0.123671E+04 0.535000£~01 0e124144E+04
0.535896E~-01 0e124270E+04 0.538598E-01 De124649E+04 0.543152E-01 0.125288E+04 0.5496376~01 0126 19TE+G4
0,571359E~01 0e129236E+04 0.605076E-01 0+13391TE+04 0.654288E-01 Cal40611E+04 0. 725000E~01 0.149903E+04
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?

0 «4N5000E-01
0.465N00E-01

[
L
(403

525000E-01
S525000E~C1
535896E-01

Ca571359E-Q1

R

£ +405000F-01
0.46500CE-01

Ce
0.

525GCNE-01
525000E~01

0,535896E~01

0.

571359€-01

R

C.4D5000E-01

[+ %
Ce
0.
0.
0.

O.
0.
N,
0.
O
0.

0.
Oe
Q.
[A1%
0.
Ce

0.
Ce
.
0.
0Oa
0.

O
(£
0.
o,
Oe
2%

L
(LY
0.
Co
0.
0.

465000E-01
525000E~01
525CQ0E-01
535896E~01
571359£~01

R

40S000E-01
465000E-~01
525000E~01
525000E~-01
535896E-01
571359e~01

R

40S00RE-CL
4650C0E-D1
525000£-01
525000E-01
535896E-01
571359E-01

R

405000E~-01
465000E-01
525000E-01
525G00E-01
535896E~01
5§71359E~01

R

4N5000E~01
46500GE~C1
525CONE-C1
525000E~-C1
535896E-01
571359E-01

R

405000CE-01
4550CDE-O1
525000E-01
525C00E-C1
535896E-01
571359E~-01

T

0. T69639E+03
0e102149E +04
01226 TRE+04
01226 T2E+04
0e124199E+04
Cel29163E+04

T

0 76805TE+03
0.101959E+04%
0e122463E +04
0a122463E+04
0.123987C+04%
0e128944E+04

T

GaT6541BE+03
0e101641E+04
0a122112E+04
04122112E+04
0a123631E+04
Ge1285TTE+04

T

0e 761 7T16E +03
0e101194E+04
0e121 €1 9E+04
0121 619E+04
0e123132E+04
0.128061E+04

T

Qe T56947E+03
0.100617E+04
0e120983E+04
0e12N983E +04
0e122486E+04
0el273935404

T

0o 7511045 +03
0+999090=+03
0e120199E+04
0e120199E+04
04121691E+04
Qa1265TOE+04

T

047441 79E +03
0. 990675E+03
0ell9266E+04
0s119266E+04
0.1207455+04
0.1255875+04

T

0s736168E+03
0. 980908E +03
0,11 8180F +04
0.118180F +04
Call9639Z+04
0412444DE +0%4

R

0.420000E-01
0.480000E-01

0.528333E-01

0.538598E-01
C.605076E-01

R

0.420000E-01
0, 480D00E-01

0.528333E-01
0.538598E-01

0.605076E~D1

R

0.420000E-01
0.480000E-01

0.528333E-01

.0.538598E~01

0. 605076 E-01

R

0.42000NE~21
0+ 480000E-01

0.528333E~-01
0.538598E-01
0.605076E-0L

R

0.420000E-01
0.480000E-D1

C4528333E-01
0.538598E~01
0.605076E-01

R

0.42C000E-01
Ce 480000E-01

0.528333E-01
0.538598E-01
0.605076E-D1L

R

0.420000E-01
0. 487000E-21

0.528333E-01
0.538598E-01
Qe 605076E-01

R

0.420000E-01
0. 480000E-D1

0.528333E~01
0.538598E-01
0.605076€E-01

THET = 0.250292€+01

T

0.838079E+03
0.107650 E+04

0.,123139E+04
0.124578E+04
0.133843E+404

R

0.435000£~-01
0.4950006-01

0.531667E-01
00543152E-01
0.654288€-C1

THET = 0.500584E+01

T

0.836401E+03
0.107454E+04

04122929E+04
0e124365E+04
0.133621E+04

R

0.435000E-01
0.495000€-01

0.5316676-01
0.543152E~01
0.654288E~-C1

THET = 0.750876E+01

T

0.833601E403
J.107 L26E+04

0.122577E+04
0+124008 E+04
0e133250E+04

R

0.435000E-01
0+435000€~01

00531667E~01
0.543152E-01
0.654288E-C1

THET = 0.100117E+02

T

0.829673E+03
0.106666E+04

0.122082E+04
0123507E+04
0.132728E+04

R

0.435000E-01
0.495000E-01

0.531667E~01
0e5431526-01
0.654288E-01

THEY = D.125146E+02

T

0.824610E+03
0.1060T71E+04

04121 442E+04
0e122859E+04
0e132051€E+04

R

0.435000£~01
0.495000E~01

0.531667E~0

0.543152E~0
0.654288E~01

THET = 0.150175€+02

T

0e818404E+03
0.105340E+04

0.120655E+04
0.122061E+04
0.131214E+04

R

0,435000E-01
0.495000E-01

0.531667E~01
0.543152E-01
0.654288E~01

THET = 0.175204E+02

T

0.811046E+03
0.104471E+0%

0.119717E+04
0.121111E+04
0.130215E404

R

04435000E-01
0.495600E-01

04531667E~01
0+543152E-01
0.654288E-01

THET = 04200234E+02

T

0.802527€E+03
0e103461E+04

04118625E+04
0.12)D03E+04
0.129045E404

R

0.435000E-01
0.495000E-01

0.5316676-01
Ue543152E-01
0 .654288E-01

T

0.902596E+03

0.112889E+04 -

Ce123607E+04
0s125216E+04
C.140537E+04

T

0.900833E+03
0+112688E+04

0.123365E4+04
0.125002E +04
Cel40317€E+04

T

G.857890E+03
0.112352E404

0.123041E+04
0e124644E+04
Ge139548E+04

T

0.853T60E+03
G.111880E+04

0e122544E+04
0.124140E+04
0e135428E+04

1

0.888434E+03
Gel11270E+04

Ge121902E+04
Ge123489E+04
0.138754E+04

1

0.8819C2E+03
0.110519E+04

0.121111E+04
0.122686E +04
0e137921E+04

T

0.874152E+03
0.109626E+04

0e1201€9E+04
0e121730E+04
0.136924E+04

T

C.B865172E403
C.108587E+04

001190726404
0.120616E+04
0e1357S5E+04

R

0.450000E-01
0.510000E-01

0.535000E-01
0.549637E-01
0. 725000E-01

R

0.450000E~-01
0. 510000£-01

0.535000E-01
0e549637E-01
0. 725000£-01

R

0.45000CE-01
0+ 51 0000E-01

0.535000£-01
0,549637€-01
0. 725000E~01

R

0.450000E-01
0.510000E-01

0.535000E~01
0e549637E~-01
0. 725000€~-01

R

0.450000E-01
0.510000E-01

04535000E-01
0. 549637E-01
0. 725000E-01

R

0.450000E-01
0.510000£-01

0.535000E-01
0.54%637€-01
0. 725000E-01

R

0+4500G0E-01
0. 510000£-01

0.535000E-01
0.549637E-01
0. 725000E~01

R

0.450C000E-01
0.510000E-01

0.535000E-01
0.549637E~01,
0. 725000E-01

T

04963618E+03
0.117884E+D4

0.,124074E404

0.126125E404
00149832E+04

T

0.961780E+03
0.117681E+04

0.123861E+D4

04125909E+04
0149619E+04

T

0.958710E4D3
0.117339E+04

0123506 E+04

0.125549E404
0.149262E+04

T

0.954401E+03
0.116857E+04

0.123007E+04

0.125042E+04
0.148760E+04

T

0.948841E+03
0.116234E+D4

0.122362E4+04

0.124386E+04
0.1481GBE+04

T

0.942017E+03
0.115466E404

0.121568E+04

0.123578E+04
0.147303E+04

T

0e933915E+03
0.114552E+04

0.120622E+04

0.122615E+04
0.146338E+04

T

04924521LE+03
0.113487E+D4

0.119519E+04

0e121492E+D4
0e145203E404
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L3

0 .405000E-01
0« 465000E-01
De525CCO0E-C1
0.525000E-01
£ 4535896E-01
0o 571359E-01

R

0. 405000E~-01
0« 465C00E-C1
£ .525000E-C1
0.525C00E-N
G e535896E-01
0 .571359E-01

R

0.405000E-01
0e465000E~01
0.525600E-N1
C+525000E-C1
T «535896E-C1
C«571359€-01

R

0.405000E-01
C+465000E-01
04525000E~-01
€ <525000E-C1
0e535896E-01
04571359E~C1

2

0 .405000E-01
0.465000E-01
Ge525CQ0E~G1
0452500CE-01
04535896E-01
04571359E-Q1

R

04405000E-01
0 465000E-01
0«525000E-G1
0« 525000E-CL
0+535896E~01
0e571359€~01

R

0 .405000E-C1
0.465000€~01
04525000E-01
0,525000E-01
C.535896E-01
0e571359E~01

R

0.405000E-01
0465000601
0 4525000E-01
0.525000E-01
04535896E-01
Ne571359E~01

22

T

0e T27064E +03
0.9697TLE+03
0.116935E+04
0e116935E+04
0.118375E+04
0.123123E+04

T

N.716863E+03
149572442 +03
0.115529€E+04
0.115529E +04
Nell6945E+04
0.121631E+04

T

0o TN5565E+03
0.9433102+03
0.113956E+04
De113956E +N4
0a115344E+04
0.119958E+04

T

0e6931TLE+03
0.927955E+03
0.112213E +04
0e112213E+04
0e1135T0E+04
0.118099E+04

T

Ne6T9689E+03
0911167 +03
0.110295E+04
0e110295E +04
0.111616E+04
0.11604TE+D4

T

0.665131E+03
048929452403
0+108198E+04
0.108198E+04
01094805 +04
0.113799E+04

T

0e649515E+03
0.873290E+03
0.105922E+04
04105922E+04
0.107160E+04
04111350E+04

T

0.632867E+03
0.852216E403
0.103463E+04
0.103463E+04
0.104653E+04
0.108700E+04

R

N4 420000E~-01
0.480030E~DL

0.528333E-01
0.538598E-01
0. 605076E~01

R

0.420000E-01
0.480000E-01

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

R

0.4200N0E~DL
0e48I000€E-01

Ne528333E-01
0.538598E-01
0.605076E-01

R

0.420000E~01
e 4B0C00E~-0L

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

R

04 420000E-01
0.480000E~D1

0.,528333E-01
0.538598E-D1
0.605076€-01

R

0.420000€~01
0.480000E~01

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

0.420000E-01
0.480000E-01

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

R

0.420000E-01
0. 480000E-D1

0.528333E-)1)
0.538598E~01
0.605076E-01

THET = 04225263£+02

T

0,792839£+403
0.102309E+04

0.117375E+04
0.118733E+04
0.127701E+04

R

0.435000€6~01
0.495000E~01

0.531667E~01
0.543152E-01
0.654288E~01

THET = 0.250292E+02

T

C.781975E+03
0.101011E+04

De115961E+04
De117298E+04
0126 173E404

R

0.435000E-01
0.495000E~01

0.531667E~C1
04543152E-01
0.654288E-01

THET = 0.275321E+02

T

0 «769932E+03
0.995649E+03

0e«114379E+04
0.115691E+04
0.124456 E+04

R

0 .435000E-01
0+495000E-01

0.531667E-01
0.543152E-01
0.654288E-C1

THET = 04300350E+02

T

0756 TO0BE+03
0.979696E+03

0.112626E+04
0113909E£+04
0.122541E+04

R

0.435000E~-01
0+495000E-01

0.5316676~01
%¢543152E~01
0.654288E-C1

THET = 0.325380E+02

T

0eT742307E+03
0.962230E+03

D4110697E+04
0e111947E+04
0.120422E+04

R

0.4350006-01
0.495000E-01

0.53166TE-01
0+543152E-01
0.654288E~01

THET = 0.350409E+02

T

0.726738E+403
0.943240E+03

0.108588E+04
0.109802E+04
D.118092E+04

R

0.4350006-01
0.495000E-01

0.531667E-01
0.543152E~-C1
0654288E~01

THET = 0.,375438E+02

T

0.710017€E+403
0922725E+03

0.106298€E+04
0.1074T70E+04
0.115545E+04

R

0+435000E~01
0.+495000E-01

0.5316676-01
0.543152E-01
0.6542886-01

THET = 0.400467E+02

T

0.692168E403
0.902693E403

0.103824E+04
0.104952E+04
D1 7TSE 04

R

0.435000E-01
0+495000E-01

0.531667E-01
0.5431526-01
0.654288E~01

T

0.854952E403
Q.107399E+04

Cell781SE+04
C.119339E+04
GCel34407E+04

T

C.843482E+03
0.106C61E+04

Ce1163S4E+04
Ce117B94E+04
C.132870E+04

T

C.830752E+03
0.104568E +04

C.1148C4E +04
Ca116277E +04
Ga131134E+04

T

0. 8l6T59E+03
C.102518E +04

Cel13C41E+04
0.114483E+04
C.125185E+04

T

C.8015Q2E+03
C.101109E+04

Ce1111CLlE+04
0.1125Q7E+04
Ge127023E+04

T

Ce7€4988E403
0. 991 390E +03

0.108G80E+Q4
0e110346E+404
04124625E+04

T

Ce767228E+0Q3
Ce970071E+03

C.10E€6TEE+04
061Q7998E+04
02121G84E+04

T

0.748243E+03
0.947135E+03

0.104188E +04
0+105460E+04
Ge119091E+04

R

0. 450000601
0. 510000E-01

0 535000£-01
0.549637E-01
0. 725000£~01

R

0. 450000E~01
0+ 51 0000E-01

0. 535000E-01
0.549637E-01
Q. 725GU0E-01

R

0.45000CE-01
0. 5100G0E-01

0. 535000E-01
0.549637E~01
0. 725000E-01

R

0« 450000E~01
Q¢ 510000E~01

0+535000E-01
0654963 7E-01
0. 725000E~01

R

0.450000€~01
0.510000E~01

0.535000E-01
0054963 7E~-01
0. 725000E-01

R

G.450000E-01
0. 510000E~01

0. 535000E~01
0e549637E-01
0. 725000E-01

R

O. 450000E~01
0.510000£-~01

0. 535000E~01
0.549637E-01
0. 725000E-01

R

0.450000£-01
0.510000E-01

0. 535000E-01
0e549637E~01
0. 7250006-01

T

0.913818E+03
0ell2269E+04

Cel18256E+04
0.1202G4E+C4
02143904E404

T

0+901794E+03
0.110895E+04

0.11682BE+U4
UellB8T4TEHLS
Delt24lb6E+U4

T

0.888435E+03
0.109359E+04

04115230E+04
0.117116E+04
0e140733E+04

T

0e873732E+03
0.107660E+04

0.113458E+04
Gel15305E+04
0.138842E+04

T

0.857681E+03
0.105794E+04

0e111507E+D4
0.113311E+04
0a136724E+04

T

0.84028 2E+03
0+103758E+04

0e1093T74E+04
0ell1129E+04
0.134360E+04

T

0.821545E+03
0.101551E+04

0.107057E+04
0.108756E+04
04131722E+04

T

0+801486E+03
0.991728E+03

0.104554E+04
04106191E+04
0.128781E+04



R

0.405000£-01
0.465000E-01
€.525060E-01
0,525000E-01
0.535896E-01
0.57T1359E~01

R

0.405000E-01
0.46500NE~01
0.5250006~01
0.525000E-01
0.535896E-01
0.571359E~01

R

0,405000E-01
0.465000E-01
0.525000E~01
0.525000E-01
0,535896E-01
04571359E~01

R

0 4D5000E-01
0.465000E-01
06525000E-N1
0.52500CE-01
0,535896E-01
Co571359E~-01

R

Qo 405C00E-01
0.,465000E-01
0.5250:00E~CQ1
€.525000E-C01
0+535896E-01
0.571359E-C1

R

0.405C00E-0L
0,465000E-01
©4.525000E-01
©.525000£-01
0.535896E-01
05713596~

R

0.4050006-01
04,465000E-01
0.525000E-61
0 «525000E-01
04535896E-01

R

0+405000E-01
0.465000E-01
0.525000€-01
0.525000E-01
04535896E-01

R

0,405000E-01
0 4465000E-01
0.525000€-01
0.525000E-01
0,535896E-01

T

0e615220E+03
0+829747E+03
0.100823E+04
0.100823E +04
0.101961E+04
0.105849E+04

T

0.596615E +03
0,805917E+03
04 980035E+03
(e 980035¢€ +03
0. 990854 +03
0.102802E +04

T

0.577104E+03
0. T80773E+03
0.95N089E +03
0.950089¢ +03
04 960316E+03
0+995651E+03

T

0.515288E+03
0, 700125£+03
0.853291E+03
04853291E+03
0,861 738E+03
04891536E+03

T

0,448128E+03
0,610275E+03
Oe 743008E+03
0. 743008E+03
0. 7496553+03
04 7746 05E+03

T

03791 72E+03
0.513976E+03
0.616984E+03
0.616984E+03
0.621 6652403
0.643292E+03

T

C.316821E+03
0,420946E403
0 469765E+03
De469T65E+03
044704395403

T

0.316821E+03
0,420946E+03
Qe 469TE5E+03
0.469765E+03
0e470439E¢03

T

G.293392E+03
0.389100£+03
0.451197E+03
0.451197E+403
0.451834E¢03

R

0.420000E-01
C.480000E-D1

0.528333E-01

0.538598E~01
0.605076E~01

R

0. 420000E-01
0.483000E-01

0.528333E-01

0.538598E-D1
0. 605076E~-01

R

0.420000E-)1
0.480000E~01

0.528333E-01

04538598E-01
0.605076E-01

R

0.420000E-01
0.480000E-01

0.528333€E~01

0.538598€-01
0.605076E-D1

R

0.,420000E-01
0.480000E~01

0.528333E-01

0.538598E-01
0.605076E~01

R

0+420000E-01
0.480000E-01

0.528333E~01
0.538598E-01

R

0. 420000E-01
0.480000E~D1

0.528333E~01
0.538598E~01

R

0.420000E-01
0.480000E-01

0.528333E-01
0.533598€-01

R

0+ 420000E-01
0.480000E-01

0.528333E-01
0.538598£-01

THET = 0.425496E+02

T

04673222E+03
D«B8T7164E+03

0.101168E+04
04102 247E +04
G«103793E+04

R

0.435000£-01
0.495000E-C1

0.531667E~01
04543152E~-01
0,654288E-01

THET = 0.4505256+02

T

04653219E+403
0.852171E+03

0.983313E+03
0.993583E+03
D+106592E404

R

0.435000E~01
0.495C00E-01

0.531667E-01
0.543152E~01
0.6542886-01

THET = 044755556402

T

0.632207E+03
0.825759E+03

0.953184E+03
0.962901E+03
0.103189E+04

R

0.435000E-01
0.4950006~01

0.531667E-01
0.543152E-01
0.654288E-01

THET = 0.548535E+02

T

04565424E403
0.743820E+03

04855837E+403
0.863887TE+03
0.922724E+03

R

0+435000E~-01
0 495000E-01

04531667E-01
0.5431526-01
0.654288E-01

THET = 06215156402

T

0.492439E+03
0.645575E+03

0e744986E+03
0+751381E403
0.802346E+03

R

044350006-01
0+495000E-01

0.531667E-01
0.5431526-01

THET = 0.694495€+02

T
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D.541990E+03

0.618316E+03
0.622969E+03

R

0 .435000€-01
0.495000€-01

0.531667E-01
0.5431526-01

THET = D.767475E+02

T

0.346894E+03
De439565E+403

D+46984DE+03
D+4T70788E+03

R

0.435000E-01
0.495000E-01

0453166TE-01
0.5431526-01

THET = 04767475E+02

T

04346894E+03
0.439565E+03

0.469840E+03
0.470788E+03

R

0.435000£-01
0+495000E-01

0.531667€~01
045431526-01

THET = 0.800607E+Q2

T

0.323861E+03
D.407429E403

0+451330E+03
0.452077E+03

R

0.4350006-01
0.495000E-01

0.531667E-01
0.5431526-C1

T

0.728C62E+03
0.G22599E+03

0.101516E+04

0o 102734E+04
0.11%2538E+04

T

Ge706724E+03
0.896493E+03

G.SB6E19E+03

G.998222E4+03
G.112525E+04

T

Q.684277E+03
GeB868863E+03

04556309E+03

0.967299E+03
C.108870E+04

T

0.612706E+03
0.779799E+03

0e858417E+03

0.867558E+03
C.S71913E+03

7

0.534000E+03
Ce679319E+03

0a747C13E+03
0.754361E+03

T

0e451640E+03
Ge568268E+03

C.615737E+03
0e625298E+03

T

0.374293E+03
Ge454496E +03

C.470033E+0U3
0e471540E+03

T

Ce374293E+03
0.454496E+03

C+4T70033E+03
Ce471540E+03
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C.345886E+03
0e423£603E+03

Ge451518E+403
0e452561E+03

R

G.450000E-01
0.51000GE~-01

0.535000E-01
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R

0.450000E-01
0.510000&~01

0.535000E6-01

0.549637€~01
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R

0. 450000E-01
0.510000E~0L

0.535000E-01

0.549637E-01
Ge T25000E-01

R

0. 450000E-01
0.510000E-01

0.535000E-01
0. 549637E-01

R

04450000E-01
0.510000E-01

0.535000E-01
0.549637E-01

R

0.450000E-01
0. 510000E-01

0.535000E~01
0e54963TE-01

R

0.450000E-01
0.510000E~01

0.535000E-01
0e549637E~D1

R

0.450000E-01
0.510000E-01

0.535000E-01
0.549637E-01

R

0.450000E-01
0.510000E~01

0.535000E-01

T

0.780132E+03
0.966235E+03

0.101866E+04

0e103435E404
0.125500E+04

T

G«757520€+03
0.939063E403

0.989954E+03

0.100492E+04
0.121820E+04

T

0.733696E+03
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0.959464E+03

0.973654E+03
0.117650E+04

T

0.657505E+03
0.817240E+03

G.861031E403
D.872888E+D3

T

0.573174E+03
0.711730E+03

0.743089E+03
0.758754E403

T

0.483948E+03
0.593130E+03

0.621246E+03
0.628905E+03

T

0.399052E+03
0e464991E+D3

0.470340E+03
0.472967E+03

T
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0.470340E+03
04472967E+03

T

0.368606E+03
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0 .405000E-01
0,465000E-01
0.525000E-01
0,525000E-01
0.535896E-01

R

0,4050C0E~01
0.465000E-01
0.525000E-01
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0.535896E-01

R
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A
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N 6000N0E-02
0.120000E-01
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Y
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0.120000E-01
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T

0.2726T6E+03
04361788E+03
0e428020E+03
0.428020E+03
C.428661E+03

T

042540T4E+03
Ge3369902+03
0400941E +03
044C0941E+03
0e401 406E+03

T

N.237058E+03
043137705+03
0.372384E+03
0.372384E4+03

T

04237058E+03
0.313770E+03
03723 84E403
043723B4E+03

T

04215722E+03
0.286201E+03
0+341430E+03
04341 430E+03

T

0+198638E+03
04263028E+03
0e314304E+03
04314304E+03

T

0.184523E+03
0.243434E+03
0. 291044E+03
0.291044E+03

T

0.172631E+03
0.226780+03
0.27105LE+03
0.271051E +03

T

0.162703E+03
0e2125T6E +03
0e253799E+03
0.253799E+03

T

01542495+03
0.200455E +03
0.238941E+03
0,238941€+03

THET = 0.833738E+02
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0.420000E-D1 04297927E+03
0.480000E-21 0.379792E+03

0.528333E~01 0.428163E+03
0.538598E-01 0.428895€403

R

0.435000E-01
0.495000E-01

045316676-01

THET = 0.866869E+02
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0. 42000DE-01 0.277344E+403
0.48N000E-DL 0.354183E+03

0.528333E-01 0.401062E+03

R

0.435C00E-01
0.4950006-01

0.5316676-01
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0.420000£-01 0.258486E+03
0.480000E-01 0.329777TE+03

0.528333E~01 0.372466E403
TEMPERATURES ON THE MIDODLE

X = 0O
Y T

0,150000E~02 0.258486E+03
0. 750000E-~02 0.329777€E+03

0.123333E-01 04372466E+03

R

0.435000E~01
0.495000E-01

04531667E-01

RECTANGULAR SECTION
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0.900000E~02
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Y T

0.1 50000E-02 D«235020 E+03
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0.123333E-01 0.341504E403

Y
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061266676-01
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0.150000E-02 0.216085E+403
0.750000E-02 0.277004E+D3

0.123333E~01 0e314371E+03

Y

0+300000E~-02
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0.126667E~-01

X = 04108333E-01
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0.150000E~02 0.200386E+03
G. 750000E~-02 0.256353E+403

0.123333E-01 D.291104E+03

Y

0.300000E-02
0.300000E~02

0.126667E-01
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0.150000E-D2 0.187192E+03
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0.123333E-01 De271106E+03

Y

0.300000E-02
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0.126667E~01
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0.150000E-02 0.176027E+03
0.750000E-02 0.223669E+03
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Y

0+300000E~02
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0.126667E-01

X = De21666T7E-01
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0.150000€E-22 04166555E+403
0. 750000E-02 0.210787E+D3

0.123333E~01 0.238988E+03

Y

0.300000E-02
0.900000E-02

0.126667E-01

1

€+221CE1E+03
0.396577E+03

04428353E+03

1

0.268777E+03
G.370398E+03

G.401202E+03

T

0e278285E+03
0.344813E403

0.372522E+03

1

€.278285E 403
Ce344813E403

G.3725226+03

T

0+253149E+03
04315466E+03

Ge34154SE+03

T

Ge232605E +03
0.290196E+03

0a314411E+03

T

0e215473E+03
0.268587E+03

0e291140E+03

T

Ce201025€+03
0+ 250094E +03

0s271138E+03

T

Q.188768E +03
Ge234233E+03

0.253880£+03

T

0.178348E+03
C.220644E+03

0.239016E+03

R

0.450000E~-01
0. 510000E-01

0.5350C0E-01

R

0.450000E~01
0. 51000001

0.535000E-01

R

0. 450000E~01
0. 510000E-01

0.535000€-01

Y

G+ 450000E-02
0.,105000E-01

0.130000E-01

Y

0. 4500G0E~02
0.105000E~01

0.130000E-01

Y

0.450000E-02
0.105000E~01

0.130000E-01

Y

0.450000E-02
0.105000€-01

0.130000E-01

Y

0.450000E-02
0.1 05000E-01

0.130000£-01

Y

Qe 45000CE-D2
0.105000E-01

0.130000€-01

Y

0. 450000E-02
0.105000E~01

0.130000E-01

T

0e342284E+03
0.4125G9E+03

0.428590E+03

T

0.318591E+03
0.385891E+03

0.401361E+03

T

0.296657E+03
0.358992E+03

0e372554E+03

T

0.296657E+03
0e358992E+03

0.372554E+03

T

0.270184E+03
0e328836E+03

0.341564E+03

T

0.248240E+03
0.302626E+03

0.314424E+03

T

0.229814E+03
0.280148E+03

0.291152E+03

T

0.214215E+03
0.260863E403

0.271149E+03

T

0.200946E+03
02442756403

0.253890E+03

T
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0.230028E+03

0.239025E+03
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0.6000C0F-02
0.120C00E-01
0.120000E-01
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0.400000E~02
0.1200006~01
0.120000E-01
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0.,60NC0OGE-DB2
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0.120C00E-01

R

0.280000E-01
0.4340000E~Q1
©.400000E-01
0 .400000E-C1

R

0 ,280000E-C1
0.3400006E-01
¢« 4000N0E-01
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R

0.280000E-01
0.340C00E~C1
0.400000E-01
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R
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C.340000E-01
0 .400000E-C1
0.40C000E~01

R
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0 .400000E~-01
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R

N 280000E-0N1
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0,40N000E~-C1
0.400000E-01

3
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0.400C0CE-C1
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T

0.147088E+03
0.,190147€403
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0.226262E+03

T

Nel41006E+03
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0.215620E+03
0e215620E+03

T

041357392+403
0e174113E+03
04206911E+03
0e206911E+03

¥

0.135739E+03
0.174113E+03

0.206911E+03
04 206911E+03

T

0.13468DE+03
0e17246BE+03
0+204789E+03
0.204789E+03

T

04133521E+03
0.170752E+03
0.202850E+03
0.202850E+03

T

0e132269E+03
0.168953E+03
00 201124E4+03
0. 201124E+03

T

0.130925€4+03
0.157057E+03
0.199625€+03
0.199625E+03

T

0.129492E 403
D4165040E+03
0.198350E403
N.198350E+03

T

0.127970E+03
0e1628756+03
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0.19728BlE +03

Y

0.150000E-02
G. 750000E-02

0.123333£-01

Y

0.150000E~02
0.750000E-02

0.123333E~01

Y

0.150000E~02
0. 750000E-02

0.123333E~21

X = 0.252778E-01

T

J0.158517E+03
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0,226305E+03

Y

0.300000E-02
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0.126667E-01

X = 0,288889E-01

T
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Y

0.300000E-02
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T
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0.206949E+03
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1
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0.4159344E 403
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1

0.155523E+03
0e191356E+03

0.206972E+03

TEMPERATURES ON THE LOWER RADIAL SECTION OF TUBE
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R
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R
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R
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R
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R
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T
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T
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T
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T
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T
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A
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Y
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R

0.325000E-01
0.385000E~01
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R

0.325000€-01
0.385000£-~01

0.410131E-01

R

04325000E-01
0.285000E-01

0. 410525€~01

R

0.3250006-01
0.385000E-01

0.411184E~01

R

0.325000£-01
0.385000E-01

0.412108E-01

R

0.325000E~-01
0.385000E~01

0.413302E-01

R
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0.385000E-01

0414769E~01

T

0.180038E+03
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04226340E+03

T

0.171894E+03
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0.215693E+03

T

0.164971E+403
0.,199366E+03

0.206979E+03

T

0.16497T1E+03
00199366E+03

0e206979E+03

T

0.163449E403
0.197429E+03
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T

0.161839E403
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T
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T
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T

0.156387E+03
0.190436E+03

0.198377E+03

T

0.154320E403
0.188789E+03

0.197347E403
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R

0.280000€E-01
€« 340000E-01
0400000E~0]
0,4N0CCOE~O1

R

0.,28N000E~-01
0.340000E-01
0.400000E-01
0.400NODE-01

R

0,280000E-01
0.340000£~01
0..400000E-01
0.,400000E-01

R

0.28N0000E-01
04340C00E-01
0.400000E-01

R

G.280000E-01
04340000E-01
0.400000E-01

R

0,280000E-01
04340000E-0)
0.400000E-01

R

0.280000E-01
0.340000E-C1
€.400000E-01

R
0 .280000E-01

0+ 340000E-01
0.400000E-01

R
©+280000E-C1

0,340000E-01
0.400000E-01

R
0,280000E-01

Co340000E-01
0.400000E-01

R
0,280000E-CL

0.340000£-C1
0.40N00CE-C1

R
0.280000E-01

0.34000NE-01
0.400000E-01

26

T

04126359E+03
D41605272+03
0.196382E+03
0.196382€+03

T

" 0e124661E+03

Ce157963E+03
0+195563E+03
0s195563E+03

T

0.122882E+03
0.155152€+03
0.194382E+03
0.194382E+03

T

0.110818E+03
0.133007E+03
0.143583E+03

T

069961 T5E+02
0s114615E+03
0.119643E+03

T

0.908152E+02
0+101146€+03
0.1042C0E+03

T

0.844081E+02
0.915868E+02
0.936211E+02

T

0o 799075E+02
0+ 868983E+02
0. 862 946E+02

T

0.768027TE+02
0.B026T6E+D2
0.812345E+02

T

Do T46864E+N2
Ce 770949E +02
Oe TTTO6T4E +02

T

0.732625E+02
047495055 +02
04754221E+02

T

CaT723253E402
06 73534 8E+02
0. 138698E+02

R

0.295000E-01
0.355000£-01

0.403333E-01

R

0+295000E~D1
0.355000E-01

0.403333E-01

R

0.295000E-01
0355000801

0.403333E-01

R

0.295000E-01
0.355000E-01

R

0+ 295000E~-01
0.355000E-01

R

0.2950N0E-01
0.355000€E-01

R

0.295000E~01
0.355000E-01

R
0.295000€-01

0.355000£-01

R

0.295000E-01
0.355000€-01

R

0.295000£-01
0.355000E-01

R

0.295000E-01
0,355000E-01

R

0.295000E-01
0.355000E-01

THET = 0.101466E+02
T R
0.135123E+03 0.310000E-01
0.16908)E+03 0+37000CE~C1
0.196432E+03 0.406667E-01
THET = D0.115961£+02
T R
0.133191€+03 0.+310000€e~-01
0.166429E+03 0+370000E-01
De195648E+03 0+40666TE-01
THET = 04130456£+02
T R
0.,131159E+03 0+310000E~-0Q1
0.163426E403 0.370000E-01
0.194839E403 0+406667E-01
THET = 0,215961E+02
T R
0.117222E+03 0.310000€-01
0,137053€+03 0.370000E-01
THET = 0.301466E+02
T R
0.104311E403 0.310000E~01
0.116820E+03 0.370000E~01
THET = 0,386971E+02
T R
0.941695€+02 0.310000E-01
0.102529€+403 0.+370000E~01
THET = 0.472676E402
T R
0.867710E+02 0+310000E-01
0.925161E+02 0.370000€-01
THET = 0.557981E+02
T R
04815566 E+402 0.310000E-01
0e85537TE+02 043700006-01
THET = 0.643485E+02
T R
D.779480E402 0+310000E-01
D.807106E+02 0+370000E-01
THET = D.728990E+02
T R
0.754820E+402 0.310000E-01
0.774031E+02 0.370000E~01
THET = (0.814495E+02
T R

0.738195E+02 0.310000E-C1

0.751667TE+02 0.370000E-01
THET = 0.900000E+02

T R
0.727233E+02 0.210000E-C1
0.735900E+02 0.370000E-01

T

0el42€71E+03
G.177889E +03

0.156472E+03

T

Cel415C5E+03
Ga175346E+03

Ce155734E+03

T

0.1392C9E+03
0.172308E+03

Cs165120€+03

T

0.123C49E+03
Ge140330E+403

T

Ce108361E403
0¢1183G8E+03

T

0.5655C3E+02
Ge10348lE+03

T

0.887387E+02
0.931482E+02

1

Ce829264E+02
Ge859712E¢02

T

0.788994E+02
C.8101C7E +02

T

CeT61434E +02
G.776118E+02

1

0.742830E+02
0.753131E+02

1

0.730552E+02
Ce737943E+02

R

0.325000E-01
0.385000E~01

Qe 416514E-01

R

0.325000E-01
0.385000E-01

0.418543E~01

R

0.325000E-01
0.385000E~-01

0.420862E-01

R

0.325000E~01
0.385000E-01

R

0.325000E-01
0. 385000E~01

R

0.325000E-01
0.385000E-01

R

0.325000E-01
0.385000E-01

R

043250006~01
0.385G00E-01

R

0.325000E-01
0,385000E~01

R

0.325000E-01
0.385000E-01

R

0.325000E-01
0.385000E-01

R

0.325000E~01
0.385000E-01

T

0.152101E+403
0.187037E+03

0.196546E+03

T

0.149716E403
0.184994E+403

0.195994E+03

T

0.147154E+03
0.182326E+03

0a195764E+03

T

0.128317E+03
0.142622E+03

T

0.111794E+03
0e119337E+03

T

0.993073E+02
0.1G4028E+03

T

0.903359E402
0.935082E+02

T

0.840342E+02
0.862174E+D2

T

0.796683E+02
V.811811E+02

T

0.766781E+02
0.777303E+02

T

0.746580E+02
0475396 1E+02

T

0.733245E+02
0.738525E+02



Y

Ce
0o 60CNNNE-02
0.120( 00E-01

0.
0 60NCONE-02
0.120000E-CL

Y

5
0 600000E-02
0.120C00E-01

0.
0. 60C000E~02
0.120000E-C1

[ %
0. 600000E~02
0.120000E-C1

Q.
0.600C00E-02
0.120£00E-01

e
0,600000E-C2
0e120N00E-~01

(.Y
0.6N0ONONE-02
0.120C00E-01

Co
C.600N00E~-02

0.120000E-C1

o
-

[22%
0.600000E-N2
0.120000E-01

T
N4 T723253E+02

Ce735348E402
0. 738698E+02

T

0.721021E+02

0.732428E +02
0eT735848E+N2

T

0. 719211E+02
De729939E+02
0. 733335E402

T

0. T17741E+N2
0eT2784TE+02
Qe 7311T7LE+O2

T

0. 716558E+02
0. 7261245 +02
0. T29356E+02

T

0.715628E+02
0o 724 745E+02
0. T27885E+02

T

0o 7149256402
04 723692E+02
0. T26TS1E+02

T

0. 714434E4+02
0aT22949E+02
0.72594TE+02

T

0.714144E+02
Qe 722508E+02
0. 725466E+02

T

0.714047E+02
047223628402
06 72530TE+02

TEMPERATURES ON THE LOWER RECTANGUL AR SECTION

Y

0.150000E-02
0. 750000E-02

Y

0.150000€~02
0.750000E-D2

Y

0.150000E~-D2
G« T50000E-02

Y

0.150000E-02
0. 750000E-D2

Y

0.150000£~02
0. 750000£-02

Y

C+150020E~02
0.750000E~02

Y

0.150000E~02
0.750000£-02

Y

0.150000E~02
0. 750000E-02

Y

0.150G00€-02
0.750000E-G2

Y

0.150000E~D2
0.750000£-02

X = 0.
T Y,
0.727233E+02 0.300000E-02
D.736903E+02 0.900000E-02

X = 0.138889€-02
T Y

0.724681E+02
0.7339T71LE+02

0430000CE-C2
0.900000E-02
X = 0.277778E-02

T Y
0.722587E+02 0.300000E-02

0e731449E+02 0.900000E~02
X = 04416667E-02
T A

0.720876E+02
0.729312€E+02

0.300000E~-02
0.900000E-02

X = 0.555556E-02

T Y
0.719495€+02 0.3000006-02
DsT27541E+02 0.900000E-02

X = De694444E-02
T Y

0.718406E+02
D«7T26116E+02

0.300000E~02
0.900000E-02

X = D.833333E-02

T A
0.717584E+02 0.300000E~-02
0.725024E+02 0+900000E-02

X = 0.972222E-02

T Y
0,717008E+02 0+300000E~-G2
0.724253E+02 0.900000E-02

X = 0s111111E~-01
T Y

0..716667TE+02
0.723793E+02

0.300000E-02
0.900000E-02

X = 04125000E-01

T Y
0.716554E+02 0.300000E-02
0.723641E+02 0.900000E-C2

REC=

T

0+730552E +02
0.737943E+02

T

G.7278C2E+02
0e735034E+02

T

0+725511€E+02
04732507€ 402

T

0.723622E402
G+ 730350E +02

1

0e722087E+02
C.728551E+02

T

Qe T20872E +02
Ge727099E+02

I

04719951E 402
0.725982E +02

T

G.71S3C5E +02
CeT725192E +02

T

0. 718923E+02
0.724720E+02

T

C.7187G¢E+02
0 724563E+02

ao0gcQ FiL=

Y

0. 450000E-02
Qe 1 05000E-01

Y

0+ 450000E-02
0.105000E-01

Y

0« 450000E-02
0.1 05000E-01

Y

0.450000E-02
0.105000E-01

Y

C. 450000E-02
0.105000E~01

Y

0. 450000E-02
0.105000£-01

Y

0,450000£-02
0.105000£-01

Y

0.450000E-02
0.105006E-01

Y

0.450000E-02
0.105000E-01

Y

0.450000E-02
0.1 05000E-01

00002

T

0.733245E+02
0.738525E+402

T

0.730379E+402
0.735650E+402

T

0.727963E+02
0.733130E+02

T

0.725950E+02
0.73096TE+D2

T

0+724303E+402
04729155E+402

T

0e722992E+02
0.727689E+02

T

0.721995E+02
0.726559E+02

T

0.721294E+02
0.725758E+02

T

0.720878E+02
0.725279E+02

T

0.720740E+02
0.725121E+02

27
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Main Program

COMMON /FORMA/R14R2,R3 , YFINT,FINTHK, ANGTOP4HCOOL,TCOOLy HGAS » TGAS,
LXLONGM 4R 2B, YF INB,ANGBO T, SUMAQ,SUMAL :

DJUBLE PRECISION R1,4R2,4R3,YFINT,FINTHK,ANGTOP 4HCOOL,TCOOL, HGAS,
1TGA Sy XLONGM R 2B o YF INB ) ANGBO Ty SUMAD , SUMAL ,TOL

COMMON /FORAN/NRA » NRAM, NTA g NTAP, NRAL s NRALMyNRALX + NRALX M,
INRB,NRBMyNTB,NTBM,NTD ,NTDM

COMMON /FORCN/ NXPoNXPLoNTQoNTQL 4NZsNZ1)NZXsNZX1

COMMON /FORWA /WMESA o WMEGAL , WMEGD yWMEGDL y WMEGSB y WMEGB1

DOUBLE PRECISION WMESA yWMEGAL , WMEGD » WMEGDL ,WMEGB,WMEGB1

CIMMON /FORWC. / WMEGP ,WMEGPL , WMEGQ ,WMEGQL

DIUBLE PRECISION WMEGP 4WMEGPL » WMEGQWMEGQL

DIMENSION DENT(12)

EXTERNAL DUBIO

IPUNCH = @ NO CARDS PUNCHED

IPUNCH = 1 PUNCH 414 BLD CARDS

IREAD = 0 SET INIYIAL GUESS FOR Us,S AND TEMPS IN RINIT

IREAD =1 RINIT READS 414 BCD CARDS FOR INITIAL GUESS

NCOUNT MAXIMUM NUMBER OF ITERATIONS PROGRAM WILL CYCLE
MCOUNT HEAT BALANCE PRINTED AFTER EVERY MCOUNT ITERAT IONS
IC3s = C HGAS = HGAS

IC)s =1 HGAS(I) = HGAS #* COS(THETA(I}}

R2 = R2 CASE WITH NO CLADDING

10 READ(5,103) (DENT(I),I=1,12)
READ(5,100) NRA,NTA,NRByNTB ¢NTD,NXPyNTQsNZNZX, IPUNCH, IREAD,
INCOUNT,MCOUNT, ICOS
READ(54101) RL4R2,R3, YFINTSFINTHK, ANGTOP yHCOOL ST COOLs HGAS, TGAS
TEAD(5,101) XLON3M4R2B,YFINB,TOL
FEAD(5,101) WMEGA, WMESAL , WMEGD, WVMEGDL s WMEGB W MEGBL
READ(5,101) WMEGP, WMEGP1 ,WMEGQ,WMEGOL
WRITE{ €,200) (DENT(I), I=1,12)
WRITE( 65 205) NRA,NTAINRB ,NTB yNTD ,NXP ¢ NTQyNZ yN2ZX, IPUNCH, IREAD, NCOUN
1T, MCOUNT,ICOS
WRITE( 69201) R14R24R3,YFINT,FINTHK,ANGTOP
WR ITE( €4203) HCOOL,TCOOL,HGAS, TGAS
WRITE( &y 202) XLONGM,R2B,YFINB,TOL
WRITEL &y 206) WMEGA o WHEGAL , WMEGD ) WMEGDL yWMEGB, WMEGB ]
WRITE( 6 207) WMEGP ,WMEGPY , WMEGQ, WMEG QL
ANGBOT = ANGTOP
ICOUINT = 1
CALL CONSA{ICOS)
CALL CONSB
CALL RINIT(IREAD)
1 SUMAI = 0.0
SUMAD = 0,0
CALL COMPA(IZOS)
CALL COMPB
REL = ABS({ABS{SUMAI)-ABS{SUMADY ) /ABS(SUMAI)}
IF(REL .LEs. TOL) GO TO 2
IF(MOD(ICOUNT,MCOUNT) .EQ. O) WRITE(6,204) ICCUNT,SUMAI,SUMAG, REL
ICOUNT = ICOUNT &+ 1
IF (ICOUNT .GTeo NCOUNT) GO TO 2
G) 10 1
ICOUNT = JCOUNT - 1
WR ITE{ €, 204) ICOUNT,SUMAIL , SUMAQ, REL
CALL OUTPUTI{IPUNCH)
G0 TO 10
100 FORMAT (1415)
101 FIRMAT (10D8.5)
103 FIRMAT(12A6)
200 FIIMAT(1HK,25X12A6//71H )
201 FIRMAT(1HK,11X2HRL ,18X2HR2 y18X2HR3 415 X9HY~FIN-TOP, 11X9 HF IN-THICK,
110X 9HANGLE~-TOP /6{ 5X615,8) /1H )
202 FIRMAT(1HK » BXLOHX-MID-REC T,12X6HR2~BOT 411 X12HY -FIN-BOTTOM, 9X 12HTOL
1ERANCE  /74(5XG15,8) /1H )
203 FORMAT(1HK,8X9HH-COOLANT,11X12HTEMP-COOLANT,12X5HH-GASy 14X BHTEMP~G
1AS/4(5XG1548) /1H )
204 FORMAT(1HK,5X12HI TERATION = I5,5XLOHHEAT IN = G15.8,5X11HHEAT OUT
1= G15.8, 5X15H4RELATIVE ERR = G1l5.87/1H }
205 FIRMAT ( 1HK y 4X3HNRA  5X3HNTA ¢S X3HNRB ;5 X3HNT B, 5X 3HNT Dy SX3HNXP s SX3HNTQ
1o 5X2HN Z,
16X 3HNZ Xy 2X6HIP UNCH » 3XSHIREAD 2 X6HNC OUNT 42 X6HMC QUNT 5 4X 4HICOS/ 14 3X I
25)1/1H )
206 FIRMAT(1HK,8X8HOMEGA {A) 412 X9SHOMEGA {ALl) s11 XBHOMEGA( D1, 12X9HOMEGAL D1
11y 11XBHOMEGA (B )4, 12X940MEGA{BL) /6 (SXG15.81/71H
207 FORMAT(1HK ,BX8HOMEGA(P),12X9HOMEGA(PL) ,11X8HOMEGA( Q) 1 2X9HOMEGAL QL
1)/4(5XG15,8) /1H )
END
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SUBROUTINE CONSA(ICOS)

COMMON /ZFOR AN /NRA ,NRAM, NTA, NTAP, NRAL s NRAL My NRALX ) NRALXM,
INRByNRBM,NTB,NTBM,NTD 4 NTDM

CIMMON /FORCN/ NXPyNXP1yNTQy NTQL yNZyNZ1 NZX,NZX1

CIMMON /FORAL/DRB 4HCA ,ALX3A2X yA3X yA% Xy A5 Xy A6Xy HGA,HC Dy

1HCAD, HGAD s HC3 yHCAB yD1 X yD2X yD3 X9 AE¢ BE yDEX s DEY 4 ECy DENAD,

20ENBZ

DIUBLE PRECISION DRB,HCA JALXyA2X »A3 X, A4 o ASX yA6X ¢ HG A, HCO,

1HCAD, HGAD 4 HCB , HCAB ,D1 X 402X ,03 X,AE, BE yDEX,DEY, ECy DENAD, DENBZ
COMMON /FORA2/AA(15) 4AB(15) AC(15) 9yA1A(351) 9A1B(35)}, ALC(35), AD(15),
18D(15),CD(15) yA1D (35) ,B1D(35),C1D(35) ,BAD(15) ,CAD(15]),

231AD{ 35),C1AD{35),BA(15) ,BB(15) +BC(15) ,B1A(2)),B18¢20),81C(20),
38BD(15),CBD(15),B81BD{20) ,C1BD(20}),AP(15),8P(15),A1P(5),B1P(5),
401BX( 15),028%X(15)

DOUBLE PRECISION AA,AB,AC,AlA,ALB,A1C,AD,BD,CD,A1D,B1D+C1D,
18A0,CAD,A1AD,Z 1AD,BA,88,8C,81A,B18,81C,880,C80,B180,C18D,
2AP,BP,ALlP,B1P,D1BX,D2BX

COMMON /FOUTA/THETA (25} yRA(15) sRALX(35) yRAL(35),THETO(15),
1THETB{ 15) )

DOUBLE PRECISION THETA sRA,RALX,RAL,THETO,THETS

DIMENSION DRAX{35)

NATA P12/1.,5707963268/

DIUBLE PRECISION DRAX,PI2

COMMON /FORMA /R1,R2,RA2 3Y1 yRAH, PT yHC y TCyHG ¢ TGy PXyR2B,BY 14 PT L, SUMAD,
1SuMAl

DOUBLE PRECISION R14R23RA2 sRAH P THHC 9 TCoHG 9TG 9 PX4RZBy PTL,SUMAQ,
1SUMAT, BY1

DIUBLE PRECISION A4X,Yl,DRA,DTD,STA,DTDDRA,DT BORA, CUTAL,ENTA,AY,
1CUTA2, THEB ,X1,DRA2;DTDRA,DTB2 ,YA,THAL yDTA +ENR ,THED, OT B, X2, DT A2,
2R 1DR, $TB

C3MMON /CLAZ UA(15),UA1(35),UD(15}),UDL(35),UB(15),UBL(20)
DIUBLE PRECISION UA,UAl,UD,UD1,UB,U8L

CIMMON /FORANN/NRALL,NRAML ¢NRBML

DOUBLE PRECISION XA

GRID CONSTANYS FOR REGIONS A,Al,+D,D1,B,81

XA = R2 + RAH
CUTA2 = DATAN{Y1/XA)

IF(RA2 +EQe R2) GO TO 200
YA = DSQRT(RA2*RA2 - XA%XA)
CUTAL = DATANI{YA/XA}

G0 T0 201
THAL = PI2-PT-CUTA2
CUTAL = CUTA2 + THAL * .25

THA1l = PI2 ~ PT - CUTAL
NTAl = NTA-1
ENTA = NTAL
NTAP = NTA+1

DTA = THAL/ENTA
DD 1I = 1,NTA
AY = -1

THETA (1) = AY*DTA
NRAM = NRA-1

ENR = NRAM

DRA = (R2-R1)/ENR
N3 20 T=1,NRA
AY=I-1

RA{I} = R1+AY*DRA

THED = CUTALl - CUTA2
NTBM = NTD - 1
ENTA = NTDM

DTD = THED/ENTA
DO 10 I = 1,NTD
AY =1 -1
THETD(I) = AY * DTD
THEB = CUTA2
NRBM=NRB-1
NTBM=N TB-1

ENTA = NT8M
ENR= NRBM

DTB = THEB/ENTA
DRB = RAH/ENR
N3y 30 I=1,NT8
AY=I-1
THETB( 1) =AY%*DTB
DO 4G T=1,NRB
AY = I-1

DO W e

29
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RAL{I)=R2 + AY*DRB

NRA1 = NTB + NRBM

NRA IM=NRAL-1

DD 50 I=1,NT8

J=NRA1+1-1 )
RAL(J) = XA/DCOS (THEB ~THETB(I))
RALX {1)=R2 + DRB/2.0

DO 6N I=2,NRBM
RALIX({T)=RALIX(I-1)+DRB
X1=THETB(NTB)-~-DTB/2.0

D3 70 I=NRB,NRA1IM

RALX{I) = XA/DCOS(THEB -X1)
X1=X1-DT8

NRALX = NRAl + NTDM

IF(R2 4EQs RA2) NRALX = NRAl
IF{R2 o.EQe RA2Y GO TO 202

X2 = CUTA2 + DTD/2.0

DO. 10D I = 1,NTDM

J = NRAY + 1

K = NTD~1

RAL(J) = XA/DCOS(CUTALl - THETD(K))
J1 = J -1

RA1IX(J1) = XA/DCOS{X2)
X2 = X2 + DTD
NRA1XM = NRA1X-1

NRAL1l = NRA1XM-1
NRAM1 = NRAM-]
NRBM1 = NRBM - 1

DRAX{1)1=DRB/2.0

DD 801 =2,NRA1XM

DRAX{ I)=RAL1X{I)-RALX {(I-1}

DRAXINRALX) = RALI{NRALX) - RAI1 X{NRAY XM)

ITERATION CONSTANTS FOR REGIONS A,Al

CALL CIRCOL{DRA,DTA,RA,AA,AB,AC,UA,NRA)

HCA = HC * 1% DTA

IF(R2 oEQ. RA2) GO TO 203

CALL CIRCOT{DRAX,DTA,RAL yRA1X,Al1A,yA1B,Al1C,UAL»NRALX}
A2X = AlC(1)

ALIX = AA(NRA)} + AB(NRAM)

AIC(NRALX) = 2.,0%A1A(NRALIX) + A1B({NRAlXM)

HGA = HG * RAZ2 * DTA

ITERATION CONSTANTS FOR REGIONS D,D1

CALL CIRCOL(DRA,DTD,RA,AD+8D,C0,UDsNRA}

HCD = HC * R1 * DYD

IF(RZ +EQes RA2) GO TO 204

CALL CIRCOT(DRAX,DTD,RAL ,RALX+ALlDyB1D,CLDUDL » NRALXM)
A6X = Ze0 * ALD{(1l) ¢ B1D{1)

IFIR2 .EQ. RA2) A6X = HG * R2 * DTD

A5X = AD{NRA) + BD(NRAM)

ADINRA) = AD(NRA} /2.0

ITERATION CONSTANTS FOR BOUNDARY BETWEEN REGIONS A,D AND Al,Dl

DB 103 I = 1,NRA

BAD(I) = (AB(I) + BD(I}))/2.0

CAD(YI) = AAUIY + AD(I) + RA{I) * (DTA + DTD)/DRA
CADINRA) = AA(NRA) /2.0 + AD(NRA) + BADINRAM)
CAD{1) = AA(1) + AD{1l) + BAD(1l)

IF(R2 +EQe. RA2) GO TO 205

B1AD(1Y = (Al18(1) + BID(1)) /2.0

DO 104 I = 2,NRALXM

B1AD(I) = (A1B(I) + B1D{I))/2.0

C1AD(I} = AlA(I)} + AID{I) + BLlAD(I) + BLAD(I-1)
ClAD{1) = AlA(1) + ALlD(1) + B1LAD(l)

HCAD = (HCA + HC?)/2.0

HGAD = HGA /2.0

IF(R2 o+EQe RA2) HGAD = HGAD+A6X/2.0

C1ADINRALIX) = ALA{NRAL1X) + BLAD(NRAlXM}

ITERATION CONSTANTS FOR REGIONS 8,81

CALL CIRCOL(DRA,DTB,RA,BA,BB,BC,UB,NRA)

CALL CTIRCOTIDRAXyDTB,RA1,RALXyB1A,B1ByBL1C,UBL ¢NRALM)
A4X = BIC (1)

X1 = 2.0%DSIN(DTA/2.C)
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A4X = Zo0* BLA(1)+ B1B(1)

A3X = BA(NRA) + BB(NRAM)

BA(NRA) = BA(NRA} /2.0

HCB = HC*R1*)T8B

DO 92 1=1,NRA

BBD(IY= (BD(I) + B8B([))/2.0

CBD(I) = AD(I) + BA(I) + RA(I)*(DTD+DTB}/DRA
CBDINRA) = AD{NRA)} /2,0 +# BA(NRA) + BBD{NRAM)
CBD{1) = AD(1) + BA(1l) + 8BBD(1)

ITERATION CONSTANTS FOR BOUNDARY BETWEEN REGIONS Dy B AND D1, B1
818D(1) = (31D(1)+B13(1)) /2.0

DO 93 I=2,NRAIM

B1BD( I} (BID(IV+B1B (1)) /2.0

c18D(1) AlD(I) + BID(I) + BLBD(I)+ B1BD(I-1}

C18DC1) = A1D(1) + BLD(1) + B1BD(1)

C1BD(NRALl) = A1DI(NRALl) + BI1BD{NRALM)

HCAB = (HCD + HCB)/2.0

()

D1X = AD(NRA)} + BBD(NRAM) +BA(NRA)
N2x = AlD(1) + B1D(1)/2.0

D3X = BlA(1) + B18(1)/2.0

DTD = DEY

DO 11¢ 1= 2,NRALM

D1BX (I} = A1D{I)+ (BID(I)+BLlD{I-1))/2.0
D2BX{ I} = BlA (I) +(31B(I)+ B1B{I-1))/2.0
D1BX (NRAL1) = AID(NRAL1) + BID(NRALM)/2.0
D28X (NRALl) = B1B(NRALIM) /2.0

IF{RA2 .NE. R2} GO TO 206

D2X = A6X/2.0

D1B8X(1) = HG * DRAX{1l) * THAl

IF(ICOS .NEe 1) GO TO 207

X1 = DCOS{THAL +THED)

D2X = D2X *X1

D1IBX{1}) = DIBX{1l) * X1

N3X = A4X/2.0

D0 208 I = 2,NRAL

DIBX{ 1) = HG * DRAX{I) * THAL

IFCICOS 4EQe 1) DIBX{(I) = DIBX(I) * X1

ITERATION CONSTANTS FOR BOUNDARY BETWEEN REGIONS B, P AND Bl,Pl

NXP1 = NXP ~ 1

ENTA = NXP1

X1= PX/ENTA

AE = X1/DRA

BE = DRA/X1

DTBDRA = DT3 /DRA

D0 31 I=1,NRA

AP(I) (BB(I) + AE)/2.0

BP(T) BA{I) + BE + AE + RA(I)*DTBDRA
aP(1) BAI1)+ AP{1)+ BE/2.0

DEX = BA(NRA) + BE/2.0+ APINRAM)

DENAD = X1/0R8B

DENBZ = DRB/X1

DB 32 I=1,.NRS

A1P(I) = (BLB(I)+DENAD)/2.0

B12(I) = BLA(1) + DENBZ ¢+ (RAL(I)}*DTB + X1)/DRB
DEY = B1lA{1) + DENBZ/2.0 ¢+ A1P(1)
B1P(NRB) = BlA(NRB}+ DENBZ/2.0 + ALP{NRBM}
EC = (HCB+#X1*HC) /2.0

RETURN

END
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SUBRDOUTINE CONSB
COMMIN /FORAN/NRA s NRAM; NTA, NTAP ) NRAL  NRALM,NRALX ) NRALXM,
INRB,NRBM,NTB ,NTBM,NTD 4NTDM

COMMAN /FDRCN/ NXPZNXPL,NTQ,NTQL yNZ,NZ1 ,NZXsNZX1
COMMON /FORCL/P X22 4HCP 3 PX2 s PX1 9 PX4 9 P2 X9 P1X49yPLX3 4HCPQ,S1P,S 2P,
IHC2sQ 1 X, Q2X,HCQZ,QZ1 Q22 yHCZ yZR3 yHCRLyZR1 yZR2 yZR%4yZR5y HCZR yPX 3y
1P1Xx2,P1X1 .

DIUBLE PRECISION PX22 ,HCP 3 PX29PXLyPX49yP2X4PLX 4y P1X33HCPQyS1P,S2Ps
1IHCQ Q1 X,Q2XyHCQZ,Q21,Q7Z2 yHCZ yZR3 yHCRL 4 ZR1 ¢ZR2 y ZR4y ZR5y HCZRy PX3
2,P1X2,P1X1
COMMON /FORC2/7AQ{(15),8Q(15) ,CQ(15),A1Q(5),B1Q(5),C1Q(5),PQA(15]),
1728(15),PQAL(15),PQBL (15) yAQT(21),BQT(21) ,CQT (21),ZA(15),I8B (151},
2IC( 151, AQZ (15%,CQZ(15) ,ZARL(15),ZBRL{15)

DOUBLE PRECISION AQ,8Q,0Q,A1Q,B81Q,C1Q,PQA,PQB,PQAl,PQB1,
1AQT,8Q7,CQT,2ZA,28,20,AQZ,CQZ+ZARLy ZBRL
COMMON /FOUTC /THETQ(201, XP(20) yRQA(15) »RQ(5) ,THETZ(20),

1 XZ (20),QT (2¢),YP(20),YPL{5)

DIUBLE PRECISION THETQ,XP sRQA,RQ,THETZ+XZ,QT4YP,YP1
DATA P12/1.570796328/
CDMMDN/FDRMA/RI-RZIRAZ1Y1vRAHyPTrHCyTCvHGvTGqPXvRZB,BVlfPTL:SUHAOq
1SUMAT

DOUBLE PRECISION R14R2 4RA2 yRAH »PToHC yTCoyHG TG4 PX4R28, PTLySUMAD,
1SUMAT, YL
DOUBLE PRECISION BYL sDRA,DXP ,0QR¢X2yTHEZ,DELZ yX3,THEQ, DRB, CTQ, DQL,»
131IDR 4P 123D 2ZXy SUML 4ENT yDRA2 yAY, STAy X1 ,R2DR4ENZ , DPIX2,XQRyR1 B, XQT,ZX
COMMON /CLB/7UQ(15) ,UZ{15),CP(15),UP(15) +CP1(5) ,UP1(51},CZ(15),
1z (15)

DOUBLE PRECISION UQ,UZ,CP,UP,CPLl,UP1,CZyUZR
COMMON /CLAB/ PXA,PXAP,PXAl,PXA1P,yZRAyZRP
DOUBLE PRECISION PXA,PXAP,PXAl,PXA1P,ZRA,ZRP

GRID CONSTANTS FOR REGIONS PyP1+C,QL vZLsZR

R1B= R2B - R2 + R1
THEQ= DATAN(BY1/(R2B+RAH)}

ENT = NRAM

DRA = (R2-R1)/ENT
ENT = NRBM

DRB = RAH/ENT

DRA2 = DRA/2.0
NXP 1= NXP-1
ENT= NXP1

DXP = PX/ENT

DO 7 I=1,NXP

Ay= I-1

XP{I}= AY*DXP

D0 200 I = 1,NRA
AY = I - 1

YP{I} = AY * DRA

DD 201 I = 1,NRB

AY = 1 - 1

YPLUI) = AY * DRB + YP(NRA)
NTQl= NTQ-1

ENT= NTQ-1

DTQ= THEQ/ENT

DO 2 I=1,NTQ

AY= I-1

THETQ( I)= AY*DTQ

DD 3 I=1,NRA

AY= (-1

RQACI}= R1B+ AY % DRA
R2DR = R2B + DRB/2.0
RA{1) = RQA(NRA)

DD 5 I=2,NRB

Q1) = RQ(I-1) + DRB
THEZ= PI2 + PTL - THEQ
NZ1= NZ-1

ENZ= NZ1

DELZ= THEZ/ENZ
DD 30 I=1,NZ
AY= 1-1
THETZ(1)= AY#DELZ
ZX= R1-R18B
NZX1= NIX-1
ENZ= NZIX1

PZX= ZX/ENZ

D3 32 1=1,NIX
AY= -1

XZUI)= AY*DZIX
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ITERATION CONSTANTS FOR REGIONS P,Pl

PX1 = DXP/DRA
PX2 = DRA/DXP
P1X1 = DRB/DXP
P1X2 = DXP/DRB

PX22= PX2/2.,0

HCP = HC*DXP

PX3= P X1+P X2

PX4= 2,0%P X3

P1X3= Zo0%{P1X1+P1X2}
P1X4= P1X1/2.0

P2X= P1X1+P1X2.

PXA = =PX1/PX&

PXAP = PX2/PX4

PXAl = ~P1X2/P1X3

PXA1P = P1X1/P1X3

CALL RCOL(PXA,CP,UP,NRAM)
CALL RCOL{PXA1,CPL,UPLl ,NRBM)

ITERATION CONSTANTS FOR REGIONS Q,Q1

CALL CIRCOL(DRA,DTQ,RQA,AQ,BQ,CQ,UQsNRA)
HCA= HCKR1BEDTQ

DQR= DTQ/DRB

STA= DSIN{DTQ/2.0)

X2= DRB/(2.D%STA)
AlQU1) = X2/(2.0%R28B)

B1Q(1)= R2DR*DQR

Cl0(1)= X2/R2B + BlQ{l)

DD 6 I = 2,NRB

AlQ(I)= X2/RQ(Y)}

B1Q(I} = BlQ{I-1) + DTQ

Clo(I)= 2,0=(A1Q(I) + RQ(I)}*DQR)
Q1X= AQ(NRA) + BQ(NRAM)

32X= 2,0%A12(1) + B1Q{(1)

ITERATION CONSTANTS FOR REGION ZL

CALL CIRCOL(DRA,DELZyRQA+ZA+ZB,ZCsUZ NRA)
ZCINRA )= ZA(NRA}) + ZBINRAM)

ZA(NRA )= ZA(NRA} /2.0

HCZ= HC*R1B*DELZ

ITERATION CONSTANTS FOR REGION ZR

IR1= DRA/{2.,D*DZX)

Z2= DIX/DRA

IR3= 2,0%IR1

IR4= IR3 + IR2

IR5= 2.0*%IR4

ZRA = ~ZR2/IRS

IRP = IR3/IR5

CALL RCOL{ZA,CZyUIR,NRAM}
HCZR= HC*DIX

ITERATION CONSTANTS FOR BOUNDARY BETWEEN REGIONS Py Q AND P1,0Ql

D0 55 I =1,NRA

PAACT ) = (PX1+BQ(I))/2.0

PRBLI) = PX2+ AQ(I) + PX1+ RQA{I)*DTQ/DRA
PQBLLY = PX22 + AQU1l) + PQA(1)

DO 56 I=1,NRB

PIAL(IY = (PLX2 + BlQ ({I)}/2.0

PABLLEY = PIX1 + ALQ{I) + PLIX2 + RQ (I})* DTQ/DRB
X2 = DT7Q/2.0

X1 = R2B + RAH

X3 = X1-DRB/2.0

SUM1 = 0,0

D3 90 I= 2,NTQ

QT (1) = X1/ICOS{THETQ(I))

XAT = QT(I) * DSIN(THETQ(I}) - SUML
SUM1 = SuMl + XQT

AQT(I) = X1 =X3% DCOS{X2}

AQT (1) = AQT(I1)/XQT

X2= X2 + DTQ

BAT (I = X3 % DTQ/( QT(I} ~ RQ{NRBM}))
AQT (NTQ +1) =0.,0

DD 91 I = 2,NTQ
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CATOIY) = AQT(I) + AQT(I+1) + BQT(I}
CQT(1) = P1IX4 +PQAL(NRBM} + AQT(2)
AT(1) = X1

BQTI(NTQ) = BQTINTQ) /2.0

S1P = PX22 + AQ{NRA} /2.0 + PQAUNRAM)
§2° = P1X4 +A1Q(1) + PQAL(L)

HCPQ = (HCP +HCQ) /2.0

ITERATION CONSTANTS FOR BOUNDARY BETWEEN REGIONS Q,ZL
D) 92 1 = 1,NRA

AQZ(1) = {BQ{Y) + ZB(1))/2.0
CIZLI) = AQ(I) + ZA(I) & RQA(I)*(DTQ+ DELZ)/ DRA
CAZ(1Y = AQULY + ZA(1) + AQI{1)

HCQZ = {HCQ +HCZ)/2.0
Q71 = AQ(NRAY /2.0 + ZA(NRA) + AQZ{NRAM}
Qz2 = AlQ (1) + B1lR(1)/2.0

ITERATION CINSTANTS FOR BOUNDARY BETWEEN REGIONS ZL.ZIR

NAR = DELZ/DRA
DO 33 I= 1,NRA

AL (DY = {7IB{I) + ZIR2) /2.0
ZBRL (1) = ZA(I) + ZR4 + RQA{I)* DQR
IBRL(1) = ZARL(l) +ZA({l) +ZR1

IBRL(NRA) = ZA(NRA} + ZR1 + ZARL{NRAM)
HCRL = {HCZ + HCZIR) /2.0

RETURN

END

SUBROUTINE RCOL(A4EL,U,N)}
ROUTINE TO TRIANGULARIZE MATRIX CF COEFFICIENTS IN RECTe REGIONS

DIMENSION EL{1),U(D)
DIUBLE PRECISION A EL,U

EL(2) = 1.0

ut2) = A

DO 1 I = 3,N

ELUTI) = 1o0 -~ A * U(I-1)
UeIy = A/ZELLT)

RETURN

END

SUBROUTINE CIRCOL(DRA +DTA,RA,AAAB,AC,AD,N)

RIJUTINE TO COMPUTE COEFFICIENTS AND TRIANGULARIZE MATRIX FOR
RADIAL REGIONS OF TUBE WALL

DIMENSION RA(1),AA{1),AB{1),AC{L1),AD(1}
DOUBLE PRECISION RA,AA,AB,AC,AD,DRA2,DTA2,STA,DTORA,X1, RIDR

1, DRA,DTA

DRA2 = DRA/2.0

DTA2 = DTA/2.0

N1 = N-1

STA = DSIN(DTA2)
DTDRA = DTA/DRA

X1 = DRA2/STA

R1DR = RA(1) + DRA2

AA(Ll) = X1/(2.0 * RA(1))

AB(1) = R1DR * DTDRA

AC(1) = X1/2A{1) + AB(1)

DD L I = 2,N

AACT) = X1/RA(I)

AB(I) = AB(I-1) + DTA

AC({I) = 2.0 * (AA(I)} + RA(I) * DTDRA)

AD(2) =AB(2)/AC(2)

DD 2 1 = 3,N1

AC(T) = AC(I) + AB(I-1) * AD{I-1)
ADUT)Y =AB(I1/AC(])

RETURN

END
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SUBRDUTINE CIRCOT(DRAX,DTA,RAl ,RALX,A1A,ALB,A1C,ALDyN)

ROUTINE 7O COMPUTE COEFFICIENTS AND TRIANGULARIZE MATRIX FOR
RADIAL REGIINS OF CLADDING AND FIN

DIMENSION DRAX{1),IMAX(1) ,RAL (1) RALX(1),ALA(1),A1B(1),AlC(1]},
1AL1D(1)

DIUBLE PRECISION DRAX,RAL yRALX4AlA,A1lB,ALC,A1D,X1,0TA

N1 = N-1

X1 = 2.0 ¥ DSIN(DTA/2.0)

AlA{1) = DRAX(1V/(X1 * RAL(1l))

A1B(1} = RALlX{1l) * DTA/(RAL1(2) ~ RAl(1l))
ALC(1) = 2.0 * AlA(1l) + AlB(1l)})

DD 1 I = 24N

ALACTI) = DRAX(I}/(X1 * RALI({IL})

Al1B(I) = RALIX(I) * DTA/{RAL(I+1) - RAL(I})
ALC(I) = 2,0 * AIA(I) + ALB(I-1) + Al1B(I)
AlD(2) =-A1B(2)/A1C(2)

D) 21 = 3,N1

ALCCIY = ALS(I} + ALB(I-1) * ALD({(I-1)
ALD(I} =-AXB(TI)/ALC(I)

RETURN

END

SUBROUTINE RINTI{IREAD)

COMMON /FORAN /NRA, NRA My NTA ¢y NTAP y NRAL , NRALM,NRALX y NRALXM,
INRB,NRBM,NTB +NTBM,NTD +NTDM

CIMMON /FORIN/ NXPyNXPL1 oNTQyNTQL ¢NZ4yNZ1 yNZX,NZX1
CIMMON/FORA/ A{15,25) »A1(35,25)+8B(15,15),82(20,15),D(15,15),
1 D1(35,15),TBA(25) ,TAI {25) ,TTA{25) ,TBB{15},7BI(15),TBD(15),
2TDI{15),TDD{15)

DOUBLE PRECISION A,AL,B,B1,D,D1,TBA,TAI ,TTA,T BB,TBI,TBD,
1701, TDD

COMMON /FORC/ P{20,415) 4P1{20,51,Q(15,20)+Q1(15,20),ZL(15,20),
1ZR (20,15),TP8(20) ,TPI (20) ,TBQ(20) ,TQI(20),TZB(20),TZBR(20)
DIUBLE PRECISION PyPlyQyQL yZLyZRTPB,TPI,TBQ,TQI,TZB,TZBR
DIUBLE PRECISION BZ

IF (TREAD.EQe1l) GO TO 600

IREAD =1 READ BCD CARDS CONTAINING U,S FOR ALL REGIONS
AND TEMPS ON BOUNDARIES AND INTERFACES

INITIAL CONSTANT GUESS DOF 1000 DEGREES FOR SAMPLE PROBLEM

D) 1 I = 1,NTAP
TBA(IY = 1D0ON, 0
TAICI) = 1000.0
TTA(I) = 1000.0
DI 2 J = 1,NRA
A(Jd,1I) = 1802084
D3 1 J = 1,NRALX

Al{d,1) = ,T5271
DD 4 J=1,NTD

D0 5 I=1,NRA
DEI,J)Y = A{I,1)
D3 6 I=1,NRA1X
DI{T,d4} = A1(I,1)
TBD(J) = TBA(L)
TDI(J) = TAIL(l)
DI 7 J=1,NTB

DD 8 I=1,NRA
BUIyJd) = A(I,1)
D0 9 I=1,NRA1
BZ({IyJd) = 4.7233244

TBB(I) = TOI(1})
IDDCIY = TRIC(L)
TBD(J) = TBA(L)}
TRI{J) = TAI(1)

DO 10 J=1,NXP

DO 11 I=1,NRA
P(JsT) = A(I,1})
DO 12 I=1,NRB
P1(Jy1) = BZ{I,1)
TPB(J)Y = TBA(1)
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TPI(4Y = TAI(1)
D3 13 J=1,NTQ

DD 14 I=1,NRA
AMI,3) = AUL,1)
D3 15 [= 1,NRB
AL{T,J) = BZ{I,1}

T8AUJd)

TBA(1)

TAIWI) = TAI(])

DI 16 J=1,NZ

DI 17 I=1,NRA
IL{Iyd) = AlL,1)
TZzB(J) = TBA(L)
N3 18 J=14NIX
DO 19 I=1,NRA
IR(J, 1) = A{I,1)
TZBR{J) = T3A(1)

G0 TO €01

READ INITIAL GUESS FROM 8CD CARDS

CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CALL BCREAD
CONTINUE
RETURN

END

(A{1,1)54(15,25})
(AL(1l+1),A1(35,25))
(D(1,41)+D(15,15)}
(D1{1,11+D1(35,15))
(B(1,11,8(15,15))
(BZ(1,1),87(20,15})
(TBA(1) ,TBA(25)}
(TAI(1),TAI(25))
(TTA(1),TTA(25))
(T8D(1),7BD(15))
(TDICLYTDI(15)}
(TDD(1},TDD(15})
(TBB(1),7T8B(15})
(TBI(L),TBI(15))
{(P(1,1),P(20,15))
(P1{1,1),P1(20,5))
(Q(l,1).Q(15,20))
(Q1(1,11,QL(15,20))
(ZL(1+1)52L(15,20))
(ZR(1+1),2R{20,15))
(TPB(1),TPB(20))
{TPI{1),TPI(20})
(TBQ(1),78Q(20})
(TQI(1),TQE(20))
(TZ8(1}),7ZB(20))
(TZBR(1},TZBR(20))

SUBROUTINE COMPA(ICOS)

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
63
70
71
72
73
74
15
76
77
78
19
8¢
81
82
a3
84
85
86
817
88
8sg
90
91
92
93
94
95
96
S7
98
S9

COMMON /FORAN/NRA yNRAMyNTA ¢ NTAP, NRAL , NRALM,NRA1X s NRALXM,
INRByNRBMyNTByNTBMyNTD y NTOM
COMMON /FORAL/DRByHCA)ALX gA2X yA3X9A4X AS5X s A6Xy HGA,HCD,
1HCAD,HGAD,HC3 yHCAB,D1 X ,D2X 03 X,AE,BE ,DEX y DEY, EC,DENAD,
20ENBZ
DIUBLE PRECISION DRByHCA,ALXsAZX2A3X,A44A5XA6XHGA,HCDy
1HCAD, HGAD, H. 3 ,HCAB D1 X,D2X ,D3 X, AE, BE ,DEX,DEYy ECy DENADy DENBZ
CIAMON /FORA2/AA(15),AB(15) yAC{15),A1A(35),A1B (35}, A1C{35), AD(15),
18D¢15),CD{(15),A1)(35) ,B810(35),C10(35) ,BAD(15) ,CADL15),
281AD(35),C1AD(35),8A(15),8B{(15),BC(15),81A(2)),B1B{20),8B81C(20),
388D(151,CBD(15),81BD(20),C18D(20),AP(15),BP(15),A1P(5),81lP(5),
4D1BX(15),028 X{ 15}

DIOUBLE PRECISION AA,AB ,AC,A1A,A1B,A1C,AD,B80,CD,AlD,B10,C1D,
18AD,CAD,B1AD,C1AD,BA,BB,3C,B1A,B1B,81C,BBD,CBD,B18D,C180,
2AP,BP ,ALP,B1P,D1B8X,D28X
CIVMON /FORA/ A(15+525),A1(35,25) +B(15,15}),BZ2(20,+15),D(15,15),

1 D1(35,15),TBA(25),TAI(25),TTA(25),TBB(15),TBI(15),TBD(15),
2TDI(15),TDOD(15)

CIMMON /FOUTA /THETA (25) ,RA(15) RALX(35) yRAL(35),THETD(15),
ITHETB( 15}

DOUBLE PRECISION A,Al,B,B1,D0,D1,TBA,TAI,TTA,T88,TBI,TBOD,

1701, 7LD

DJUBLE PRECISION THETA ,RA,RALX,RAl,THETD,THET B

DIMENSION CDAA(25) ,Z0ONAL(25) yCONAL(25) 4CONALI (251,

et pt s
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el o
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20

1

1TB1(25), TTL(25) ,TAI1(25) , TAL2(25),TAI3{25) ,CONBB(15),
2CINBI(15),CONBLI(15),CONBC(15),CONBD(15),CONDI(15),CONDD
3(15)9yCONDLIT15),X(35),F(35)

DOUBLE PRECISION COAA,CONAL,CONAI,CONALI,TBL,TY1,TAIl,

1TAI2, TAI3,CONBB,CONBI,CONBLY ,CONBC,CCNBD,CONDI,
2CIONDD, COND 114 X,F

CIMMON /FORC/ P{20,15),P1(20,5),6(15,20),Q1(15,20),ZL(15,20),
1ZR (20,15),TPB(20) ,TPI{20),7BQ(20) ,TQI(20),TZB(20),TZBR(20)
DIUBLE PRECISION PsP1,QyQl yZL,ZRyTPB,TPI,TBQ,TQI,TZB,TZBR

DATA PI2/1.,5707963268/

COMMON /FORMA /R1,R2,RA2 4Y1 sRAHPT 4HC 4 TC yHG s TGy PXyR2B,BY 14 PTL, SUMAD,
1SUMAL

DOUBLE PRECISION RL4R2,RA2 yRAHPT4HC,TC,HG TG »PX,R28, PTLySUMAO,
1SUMAI,Y1,BY1

COMMON /FORWA/WMEGA yWMEGAL y WMEGD ,WMEGD] y WMEGB yWMEGB1

DJIUBLE PRECISION WMESA ,WMEGAL  WMEGD y WMEGD1 +WMEGB,WMEGB1

DIUBLE PRECISION A4X,BZ,B82,HGAl ,HGAD] 4BIX X1, DTD,DET,X2483,X3,PI2
1, X4,X5,X6

COMMON /CLA/ UA{15),UA1(35),UD(15),UDL(35),UB(15),UBL{20)
DIUBLE PRECISION UA,UAl,UD,UD1,UB,UBL

COMMON /FORANN/NRA11 yNRAM] 4NRBNML

COMPUTE U'S ON REGION A

D3 1 1 = 1,NRA
AlT,1y = A(I,3)

D) 2 1 = 1,NRALX
Al(I,1) = A1(I,3)
TAI(1) = TAI(3)
TTA(Ll) = TTA(3)
TBA{1l) = TBA(3)

CALL CON1(T3A,TBL,NTAP,COAA)

CALL CON2(TTA,TT1,NTAP,CONAL)

CALL CON1{TAI,TAI1,NTAP,CONAI}

CALL CON2(TAI, TAI24NTAP,CONALI)

00 4 4 = 24yNTA

JpP J+l

J1 J-1

BIX = HCA % (TC - TBA(J) + TB1l(J))

AlLsd)=A(1yJ)+WMEGAR( (AA(L)%{A{]1,J1)+A(L;JP)) +AB(L)*A(2,J) +BIX)/
1{AC{1Y+HCA/Z3AA(J) ) -A{1,4))

TBA(J) = TBA(J) - TBL(J) + A(L,J)/COAA(Y)

SUMAD = SUMAD #HZA *{YC -~ TBA(J})

IF{J.EQse 2) SUMAD = SUMAD/2.0

FL2) = AB(1) #A(1,J) +AA(2)%(A(2,4JP) +A(2,41}))

D) 5 I = 3,NRAM]

FUI) = AACI) #* (A(1,JP)+ A(I,J1})

F(NRAM) = AB(NRAM) * A{(NRA,J} + AA(NRAM) * (A{NRAM,JP)+A(NRAM,J1})
CALL CLINE(AB,AC,UA,F s X,NRAM)

DI 20 1 = 2,NRAM

ACI,d) = ALL,J) + WMESA % (X{I} - A(I,8))

CIMPUTE U'S ON MATERIAL -INTERFACE BETWEEN REGOONS A AND Al

IF(R2,NE.,RA2} GO TO 101

HGAL1l = HGA

IF{ICOS.EQ.1) HGAl= HGA * DCOS(THETA(J1))

BIX= HGAL * (TG-YAI(J) + TAIL(J))

A(NRA, J1= AINRA,JY + WMEGA%® ((AA(NRA}*(A(NRA, J1)+ A(NRA,IP})I/2.0
1+ ABINRAM) & A(NRAM,J) +BIX)/(A1X + HGAL/CONAL(J))—-A(NRA,J))
TAIC(J)= TAI(J) - TAIL(J) & A(NRA,J}/CONAILJ)

SUMAI = SUMAT + HGAL * (TG-TAI(J4))

IF{JeEQe2) SUMAI= SUMALI/2.0

GO TO &

DET = ALX/CINALI(J)+ A2X/CONALI(J)
B1=AA{NRA)I*{AINRA,JP}+A(NRA,JL}) /2.+AB(NRAM)* A{ NRAM,J } +AlA(]1)*
HUALULyJP)+ALLL,J1) ) +ALB (1) *AL (2,4}

B2 = TAI2(J4) - TAIl(J)

X1 = {-A2X ¥ B2 + BLl/CONAL1I(J))/DET

X2 =(A1X * B2 + 81/CONAI(J))/DET

A (NIA,J) = A (NRA,J) + WMEGA*( XL—-A(NRA,J))

Al(1l,J) = AL{1l,J)+ WMEGAL1*(X2-Al (1,+J))

TAI(I) = TATUJ) + (AUNRA,J)/CONAT(J) + AL(1,J)/CONALICJ) - (TAILLULJ
1} + TAI2(UNV)/72.0

COMPUTE U*S ON REGION Al

F(2)

= A1B(1)*AL1{1,J) +A1A(2) *(AL(2,JP) +Al{2,J1))
) 81 =

3yNRAL1

26
27
28
29
30
31
32
33
34
35
36
37
3g
3g
40
41
42
43
44
45
46
41
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
€7
68
69
70
71
72
13
74
15
16
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
33
94
95
96
57
98
99
100
i0l
102
103
104
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8 F(1) = ALA(I) *=(AL(I,JP) + Al(I,J1))
F(NRALXM) =AL1B(NRALXM) *Al{NRALlX,J) +ALA{NRALXM)*({AL{NRALXM,JP} +
IAL(NRALIXMy 1))
CALL CLINE(ALB,ALC ,UAL yF 9 X NRAL XHM)
D3 21 I = 2,NRALlXM
21 A1(I40) = AL{I,4) ¢ WMEGAL * (X(I) - AL(I,J)}
HGA1 = HGA
IF(ICOS «EQe 1) HGALl = HGA * DCOS(THETA(JL))
BIX = RGAL* (T6 - TTA(J) + TT1(J))
AL(NRALIX,J)=AL(NRALX, JI+WMEGAL* ( {ALA{NRALX)*{ ALINRALX, J1}+AL(NRALX
1,02 )} +A1B(NALXM) *AL (NRAL XM, J)+BI X}/ (AIC(NRALX)+HGA1/CONAL{J ) )~
2A1(NRA1X )]}
TTAGS) = TTA(J) ~TVL(J)+AL {NRALX,J}/CONAL (J)
SUMAT = SUMAT + HGAl *(TG-TTA(J})
IF{J+EQs 2) SUMAI = SUMAL /2.0
4 CONTINUE

COMPUTE U'S ON BOUNDARY BETWEEN REGIONS A AND D

BIX = HCAD * (TC - TBAINTAP) + TBL(NTAP))
AL1,NTAP) =A(1,NTAP) +WMEGA® ((AA{L)*A(1,NTA)+AD(1)%*D(1,2)+BAD(1) *
1A(2,NTAP) + BIX)/(CAD (1) + HCAD/COAAINTAP))I-A(1,NT AP))
TBAINTAP) = TBA(NTAP) — TBL(NTAP) + A(1,NTAP)/COAAINTAP)
SUMAD = SUMAD + HCAD *(TC-TBA(NTAP))
DI T0  I=2,NRAM
11 = 1-1
70 AUT,NTAP) =A(L,NTAP)+WMEGA* ({AA(I)¥ALI,NTA)+AD{I)}*D{I,2)+BAD{I1 )*
IA(T1 ,NTAP) +BAD(I)*A(1+1,NTAP))/CAD(I) -A(I,NTAP))
IF(R2,EQ. RA2) GO TO 110
DET = CAD(NRA}/CONALI (NTAPJ + CLAD(L)/CONAI(NTAP} .
82 = AAINRA)*A {NRAyNTA) /24 0+AD{NRA) #D{NRA,2 )+ BAD(NRAM) *A{NRAM, NT AP
1)+A1A{ 1)*AT(1,NTA) +A1D (1) *D1 {1,2)+BLAD(L) #AL(2,NTAP)
B3 = TAI2 (NTAP) - TAILI(NTAP)
X1 = {-C1AD(1) * B3 + B2/CONALI(NTAP)) / DET
X2 = (CAD(NRA) * B3 + B2/CONAI{NTAP)) / DET
ACNRA,NTAP) = A(NRA,NTAP} + WMEGA * (X1—A(NRA,NTAP]]
AL(1,NTAP} = AL(1,NTAP) + WMEGAL * {X2-Al {1,NTAP}))
TAL(NTAP) = TAI(NTAP} + (A(NRA,NTAP)/CONAI(NTAP) + AL(1,NTAP)
2/CINALI(NTAP) = (TAIL(NTAP) +TAIZ(NTAP)))/ 2.0

COMPUTE U®S ON BOUNDARY BETWEEN REGIONS Al AND D1

DO 71 I = 2,NRALXM

11 = -1
Tl AL{I NTAP) =AL{I,NTAP)+WMEGAL*((ALA(I)*AL (I,NTA)+ALD(IV*DL([,2)+

1B81AD(I1 )*AL(I1 JNTAP)+BLADII)*AL(I+1,NTAP))/CLIADII)-ALCI,NTAP))

HGAD1 = HGAD

IF(ICOS +EQe 1) HGADL = HGAD * OCOS(THETA(NTA})

BIX = HGADl* (TG - TTA(NTAP) + TTL(NTAP))

AL(NRALXyNTAP)= AL{NRALIX,NTAP)+WMEGAL *{ {ALA(NRALX) *AL{ NRAIX,NTA)+

1BIAD(NRALIXM)*AL(NRALXM ,NTAP)+BIX)/(HGADL/CONAL{NTAP} +C1AD{NRALX))

2-AL(NRALIX,NTAP)}

TTA(NTAP) = TTAINTAP) - TTL(NTAP) + Al (NRAL1X, NTAP)/CONAL(NTAP)

SUMAT = SUMAT+HGADL #( TG -TTA(NTAP))

CIMPUTE y*S ON REGION D

GO 70 201
110 HGAD1 = HGAD
IF(ICOSeEQel) HGADL = HGAD * DCOS(THETA(NTA}) )
BIX= HGAD1 * (TG-TAI(NTAP) + TAIL(NTAP))
AUNRAZNTAP )= A(NRA,NTAP) + WMEGA * ({AA(NRA)*A{NRA,NTA)/2.0 +
IAD(NRA) * D(NRA,2) # BADINRAMI*A{NRAM,NTAP)+BIX}/ (CAD(NRA)
2 + HGAD1/CONALI{NTAP)) -~ A{NRA,NTAP))
TAT(NTAP )= TAI(NTAP) - TAI1(NTAP} + A(NRA,NTAP}/CONAI{NTAP)
SUMAT = SUMAT + HGAD1 * {TG-TAI{NTAP}}
201 0D 190 I =1,NRA
190 D(I,1) = A(I,NTAP)
D2 191 I=1,NRALX
191 D1(I, 1) = AL(I.NTAP)
CALL CON1{TBD,TB1,NTD,CONBD)
CALL CONI(TDI,TAILl .NTO,CONDI}
CALL CON2(TOT,TAI2 NTD,CONDLI)
D3 112 J4=2,NTDM
Jl1 = 4 -1
JPo= g + 1
BIX = HCD®{TC~TBD(J)+TBL(UY)
D{1yd1= D(1y JI+NMEGD* ((AD{L)*{D{1,JP) +D(1,41)) +BD(1)*

108
106.
107
108
1Cs
110
111
112
113
114
115
iié
117
118
119
126
121
122
123
124
125
126
127
128
12$
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132
133
134
135
136
137
138
139
14C
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
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164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
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1ID(2,3)4BIX)/{D(L)+HCD/CONBD (J} )} =D {1, J))
TBD(J) = TBI(J) - TBL{J) + D(1,J4)}/CONBD(Y)
SUMA3 = SUMAD + HCD *(TC -TBD{(J))
F(2) = BD(1) *D{(1,+4) +AD(2) *(D(2,J4P) +D(2,J1))
D) 113 I = 3,NRAM]
113 F(I) = AD(IY) * {(D(I,JP) + D(I,J1))
FONRAM) = BD(NRAM) *D{NRA,J) + ADINRAM) %{D(NRAM,JP)} +DINRAM,J1})
CALL CLINE(BD,CD,UDF 4 XsNRAM)
DI 26 I = 2,NRAM
26 DUTyd} = DU{IyJ) + WMEGD*(X(I) -~ D(I,J3}))

COMPUTE U'S ON MATERIAL INTERFACE BETWEEN REGOCNS D AND D1

IF(R2.NE.RA2) GO 7O 203

HGAD1 = A6X

IFCICOS «EQe 1) HGADL = A6X * DCOS{THETD(J) + THET A(NTA))

BIX= HGADLl * (TG~ TDI(J) + TAIl{J})

DINRA,J) = D{NRA,J} +WMEGD*{ (AD{NRA) *(D(NRA,J1)+D(NRA,JP)

1) + BD{NRAM) * D{NRAM,J) + BIX)/(A5X + HGADL/CONDI(J)} -

2D(NRA, J))

TDI(J) = TDI{J) ~ TAI1(J) + D(NRA,J)/CONDI(J)

SUMAT= SUMAI + HGAD1 * (TG-TDI(J})

G0 10O 11z
203 DET = ASX/CIND1I(J) ¢+ A6X/CONDI{J)

B1=AD(NRA}*(D{NRA,JP)+D{NRA,J1} ) +BD(NRAM) *D(NRAM, J) +A1D{1) *(D1( 1,

1JPI+D1{1,J1))+BID(1I%D1(2,.4)

B2 = TAI2(J) - TYAIl{d)

X1 (- B2 # A6X + BL/CONDLI(J)}/DET

X2 = {B2 % A5X + B1/CONDI(J))/DET

DINRA, J)= DINRA,JV+WMEGD* (X1 -D{NRA,J))

D1{1yJ) = DL{1,J) + WMEGDL * (X2 — D1{(l,J})

TDI(S) = TDI(J) + (D(NRA,J}/CONDIC(J)} + DL(1,J)/CONDLICJ) -

1 (TAIL(J) + TAI2{(J)}) /2.0

COMPUTE U*'S ON REGION D1

K = NRA1X - J
K1l = K-1 .
F(2) = B1ID(1}*D1(1,J) +ALlD(2) #*{D1{(2,JP) +D1(2,J1})
D3} 114 1 = 3,K1

114 FLI) = AIDUI) * (DL{I,JP) + D1{(I,J1)}
F{K) = BID(K)I*DL(K+1sJ) +A1D(K) %(DL(KyJP) +D1(K,J1)}
CALL CLINE(B1D,C1D+UD1 4F 4XsK)

D3 23 I = 2,K
23 DLUI1,J) = D1(I4Jd) ¢ WMEGDL*® (X{I) - DIL{I,J))}
K=K+1

D1(Ky J1=D1{Ky J)+WMEGDL* { (ALD{K) D1 (K, J=1}+81D(K~1) *D1(K-1, J) }/(ALD
HK)+B1DIK-1))=-DLIK, 3}
112 CONTINUE

CIOMPUTE U'S ON BOUNDARY BETWEEN REGIONS D AND B

BIX = HCAB &« (TC - TBDINVD) + TBLI(NTD))
DE14NTD } =D(1,NTD ) +WMESD*{(AD(L)*D{1,NTDM) +BA(1)*B(1,2)+BBD(1)*
1ID(2,NTD ) +# BIX)/(CBI(1) + HCAB/CONBD(NTD ))}-D{(1,NTD ))
TBD{NTD) = TBDINTD) - TBL(NTD) + D(1,NTD)}/CONBD(NTD)
SUMAD = SUMAD + HCAB&(TC ~-TBD(NTD))
D) 170 I = 2,NRAM
170 DUILNTD) = D{I4NTD)I+WMEGD* ((AD(I)%D(I,NTDMI+BACI)*B(1,2)+8BD(I~-1)*
IDCTI~1,NTDI4+3BD (I )*D(I+1,NTD}) /CBD(I}-D(I,NTD))
TOD{1) = TOII(NTD}

CIMPUTE U AT MATERIAL INTERFACE POINT BETWEEN REGIONS D,D1,B1

CALL CON3( YDD, TAI3,NRAL , CONBC)

IF{R2.NE.RA2) GO TO 204

X3 = DIX+D2X/CONDI (NTD})

HGAD1 = D3X #D1BX(1)/CONBC(1)

DET = X3/CONBC (1) +HGAD1/CONDI(NTD)

BIX= D2X * (TG -~ TDI{NTD) + TAILl(NTD))

83 = DIBX(11*(TG ~ TII(NTD) +TAI3(1)}

Bl = AD(NRA) * D(NRA,NTDM) + BA{NRA} * B(NRA,2) + BBD(NRAM) *
ID(NAMGNTDI+BIX + BlA(1) * BZ(1,2) + B1B(1l)*BZ{2+1)/2.0 + B3
B2 = TAI3(1) - TAIl(NTD)

X1 (B1/CONSC (1) -B2 *HGADL)/DET

X2 = (B2 *X3 + B1/CONDIUNTD})/DET

DINRA,NTD)= D(NRAyNTD) + WMEGD* (X1-D(NRA,NTD))

BZ{1s1)= BZ(1y1) ¢+ WMEGB1 * (X2 - BZ({1l,1})

TDI(NTO) = TDI(NTD) +{D{NRA,NTD) /CONDI (NTD) + BZ(1,11/CONBC(1}

183
184
185
186
187
188
185
190
151
152
193
154
195
196
197
198
199
200
201
202
203
264
205
206
2017
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
221
228
229
230
231
232
233
234
235
236
237
238
239
240
241
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243
244
245
246
241
248
249
250
251
252
253
254
255
256
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258
259
260
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39



40

[aNeXe]

c
C

c

1 - (TATIL(NT)) + TAI3(1))) /2.0
SUMAT = SUMAT + (D2X #D1BX{(1))*{ 1 —-TDI{(NTD))
D3 205 [=2,NRALM
BIX= DIBX{I}* (TG + TAI3{I) - TDDI(I}))
BZ{I,1)= B2(I,1) + WMEGB] * ((BLA{(I) * BZ(I,2) + (B1B(I-1)*BZ(I-1.
11) + BI1B(II*BZ(I+1,1)) /2.0 + BIX)/(D2BX(I) + DLBX{ I}/ CONBC(I))-BZ(
2I, 1)) :
TDD(I)= TDD(I) - TAI3(I} + BZ(I,1)/7CONBC(I}

205 SUMAY= SUMAL + DIsX{I) * (TG-TODI(I))
BIX= DIBX{NRAL) * (TG + TAI3 {NRALl) - TDO(NRAL))
BZINRAL,1)= BZ(NRAL,1) + WMEGBL * ((BLB(NRALM)*BZ{NRA1M,;1)/2.,0 +
IBIX)/7{BIBINRALM) /2.0 + D1BX{NRAL)/CONBC(NRAL) )-BZ(NRAL,1))
TDD(NRAYl )= TOD(NRALl )~ TAI3{NRAl ) + BZINRAL,1)/CONBCINRAL)
SUMAT = SUMAT + DIBX(NRALl ) *[TG-TDD(NRAL)})
D3 206 I=14NRA

206 B{I,1)= D{I,NTD}
G) TO 207

204 DET=D3X/(CONDI (NTD)*CONDLE (NTD) ) +(DLX/CONDLI(NTO}+D2X/CONDII{NTD} )/
1CINBC (1}
B1=AD{NRA)*D{NRA,NTDM) + BBD (NRAM}*D({NRAM,NTD) +BAUNRA) *B{NRA, 2}
1+A1D0(1 )% DI{1,NTOMI+BLO(1)*D1(2,NTD)/2.0 + BLA(1)*BZ{1,2)+B1B(1)*B
21(2,11/2.0
B2= TAI2(NTD)~TAI1(NTD)
B3 = TAI3(1) - TALL(NTD}
X1= {~-B3 * JI3IX/CONDLI (NTD)+ (Bl /CCND1I(NTD)-B2*D2X}/CONBC(1))
1/DET
X2= {D3IX*(B2-B3)/CONDI (NTD}+{(D1X*B2 + BL/CONDIINTD))/ CONBC{1})
1/ DET
X3 = (- (D2X* B2~-B1/CONDLII(NTD))}/CONDIINTD} + B3*(DIX/CONDL1I
LINTO) + D2X/CONDLI(NTD)))/DET
D(NRA,NTDY= DINRA,NTD) ¢ WMEGD* (X1-D(NRA,NTD))
DI(I,NTD) = D1(1,NTD) &+ WMEGDLI*{(X2~ D1(1,NTD))
BZ{1,1) = BZ{1,1)+ WMEGB1*(X3- BZ(1,1))
TDIINTD)= TDI(NTD)I+() (NRA,NTD) /CONDI (NTO} + D1{(1,NTD)/ CONDLI{NTD}
1+ BZ{1,1)/CONBC{L}~ (TAIL(NTD) + TAI2(NTD}+ TAI3(1)}})}/3,0
TDD(1) = TOI(NTD)
D0 90 I =1,NRA

90 B{1I,1) = DU(I,NTD)

COMPUTE U®S ON MATERIAL INTERFACE BETWEEN REGOCNS D1 AND B1

CALL CON2 (7DD, TAI2,NRAY ,CONDD}
DI 200 I =2,NRAl

11 = 1-1
DEY = DIBX(I)/CONBC(I} + D2BX(I)/CONDO(I)
X3= 1.0

IF (1.EQ. NRAl) X3=0.0
Bl = AID(I) * DI(I,NTOM) + B1D(Il1 )}* DL(I1l ,NTD)/2.0 + BIB(I1 )*
1 BZ {11 ,1)/240 + X3%(BL1D(I )*D1(I+1,NTD)/2.0+ BLA(IV* BZ(I,2) +
2 81B(L ) % BZ(I+1,1)/2.0)
B2 = TAI3{I) - TAI2(1})
X1 = {~B2*D28X(I) + B1/CONBC (1)) /DET
X2= (B82% D1BX (I)+ Bl/CONDD(X})/DET
DI(IyNTDI=DL(I +NTD )+ WMESDL*{X1 -D1 (I,NTD))
BZ{1,1) = BZ (I,1)+ WMEGBLl* (X2- BZ{I,1))
200 TDOC(I) = TDD(I} +(DL(I,NTD}/CONDD(I}+ BZ{I,1)/CONBCLI}~- (TA]2
HIY + TAI3(I)))}/2.0

COMPUTE U*'S ON REGION B
207 CALL CONL{T3B,TB14NT3 ,CONBB)
CALL CON3(TBI,TAI2,NTB,CONBLI)
CALL CON14TBI,TAIl,NT8,CONBI)
D] 12 J=2+NTBM
JPo=J ¢+ 1
J1 = 4 -1
BIX = HCB*(TC-TBB(J)¢TBL(J))
BULlyd1= BOLlyJI+WMEGB*((BA{L)*(B(1,JP) +B{1,J1))} +BB{1)*
18(2,J14BIX)/7(BC{L1Y+HCB/CONBB(J))=-B(1,d))
TBB{J) = TBB(J) - TBL(J) + B{1l,J)/CONBB(J)
SUMAT = SUMAD + HCB*(TC -TB8B(J))
F(2) = BB(1l) *B(1,J) +BA{(2) *(B(2,JP) +B(2,J1})
D3 13 I = 3,NRAM]
13 F(I) = BA(L) * (8(I1,JP) + B(I,J1)}
FONRAM) =BB{NRAM)*B{NRA.J) +BA{NRAM) *({B(NRAM,JIP)+B(NRAM,J1}}
CALL CLINE(BB+BC,UBF,XsNRAM)
D) 24 I = 2,NRAM
24 BUI,J) = B{I,J) + WMESB *(X(I) - B(I,J))
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COMPUTE 1J*S ON MATERIAL INTERFACE BETWEEN REGIONS 8 AND Bl
DET = A3X/CINBLI(J) + A4X/CONBI(J)

B1=BA(NRA)*{B (NRA,JP)+B(NRA,J1)) +BB(NRAM) *B{NRAM,J)+BLA(1) *(BZ (1,
1J2)487(1,41))+BIB(1)*BZ(2,44)

B2 = TAI2(J) - TAIl(d)

X1 (- B2 # A4X + BL/CONB1I{J))/DET

X2 = (B2 * A3X + B1/CONBI(JY)/DET

BINRA,J)= BINRA,JY+UMEGB* (XL-BINRA,JV )

BZ{1lyd) = BZ{1,Jd) + WMEGBYI * (X2 - BZ(1,J))

TBIGJ) = TBICJ) + (B(NRA,J}/CONBI(J) + BZ(1,J)/CONBLILJ) ~
1 (TATL(J) + TAI2(J})) /2.0

CIMPUTE U'S ON REGION Bl

K = NRAl-J
K1l = K-1
F{2) = B1B(1) *BZ(1l,J} +B1A(2) *(BZ(2,JP) +BZ(2,J41))
D) 14 1 = 3,K1
14 FOT) = B1A(I)} *(BZ(I,JP) + BZ{(I,J1))
F(K) = BIB(KY*BZ(K+1sJd) +BLA(K] *(BZ{K,JP} +BZ(K,J1))
CALL CLINE{B1BB1C,UBL ,F,X,K])
D) 25 1 = 24K
25 BLU1,J0) = BZ(I,4d) + WMEGBL *({X{I) - BZ{I.,d))
K1 = K
K=K+1
BZIK¢JI=BZ(KyJd)+ WMEGAL*({BLA(K)*BZ(K,J1 V1 +B1B{K]L 1*BZ(K1 ,41)
17 (B1lA(K) + 31B(K1 })=-BZ(K,J))
12 CINTINUE

CIMPUTE U'S DN BOUNDARY BETWEEN REGIONS B8 AND P

BIX = EC*(TC-TBB(NTB} + TBLINTB))
BL1,NTB) = 3(1,NT3) + WMESB® ((BA(L)*B(1l,NTBMI+ BE*P(2,1)/2,0
1+ AP(L ¥ BI2,NTB) + BIX)/(BP{1l) + EC/CONBBINTB}) - B(1,NTB})
P(1,1) = B(1,NTB)
TBB(NTB) = TBB(NTB)-TBL1(NTB)+B(1,NTB)/CONBBINTS)
SUMAD = SUMAD + EC #%(TC -TBB(NTB))
D3 40 [=2,NRAM
i1 = I-1
BUI,NTB) = BUI NTB)+WMEGB*{(BA(I)*B(I ,NTBM)+BEXP(2,1)+
1APLIL )%B{I1 ,NTB)+ AP(I1)#B(I+1,NTB))/BP(I)~ B(I,NTB))}
4C PL1,1) = B{I,NTB)
DET = DEX/CONBLI(NTB) + DEY/CONBI(NTB)
Bl= BAINRA) * B(NRA,NTBM}+ BE*P(2,NRA)/2.0 + AP(NRAM)*
1B(NRAM,NTB) + BLA(1)#BZ(1 yNTBM)+DENBZ*PL1(2+11/2.0¢+A1P(1)*BZ(2,NTB)

B2 = TAI2(NT3)-TAT1(NTB}
X1 = (~-B2«DEY + B1/CONBLI(NTB))/DET
X2 = (B2*DEX + B1/CONBI(NTB))/DET

B{NRA,NTB) = B{NRA,NTB)+WMEGB*{X1-B{NRA,NTB))

BZ{1,NTB} = BZ(1.NTB} + WMEGBL*(X2-BZ(1.NTB})

PU1,NRA)} = 3{NRA,NTB)

P1{1,1) = BZ{1,NTB}

TBI{NTB) = TBI(NTB)+(B{(NRAJNTB)/CONBI{NTB)+ BZ(1,NTB)/CONB1I(
INTB) ~ (TAILINTB) + TAT2(NTB)}) /2.0

CIMPUTE U'S ON BOUNDARY BETWEEN REGIONS Bl AND Pl

D) 41 I=2,NRBM
I1 = I-1
BZ(I,NTB)= BZ(I,NTB)+WMEGBL*((BLA(I)*BZ(INTB¥) + DENBZ*P1(2,1)+
1ALP( I J*BZUIL1 HNTBI+ALP{I)*BZ{(I+1,NTB})/BLP{ 1)~ BZ(I,NTB})

41 PL{1,1)= BZ(INTB}
BZ{NIB,NTB)=BZ(NRB,NTB)+ WMEGBL*((B1A(NRB)*BZ { NRBy NTBM)+DENBZ
1%PL(2,NRB}) /2.0 + ALP(NRBM)*BZ(NRBM,NTB))/BIP{NRB)-BZ{NRB,NTB))
PLO1,NRB)= BZ(NRB,NTB)
RETURN
END

SUBROUTINE COMPB

COMMON /FORAN/NRA, NRAMy NTAy NTAP ¢ NRAL , NRALM,NRALX s NRALXM,
INRByNRBM,NTB;NTBM,NTD ,NTDM

COMMON /FORCN/ NXPoNXPL,NTQ,NTQL sNZ,NZ1 yNZXsNZX1

CIMMIN /FORIZ/ P{20,15),PL(20,5),Q(15,20),Q1(15,20),2L{15,20),
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1223 (29415),TP3(20),TPI (20) ,TBQ(20) ,TQI(20),TZB(20),TZBR(20)
D3UBLE PRECISION P4P1,Q4Q1,2ZL4ZR,TPB,TPI,TBQ,TQI,TZ8,TZBR

COMMON /FORCL/P X22 ¢HCP 4 PX2 3 PXL 4 PX4 4 P2 Xy PLX4 4 PLX3yHCPQy S1P,5 2Py
1HC2,Q1%X,Q2X,HCQZ Q71 ,QZ2 yHCZ yZR3 yHCRL 9 ZRY ¢ ZR2 y ZR44 ZRS5y HCZR » PX 34
P1X2,P 1X1

DIUBLE PRECISION PX22HCP,PX24PX1,PX4yP2XyP1X4,P1X3,HCPQ,S 1P+ S 2Py
1HCQ,Q1 Xy Q2XyHCQZ,QZ1 Q22 yHCZ yZR3 ,HCRLyZR1 ¢ ZR2 9 ZR4yZR5§ HCZRyPX3
2yP1X2,P1X1

COMMON /FORC2/AQ(15) ,B8Q(15) ,CQ(15),A1Q(5),B1Q{5),C1Q(5),PQAL15),
1P28(15),PQA1(15),PQB1(15) yAQT(21),BQT(21),CQV(21),ZA(15),ZB (15),
2ICL15)y AQZ (15),CQZ(15) ,ZARL{15),ZBRL (15}

OJUBLE PRECISION 40Q,3Q,CQ,A1Q,81C,C1Q,PQA,PQB,PQAL,PQBI],

1AQT,BQ T,CQT,2A+2B2C,AQ2,0QZ»ZARL, ZBRL

COMMON /FOUTC/THETQ(20), XP(20) ,RQA(15) ,RQ(5) (,THETZ(2D),

1 XZ (20),QT7 (20),YP(20),YPL(5)

D3UBLE PRECISION THETQsXP4RQARQyTHETZ4XZ,QT,YP,YP1

DIMENSION T31(20),TALI1(20),TALI2(20),CONP(20),CONPI(20D),CONPLI(20),
1CINQU201,CONQI (20) ,CONQLI (20) ,CONZ(20) »CONZR{ 20)+X(15),F(15)
DJUBLE PRECISION TBl,TAIl,TAI2,CONP,CONPI, CONP1I,CONQ,CONQI,
1ICINQLI,CONZ,CONZR ¢+ XoF

COMMON /FORMA JR14R2yRA2 3 Y1 yRAH yPT4HC, TCyHG s TG, PX sR2Bs BY 1y PT L SUMAC,
1SUMA L

DIUBLE PRECISION R14R2,RA2 yRAH,PT,HL s TCyHG TGy PXyR2B, PTL,SUMAC,
1SUMAT, Y1,8YL

COMMON /FOR WC / WMEGP , WMEGPL , WMEGQ,WMEGQL

D3UBLE PRECISIOGN WMESP ,WMEGP1 y WMEGQ, WMEGQL

DIUBLE PRECISION B2yDETe X1 yBIX,Bl 9 X2 9 X44X5

COMMON /CLB/7UQ(L15) ,UZ(15) ,CP(15) ,UP(15) 4CPL(5) yUPL(5)},CZ(15),
1UZR(15)

DIUBLE PRECISION UQ,UZ,.CP,UP,CPl,UPl,CZ,UZR

CIMMIN /CLA3/ PXA,PXAP,PXAL » PXALP,ZRA,IRP

DJUBLE PRECISION PXA,PXAP,PXAl ,PXALP,ZRA,ZRP

COMMON /FORANN/NRAL1l,NRAML 4NRBML

CIMPUTE U*'S IN RECTANGULAR REGION P

CALL CON1(TPB,TB1,NXP,CONP)

CALL CON1 (TPI,TAI1l,NXP,LONPI}

CALL CON3 (TPI,TAI2,NXP,CONPLE)

DD 4  J=2,NXP1

JP = J+1

J1l1 = J-1

BIX= HCP*{(TC-TPB(J) + TBL(J))

PlJy11= PUJyl) + WMEGPR({(PX22%(P{Jl ,1)} + P{JP ,1))+PX1¥P(Jy2) +
IBIX}/Z(PX3 + HCP/CONP(J))-P(Js1))

TPB{J)= TPBLJ) ~ TBL{J) + P(J,1)/CONPLY)

FU2) = =PXA® P(J,1) + PXAP %* (P{JP,2) + P(Jl,2))

DI 5 1 = 3,NRAML

FUI) = PXAP ®(P{JP,I) + P{UL,I})

FINRAM)Y = -PXA * P(J,NRA ) +PXAP *(P(JP,NRAM} + P{J1l,NRAM})
CALL RLINE(PXA4CPyUP,F 4XyNRAM)

DD 25 I = 24,NRAM

PlJyI) = P(JyI) & WMESP * (X(I) - PLJ,IV)

COMPUTE U'S ON MATERIAL INTERFACE BETWEEN REGIONS PyP1

DET = PX3/CONPLI{J) + P2X/CONPI(J}

Bl= PX1 * P{J,NRAM) + PX22%(P(Jl ,NRA} + P{JP ,NRA)) + P1X2 *
1IP10J,2) + PIX4 * (PLOJL1 ,1) + PLUJP ;1))

B2 = TAI2(J4) - TAIlL(Y)

X1= {(B1/CONP1I(J) - B2*P2X)/DET

X2= {PX3%B2 + BL/CONPI(J}) /DET

PUJyNRAY= P{J,NRA) + WMEGP *(X1-P{J,NRA})

P1(J,1)= P1llJyl) + WMEGPL * (X2-PL{J,1))

TPE(J)= TPI(J) + (P{J,NRA) /CONPI(J) + PLl(J,1)/7CONPL1I(J)} ~
1 (TATL(J) + TAI2(J)))/2.0

COMPUTE U'S ON REC TANGULAR REGION P1

Ft21 =PXAl #Pl(Js1)} +PXALP%(PL{JP,2) +P1(J1,2))

D3 6 = 3,\NRBML

F{1) PXALP *(P1(JP,I} + PL(J1,D)}

FONRBM) = -PXAl* PL{J,NRB ) +PXALP*(P1{JP,NRBM) +PLl{J1,NRBM))
CALL RLINE(RXAY,CP1,UP1,F,X,NRBM)

D] 26 I = 2yNRBYM

PLIS,yI) = PLOJ,I) ¢+ WMEGPL * (X{(I) - PlL{J,I))

P1(JyNRB)} = PL{J,NRB) +WMEGPL *((PLX2%PL(J,NRBM) +PLX4&*(PL{J1yNRB)
1+P 1{JP 4NRB}) ) /P2X ~ PLUJ,NRB})

SUMAOQ = SUMAQD +HCP *(TC - TPB{(J))

H o= H
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CIMPUTE U*S ON BOUNDARY BETWEEN REGIONS P AND Q

BIX = HCPQ*{TC- TPB(NXP) + TBl(NXP))

P{NKPy 1= PINKP,1}+ WMEGP*{(PX22 *P(NXPLs1)+AQ{1} *Q(1,2)+ PQA(])
1 % PINXP,2) + BIX)/(PQB(L)+ HCPQ/CONPINXP) )}~ P{NXP,1)}
TPBINXP)Y= TP3(NXP)-TB1 {NXP)+P(NXP,y1)/CONP{NXP}

SUMAD = SUMAQC + HCPQ *(TC - TPB{NXP))

(1s1)= PINXP,1}

D3 50 I=2,NRAM

11 = 1-1

PINXPy I)= P{NXP,[) + WMEGP*{{PX2*P{NXPL,I)+AQ(I)*Q(1,2)+
1PQA0IL Y*P{NXP,I1 } + PQALIV*P{NXP,I+1})/PQBII}-P(NXP, 1)}
QiTs1)= PINXP,I)

DET = SIP/CONPLII(NXP)} + S2P/CONPI(NXP}

Bl = PX22 *P(NXP1,NRA)+ AQINRA}*Q{NRA,2}/2.0+PQAINRAM) *
1P{NXP 4 NRAM)+P1X4%PLINXPL,1)+A1Q(1) *QL (1,2} +PQAL(L) *PL(NXP,2)
B2 = TAT2(NXP)—- TAI1(NXP)

X1 (~-52P%B2 + BL/CONPLI(NXP))/DET

X2 (S1P *B2 + B81/CONPI (NXP)} /DET

P{NXP ¢ NRA)}= P(NXP,NRA}+ WMEGP*{X1-P{NXP,NRA)}

PLlINXP,1)= PLlINXP41) + WMEGPL%(X2-Pl (NXP,1})

QINRAs 1) = PINXP,NRA)

TPI(NXP) = TPI(NXP) + (P{NXP,NRA) /CONPI{NXP} + PLINXP,1)/CONP1I
1(NXP) = (TATL{NXP) + TAIZ2(NXP))} /2.0

CIMPUTE U®S ON BOUNDARY BETWEEN REGIONS Pl AND Q1

Q2{1,1)= PLINXP,1)

DD 51 I=2,NRBM

11 = I-1

PLINXP oI )= PLINXP,I)+WMEGPL*({ (PL X1 *PL{NXPLl,I)+A2Q(1)%*QL(1, 2)
1+PQAL{TI1 I*PL(NXP,I1 }+ PQAL(I)*PL{NXP,I41})}/PQBL{I) -~ PLINXP,I))
A1{I, 1= PLINXP,I)

P1{NXP yNRB}=PL{NXP 4NRB )+ WMEGPL*{ (PLX4*PL (NXPL o NRB) +PQAL{NRBM} *
1IPL{NXP JNRBMI+AQT(21% Q1 {NRB,2)})7CQT(1)-P1(NXP,NRB)})

QL(NRB,1)= PLINXP,NRB)

COMPUTE U"S ON REGION Q

CALL CON1{TBQ,TB1,NTQ,CONQ)

CALL CON1 (TQI,TAL1 ,NTQ,CONQT}

CALL CON3(TQI,TAI2,NTQ,CONQLI)

D3 1 J=2,NTQ1

JP = J + 1

J1 =J -1

BIX= HCQ*(TC-TBQ{J)+TB1( N}

ML= QU1, IV +WMEGQ*{ (AQIL) *(Q(L,J1 1 +Q(1,JP ))&BQ(1)*
1902, J14BIX)/{CQ(LI+HCQ/CONQE I 1=Q(1 )

TBQ{J )= TBQ(JII-TBL(J)+Q(1,J)/CONQLI)

SUMAD = SUMAD + HCQ *(TC - TBQ(J})

Ft2) = BQ(1) *Q{1,J1+AQ(2)*{Q(2,JP) + Q(2,J1))

D) 2 I = 3,NRAM]

FUIY = AQUI) * (QUI.JP) '+ Q(I,J1))

FONRAM ) =BQINRAM) *Q({NRA,J)+AQINRAM) *{QINRAMy JP)+Q(NRAM,J1 )}
CALL CLINE(BQ,CQyUQ+F4XsNRAM)

DD 20 I = 24NRAM

QUIsd) = QUIoJ) + WMEGQ *(X{(I) = Q(I,J))

COMPUTE U*S ON MATERIAL INTERFACE BETWEEN REGIONS Q AND Q1

DET = Q1X/CONQLI(J)+Q2X/CONQILI)

Bl= AQINRAI*{Q{NRA,JP }+Q{NRA,J1 ))/2.,0+BQINRAM)*QINRAM,
13) +A1Q(1)%(Q1{1,JP }+QLl(1,J1 })+BLQA(1Y*QL(2,J)

B2= TAI2(J)-TAIL(J)}

X1l= (-Q2x*B2+B1/CONQLI(JV) /DET

X2= (Q1Xx*B2+B1/CONQI(J)) /DET

QINRA,J) = QINRA,J}+HMEGQ* (XL ~Q(NRA,J})

Ql{1,4)= QL{1, JI+WMESQLI*(X2-QL (1 ,J))

TQI(dY= TQELJI)I+(QINRA,J) JCONQI(J1+QL(1,J)}/CONQLILJI)~
LTATL(JI+TAL2(J))) /2.0

COMPUTE U'S ON REGION Q1

D3 3 2+NRBM1

11 = 1~
QLT , N+ WMESQL*((ALQUI) *(QL(I,J1 )+QL(I,JP ))+
#¥QL(I1 LJ)I+BLQI I *QL(I+1,J))/ClQ{I1)~Q1(1,J))
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QL{NIBM, J)=Q1(NRBM, J) +WMEGQL *{ {ALQ{NRBM) *(QLINRBM, J1 }+#QL( NRBM, 4P
1)} +B1Q (NRBM1)%*QL(NRBML , J) +BQT(J) *QL (NRB,J} )/ { ALQ(NRBM)*2.0 +B1Q(NRB
241)148QT(J) 1-QLINRBM, J})

Q1(NRB¢J)= QL(NRB,J} + WMEGQL*((AQT(JY*QL(NRB,J1 ) + AQT(4P }*
1IQ1(NRB,JIP ¥} + BQTUJII* QLINRBM,1)}/CQTLJ) - QLINRB,JI))

1 CONTINUE
c
C COMPUTE U*S NN BOUNDARY BETWEEN REGIONS Q AND ZL
c

BIX = HCQI*(TC-TBQ{NTQ) + TBLINTC))
QU1,¥TQ) = 2(1,NTQ)+WMEGQ* ((AQ(L1)*Q(1,NTQL)+ZA(1)*ZL{1,2)
1+ AQZ(1) * Q(2,NTQ) + BIX) /{CQZ{l) + HCQZ/CONQ{NTQ)}-Q(1,NTQ)}
ZL{1,1) = Q(1,NTQ)
TBI(NTQ) = TBQINTQ) - TBLINTQ) + Q(1,NTQ)/CONQ{NTQ)
SUMAD = SUMAD *+ HCQZ *(TC - TBQI(NTQ))
DO 260 I1=2,NRAM
11 = 1-1
QUI,NTQ) = QUI,NTQ)+WMEGQ* {{AQII}*CII NTQLI+ZA(I)*ZL(E,2)+
107411 1%Q(I1 ,NTQI+AQZ(I}*Q{I+1,NTQ))/CQZII}~Q(I,NTQ))
206 ZL{I,1) = Q(I,NTQ)
DET = QZ1/CONQLI(NTQ) + QZ2/CONQI{NTQ)
Bl = AQINRA} * Q(NRA,NTQL) 72,0+ AQZ{NRAM}*Q(NRAM,NTQ)+ZA(NRA)
1% ZL(NRA,2)+ ALQ(1)*Ql (1,NTQL)+ BLQ(1)*QL(2,NTQJ/2.0
82 = TAL2(NTQY-TAT1(NTQ)
X1 = {-Qz2%B2 + BL/CONQLI(NTQ))/DET
X2 = (QZ1%B2 + B1/CONQI(NTQ))/DET
QINRA,NTQ) = (NRA,NTQ)+WMEG Q% { X1~ Q{NRA,NTQ} )
QI(1,NTQ) = QL(1,NTQ)+WMEGQL* (X2-QL (1 ,NTQ)}
TRI(NTQ) =TQI(NTQ}+{Q(NRA,NTQ) /CONQI (NTQ)+QL(1 ,NTQ)/CONQLI(NTQ}
1-(TATL{NTQ)+TAI2(NTQ) )} /2.0
ZLINRA ,1)=Q(NRA,NTQ}

[ COMPUTE U'S ON BOUNDARY OF REGION Q1

D3 201 I = 2,NRBML
I1 = -1

201 QL{I,NTQ)=Q1(I ,NTQ)+WMEGQL*{ (ALQ(I)*QL (I ,NTQL)+BLQ(I1 )*Q1(I1 ,NTQ
11/2.0+B1Q(I)*1(I+1,NTQ) /2.0) /{ALQ(I}+(BLQ(I)+B1QUI1l ))/2.0)~
201(I,NTQ)}
QLINRBM,NTQ) =QLINRBM,NTQ) +WMEGQL *( { ALQ{NRBM) *Q1 (NR BM, NTQ1) +BLQ(NRB
IM1I%Q1 (NRBM1,NTQ) /2. 0+BQTINTQ) *Q1(NRB,NTQ} )/ (ALQINRBM) +BIQ(NRBM1)}/
22.0+BQTINTQ) }-QL{NRBM,NTQ}}
QLINRB,NTQ)I=QL(NRB,NTQ)+HWMEGQL*( [AQT(NTQ) *QL(NRB,NT Q1) +
IBITINTQ)I*QLINRBM,NTQ) ) /(AQTINTQ) +BQT (NTQ) ) -QL (NRB, NTQ))

COMPUTE U'S ON REGION 7L

QOO0

CALL CONY (T2B,TB1,NZ,CONZ}
D3 30 J=2,NI11
JP J + 1
J1 J -1
RIX = RCZ*{(TC-T2B8(J)¢ TB1( L))
ZLEL, 3 0= ZLAL Ve WMESQR(LZA(L I (2L (1 431 Y +ZL(1,JP I I+ZB( 1Y %L 2,4)
1+BIX)/(ZC(I)+HCZ/CONZ (SN ) = ZLAL . J))
TI8{J)= TZB(J) - TBL(J)+ZL (L, J)/CONZ(J)
SUMAQ = SUMAO + HCZ *(TC - TZB(J})
F{2) = ZB{1) #*ZL(1,J)+ZA(2) *{Z2L(2,JP)+ZL(2,41))
D) 31 I = 3,NRAM]L
31 FOI) = ZALI) *(2L(1,JP) + ZL(I,J1})
FINRAM) = Z3(NRAM)*ZL (NRA,J) +ZA(NRAM) *(ZL(NRAM,JP) +ZL{NRAM,J1))
CALL CLINE(ZB 4 ZCsUZsF y X9NRAM)
DO 22 I = 2,NRAM
22 ILUIyJ) = ZLUL,J) +WMEGQ *({X{I) - ZL(I,J})
ZL{NRA,J) = ZLINRA,J) ¢+ WMEGQ *((ZAINRA) * {ZL(NRA,J1 ) + ZL{NRA,
1JP ) + ZBANRAM) * ZL (NRAMyJ) ) JZCINRA) — ZL{NRA,J}}
3N CONTINUE

[
c C3MPUTE- U*S ON BOUNDARY BETWEEN REGIONS ZL AND ZR
[

BIX = HCRL *{TC-TZB(NZ)+ TBLl{NZ)}

ZLCL1,NZ)Y = ZLULWNZ ) + WMEGQ * ((ZARL(L)*ZL{(2,yNZ)#ZA(1)*
LZL (L NZL )+ ZR1I*ZR{2,1) + BIX)/Z(ZBRL{L)Y+HCRL/CONZINZ )} ~
2IL (1 4N2Z))

TZB(NZ)= TIB{(NZ) - TBL(NZ) + ZL(1,NZ)/CONZ(NZ}

SUMAD = SUMAD + HCRL * {TC - TZB(NZ}))
D3 34 1=2,NRAM
1 = 1-1
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34 ZUCI4NZY= ZLIT JNZV+WMEGQ* { (ZARL( IV %ZL{1+]1 4NZ) ¢

1ZARL(T1 ) *ZL (11 ,NZ) + ZR3#ZR{2,I)+ZA{IV*ZLII,NZ1)}/

2IBRLLT) = ZL(I,NZ})

ZL(NRAHNZ) = ZL(NRAGNZ) + WMEGQ * ((ZA(NRA) * ZL(NRA,NZ1l) +

1721 ¥ ZR(2,NRA} + ZARL(NRAM) * ZL{NRAM,NZ})/ZBRL{NRA} = ZL(NRAyNZ)
2)

DI 35 I=1,NRA

35 ZIR(1y[)= ZL(I4NZ)

COMPUTE U'S ON REGION ZIR

CALL CON1 (TZBR,TB1,NZX,CONZR)
D) 32 J=2,NZX

JL = J-1

JP = J+1

IF{J +LT. NIX) GO TO 28

D3 29 T = 14NRA

29 ZR(JP, I} = ZR(J1,I)
28 BIX = HCZR #(TC - TIBR(J) + TBL(D)

ZR{Sy11= ZR{USy LI+ WMESQ* {{ZR1I* (ZR(J1 +1)+#ZR(JP ,1)) +
1 ZR2%ZR{J42) + BIX)/{ZIR4 + HCZR/CONZIR{I))=ZR( J,1})
TZBR(J )= TI3R(J)-TBL(J) + ZR{Jy1)/CONZR{J)

SUMAJ = SUMAD + HCZR *({TC ~ TZBR(J)}}
F(2) = ~IRA *IR(J,1} +ZRP *{(ZR(JP,2) +ZIR{(J1,2))
D) 33 I = 3,NRAM]L

33 F(1) = ZRP * (ZRUJP4I) + ZR{J1l,1)}

FINRAM) = —ZRA *ZR{JyNRA )} +ZRP *{ZR{JP,NRAM)} +ZR{J1,NRAM))
CALL RLINE{ZRA,CZ,UZRF,XsNRAM)
D3 27 I = 2+NRAM

27 ZR(J4 1) = ZR(J,I) + WMEGQ *(X(I) = ZR(J,sI})

ZROJINRA) = ZR{JyNRA) +WMEGQ*((ZR2*ZR(JyNRAM) +ZR1*{ZR{J1y)NRA) +
1 ZR(JP,NRA)YVI /R4 ~ ZR(JyNRA})

32 CONTINUE

RETURN
END

SUBROUTINE CON1(TOLDsUNTI MyCOND)

CONDUCTIVITY FOR STAINLESS STEEL
TREF1l = 70,0 FOR SAMPLE PROBLEM

DIMENSION TOLD(1),U(1) COND(50) ,B(645) yTK{6),TEG(6)

DIUBLE PRECISION TOLD,UsCOND+BsTKyTEGySUM,TNEW

DATA (B(1yJ)yJ =1,5)/.80380307D~4+4637514990~64-414201613D~8,,1083
17124D-11,0.00/

DAYA (B(2yJ)y J=1,51/.11520489D0-35¢194T79961D~6,-e124077D0-9,+4624877
110-13,8.D0/

DATA (B{3,4)y 4 =1,5)/+401130880~3,-.384859870-5,4339124520~9,~499
12039140-13,.10638424D-16/

DATA (TK(J)rJd = 1+3)1/70.D00,400.00,1200.D0/

DATA IN/1/

IF (IN 4EQ. 1) GO TO 6

4 DI 1 J=1,NTIM

IF (TOLD(J) «GTs 70.D0) GO TO 20

TILD(S) = TN.DGC
CIND(J) = .1184193D-3
utJ) = G.0
GO TO 1

20 K= 1
D) 2L = 1,2
Ll =L + 1

2 IF(TOLD(J) «GTs TK( L1)) K = 1

8 COND{J)= B{Ks1) + TOLD(J) * {(B(K,2) ¢+ TOLD(J) * (B(K,3) + TOLD{J)*
UB(K,4) + TOLD(I) * BIK,5))))

N =K

SUM = 0,0

DY 7 I = 1N
7 SUM = SUM + TEG(I)

TNEW = SUM + TOLD(J) * (B(Ky1) + TOLD(J) *(B(K,2)/2.0 + TOLD(J) *
1 (B(Ky2) /3.0 + TOLDI(S) * (B(K,4) /4.0 + TOLD(Y) * B(K,5)/5.0)))}) -
2 TKIN) = (B(K,y1) + TK(N) * (B(Ky2) /2.0 + TK(N)} * (B(Ky31/3.0 ¢ TK
3 (N) * (B(Ky4) /4.0 + TKIN) * B(Ky51/5.01)))

Utd) = TNEW/COND(J)
1 CONTINUE

RETURN
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6 TEG(L1) = 0.0
DO 5 I = 142
It =1+1

5 TEG(II) = TKOII} * (Bl ,1) + TKLII) * (B(l ,21/2.0 + TREII) % (
1B(I 23)/73.0 + TK{ID) * (BEI +4)/4.0 + TK(II) * B(I 45)/5.,0)))) -
2TK{I) * {B{I +1) + TK(I) * (B(I ,2)/2.0 + TK(I) * (B(1 ,3}1/3.0 ¢
3 TK(I) * (B(I 44) /440 ¢ TK(I} * B(I ,51/5.0))))

N =2
GO YO 4
END

SUBROUTINE CON2({TOLDs»UsNTI ¥,COND)

CONDUCTIVITY NICKEL
TREF2 = 230,0 FOR SAMPLE PROBLEM

DIMENSION TOLD(1),U(Ll},COND(50)4B(6+5),TK(6),TEG(S)
DIUBLE PRECISION TOLDyU,COND ¢B»TKyTEG s SUM,TNEW
DATA (BU1yJ)yJI=1y5)/ +4045G270-2 y=e13443105D-4,.19014014D-7,-.8813
14126D0-11,-4638609670-15/
DATA(B(2+4J)9J=145)/ 16581257D0-2,-e27299411D-5,434458597D-8,-,238
150469D~11,457843954D~15/
DATA (BU3yJ)sJ=145)/a432941010-3,.222904460~6+~e1714753D-9,4120048
178D~124-42365019D~16/
DATA (TK(J)yJ=1,3)/230.00, 660.D0, 1360,00/
DATA IN/1/
IF {IN +.EQs 1) GO TO 6
4 D3 1 J=1,NTIM

20 K= 1
D) 2 L=1,2
Ll =L + 1

2 IF {(TOLD(J)eGT.TK(LL)) K=L1
8 COND(J)= Bi{K,s1) & TOLD(JY * (B(K,2) ¢+ TOLD(J) * (B{K,3) + TOLD{J)*
HUBIK,4) + TOLD(J) * B(K,5)9})
N =K
Sum = Q.0
DO 7 I = 1,N
7 SUM = SUM + TEGI(I)
TNEW = SUM + TOLD(J) * (B(Ky1) + TOLD(J) *(B(K,y2)/2.,0 + TOLD(J) *
1 (B{Ky31/3.0 + TOLD(J) * (B(K,4)/4.0 + TOLD(J) * B(K,5)/5.,0}))) ~
2 TRIN) * {B(K,y1) +# TKIN) * (B(K,2}/72.0 + TK(N)} * (8(K,3)/3.0 + TK
3 (N) ® (B(Ky4) /4O + TKIN) * B(K,5)7/5.0))))
U(J) = TNEW/COND{J)
1 CONTINUE
RETURN
€ TEG(1) = 0O
DO 5 I=1,2
IT =1 %1
5 TEG(II) = TKOILID) * (B(I 41) + TK{II} * (B(I ,21/240 + TKLII) = (
1IBOT 533/3.0 + TROID) #* (B(I ,4)/4.0 + TK{II} * B(I ,5)/540)))) -
2TKLI) * {B(I ,1) + TK{I} * (BIUI ,2)7/2,0 + TK(I) * (B(I ,31/3.0 +
3 TKUL) * (B(I +4)/4e0 « TK(I) * B(I ,5)/5.C))))
IN = 2
Gl 1O 4
END

«0

SUBROUTINE CON3(TOLD,U,NTIM,COND)

CONDUCTIVITY COPPER
TREF3 = 120.,0 FOR SAMPLE PROUBLEM

DIMENSION TOLD(1),U(L) ,COND{50) +B{6+5)sTK(6),TEG(6)

DIUBLE PRECISION TOLDsU,COND 4By TKyTEGsSUM,TNEW

DATA (Bl1yJ)eJ=145)1/14269232D0,~,66746332D-1,41422934D-2,-41399347
19D0~4, o £2472424D-7/

DATA (B(2,J)9J=1,5)/.44088649100,-.12795533D-1,4137510660-3,-.60595
1948D~644823575130-9/

DATA (B{3,J)9J=195)7.49401865D~1,-.66795851D~3,437770900D~5, ~e93341
138690~ 8, .84968007D-11/

DATA (B(4yJ)sJ=1,5)7.70182202D=2 y=o10021190% y¢21603633D-74~.21689
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1429D0-10, 481662765014/

DATA (B(54J1+J=1+5)/452029382D0~2,419183180D~5,~+55433799D0-9,.14533

1748D-12, 0,03/

DATA (B{6yJ)y J = 145}/ ¢46D-240e0C 402001040 +0.00/

DATA (TK(J)yd = 145)/8CeD0,120,D0,3504D0,86)400,1660.D0/
DATA IN/1/

IF (IN «EQ. 1) GO TO 6

D3 1 J=1,NTIM

K= 1

DI 2 L = 1,5

Ll =L ¢+ 1

IF(TOLO(Jd) «GTe TK{ L)) K = L1

CONDUJ = B{K,y1) + TOLD(J) * (BI{K,2) + TOLD(J) * (B(K,3) + TOLD(J)*

1UB(Ky &) + TILDCI) * B(K,501))

N = K-1

IF(TOLD(J) oLEe 120.00) N = 2

SUM = 0,0
DI 7 I = 1N

SUM = SUM + TEG(I)

TNEW = SUM + TOLD(J) * {(B(K,1) + TOLD(J) *(B(K,2)/72.0 + TOLD(J) *
1 (B(K,2)/3.0 + TOLD(J} * (B(K,4) /4.0 + TOLD(J) % B(K,5)/5.0))}) -
2 TKIN) % (B(Ky1) + TKIN) = (B(Ks2) /240 + TKIN) * (B(K¢3)/3.0 + TK
3 AN} * (B(Ky4)/4s0 + TKIN) * BUKs5)/5,0))})

UtJ) = TNEW/CONDAJ)

CONTINUE

RETURN

TEG(1) = 0.0

TEG(2) = Q.0

D3 51 = 2,4
+

IT =1 1

TEGIITY) = TKOIIY * (B(IL,1) ¢ TKUII) * (B(II,2)/2.0 ¢ TK(II)} * (
1BOTE433/3.0 + TRKLIL) * (BUII4)/4.0 + TKUII) * B(II,5)/5.0)})) ~
2TKUI) * (BAII,1) + TK{I) *= (B(I1,2)/2.0 + TK{I) * {(B(I1,3})/3.0 +
3 TK(I) * (B{Ily4) /%0 ¢ TK(I) * B(II,5)7/5.00)))

TEG(6) = 0,0

N =2

G) YO 4

END

SUBROUTINE RLINE{AELsUFyXsN)

ROUTINE TO SOLVE AX = F WHERE A IS TRI-DIAGONAL WITH CONST ANT OFF
DIAGINAL ELEMENTS AND A = LU WHERE L AND U ARE LOWER AND UPPER
TRIANGULAR MATRICES

DIMENSION EL(1),U{1),F(1),X(1),Y{1l5)
DIUBLE PRECISION A4EL,UsF o XY

N1 = N-1

Y{2) = F(2)1/EL(2)

DD 1 I = 3,N

Y1) = (FLI) - A * Y{I-1))/ELCI)
X{N) = Y(N)

DO 2 J = 2yN1

I = N+1 - J

XUI) = Y(I) = U(I) * X(I+1)
RETURN

END
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SUBRODUTINE CLINE(EMyEL sUsF 4 X9 N)

RIJUTINE TO SOLVE AX = F WHERE A IS TRI-DIAGONAL AND A =
ARE LOWER AND UPPER TRIANGULAR MATRICES

DIMENSION EM{1),EL(1),U{L),F(1),X(1),Y(35)}
DOUBLE PRECISION EM4ELJUsF Xy Y

N1 = N-1
Y(2) = F(2)/EL(2)
DI 1 I = 3,N
1 v(I) = (FUI}Y + EMUI-1) * Y(I-LI}/ELLD)
X{N) = YIN)
DD 2 J = 2,N1
I = N=-J #1
2 X(I) = Y(I) - Ull) * X{I+}1)
RETURN
END

SUBRODUTINE OQUTPUT{IPUNCH)
COMMON /FORMA /R1 yR2yRA2 yYFINTFINTHK, ANGTOP,HCOOL,T COOL y HGASy TGAS,
IXLIONGM ,R 2B, YFINB yANGBD T, SUMAD y SUMAL )
DIUBLE PRECISION RLyR2+RA2 ,YFINT,FINTHK,ANGTOP,HCOOL, TCOOL y HGAS,
1TGAS, XLONGM,R2B,YFINB yANGBOT, SUMAC,SUMAT ,TOL
CI¥MON /FORA/ A{(15,25) 4Al1(35,25),8(15,15),82{20,15),0(15,15),
1 D1135,15),TBA{25),TAL(25) ,TTA{25),TBB(15),TBI(15),TBD(15),
2TDI{15),TDD{(15)

DJUBLE PRECISION A,Al1,+8,8Z,0,01,T8A,TAI,TTA,TB88,TBI,TBD,

1701,

COMMON

10D

LU,L AND U

JFORC/ P{20,15) 4PL(20,+5),C(15,20),Q1(15,20),ZL115,20),

172 (20,15),7P8(20),TPI(20) ,TBQ(20) »TQI(22),TZB(20),TZBR(20)
DIUBLE PRECISION P4P1l+QsQ1 yZL,ZRTFB,TPI,TBQ, TQI,TZB, TZBR

CIMMON

/FORCN/ NXP,NXPL,NTQsNTQl yNZyNZ1 NZXsNZX1

CIMMON/FOUTA/THETA(25) yRA(15) yRALX (35) yRAL(35),THETD(15),
1THETB( 15) '
DIUBLE PRECISION THETA ,RA,RA1X,RAl s THETD,THET B

CI4MON /FOUTC/THETQ(20), XP(20Q),RQA(15),RQ(5) ,THETZ(20),

1 X2

(20),Q7

(20),YP(20),YP1(5)

DIUBLE PRECISION THETQXP4RQA,RQ,THETZ,XZ,QT,YP,YP1
COMMIN/FORAN/NRAyNRAMy NTA,NTAP,NRAL ¢y NRALM,NRALX s NRALXM,
INRByNRBMyNT3 ,NTBM,NTD , NTDM '

DATA CONV/57.2957795/

DIMENSION U(80),TEMP(80)

IPUNCH = 1

IF( 1P UNCH

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CAaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
6CQ CONT

BCOUMP
BCOUMP
BCDUMP
BCHUMP
BCOIUMP
8CDOuUMP
BCIUYMP
BCHLMP
BLCOUMP
BCDOUMP
BCHIUMP
3ChUMP
8COuUMP
BCIUMP
BCO uMP
BCDUMP
BCOUMP
BCOUMP
BCOUMP
BCHUMP
8COUMP
BCDUMP
BCOUMP
3COUMP
BCOIUMP
BCHUMP
INUE

PUNCH BCD CARDS WITH U DISTRIBUTION FOR ALL

SUBREGIONS AND TEMPS ON BOUNDARIES AND INTERFACES

«NE. 1) GO TO 600

{A{1,1),A(15,25),0)
(A1(1,1),A1(35,25),0!}
(D(1,1),D(15,15),0)
{D1{1,1),01(35,15),0)
(B({1s114B(15,15),0)
(BZ(1,1),87(20,15),C)
(TBA{1),TBA(25),0)
(TAI(1),TAE{25),0)
(TTA(1),TTA(25},0)
(TBD(1},TBD(15),0)
(T0I(1),TDI(15),0)
(TDD(1),TDD(15),0)
(TBB(1),TBB(15),0}
(TBI(1},TBI(15),0)
{(P{L,1),P(20,15),0)
(P1{1,1),P1(20,5),0)
(Q{1,1),Q(15,20},0)
1Q1(1,1),Q1(15,20),0)
(ZL(1,1),20L(15,20),0)
(ZR{1,1),ZR{20,15),0)
(TPB(1),TPB(20) M)
(TPI{1),TPI(20),0)
(T8Q(1),7TB8Q(29),0)
(TQI(1),TQI(20),0)
(TIB(1)4,Y2ZB(20),0)
(TZBR{1},TZBR(20},+0)
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REGION A

T1 = TBA(1l)

WRITE( €, 100)

D) 1 I=2,NTAP

THETA{I) = THETA(I) & CONV
WITE( €y 101) THETA(I-1)

D3 2 J=1,NRA

uid) = AdJ, 0

CALL SUBT1(U,T1,TEMP,1,NRA)
Tl = TEMP(]1)

T2 = TEMP(NRA)

WRITEL€4102) (RA(J)TEMP(J}yJ=1,NRA)

REGION AL

IF(R2 »EQs RA2) GO TO 1

D) 4 J=1,NRAIX

Utgy = al1td, 1)

CALL SUBT2(U, T2,TEMP,1,NRALX)

WRITE( 6,102) (RAY(J),TEMP (J) 4J=1 4NRALX}
CONTINUE

REGION D

DD 14 I = 2,NTD
THB = THETD(I) * CONV + THETA(NTA)
WRITE (6,101) THB
D) 15 J = 1,NRA
utd) = D(J,I
CALL SUBT1{U,T1,TEMP,1,NRA)
Tl = TEMP(1)
T2 = TEMP{NRA)
WRITE(6,1002) (RA(J)LTEMP(J), J= 1,;NRA)
IF(R2 oEQs RA2) GD YO 14

REGION D1

JJ = NRAIX + 1 - I

D) 16 J = 1,44

UtJd) = D1LJ, 1)

CALL SUBT2(U,T2,TEMP,1:J4J)
WRITE(6,102) (RAL(J),TEMP(J) »d=1,d4)
CONTINUE

REGION 8

THBL = THB

DI 5 1 = 14NTB

THB = THETB(I) * CONV + THBL

WRITE (64101} THB

D) 6 J = 1,NRA

Utd) = BlJ,I)

CALL SUBT1(U,sT1,TEMP,1,NRA}

Tl = TEMP(1)

T2 = TEMP(NRA)

WRITE(6,102) (RA{J),TEMP(J) s J= 1,NRA)

REGION B1

JJ = NRA1 + 1 -1

DI 7T J = 1,44

Utgy = BZ(J4y 1)

CALL SUBT3(UsT2,TEMP,1,JJ)
WRITE(6,102) (RAL{J},TEMP(J),y J= 1,J4)
CONTINUE

REGION P

WRITE (6,4120)

D] 30 I=1,NXP

WRITE{ 6,105} XP(I)

D) 31 J=1,NRA

UlJdl= P(1,J)

CALL SUBT1(U,T1,TEMP,1,NRA)
WRITE(6,102) (YP{J}, TEMP(J), J=1,NRA)

REGION P1
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T1 TEMP(1)

T2 TEMP(NRA)

DI 32 J=1,NRS
32 UlJd)= PL(I,J)

CALL SLBY3(U,T2,TEMP,1,NRB)

WRITE( 6,102) (YPL(J), TEMP(J), J=1,NRB}
30 CONTINUE

REGION Q

WRITE (6,122)
DI 33 I=1,NTQ
THB = THETQ(I)* CONV
WRITE( £y 101) THB
D3 34 J=1,NRA
34 UGd)= QU4 1)
CALL SUBT1(U,T1,TEMP,1,NRA)
WITE(6,102) (RQA(J), TEMP(J), J=1,NRA}

REGiDN Q1

TL = TEMP(1)
T2 = TEMP(NRA)

D) 35 J=14NRB
35 UlJ)= Q1{J,I)

CALL SUBT3{U,T2,TEMP,1,NRB)

WRITE(6,102) (RQ{J), TEMP(JY, J=1,NRBM},QT(I),TEMP{NRB}
33 CONTINUE

REGION ZL

THBL = THB

DD 38 [=2,NZ

THB = THETZ(T) #CONV + THBL

WRITE( 6o 1C1l) THB

DD 39 J=1, NRA
39 UlJd)= ZL(J,I)

CALL SLBTL{U,T1,TEMP,1,NRA)

T1 = TEMP(1)

WRITE(6,102) (RQA(J), TEMP({J), J=1,NRA}
38 CONTINUE

REGION ZR

WIITE(6,123)
DI 40 I = 1L,NZX
WRITE(6,105) XZ(I}
D] 41 J=1,NRA
41 UlJ)Y= ZR(I,4)
CALL SuUBT1(U,T1,TEMP,1,NRA)
Tl = TEMP(1)
WRITE(6,102) (YP(JY}, TEMP(J), J=1,NRA)
40 CONTINUE
100 FORMAT(1H1,37X46HTEMPERATURES ON THE TOP RADIAL SECTION OF TUBE//1
H )
101 FORMAT(IHK,50XTHTHET = E13¢6//9X1HR,15X1HT 415 X1HRy 15X 1 HT,
115X1HR g 15XIHT, 15X1IHR 1 SX1HT/LH }
102 FORMAT(8(3XE13,.6))
105 FORMAT{IHK,53X4HX = EL13467//9XLHY 15 X1HT315X1HY ¢ 15X1HT,
115X1HY , 1 5X1HT, 15X1HY,15X1HT/1H }
120 FORMAT(1HK,37X46HTEMPERATURES ON THE MIDDLE RECTANGULAR SECTION//1
1H )
122 FORMAT(1HK,37X49HTEMPERATURES ON THE LOWER RADIAL SECTION OF TUBE/
1/1H )
123 FORMAT(1HK,37X45HTEMPERATURES ON THE LOWER RECTANGULAR SECTION//1H
1)
RETURN
END

SUBRJUTINE SUBTL(U»T1,TEMP,N1,N2)

SUBROUTINE TO TRANSFORM U FOR STAINLESS YO TEMPLCRATURE
TREF1 = 70.0 FOR SAMPLE PROBLEM

DATA (B(1lyJd}sJ =145)/480380307D-4+463751499D-6,-414201613D0-8,.1083
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17124D-11,0.00/ .
DATA (BU2,4)y J=1,5)1/411520489D~344194799610-61+~-e1240770-9,4624877
11D-13, 0.D0/ ,
DATA (B(3,J)y J =145)/440113088D=3 4~¢38485987D~6,¢33912452D~9,~.+99
12039140-13,010638424D-16/
DATA (TK(J)sd = 143)/70.00,400.D0,1200.00/
DIMENSION UIBO),TEMP{80) 4B 1645}, TK(5) ,TEG(6)
DCUBLE PRECISION B,TK
DATA IN/1/
IF {IN +EQ. 1) GO TO 6
4 D0 1 I=N1,N2

3K =1

DO 2L = 1,2

Ll= L+1
2 IF(T] +GTe TK{ L1}) K = L1

CIOND = B(K,1) + T1 * (B(K,2) ¢+ T1 * (B(K,3) + T1 *
HB(Ky4) + T1 * B{Ks5))))

N =K

SUM = Q.0

D) 7 M = 1.\
7 SUM = SUM + TEG(#M)
TNEW = SUM + T1 * (B{K,y1) + T1 *(B(Ky2)/2.0 + Tl *
1 {8{Ky3)/3.0 + T1 * (B(Ky4) /4.0 + T1 * B(Ky51/5.0)0)) -
2 TKIN) * (BUK,1) + TK{N} * (B(K,2)/2.,0 + TKIN) * (B(Ky3)/3.,0 + TK
3 (N) * {B(Ky4) /4D + TKIN) * BIK,5)/5.0111)
TNEW = T1 - {=-U(I) & TNEW) /COND
REL = ABS{(T1-TNEW)/TNEW)

T1=TNEW
IF (RELJLEL1L,0E-6) GO T0 1
GO TO 2
1 TEMP(I)} = TNEW
RETURN
& TEG(1) = Q.0
D0 5 I = 1,2
IT =1 +1

5 TEGIII) = TKII) * (B{(I ,1) + TK(II} * (BLI ,2)/2.0 + TK(LL) * {
IBCT 930730 + TRIILI} % (B(I ,4)/4e0 + TKCII} *x B{(l ,5)/5.0)))) ~
21T} * (BAI ,1) + TK{I} * (Bl ,2)/2.0 + TK(I) * (B(I +3)/3.0 +
3 TK{I) % (BOI ,4) /440 + TKLI) * B(I ,+5)/5.0))))

IN = 2
G) TO 4
END

SUBROUTINE SUBT2(U,T1,TEMP,NL,N2)

SUBROUTINE TO TRANSFORM U FOR NICKEL YO TEMPERATURE
TREF2 = 230,00 FOR SAMPLE PROBLEM

DATA (B{1,J)yJ=1,5)/ 404502702 ,-.13443105D0-4,.19014014D-7,~-.8813
14126D-11,-,6386096TD-15/

DATA(B(2,4)9J=145)/ +165812570-2,-e27299411D~-5,434458537D-8,-.,238
150469D~11, .6T843954D~15/

DATA (BU(3,J)+J=1,5)7/.432941010-3,422290446D~65,-¢17147530-9,.,120048
178D0~12y-42365019~16/

DATA (TK{J)9J=193)7/230.D0, 660,00, 1360,00/

DIMENSION U(80),TEMP{80) +B1(6,5) 4 TK(5) 4TEG(6)

DOUBLE PRECISION B,.TK

DATA IN/1/

IF (IN +EQ. 1) GO TO 6

4 D3 1 I=N1,N2
K =

3 1
D) 2 L=1,2
Ll= L+1
2 IF{T1l +GTe TK(LL1}} K = L1
CIND = B{K,y1) + T1 * {(B{Ky2) + T1 * {(B(Ky3) + T1° *
1{B(K,4) + T1 ® B{Ky51)))
N = K
SUM = (.0
DO 7 M = 1,N
7 SUM = SUM + TEG(M)
TNEW = SUM + T1 % (B({K,1) + T1 *{B(Ky2)/2.0 + T1 *
1 (B(Ks2)/3,0 ¢+ T1 ¥ (B(Ky4) /4.0 + T1 * B{K,5)/5.,01))) -

2 TKINDY * (BIK,1) & TK{N) * (B(K,2) /2.0 + TKI{N) * {B(K¢3}/3,0 ¢+ TK
3 (N) % (B(Ky4)/4:0 + TKIN} * B(K,5)/5.0))))
TNEW = T1 - (-UCI) + TNEW) /COND
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REL = ABS({T1~- INEW}/TNE WS
T1=TNEW
IF (REL.LEL14NE~6) GO TO 1
G) T0 3

1.TEMP(I) = TNEW
DEBUG (U(I})y I = N1,N2}

RETURN
6 TEG(L) = 0.0

Do 5 1=1,2

I1 =1 +1
5 TEG(IT) = TKOIIY * (B(L ,1) & TKAII} * (B(I ,23/2.0 + TK{II) * (
1BCT 43)/3.0 ¢ TKCII) * (Bl 44)/4e0 + TK(II) * B(I 45)175.0)))) -

2TKOL) *= (B(I 4, 1) « TK{I) * (B{I ,2)/2.0 ¢« TK(L} * (B(1 ,3)/3.0 +
3 TKAI) % (B(I 443/4¢0 ¢+ TK{I) * B(I ,5)/5.0)})) ’

IN = 2

G) TO 4

END

SUBROUTINE SUBT3(U,T1,TEMP,NL N2}

SUBROUTINE TO TRANSFORM U FOR COPPER TO TEMPERATURE
TIEF3 = 120.0 FOR SAMPLE PROBLEM

DATA (B(LlyJd)yJ=1,5171.269232D09~e66746332D-1,+1422934D-2,-.1399347
19D=-4y « £2471424D-T/
DATA (BU2,4)4J=1,5)/044088491D0,—¢12795533D-1,,13751066D-3,-.60595
1948D-6,4823575130-9/
DATA (B(35J14J=1,45)/s494018650~1 1—e66795851D-3,4377709000~5y~09341
13869D- 8, «84968007D-11/
DATA (B(4yJ)yd=1y51/eT70182202D0~2 40 1002119D-4+4216036330~7,-+21689
14290-10, ¢ B1662765D~14/ . .
DATA (B{5,J)9J=1,5}/452029382D~2 ,+191831B0D~5,=¢554337990~9, 14533
17480-1240.D0/ ’
DATA (B(&yJly J = 1451/ «46D-29040010400+04D),+0.00/
DATA (TK(J),J = 1+45}/80.00,120.D0+360.D0,862,00,1660.D0/
DIMENSION U( B0) s TEMP{80) 4B (645) » TK(5) ,TEG (6}
DIUBLE PRECISION B,TK
DATA IN/Y/
IF (IN «4EQe 1) GO TO 6

4 00 1 I=N1,N2

3K =1

D3 2 L = 1,45

Ll= L+]1
2 IF {TlaGTeTK(L )) K=L1

CIND = B{K,1) ¢+ T1 * (B{K,y2) + T1 * (B(Ky3) + T1 *
HUB(Ks %) + T1 * B(Ky5})1)

N = K-1

SUM = 0.0

IF(TL JLEe 12C4D0) N =2

D0 7T M = 1,N . :
7 SUM = SUM + TEGI{M)

TNEW = SUM + T1 * (B{Ky1) + T1 *¥(B(Ky21/2.0 + T1 *
1 (B{K,3)/3.0 + T1 ® (B(Ky4) /4.0 + Tl # BIKy51/5.00)}) -
2 TKIN) % (B(Ky1) + TKIN) * [B{Ky2)/2.0 & TK(N} * [B(K,3)/3.0 + TK
3 (N) * (B{Ky4) /740 ¢ TKIN) * B(K,5)/7540011))}

TNEW = Tl = (-U(I) + TNEW) /COND

REL = ABS{{TLl-TNEW}/TNEW)

T1=TNEW

IF (RELJLEL1.0E-6) GO TO 1

G T3 2
1 TEMP(L) = TNEW

DEBUG (UlI)s I = N1,N2)

RETURN
6 TEG(L) = 0,0
TEG(2) = D0
DI 5 1 = 2,4
*

IT =1 1
S TEG(IT) = TKUII) * (BUII,1) + TKUEI) * (B(1],2)/2.0 + TK{IL) * {
1B(I1,31/3.0 + TK{II) * (BUII,4}/4.0 + TK(LI} * B(LI,5)}/5.0}))) -
2TC(T) * (B{II41) + TK(I) * (B(II1+2)/72.0 + TK{I) * (B(I[+3)/3.0 +
3 TKIT) * (BOIIs4)/4eD ¢+ TKAI) * B(IL,5)/5.00) 1)) o

TEG(6) = 0.0 ’

IN = 2

G2 1O 4

END
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