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The TAC3D computer code is described herein as
it existed on September, 1969 . The code has been in
continuous development for 2 years and in its presented
form has been applied successfully by Gulf General Atomic
Incorporated to the kind of problems discussed later in
this report. However, the development and improvement
of the code are being continued, sothat duplication of results
(or even close agreement) between problems run with the
code as published and the code as it existed either before
or after this time is not necessarily to be expected.

Gulf General Atomic has exercised due care inpreparation
but does not warrant the merchantability, accuracy, and
completeness of the code or of its description contained
herein. The complexity of this kind of program precludes
any guarantee to that effect. Therefore, any user must
make his own determination of the suitability of the code
for any specific use, and of the validity of the information
produced by use of the code.




ABSTRACT

TAC3D is a code for calculating steady~state and transient
temperatures in three-~dimensional problems by the finite difference
method. It is written entirely in Fortran V. The configuration of
the body to be analyzed is described in the rectangular or cylindrical
coordinate system by orthogonal planes of constant coordinate called
grid planes. The grid planes specify an array of nodal elements.
Nodal points are defined as lying midway between the bounding grid
planes of these elements. A finite difference equation is formulated
for each nodal point in terms of its capacitance, heat generation
and heat flow paths to neighboring nodal points. A system of these
equations 1s solved by an implicit method which is one of the most effi-

cient known at this time.
Some advantages of the code are:
1. The geometrical input is simple.

2. The input of thermal parameters is by Fortran V arithmetic
statement functions. Many of the calculation variables
(time, local temperature, local position, etc.) are

available for use in these functions,
3. Internal and external flowing coolants may be used.
4, There may be internal and external thermal radiation.
5. There is a wide selection of optional output.
The principal limitations of the code are:

1. The grid plane system must be orthogonal in the rectangular
or cylindrical coordinate system. Therefore, the sides of

the nodal elements must also be orthogonal. The entire
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problem must be bounded by six grid planes in one of the
coordinate systems. Difficulties in treating irregular
boundaries can be overcome to some extent through the use of

materials having specially chosen properties.
2, All radiation is treated one-dimensionally.

3. There are no provisions for thermal expansion or change of
phase. Such special heat transfer situations could be

included by extensions of the existing programming.

TAC3D has been assigned operational status. The machine requirement
is a 65K Univac 1108, or equivalent. In addition to input-output, 2 maximum
of four and a minimum of no external storage devices are required depending
upon the code options being used. The operating system under which the
code has been successfully used is EXEC II as modified for Gulf General
Atomic. Running time depends upon the size and complexity of the problem

and is not easily defined.

A related code TAC2D, is two-dimensional and has all the
features of TAC3D described in this abstract. The Fortran decks,
test cases, a user's manual and a descriptive report are available

through Argonne Code Center for each of the two codes.
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1. INTRODUCTION

The purpose of this report is to document methods of solution
and programming logic for TAC3D¥ All information required for use

of the code is given in Reference 1.

The TAC3D code is designed to treat transient, three-dimensional
heat transfer problems. Steady-state problems are treated by consider-
ing the problem to be a transient, starting with an assumed tempera-
ture distribution and running until equilibrium conditions are
established. The code includes a special option which may be used to
perform such calculations efficiently. Geometrically, the problem
may be defined by either rectangular (X, Y, Z) or cylindrical (R, Z,

0) coordinates. Although there are a number of three-dimensional heat
transfer codes, it was decided to write a new code because the existing

codes have at least one of the following limitations:
1. Long computational time
2. Complicated input (data for each point, explicitly)
3. Constant properties (conductivities not temperature dependent)
4, No radiation across internal gaps
5. No internal coolants

The form of the code was dictated by the method of solution
chosen for the system of simultaneous finite difference equations.
This is an implicit alternating direction scheme which requires a

"regular" geometry in that the points at which temperatures are to be

*The acronym TAC3D stands for "Thermal Analysis Code - Three Dimensional."



calculated must be in regular rows, columns, and planes. As a consequence,
TAC3D is primarily suited to solve problems that roughly fit an envelope of
either a rectangular parallelepiped or an incomplete right circular cylinder.

The basic heat transport equation to be solved is

)
v kVT + § = Py pcT

where
is thermal conductivity, Btu/hr-ft-°F

is local temperature, °F

©nun =1 =

is volumetric heat generation rate, Btu/hr-ft3
is density, lb/ft3
c is specific heat, Btu/lb~°F

©

T is time, hr

This equation is replaced by its equivalent set of linear finite
difference equations. This set of equations is then solved by an
implicit alternating direction method which is described in Appendix
A. The derivation of the proper form of V ¢« kVT is described in
Appendices B and C,.

The problem, whose temperature distribution as a function of time
we wish to obtain, becomes a set of mesh points and boundaries to
TAC3D, Heat transfer across internal boundaries may be by radiation,
conduction, and convection. Heat transfer across external boundaries
is by convection only. This is not a restriction since insulated
boundaries, constant temperature boundaries, convection, and radiation
can all be accommodated by the proper specification of the thermal
parameters (e.g., heat transfer coefficient, flow rate, inlet tempera-
ture and specific heat) of the coolants which cool the external

boundaries. Coolants are discussed in Appendix D.

The TAC3D code has great versatility because of its ability to

accept material gas and coolant thermal parameters in a functional form.



Axial conductivity, radial conductivity, theta conductivity, heat
generation, thermal emissivities in the three coordinate directions,
and specific heat may be specified for materials, These thermal
parameters may be functions of all of or some of the variables
temperature, time, and location. For a gas present in an internal
gap, the gas conductivity, which may be both temperature and location

dependent, is specified.

Coolants may be present both internally and externally. For
coolants, the specific heat, Reynolds number, heat transfer coeffi-
cient, flow rate, and inlet temperature may be specified. These
thermal parameters may be functions of all of or some of the following
variables: location, time, bulk temperature, local surface temperature,

Reynolds number, flow rate, inlet temperature, and outlet temperature.

Because of the ability to subdivide a problem into blocks,
each containing a material or a coolant with its specified thermal

parameters, even complicated geometries can be handled conveniently.

The number of different materials, gases and coolants are
limited to fifteen of each. There are also limitations on the
number of mesh points, internal gaps and coolant boundaries. The

maximum numbers are discussed in Appendix E of Reference 1.

Another limitation is that radiation is assumed to travel
straight across each internal gap and coolant passage. In other words,
the geometry factor is assumed to be unity. For narrow gaps and
coolant passages this assumption is good, but for wide gaps and wide

internal coolant channels it may not be correct.

TAC3D is actually one of two generalized heat transfer codes
which have been developed at Gulf General Atomic. The other code is
TAC2D which is a two-dimensional version of TAC3D and is described

in Refs. 2 and 3.






2. GEOMETRICAL CONSIDERATIONS

2.1 GRID PLANES, POINTS, AND BOUNDARIES

Two geometry types are available to describe the model--cylindrical
and rectangular. The model envelope and coordinate axes are determined

from this choice.

Model Envelope Coordinate Axes
Rectangular parallelepiped X, Y, Z
Incomplete* right circular R, Z, ©

cylinder (0 < 6 < 2m)

From this point on, the words radial, axial, and theta will be used
for the coordinate axes. When setting up a problem model in rectangular
geometry, the user may equate X, Y, Z with radial, axial, and theta, as

he chooses.

In each of the coordinate directions, a set of grid planes, not
necessarily evenly spaced, is specified to define a three~dimensional
"orid" mesh which bounds and divides the envelope. From this set
of grid planes, an auxiliary mesh, the "points'" mesh, is created by
locating points centered between grid planes and on outside boundary
grid planes. It is at these points that the temperature distribution
is calculated. Typical cross sections of the meshes in axial planes
of the envelopes are shown for the rectangular and cylindrical geometry
types in Figs. 1 and 2, respectively. A distinction between "internal"

oints and "external" points is shown in the figures. The external
P P

points represent the external coolants.

In Figs. 1 and 2, TL(k) and RL(i) label the grid planes in

the theta and radial directions, respectively, and TP(k) and RP(i)

*The cylinder is termed incomplete because, although the coordinate 6 may
extend from 0° through 360°, there is no connection between mesh points
adjacent to the grid planes 6 = 0° and 6 = 360°.

5
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Axial plane of a typical rectangular geometry
envelope showing grid planes and mesh points
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Fig. 2.

TL(k), TP(k) = THETA DIRECTION
RL(i), RP(i) = RADIAL DIRECTION
INTERNAL POINTS
EXTERNAL POINTS

A

Axial plane of a typical cylindrical geometry
envelope showing grid planes and mesh points
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label the mesh points in the theta and radial directions, respectively.
2.2  BLOCKS

2.2.1 General

The envelope may be subdivided into a number of blocks. A block

1s a rectangular parallelepiped or an incomplete right circular cylinder.
Each of the material or coolant thermal parameters must be defined by the
same function at all points within a block; i.e., a block consists of
only one homogeneous material or coolant. Each block has six bounding
grid planes which determine the mesh points associated with the block.

The boundary and point nomenclature of the block is given in Table 1.

Table 1
BLOCK BOUNDARY AND BLOCK POINT NOMENCLATURE
Coordinate Low High
Direction Boundary Boundary

Radial ILS THS

Block Axial JLS JHS
boundaries Theta KLS KHS
Radial ILS+1 IHS

Block Axial JLS+1 JHS
points Theta KLS+1 KHS

Figure 3 gives an example of a problem model with its enclosing
envelope. The TAC3D envelope chosen for the model is not completely
filled by the model because a cylindrical geometry was selected. The
part of the envelope which does not contain the model contains a
The model boundary has to be approximated by using
In Fig. 3, TL(k) and RL(i) label the grid
A set of blocks

"dummy material."
orthogonal grid planes.
planes in the theta and radial directions, respectively.
which could be used to subdivide the envelope and specify its external

boundary conditions is given in Tables 2 and 3.



HEAT GENERATION
NO HEAT GENERATION

DUMMY REGION (CREATED BECAUSE
REGION B HAS AN IRREGULAR
BOUNDARY)

REGION A
REGION B
REGION C

I

SHER St TL(2)

THETA DIRECTION
RADIAL DIRECTION

It

RL(T)

\\\\\i\\\ \\\\\‘ \\\\\\“ \\\\\\ :‘:'

%
\\\\z \\\\\ \\\\\\\\\\\ \\

RL(1)

RL(2)

RL(3)

RL(4)
RL(S)‘;“.“ ”lf
RL(6) ;
RL(7)

RL(8)
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TABLE 2

INTERNAL BLOCK DEFINITION

Block Grid Plane Boundaries

Block Number

Radial

Theta

Axial

1

1 (Region A)
2 (Region B)
3 (Region B)
4 (Region B)
5 (Region B)
6 (Region B)
7 (Dummy)
8 (Dummy)
9 (Dummy)
0 (Dummy)

RL(1)-RL(2)
RL(2)-RL(8)
RL(2)-RL(7)
RL(2)-RL(6)
RL(2)-RL(5)
RL(2)-RL(4)
RL(7)-RL(8)
RL(6)-RL(7)
RL (5)-TL(6)
RL(4)-RL(5)

TL(1)-TL(8)
TL(1)-TL(4)
TL(4)-TL(5)
TL(5)-TL(6)
TL(6)~TL(7)
TL(7)-TL(8)
TL(4)-TL(8)
TL(5)-TL(8)
TL(6)-TL(8)
TL(7)-TL(8)

ZL(1)-ZL(J)
ZL(1)-ZL(J3)
ZL(1)-ZL(J)
ZL(1)-2L(J)
ZL(1)-ZL(J)
ZL(1)-ZL(J)
ZL(1)-ZL(J)
ZL(1)-ZL(J)
ZL(1)-ZL(J)
ZL(1)-ZL(J)

TABLE 3

EXTERNAL BLOCK DEFINITION

Block Grid Plane Boundaries

Block Number (Boundary)

Radial

Theta

Axial

11
12
13
14
15
16
17

(low radial)

(part high radial)
(part high radial)

(low theta)
(high theta)
(low axial)
(high axial)

RL(1)-RL(1)
RL(8)-TL(8)
RL(8)-RL(8)
RL(1)-RL(8)
RL(1)~-RL(8)
RL(1)-RL(8)
RL(1)-RL(8)

TL(1)-TL(8)
TL(1)-TL(4)
TL(4)-TL(8)
TL(1)-TL(1)
TL(8)-TL(8)
TL(1)-TL(8)
TL(1)-TL(8)

ZL(1)-ZL(J)
ZL(1)-2L(J)
ZL(1)-ZL(J)
ZL(1)-ZL(J)
ZL(1)-ZL(J)
ZL(1)-ZL(1)
ZL(J)-ZL(J)

The internal blocks are given in Table 2.

It is assumed that these

blocks extend over the entire axial length of the envelope and that the

envelope has been subdivided by a number of axial grid plames, J, which

include its external boundaries.

The external surfaces of the envelope also need to be covered by

blocks to set up the boundary conditionms.

10
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given in Table 3 and are defined by specifying two identical grid planes

in one coordinate direction.

2,2.2 Coolant Blocks

Coolant block temperatures are determined by a finite difference

solution of the heat balance equation

dq = WdeTC
where
q = heat transferred to the coolant from adjacent material points,
Btu/hr
W = coolant mass flow rate, lb/hr
Cp = coolant specific heat capacity (constant pressure), Btu/l1b-°F
TC = coolant temperature, °F

Coolants must flow parallel to one of the three coordinate axes.
The flow direction may be either positive (in the direction of increasing

coordinate value) or negative.

Perfect mixing is assumed for all coolants. Therefore, all points
lying on the same plane perpendicular to the flow direction in an internal

coolant block will be at the same temperature.

Heat transfer in coolant blocks occurs only at the block boundaries
which are parallel to the flow direction and only in a direction perpen-
dicular to the boundary at which heat is being transferred. For external
blocks the heat transfer is by convection at the external boundaries of
the problem. For internal coolant blocks it is by convection at the coolant

block boundaries and by radiation between opposite coolant block boundaries.

2.3 GAPS

Within the model, which has now been reduced to a set of blocks,
small spaces may be present. These spaces are assumed to be small
enough that it would be impractical to bound them by grid planes,
thereby making them blocks. The spaces are called 'gaps' and are

created by removing a layer of material from the block adjacent to the

11



high index boundary of the block. A block may have a gap on any one or
all of its high (outer) radial, axial and theta boundaries, provided the
boundary is not an external boundary of the problem and provided it is

not shared with an adjacent block which contains a coolant.

Heat is transferred across a gap by conduction through the gas and
by radiation between its bounding surfaces. This heat transfer is one-
dimensional and occurs only in a direction normal to the block boundary

upon which the gap is specified.

The code includes secondary corrections which are applied where gaps

are present. They are:

1. Gap volumes are subtracted from node volumes in determining

nodal heat capacities and heat generation rates. See Appendix B.

2. When a gap lies parallel to the heat flow direction, its area is
subtracted from the heat flow area between two adjacent mesh
points. In some cases, this correction is only approximate. See

Appendix B.

3. When a gap lies perpendicular to the heat flow direction, its
thickness is subtracted from the conduction path length between
the block boundary where the gap is specified and the adjacent
mesh point. See Appendix C, Eq. (C-10).

2.4 GAP PLANES

A gap plane is defined as a special case of a grid plamne. A grid
plane is also a gap plane when any region of it is adjacent to a coolant
block or to a gap. It follows that the external boundaries of the prob-
lem are always gap planes because they are adjacent to the external

coolants which must always be present.

12



3. MATERIAL, GAS AND COOLANT THERMAL PARAMETERS

3.1 DESCRIPTION OF THERMAL PARAMETER FUNCTIONS

The material or coolant in each block is identified by a number.
These numbers are 1 through 15 for materials and -1 through -15 for
coolants. Each number denotes a discrete set of thermal parameters. The
gas in each gap is identified by a number 1 through 15 although for

gases there is only one thermal parameter — the thermal conductivity.

The thermal parameters are available as functional relationships.
In TAC3D, one must supply them as FORTRAN V arithmetic statement functions.
They are compiled into the program as will be described in Section 3.2.
Any FORTRAN V arithmetic statement function is allowable, including the
use of previously defined arithmetic statement functions or function sub-
programs. Each statement function may use any variable in COMMON. Be-
cause certain subscripted variables are frequently needed, a number of non-
subscripted variable names in COMMON have been set aside to contain their
current local values. For instance, the current local value of a mesh
point is assigned to the variable named DR, which may be used in certain
arithmetic statement functions. The values of all thermal parameters
are re—evaluated for every time step. When the user does not specify
a certain thermal parameter, a standard value which is present in the code
is used. The names and definitions of the functions, their allowed variables
and also their standard values are given in Section 2.5 of the user's manual
(Ref. 1). They are not repeated here since they are of interest primarily

to the code user.
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3.2 EVALUATION OF THERMAL PARAMETERS -

3.2.1 Overall Logic

Throughout problem execution, Subroutine BLOCK* is called during the
computation over each time step. BLOCK calls Subroutine MADATA for each
material block and Subroutine FLODAT for each coolant block. MADATA
determines current local values for all thermal parameters of the material
in a material block. FLODAT makes the same determination for the coolant
in a coolant block., The number of evaluations of each thermal parameter
within a block depends upon the nature of the parameter and its allowed
variables., For instance, the material thermal conductivity in either
coordinate direction is a physical property which is relevant to mesh
points and may be dependent upon both point temperature and location.
Therefore, it is evaluated for all points within the block. The inlet
temperature of a coolant, on the other hand, is relevant only to the
coolant block as a whole. Therefore, although it may be dependent upon
variables such as flow rate and outlet temperature, only one value is
determined for the entire block. BLOCK is called only once during the
computation for a given time step. All material and coolant parameter

values are obtained through this call and stored.

For a gas in a gap there is only one thermal parameter — the thermal
conductivity. MADATA is called by Subroutine CONDUC to obtain the current
local value. This is done during the calculation of composite conductivi-
ties between points adjacent to gaps. The gas conductivity for each point
level along each gap is obtained by an individual call to MADATA at the

time the wvalue is actually required in the calculation.

3.2.2 Function Usage

The values assigned to the thermal parameters are obtained in MADATA
and FLODAT by reference to functions. This process is explained through
the following example, Consider a material block containing a material

number 1. Let us say that kr’ its thermal conductivity in the radial

*See Appendices G and H for descriptions and listings, respectively, of the .'
subroutines whose names are used in the following text.
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direction, is the following function of T, which is its local temperature
in °F. -3
kr = 27.0 - (5.16 x 10 7) (T)

Then, according to the nomenclature of Ref. 1, Section 2.5, the desired

input is the arithmetic statement function:
RCON1(X) = 27.0 - 5.16E-3 * (DR - 460.0) .

Subroutine MADATA is recompiled for this particular problem with the

above function being inserted somewhere before its first executable state-
ment. Upon problem execution, MADATA is called as described in Section

3.2.1 for a material block composed of Material 1. Within MADATA, RCON1(X)
is recognized as an internal function and becomes the. reference used to
calculate all current local values of radial thermal conductivity within

that block. If no function RCON1(X) is compiled into MADATA, then the value
of RCON1(X) is sought from an external reference. The value found is 0.0
which is contained in Function Subprogram FMAT1®* There are fifteen such func-
tion subprograms, FMAT1 through FMAT15, with one corresponding to each of
Materials and Gases 1 through 15. They have multiple entry points which are

the material and gas thermal parameter function names.

Evaluation of gas thermal conductivities in MADATA and of coolant
thermal parameters in FLODAT is carried out in the manner illustrated above
for materials. The external references for FLODAT are the multiple entry
points of Function Subprograms COOLl through COOL15. One of these function

subprograms corresponds to each of Coolants 1 through 15.

3.3 FUNCTION CONTROL CONSTANTS

The need to recompile MADATA and FLODAT for each set of thermal param-
eter function input imposes a limitation on the use of the code to run con-
secutive problems. This limitation can be partially overcome through the use
of the comstants Al through Al8, which are read in as data and are included in
COMMON. To illustrate, the example function of Section 3.2.2 could have been

written

RCON1(X) = Al - A2 * (DR - 460.0)

-6
*In MADATA, any thermal conductivity of 0.0 is reset to 10 Btu/hr-°R so
that the latter is the value actually used in calculations.
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with Al and A2 defined as 27.0 and 5.16 x 10-3, respectively, in the first

set of problem input. Both Al and A2 could then have been redefined in

the input of a consecutively run problem to yield, effectively, a different
function for RCON1(X).
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4., GENERAL CODE DESCRIPTION

4,1 PROGRAM SECTIONS

TAC3D is composed of two principal sections. They are:

1. 1Input Processing Section

2. Computational Section

A brief description of each section follows.

4.1.1 Input Processing Section

The finite difference description of a heat transfer problem
requires that the problem envelope be divided into small units of
material. It is assumed that within each of these units, the thermal
parameters and temperature are essentially uniform. To establish these
units, the problem envelope is divided by grid planes creating unit cells.
The envelope is then more coarsely divided into blocks which are groups
of unit cells, all with the same material and material thermal parameter

dependence.

Within the input processing section, data setting up these
envelope divisions are read and analyzed. Gaps and coolants are
assigned. Required initializations are performed. All of the
geometric data are checked, and, if they are found incorrect or
incompatible, appropriate error messages are printed and the computa-
tion is eventually terminated. Certain geometrical constants are
calculated, and an initial temperature distribution and problem time

history are read.
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4.1.2 Computational Section

Sets of temperature calculations called iterations are performed.
These are based upon an input of initial mesh point temperatures and

one of the following:

1., Prescribed time steps given as input.

2. Code generated time steps.

The latter are used in conjunction with the steady-state option
described in Appendix E. A skeleton outline of the flow of logic
in the computational section is shown in Fig. 4. The code logic

is described in greater detail in Appendix G.
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READ THE DATA AND CALCULATE THE
CONSTANTS

Ly

'

EVALUATE THE MATERIAL, COOLANT, AND
GAS THERMAL PARAMETERS. EVALUATE
COMPOSITE THERMAL CONDUCTIVITIES.

1

CALCULATE THE NEW MATERIAL
TEMPERATURES

CALCULATE THE NEW COOLANT TEMPERATURES

CALCULATE THE NEW COOLANT AND GAP
SURFACE TEMPERATURES

Fig. 4. General flow of logic in TAC3D
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The

where

pc =

APPENDIX A

MATHEMATICAL SOLUTION

time dependent heat conduction differential equation is

3T
% kxyz VT + Sxy = (pc) = (A-1)

2 Xyz 0T

thermal conductivity in each of the 3 dimensions
temperature (°R)
heat generation (Btu/ft3—hr)

3

volumetric specific heat (Btu/ft -°R)

time (hr)

In the following discussion, Eq. (A-1) is solved by finite difference

methods.

Consider the envelope of the problem volume as a set of

unit cells, each containing a '"mesh point" in its center. For

instance,

the unit cell surrounding point 0 is sketched on the next

page. Points five and six would be located above and below the plane

of the paper.
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e3 .
ol e0 ®2
X
z-axis normal
to plane of
paper eL

The finite difference equation expressing the temperature change
in cell 0 in a time period At due to heat moving into or out of the

cell or heat being generated within the cell is defined by

K.A K A K.A
181 ) 383
o (Ty —Tg) + 35— (T, = Tp) + 35~ (T3 - Tp)
1 2 3
K A K A K A
44 585 66
Y Ty - T Faxs (Ts - Tp) (T - Tp)
4 5 6
(T, - T )pc V
A ) 0 )
+ SOV0 = e (A-2)

where

>
]

average cell surface area between point 0 and i (i = 1, 6)

AX distance between points 0 and i
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K. = composite thermal conductivity between points 0 and i

in the principal coordinate directions

T, = temperature of point i (°R)

Té = temperature of point O (°R) after a period of time At
S0 = heat generation per unit volume in cell O

V0 = corrected cell volume

The definition of the geometrical quantities Ai/AXi and V0 is discussed
in Appendix B, and the derivation of the composite conductivity Ki

from the local thermal conductivities ki and ki+l is discussed in
Appendix C. 1In the manner used for point 0, we create as many finite
difference equations as there are mesh points. Of the many possible
methods for solving such a system of simultaneous equations, an
implicit alternating direction method suggested by Douglas in Ref. 4
was selected. This method is only valid for linear equations but may
be used here by transforming the nonlinear system (material properties
may be temperature dependent) into a quasi-linear system in which the

nonlinear factors are frequently re-evaluated.

A short derivation of the method of Douglas is presented below.
In this method, the total time step At is divided into three equal
subintervals 8t. For each subinterval, Eq. (A-2) is written implicitly
in one direction and explicitly in the remaining two directions. De-
fining T', T", and T'" as the temperatures at the times t+8t, t+28t,

and 1+3381, respectively. Eq. (A-2) is rewritten in the following three

forms:
(Ti + Tl) (Té + T2)
Cl 5~ T0 + 02 5 TO + CB(TB - TO) + C4(T4 - TO)
— — - ' - - ot
+ CS(TS TO) + C6(T6 TO) C7(T0 TO) W (A-3)
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and
(T! + T.) (T! + T.) (T" + T.)
1 1 2 2 3 3
cl( 3 - TO + 02 3 - To + 03 5 - T0 (A-4)

(TZ + T4)
+ c4-—~——5—~—— - TO + cS(T5 - TO) + c6(T6 - TO) = C7(TO -T,.) - W

0’

and

] 1 "
c (T1 + 1)) I T (T2 + T2) o Ve (T3 + T3) o
1 2 0 2 2 0 3 2 0

(TY +1,) (T" + T,) (T + T,)
b "4 5 5 6 6
+ 04( 5 - TO) + Cs( 5 - T;) + Ce( 5 - T;)

= C7(T6" + TO) - W (A-5)

where Ci = KiAi/Axi’ W= SOVo and C7 = pcVo/GT.
Note, in Eq. (A-3) the unknown temperatures for the time t+ST are along
rows parallel to the x-axis; namely, the equation is implicit in this
direction and explicit in the other two directions. A similar condition
exists for Eqs. (A-4) and (A-5) with regard to the y and z coordinate

directions.

Since it is desired to solve the equations line by line using a tri-
diagonal solution, the following manipulations are performed. The
difference between Eqs. (A-4) and (A-3) and between Eqs. (A-5) and (A-4)

are taken to yield, respectively;

(™" - T.) (" - T,)
-3 3 .._.4__._._&._ = no_ omt -
C3 3 + C4 2 C7(T0 TO) (A-6)

(Té" - TS)

= t -
C5 5 + C6 2 C7(To TO). (A-7)
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Eqs. (A-3), (A-6) and (A-7) are now written in the following form:

c.T! c.T! T T
N v 22 _ _ 1 _ 2 _
7 ~ %% T3 €T Cl( 2 To) Cz( 2 To)

- C3(T3 - TO) - C4(T4 - TO) - C5(T5 - TO) - C6(T6 - TO) - W

or
' 1 t _ -
AT] + BTy + CT) = D, (A-8)
c,T" T}
_é_é - C.T" + Eﬁ_ﬂ = - C_T! +.E§E§ + C4T4
2 770 2 70 2 2
or
[} 11 "no_ -
AT} + BT + CT) = D (A-9)
and
i (Al
CSTS - C Tvn + C6T6 = - C T" + ..(.:_S_T_El + 5_6.36_
2 770 2 770 2 2
or
[N 1] (R Tt = -—
AT5 + BTO + CT6 D (A-10)

Eqs. (A-8), (A-9) and (A-10) form the basis for the alternating direc-
tion implicit method. Eq. (A-8) represents an implicit equation for

all the temperatures in a single row parallel to the x-axis. By sweeping
each of these rows, a new temperature is evaluated at each node for time
1+81. Eq. (A-9) is used in sweeping each row parallel to the y-axis to
calculate the nodal temperatures at time t+2ét. The last equation is
used to calculate the nodal temperatures at the end of the complete time

step T+AT.
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The alternate sweeping of the tridiagonal set of N equations of the
form

AT + BiT + C

(Tig g+ €T,y =Dy i=l, N (a-11)

is one of the most efficient ways to solve the complete three dimen-
sional system of equations. In solving the set of N equations indicated

by Eq. (A-11l), the boundary conditions are A, = 0 and CN = 0. By

1
introducing the temporary quantities E, Xi, Yi, we may write:
E = Bi - Aixi—l’ Xi = Ci/E’ and Yi = (Di - AiYi—l)/E' After calculating

Xi and Yi fromi =1 to i = N, we may now calculate the temperatures

from i = N to i = 1 by the recursion equation Ti = Yi - XiTi+l'
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APPENDIX B

GEOMETRY FACTORS

The overall thermal conductance between mesh points may be factored
into two components, one of which depends purely upon geometry and has the
general form A/AX., The specific forms of this '"geometry factor" applicable

to TAC3D are derived here in the nomenclature of the code.

In TAC3D, point 0 is a point (I,J,K) whose unit cell is bounded
by the following grid planes:
Radial 1I-1, I
Axial J-1, J
Theta K-1, K

For each unit cell, three coordinate-oriented geometry factors and a

volume are calculated. In the Radial direction,

ZEL = RR(I-1,J,K),
and
A2
= RR(I1,J,K) (B-1)
2
In the Axial direction,
Aq
ol RZ(1,J-1,K),
3
and
A
. Xiz = RZ(1,J,K). (B-2)
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In the theta direction,

—2 - RT(1,J,K-1),
AX
5
A6
Z'x_' = RT(I:JsK)’ (B-3)
6
v, = V(1,J,K).

‘1€ romenclature to be used in the three coordinate directions is as follows:

Grid Plane Point Gap Thickness
Radial RL RP AgR
Axial ZL Zp Agz
Theta TL TP AgT

Corrections to account for the presence of gaps are included. For
the area components, this correction is applied as the arithmetic average
of the two Ag values between points in any one coordinate direction. When
these values are not the same and do not apply over equal distances, then

the correction is only approximate.

The equations given below define the geometry factors for both

cylindrical and rectangular geometries. For the cylindrical geometry,

0g,(L,K) + g, (I+1,K)
RR(I,J,K) =

Z2L(J)~-ZL(J-1) -
[ (kp 1+1:ﬂ [ 2.0
In

AgT(I,J) + AgT(I+1,J)]
2.0

X [%L(K) - TL(K-1) -

28
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2
rg. (3,K) + Ag. (J + 1,K)
RZ(I1,J,K) = {[?L(I) - —R 2.0R ] - [RL(I—li]Z}

[%L(K) - TL(K-1) - {5%6 [AgT(I,J) + AgT(I,J+1ﬂ}]
X

ZP (J+1) - ZP (1) (B-6)
bgp (J,K) + Bgp (J,K+1)
RT(I,J,K) = [%L(I) - RL(I-1) - 55
. \
[ZL(J) - ZL(J-1) - {'2'._6 [AgZ(I,K) + AgZ(I,K+1)]}]
x TP (R+1) - TP (K) (B-7)

and

V(9,0 = {RLD-3g, (1,017} [RL-D]PHZLW) - ZLG-D-0g, (1,00
x [TL(K) - TL(K—l)-AgT(I,J)](O.S). (B-8)

For the rectangular geometry,

bgp(1,3) + bg (1+1,J)

RR(1,J,K) = TL(K) - TL(K-1) - 2.0

ZL(J) - ZL(J-1) - {5%6 [2g,(1,K) + Agz(1+1,xz]}

x RP(I+L) = RP(T) (B-9)

AgT(I,J) + AgT(I,J+l)

RZ(1,J,K) = TL(K) - TL(K-1) - 2.0

RL(I) - RL(I-1) - {5%6 (b2, (3, %) + AgR(J+1,K)]}

X ZP(J+1) - ZP(J) (8-10)
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bgg(3,K) + Bgy(J,K+1) o

RT(1,J,K) = RL(I) - RL(I-1) -

2.0
1
ZL(J) - ZL(J-1) '{575 (g, (L,K) + Agz(I,K+1)]} (B-11)
X TP(K+1) - TP(K)
and
V(1,J,K) = [TL(K) - TL(K-1) - AgT(I,J)][RL(I) - RL(I-1) - AgR(J,K)]
x [ZL(J) - ZL(J-1) - 8g,(1,K)] (B-12)
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APPENDIX C

COMPOSITE CONDUCTIVITIES

Depending upon the part of the TAC3D envelope being considered,

heat is transported in the following ways:
1. Material Conduction

2. Gap Conduction (through gas) and

radiation (across gap)

3. Coolant Radiation (across coolant) and

convection (at coolant boundaries)

For most thermal parameters (e.g., heat generation, specific
heat) an average value around a mesh point is needed. However,
for thermal conductivities, an average value between two mesh points
is the required value. Because the data are supplied for mesh points,
the average values must be calculated in each of the three coordinate
directions. There are four basically different cases to be considered
for each of the three directions and each of the two geometries.

They are as follows:

1. No gap between adjacent mesh points, equal thermal conduct-

ivities

2, No gap between adjacent mesh points, unequal thermal con-

ductivities
3. A gap between adjacent mesh points
4, Coolants

Figure C.l1 illustrates the logic used by TAC3D in determining what

calculations are to be performed.
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NO IS THE GRID PLANE
I A BOUNDARY?

ARE THE CONDUCT- NO IS THE GRID PLANE
TIVITIES FQUAL? A GAP PLANE?
| YES
NO ] YES 1S A GAP OR

COOLANT PRESENT
cooLant AT THIS POINTZ oy

‘ '

(2) CALCULATE THE (1) THE COMPOSITE (4) EVALUATE AVERAGE  (3) EVALUATE COMPOS!TE
COMPOSITE CONDUC- CONDUCTIVITY IS CONDUCTIVITY, CONDUCTIVITY WITH
TIVITY, NO GAP EQUAL TO E!THER DEPENDING ON GAP PRESENT
PRESENT CONDUCTIVITY WHERE COOLANT 1S

Fig. C.1l. Logical search at each grid plane

C.1 NO GAP BETWEEN ADJACENT MESH POINTS, EQUAL THERMAL
CONDUCTIVITIES

This case is trivial; the average thermal conductivity is equal

to the thermal conductivity at either mesh point.

C.2 NO GAP BETWEEN ADJACENT MESH POINTS, UNEQUAL THERMAL
CONDUCTIVITIES

The following sketch illustrates a condition where there is no
gap between adjacent mesh points and thermal conductivities are

unequal.

32



MESH GRID PLANE MESH
PO INT l PO INT
|
|
M - (@)
o, '3 o1,
|
|

<—-——AX]——-——>|<_ sz
|
|

RP(1) RL(1) RP(1+1)

ZP(J) ZL(J) ZP(J+1)

TP(K) TL(K) TP(K+1)
A, A A,

AX::AX]+AX2

The thermal conductivities at mesh points 1 and 2, k1 and kz are
known. A composite thermal conductivity K between mesh points 1 and 2,

is defined by

- - T v o
KA(T1 T2) ) klAl(Tl ') . k2A2(T T2)
= = ]
AX AXl AX2

(c-1)

where A is an average area across which heat is transferred, AX is a
distance across which heat is transferred, and T' is the unit cell

boundary temperature, Elimination of T' and resubstitution yields

AX
12 A

DX, L MX,
1A 2 A

k. k
(C-2)

k

N

The total resistance is the sum of the individual resistances.

Therefore, for the geometry dependent components of these resistances,
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2 1
Now, the equation for K may be rewritten as
1
K= (Cc-4)
W <_1 ] _1_>(____“1’ Al)
k2 k1 k2 AX/A

Considerations for the determination of the term (AX,/A;)/(AX/A)
in Eq. (C-4) are given below. In the radial direction for cylindrical
geometry, per unit angle, per unit height, with the areas expressed

as mean areas,

A

A _ 1 1 _ 1
X~ Ta (@ + DI/REMT ™ &, ™ Ta (LD /R 1)
(C-5)
and, in the radial direction for rectangular geometry,
A= A1 = A2
AX = RP(I + 1) -~ RP(I) (C-6)
AXl = RL(I) - RP(I)
In the theta direction for cylindrical geometry,
A= A1 = A2
AX = [TP(K + 1) - TP(K)] [RP(I)] (c-7
8%, = [TL(R) - TP(R)] [RP(D)] .
and, in the theta direction for rectangular geometry,
A= A1 = A2
AX = TP(K + 1) - TP(K) (C-8)
AX, = TL(K) - TP(K) .
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In the axial direction for rectangular and cylindrical geometries,

A=A =4,
AX = ZP(J + 1) - zZP(J)
AXl = ZL(J) - ZPr(J)

(c-9)

The nomenclature and definition of the geometrical constant

(AXl/Al)/(AX/A) in the coordinate directions for the two available

geometry types are given in Table C.1.

Table C.1

GEOMETRICAL CONSTANT

(8%, /A;) 1 (AX/A)

Definition

Name (Coordinate) Cylindrical Geometry

Rectangular Geometry

In{[RL(I)]/[RP(I)]}
1n{[RP(T + 1)]1/RP(I)}

ZL(J) - ZP(J)
ZP(J + 1) - ZP(J)

TL(K) - TP(K)
TP(K + 1) - TP(K)

RLN(I) (Radial)

ZIN(J) (Axial)

TLN(K) (Theta)

RL(I) - RP(I)
RP(I + 1) - RP(I)

ZL(J) - ZP(J)
ZP(J + 1) - ZP(J)

TL(K) - TP(XK)
TP(K + 1) - TP(K)

C.3 A GAP BETWEEN ADJACENT MESH POINTS

RP(1) RL(1)
ZP(J) L)
TP(K) TL(K)

MESH
POINT

(2)
o,

RP(I1+1)
IP(J+")
TP(K+1)

AX = AX, +Ag +AX,
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The thermal conductivities at mesh points 1 and 2 and in the gap
are known, We define a composite thermal conductivity K between mesh

points 1 and 2 as

- — ' _ "o me
KA(T1 TZ) _ klAl(T1 ") ~ kZAZ(T T2) ~ kgAg(T T')
AX - - -
AXl AX2 Ag
oA (T"4 - T'4)
+ -5 (C-10)
I,
1 %2

where o is the Stefan-Boltzmann constant (.1713 x 10_8 Btu/hr—ft2—°R4)

and € and €, are thermal emissivities. The surface temperatures of
the gap, T' and T" in Eq. (C-10), must be obtained by an iterative
method.

C.3.1 Iterative Evaluation of Gap Surface Temperatures

If a value for T' is assumed, a better value may now be calcu-

lated by the algorithm

k.A k,A
AL p oy =22 (- -
w, T T e @ T (c-11)

When solving for T", one obtains

kA A,
" o_ - [ - - ' -
T _klAlez (T2 T') + Tl = B(T2 T') + Tl , (C-12)
2 2
k A k A OAg(T" + Tl )(TH + T';I
—%53 (T' - T,) = —§—3 (™ - |1 + — (C-13)
2 g k—+?-9
g\%1 2
and
kA OX,
T - T, =—1§—§—-A-§ (T" - T') G = H(T" - T') . (C-14)
272
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When substituting for T" and solving for T', one obtains

T' - T2 = H[B(T, - T') + T1 - T'] , (C-15)

and

. TZ(HB + 1) + HTl

HB + 1 + H : (C-16)

If one uses this algorithm repeatedly, T' may be approximated to the

desired accuracy.

Because H and B and the temperatures are always positive, T'
must lie between Tl and T2, regardless of what initial temperature
was guessed for T'. No formal proof of convergence is offered, but,
in practice, this algorithm has converged rapidly in every case in

which it was used.

This treatment contains two inaccuracies, The first inaccuracy
is introduced because the average area for heat transfer across the
gap is not always the same for radiation and conduction. In
TAC3D, this area is determined at the outside of the gap. In other
words, if in the preceding figure the coordinate X increases to the
right, then Ag is assumed to be the same as A. The other inaczcuracy
is introduced in the iterative method of obtaining T'; however, this
error can be made as small as desired. Presently, the iterations
are stopped when two consecutive values of T' are within 1°F of each

other, Up to ten iterations are allowed to accomplish this,

If either T1 or T2 is negative, the convergence scheme diverges
in three or four iterations., An error return stops the problem at

this time,

C.3.2 Geometrical Constants for Gaps

Three geometrical terms -- (A2/AX2)/(A/AX), (AZ/AXZ)/(AI/AXl)'
and Ag/(AZ/AXZ) -~ were required for the equations that determine
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gap surface temperatures and composite conductivity with a gap
present. Considerations for the determination of these terms are

given below.

In the radial direction for cylindrical geometry per unit angle,

per unit height and with the areas expressed as mean areas,

1
In{[RP(I + 1)]1/[RP(D)]} °

A/ (XX) =

1
A/ (8%)) = TTIRP (L + DI/IRLDT  °

1
A/ (8X)) = TTIIRL (D) - Agpl/(R(DIY  ?

Ag = RL(I) (per unit arc) ,
and
Ag = AgR . (C-17)
In the radial direction for rectangular geometry,
A= A1 = A2 = Ag .
AX = RP(I + 1) - RP(I) ,
AXl = RL(I) - RP(I) - ASR s
AX2 = RP(I + 1) - RL(I) .
and
Ag = Agp . (C-18)
In the axial direction for rectangular and cylindrical
geometries,

&

ZP(J + 1) - z2rP(J) ’
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AXl = ZL(J) - ZP(J) - Agz s
AX, = ZP(J + 1) - ZLQJ) , (Cc-19)
and
Ag = Agz
In the theta direction for cylindrical geometry,
A= Al = A2 = Ag ,
AX = [TP(K + 1) - TP(K)][RP(I)] s
A%, = [TL(K) - TP(K) - Ag,][RP(D)] ,
X, = [TP(K + 1) - TL(K)][RR(D)]
and
og = [RP(1)](2g,) (C-20)
In the theta direction for rectangular geometry,
A=A =A, = Ag ,
AX = TP(K + 1) - TP(K) ,
Axl = TL(K) - TP(K) - Ag s
sz = TP(K + 1) - TL(K) ,
and

Ag = AgT . (C-21)

The nomenclature and definition of the geometrical constants
(AZ/AXZ)/(A/AX), (AZ/AXZ)/(Al/AXl), and Ag/(AZ/AXZ) in the coordinate
directions for the two available geometrv types are given in Tables

c.2, C.3, and C.4,
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Table C.2 -
GEOMETRICAL CONSTANT
(A,/8%,) / (A/8X) i
Grid Definition
Name (Gap Plane)|{Plane Cylindrical Rectangular

1n{[RP(I+1)]/[RP(I)]} RP (I+1)-RP (1)

RATIOK(IG) I In{[RP(I+1)]/[RL(1)]} RP (I+1)-RL(I)
ZP(J+1)-ZP(J) ZP(J+1)-ZP(J)
ZATIOK(JG) I | oo 7P+ D) —ZL ()
TP (K+1)-TP (K) TP (K+1)-TP(K)
TATIOR (KG) kK | BEDmE TP (R D) =TL (®)
Table C.3
GEOMETRICAL CONSTANT
(A,/8%,)/ (A, /8% )
Point
Name(Gap Plane)] Limits Definition
[ J=JLS~JHS
RATIOB(IG,J,K) [K=KLS-KHS|Cylindrical ln RL(IHS)'RDG(LYI/1n[RP(IHS+1ﬂ
RP(IHS) RL(IHS)
Block L
RL (IHS)-RP (IHS)-RDG(L)
Rectangular ——opriHeT1)-RL (THS)
I=ILS-IHS
Cylindrical ZL(JHS)-ZP(JHS)-ZDG (L)
ZATIOB(JG,I,K) |K=KLS-KHS — —
Block L Rectangular ZP (JHS+1)~-ZL (JHS)
I=ILS-IHS
Cylindrical TL(KHS)-TP(KHS)-TDG(L)
TATIOB(KG,1,J) {J=JLS-JHS —
Block L Rectangular TP (KHS+1) -TL (KHS)
Table C.4
GEOMETRICAL CONSTANT
Ag/(AZ/AXZ)
Grid Definition
Name (Gap Plane) | Plane Cylindrical Rectangular
RP(1+1) .
RATIOH(IG) 1 RL (I) []J'lm)—] RP(I+1) RL(I)
ZATIOH(JG) ZP(J+1)-ZL(J) ZP (J+1)-ZL(J) .
TATIOH (KG) K TP (K+1)-TL (K) TP (K+1) -TL(K)
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. C.4 COOLANTS
In the calculation of the composite conductivity for points
) bordering a coolant, one of the following illustrations applies,

depending upon the point being considered.

I
f
[
FLUID FLUID |
! (2)
! T A S
T
] : S) c c :Tsz T2
| |
: I
<——-AX“——% L———AX; —
f DX AX
A‘ T [ 2] '.1 tt
, Al A A3
RP(1) RL( 1) RP{1+1) RP(1) RL(1) RP(1+1)
. ZP(J) ZL(J) ZP(J+1) ZP(J) ZL(J) ZP{J+1)
TP(K) TL(K) TP(K~1) TP(K) TL(K) TP(K+1)
T T
S| s, = SURFACE TEMPERATURES
T. = COOLANT TEMPERATURE

Then, depending upon relative coolant placement, the three

cases present are:
1. Coolant on high index side of grid plane

2. Coolant on low index side of grid plane

. 3. Two coolants adjacent
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C.4.1 Coolant on High Index Side of Grid Plane

When one knows the thermal conductivity klat mesh point 1 and
the heat transfer coefficient at the coolant surface hl’ the composite

thermal conductivity K. between the mesh point and the fluid is

1
* oA 'I’4 - T4
klAl 1 sl Sy
. (?1 - T ) = hlAl(? - Tc> + 1 1
AX1 1 1 = + —- 1
1 2
*k
K.A (T T )
e 1 c
E N . (C-22)
where
A1 = area across which heat is transferred at the coolant
surfaces
*
A1 = average area across which heat is transferred in the
material
K%
A1 = average area for heat transfer between T1 and Tc
*
AXl = distance across which heat travels to reach the coolant
surface
o = Stefan-Boltzmann constant, 0.1713 x 10_8 Btu/hr—ft2—°R4
€118y = thermal emissivities.

The term h_A (?s - T;) represents the heat transfer by convec-
1

171
tion to the fluid, and
0A1<’1‘4 - T4 )
1 %2
4+,
€ €

1 2

(C-23)

gives the value of the heat transfer by radiation to the opposite

surface,
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A composite heat transfer coefficient Hl is defined by

UAl(?4 - T4 )
51 52/ _

hAfT -T\ + = HA T -TY). (C-24)
ll(s1 c) _]é.___i_é__l ll(sl c)
1 2
Let
4
s‘1
= RAD . (C-25)
T 1
o+ =
& &
Now, the surface temperature TS is calculated as
1
*
klAl
T, - T = H A [T - T (C-26)
* ]
AX ( 1 Sl) 1 1( s1 c)
1
and
k A* *
HAT +—3=71 1 1 A/
1I"l¢c * 71 = T + = T
AX k, ‘¢ H A 1
1 1 1 1
TS = x * K (C-27)
1 klAl 1 1 Al/AXl
A+ == k. tTH A
AX 1 1 1
1
By substitution of TS in Eq. (C-24) one may solve for Hl as
1
roop R
1 c k, ,* *
1A /86X
1 1 1
&= ™ . (c-28)
1 hl(Tl - Tc + - )
1
Rewriting (C-22) as
KA (T, - T )
171 1™ ¢
= = H1A1<Tsl - Tc) , (C-29)
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one may solve for K1 by substitution of (C-27) in (C-29):

1

= (C-30)
A1 /AX

K, = *H
1 AT /MK
1 1
1 A*/AX* ¥ T1—1 Al
1 1

1
k

C.4.2 Coolant on Low Index Side of Grid Plane

When one knows the thermal conductivity k2 at mesh Point 2 and
the heat transfer coefficient at the coolant surface h2, the composite

thermal conductivity K2 between the mesh point and the fluid is

* o A T4 - T4
k2A2 1\ s s1
* 2 8, 272 32 c

2 1 2

K A**(T T)
22 Y2 T Te
= v (C-31)

where
A2 = area across which heat is transferred at the coolant surface

*
A2 = average area across which heat is transferred in the solid
*k

A2 = average area for heat transfer between T2 and Tc

AX, = distance across which heat travels to reach the coolant

surface
A composite heat transfer coefficient H2 is defined by
o] A1<T4 T: )
2

.
1
h, A, (T - T ) - = H, A (T - T ) (c-32)
2 2( 8y c 1 + i -1 272 S, c

€1 2

When one follows the same scheme as with the coolant on the high index

side of the grid plane, the surface temperature TS , the composite
2
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heat transfer coefficient H2 and the composite thermal conductivity K2

are obtained as

* *
1 1 Ap/0K,
E- Tc + H, A T2
-2 2 Ay
s * * ’ (C-33)
2 1 . 1 A2/AX2
k, Hy 4
and
rap 41 A
Ty =T * & =
L 2 %2 A7 /0%
? = A (C_34)
2 (T _p o RaD _1)
2\72 c h2 A2
and
- 1
2 *% ok (C-35)
1 Ay /ex L1 Ay /X
K 5 A

C.4.3 Geometrical Constants for Coolants

Some of the geometrical constants appearing in Eqs. (C-27) through (C-35)
are given below. The nomenclature used is that previously defined in

Appendix B and in Tables C.l1 and C.2 of this appendix.

% *
For (A1/AX1)/A1,

) _ 1.0
Radial = [RP(I + 1) - RP(I)JRLN(I)
o 1.0
Axial = ZL(J) - ZzP(J)
_ 1,0
Theta = [TL(K) - TP(K)][RP(I)] (€-36)
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* *
For (AZ/Axl)/A s

. RATIOK(IG)
Radial = ;e 1 1) - RE(D)
1.0
Adal = 75Ty < L)
Theta = 1.0 (Cc-37)

[TP(K + 1) - TL(K)][RP(I)]

For (A;*/AX)/AI and (A;*/AX)/A ,

1.0

RL(I) x ln[ggé%?%ykq

Radial

1.0
Zp(J + 1) - ZP(J)

Axial =

1.0
[TP(K + 1) - TP(K)][RP(I)]

Theta = (C-38)
For Al/A .

RL(ILS - 1)

Radial = RL (1HS)

Axial = 1.0

Theta = 1.0 (C-39)

In the above, IHS and ILS are the indices, respectively, of the highest
and lowest radial point levels in the coolant block.

C.4.4 Two Coolants Adjacent

In this case, no heat transfer is allowed between the two adjacent

coolants.
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APPENDIX D

COOLANTS

The calculation of composite heat transfer coefficients for mesh

points adjacent to or inside coolants was considered in Appendix C. 1In

this appendix, the coolant temperature calculation is discussed. With

respect to the TAC3D code, the following scheme is used in handling

the coolants:

1.

The solution for mesh point temperatures is carried out as
described in Appendix A. During this solution, theppoints in
coolants experience no change in temperature. This is accom-
plished by setting the thermal capacitance of all coolant nodes
at 1.0 x lO12 Btu/°R. The effect of radiation and convection at
coolant boundaries on mesh point temperatures adjacent coolants
is accounted for in the solution through use of the composite

conductivities described in Section C.4 of Appendix C.

New coolant temperatures based on the results of the above

solution are calculated,

New coolant block boundary temperatures based on the results of
Steps 2 and 3 above are calculated. These are used to determine
a new value for the radiation transport as defined in Eq. (C-25)

of Appendix C.

Composite thermal conductivities between the bounding material
and the coolant (Egqs. (C-30) and (C-35) of Appendix C) are

calculated, and another iteration is performed.

In TAC3D, the assumption is made that the coolant is, at any given

time, in equilibrium with its surface. This implies that the coolant

‘ passes by the surface in a time considerably shorter than the smallest

time step used. This means that the code should not be used to study
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transient behavior of the coolant over time intervals comparable to

coolant transit time.

A coolant boundary along the flow direction is illustrated in the
following figure.

COOLANT
SOLID BOUNDARY FLUID
!
T, @ : o COOLANT LEVEL 2
[
______________ ‘+——— @F FLOW DIRECTION
I
T, @ ! OF, COOLANT LEVEL I
I
RP( 1) RL(1)  RP(! + 1)
ZP(J) IL(J)  ZP(J + 1)
TP(K) TL(K)  TP(K + 1)
FLOW RATE W (LB/HR)
SPECIFIC HEAT Cp (BTU/LB-°R)

COOLANT TEMPERATURE F(°R)
SOLID TEMPERATURE T(°R)

It is assumed that there are no temperature gradients in the coolant
normal to its flow direction. Therefore the differential heat balance

for the coolant surface may be stated as

wcde = zi: h,S, (T, - Fdz (D-1)
where
dF = differential coolant temperature increment
hi = heat transfer coefficient (Btu/ftz-hr-°R)
Si = linear surface along coolant boundary associated with one point
dz = differential height of increment along flow direction
'I‘i = surface temperature
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Rearrangement gives

_ dx
dF = (21: h. S T, Zi: hiSiF>WCp . (D-2)

When

M= ‘Y“ h.S.T, and H = Zl: h,S,

are defined, the equation becomes

_ dz dF _ _dz _
dF = (M - HF)WC or T WCP . (D-3)

Now, integrating from one grid line (B) to the next one (T), we

get
.z, HZ
B

In(ty, - HyFp) - I - BpFp) = - —= + L (0-4)
p P

Because MT + MB, HT = HB, and Z = ZT - ZB (the finite increment of height),

I i -7
M - HF we_
B p
-HZ/WC
M - HF, = (M - HFp)e ,
and
-HZ /WC
M _(M_ p -

Fr=1 <H FB>e . (D-3)

Referring to the definitions of M and H and multiplying by the
increment of height, we get

zi: h,S,T.2 ? h,A T,

(D-6)

- M2
HZ

o=

? h,S,2 ? h,A

In deriving the previous equations, the Ti's were surface tempera-

tures and the Si's were surface areas.
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In Appendix C, Section C.4, the composite thermal conductivities, Ki’
between mesh points in materials and adjacent mesh points in coolants are

derived. The composite overall thermal conductances between such sets of

points are

A
di = <-A—)-(—)1Ki (D-7)

where the (A/AX) terms are the geometry factors given in Appendix B. If
the Ti are now redefined to be the temperatures of the mesh points adjacent

to the coolant, then Ci corresponds to hiAi and Eqs. (D-6) and (D-5) may

be restated as

wu L 17 0-8)
¢,
i
}Ij c,T, —Zi,‘ ci/wcp —Zi: ci/wcp
FT = ——]] - e 4+ F_ e (D-9)

When

19=Z:ci'.riandk=2ci ,
i i

P —R/WCp —R/WCP
FT = R 1l -e + FBe . (D-10)

The average coolant temperature along the increment Fav is defined

by a heat balance as

WCp(FT - FB)

"
(@]
e
~
3
He
|
o]
~

]
™
@]
[N
3
[N
I
™
(@]
]

(D-11)

[
Lav}
|
ol
*rj
[
<
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and

P - WCP(FT - FB)

F =

av R (D-12)

As one progresses along the direction of the coolant flow, in steps,

and Fav are computed for each level, The F, for a level is the FT

FT B

of the previous level. The FT of the final level is the outlet tempera-

ture for the coolant.
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APPENDIX E

STEADY STATE OPTION

If only the steady-state solution is of interest, the system of
equations may be solved according to the method given in Appendix A using
arbitrary values for the material specific heats and time steps. This
pseudo-transient calculation is extended to the point where results
are no longer time dependent. The efficiency of such a calculation
depends on the ability of the code user to choose time steps which are
large, yet not so large as to cause the solution to become unstable,
Generally, the user must approximate the value of such time steps by
trial and error. Furthermore, the stability characteristics of mesh
points vary throughout any given problem so that the maximum time step
which may be used is often governed by the behavior of only a few
points. TAC3D contains a steady-state option which, for most prob-
lems, has been found to circumvent these difficulties when only a
steady-state solution is desired. All calculations are performed
in the normal manner except that control of the pseudo-transient is
transferred to a special subroutine which assigns the capacitance terms

and time steps by the method described below.

For explicit methods of solution, Ref, 5 gives a criterion for the

maximum stable time step at a mesh point,

AT, < —t— (E-1)

where
At, is the maximum stable time step for point i, hr
C., is the thermal capacitance associated with point i, Btu/°R

K,, is the thermal conductance between point i and a neighboring

point j, Btu/hr-°R
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For an implicit method of solution such as that used in TAC3D, Ari
has been found through experience to be proportional to the right hand side

of Eq. (E-1). Therefore, at the limit of stability

At, = B, ~——— (E-2)

where the Bi are unknown constants of proportionality.

In TAC3D, Eq. (E-2) is used to make the ATi approximately equal to a

single value At' for all mesh points. Assuming
At' = 1.0 hr
and
all 8, = 1.0,

Eq. (E-2) becomes
fi
C, = K, (E-3)
i j=1 ji

Eq. (E-3) is used to assign the thermal capacitance at each mesh point.

The result is that all points will have roughly similar stability charac-
teristics with respect to a time step At'. The effectiveness of this
treatment depends upon the validity of the assumption of uniform Bi which
can vary depending on the nature of the problem. Because the Kji may be
temperature dependent, the Ci are recalculated for each iteration. However,
in coolants and in dummy materials which simulate either constant tempera-
ture source-sinks or near perfect insulators, the Ci are set at 1.0 x 1012

Btu/°R and never changed. In coolants (see Appendix D) this action is

taken whether or not the steady-state option is being used.

The actual value of the A1' to be used for each iteration is found by
trial and error. Starting with an initial value of one hour it i3 increased

up to a maximum value of three hours according to the function

At = — + 1 (E-4)




N is the number of iterations which have been previously completed. The
results of each iteration are monitored for indications of gross instability.

1f any point temperature Ti falls outside the range

0.0 < Ti < 1.0 x lO6 °R

then the current value of At is divided by 1.50 and no further increase is
allowed. Also the current results are replaced by older results (ten to
twenty iterations older) which have been retained on an external storage
device. This is done to prevent the unstable condition just detected

from being propagated into the solution for the next iteration.

As soon as the problem is converged, a series of twenty smoothing itera-
tions is performed. The Ci retain their values from the last steady-state
iteration while the time step is reduced by a factor of ten and held constant.
The purpose of the smoothing iterations is to eliminate any small oscillations

which may be present at the time convergence is apparently attained.

The degree to which the problem has converged upon its steady-state
solution is assessed by checking the residuals, Ri’ which are defined as
- 1
Ci (Ti Ti)
A}
ATi
) )
(T1+Ti) (Tj+Tj)

6
> Kji( 2 - 2 ) * |wi|
j=1

R

. (E-5)

where Wi is the heat generation rate in Btu/hr and all other symbols are as
previously defined in this appendix. The primed values of T indicate point
temperature results of the preceding iteration.* The Ri are calculated after

every tenth iteration. The convergence criterion which must be satisfied is

all R, < 1.0 x 1074,

R, values at points where, as previously discussed, the Ci have been set at
1.0 x 1012 Btu/°R are not meaningful and are therefore not included in

testing for convergence.

*These values are retained on an external storage device.
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APPENDIX F

SAMPLE PROBLEM

A sample problem is presented to compare the results from TAC3D with
an analytical solution. Thedbjective is to show that the TAC3D program

yields the correct solution.

F.1 PROBLEM DESCRIPTION

The sample problem requires evaluating transient temperature distribu-
tions in a rectangular parallelepiped of dimensions a, b, and c. The
parallelepiped is composed of one material having constant properties
and no internal heat generation. The faces at x = 0, vy = 0, and z = 0 are
adiabatic. The x = a and y = b faces have infinite heat transfer coef-
ficients, and the x = ¢ face has a finite, non-zero heat transfer coeffi-
cient. The initial temperature throughout the parallelepiped is Ti' At
time zero, the non-adiabatic faces are subjected to a fluid sink at Tf.
Mathematically, the problem is described as

0<x<aj; 0<y<b;0<z<c

T(X9Ysz’0) = Ti

é-T-(O z,t) = 0; T(a,y,z,t) =T

ax ,y’ b > ’y’ b f

9-1:( 0,z,t) = 0; T(x,b t) =T

3x x,U,z, = H X,D,2, £

oT oT

gz(x,y,O,t) = 0; —kg;(x,y,c,t) = h[{T(x,y,c,t) - Tf]

For the specific problem analyzed, the following numerical values were

used:

4.2 in.; b = 3.6 in.; ¢ = 2.4 in.

10 Btu/hr-ft-°F; ocp = 50 Btu/ft3—°F
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= 50 Btu/hr—ft2—°F

T, = 600°F; T_ - 100°F
i f

F.2 ANALYTICAL SOLUTION

The analytical solution, constructed from partial solutions given in

Ref. 6, is

T - Tf
T = X(x,t) Y(y,t) 2(z,t)
1 £
where
_|x(@2n + 1)2n2€]
2
_ 4 (-1 l) [(Zn + 1)wx | 4a
X(x,t) = T Z Gn + 1) cos T]
ecom + 1)2“2{|
- 2
=4 _(_Q_ (2m + 1l)wx L 4b
YO0 =5 E Gn+ D S[ 2 }e

o N

2(hc/k) cos(azz) -ka’ t

o« e
Z(z,t) = % {he/)? + (o 0)?] + hes)b cos(a )
z { 7] + heno} coste,

In the above, the thermal diffusivity « is pcp/k and the eigenvalues @y

are the roots of ac tan(azc) = he/k.

In obtaining numerical values for the analytical solution, two
hundred terms were used in each of the series expansions, which were found
to be more than sufficient. The first nine eigenvalues of the equation
a c tan(alc) = he/k were obtained from Ref. 7. With he/k = 1.0, the

2

asymptotic expression o, = (2 - 1)7 was used for the higher eigenvalues.

2
This expression was found to be accurate within .15%.

F.3 NUMERICAL SOLUTION WITH TAC3D

The model for the sample problem is shown in Fig. F.l. The solid
material is represented by one material block. The boundary conditions on
the six faces are described by coolants 1 through 6 (specifically, coolant

blocks 1 through 6). The material and coolant thermal parameters
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x \

COOLANT 3
h = 106

Fig. F.1. TAC3D sample problem — thermal model
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as specified by the input functions, are given in Table F.l. All coolants
have the standard flow rate of 1061bm/hr and the standard specific heat of
1.0 Btu/lbm—°F. Coolants 4, 5, and 6, which represent EZe adiabati; faces,
have the standard heat transfer coefficient equal to 10 = Btu/hr-ft™-°F. A
portion of the TAC3D printout information, Table F.2, shows the block and
grid plane specifications, as well as time history information to run to

0.03 hrs.

F.4 COMPARISON OF THE TAC3D SOLUTION WITH THE ANALYTICAL SOLUTION

A comparison of the TAC3D solution with the analytical solution is
given in Fig. F.2, where the temperature profile along the main diagonal
is plotted at several times. This solution can also be checked with trans-

ient heat transfer charts such as those given in Ref. 8.
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TABLE F.1

INPUT THERMAL PARAMETER FUNCTIONS
FOR TAC3D SAMPLE PROBLEM

MATERIAL THERMAL PARAMETERS
RCON1(X)=10,
ACON1(X)=10.
TCON1(X)=10.

SPEC1 (X)=50,.

COOLANT THERMAL PARAMETERS

H1A(X)=5u,
TINLA(X) =560,

H2A(X)=1,0E+6
TIN2A(X)=560.
H3A(X)=1,0E+6

TIN3A(X) =560,
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bL0CA
NUMSER

~NOoO U SO0

. .

LOw X
(anCheS)

sVuuuy
JUuuy
YTV
4200V
+sULUV
«0U00
« U0y

HioA X
(dCHES)

“e200U

‘0.2000
+e2UU0
“e2VU0

»LUOD
442000
$e2UU0

. oOUNUARIES

LOw Y

(aNCHES)

Uy
2000y
Se00VyY
.OUOU
P
-OUOU
«U0Vy

AI6H Y LOw

( INCHES)

3.6000
3.6000
3.600u
J¢b00v
3.6000

«0000
346000

TABLE F.Z

EXCERPTS FROM TAC3D SAMPLE PROBLEM OUTPUT SHOWING
BLOCK, GRID PLANE AND TIME HISTORY SPECIFICATIONS

BLOCK DESCRIPTION

(INCHES)

+ 0000
2.4000
«0000
+0000
«U000
0000
0000

Z HIGH Z

(INCHLS)

2.4000
2.4000
2.4000
2.4000
2.,4000
2.4000

+0000

MATERIAL

-1
-2
-3
-y
-5
-6

X MATERIAL
(INCHES)

. GAPS .

Y MATERIAL
(INCHES)

. . L]
Z MATERIAL
(INCHES)
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TABLE F.2

(Continued)

X BOUNDARY ASSIGNMENTS

sEwuEinCe PO INT GRIU LINE COOLANT OR GAP
NUMBER LOCATIUN LOCATIVN BOUNDARY NUMBER

(1NCHES) (I1NCRHES)

1 «Uyuv

i 0pov i

2 20U
< T )

3 lelndbu
3 1,4700

4 1.7850
4 2,100

e} 244150
o 2. 7600

6 29400
(<] 301b0“

7 340U
7 3.5700

8 3,6750
) 3,700V

9 J.badV
9 3.9900

1y 4,053V
v 4eli6v

11 4.2400 e

i 4e.2uel
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TABLE F.2
(Continued)

Y BOUNDAKY WSSIGNMENTS

SCQuENCe PO NT GRib LINE COOLANT OR GAP
NUmpER LOCATION LOCAJION SOUNDARY NUMBER
CINCHES) (INCHES)
i 000U
i «0p00 1
3 .3°0’U .
] « 7200
é .9‘,00
3 1.2000
4 1.5500
4 1.8000
5 2.V700
] 2e3400
6 245200
-} 2,700V
7 2.8800
7 3.060v
(-] ‘ 301500
- J.2400
9 343300
9 3.4200
10 34740
i0 3.5280
il 3,5640
i1 ' 346000 2
12 3.6000
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34 0ub0UU=0Y
1leUulOVV=(4
44000000=0Y
1+0000uU=03
4edU0VLU=QS
1oUv000U=(GZ
de0ul0VU=ye

PO N
LOCATION
(INCHES)

«0QUV

02400

eboUU

1.0200
1.3000
1.6400
1.9200
241000
2.2200
2.316U
2.3760
24000

Lime PERLOD

MINUTES

deoUUUQU=VO
©sU0LUYL=03
24uuly0=0¢
L, V0LVUYU=UC
Z.‘#UUOuO"Ul
6.,000000=01
1,808v090+00

TIME STEP

MINUTES

1,800000=05
6,000000~05
1,8u0000=-04
6.000000=-04
1,200000~03
1+800000~-03

TABLE F.2
(Continued)
BOUNDARY ASSIGNMENTS
GRID LINE COOLANTY OR GAP
+OCATION BbOUNDARY NUMBER
(INCHES)
+0000 Y
L0V
0400
1.2000
105000
1,8000
2.0400V
243000
242800
243520
2,4%000 e
TIME HISTORY
SECONDS HOURS
1,080000~01 3.000000=07
3+60U000=ul 1.000000=06
le4Buuiu+yo 3.000000=06
3.60u000+y0 1,000000-05
Lel4L000+yY 2,000000=05
3460uY0G+yL 3.000000~05
1,08uy00+u2 440600000U=05

2,400000~03

SECONDs

1,080000.03
3,600000.03
1,080000-02
3,600000-02
7.200000=-02
1.080000-01
1,440000-01

PRINT FREQUENCY

60
100
200
500
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Fig. F.2., TAC3D sample problem — comparison of code solution

with analytical solutior




APPENDIX G

CODE ORGANIZATION AND FUNCTIONS
OF SUBROUTINES IN TAC3D

The brief code description presented in Section 4 of this report is
amplified in the outline below. The maln program first calls Subroutine MP1
to read the input and calculate all constant data. It then calls Subroutine
MP2, which in turn calls the computational subroutines continually until all
iterations have been completed. All subroutines are called in the sequence
listed below. When one subroutine is called by several other subroutines,

its description is given at the point where it is first called.

The code contains several small subroutines which are internal to those
described below. They are not mentiomed since the functions they perform
are contained within the descriptions of the subroutines of which they are a

part.
MAIN - Main program of TAC3D

calls MP1 '
MP2

A. Subroutine MP1 - Main program of Input Processing Section

called by MAIN

calls INPUT
CHECK
POINTS
CONSTA
GEOMET
DPRINT
INITEM
FLOWCA
TIME
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EXTRA
PRETEM
OTCARD*

1. Subroutine INPUT - Reads and prints the title, geometry type,

options and block description; reads and indexes the grid
planes; indexes the blocks and block description data; prints

a graphical display of the block boundaries.

called by MP1
calls ERROR, FCARD

a. Subroutine ERROR - Prints an appropriate error message when

input data is incomnsistent or specifies a problem beyond

code limitations.

called by 2all subroutines of input processing section
except CONSTA, EXTRA, DPRINT and OTCARD

calls None

b. Subroutine FCARD - Maintains a record of input data for printing

of approximate card images.

called by INPUT, INITEM, FLOWCA,
TIME, EXTRA, PRETEM

calls None

2. Subroutine CHECK - Checks for any inconsistencies between the

grid planes and block boundaries. Identifies any material,

coolant or gas numbers which are not allowed.

called by MP1
calls ERROR

3. Subroutine POINTS -~ Calculates and organizes geometrical data

by calling BOUNDA; sets up an array of indicators identifying
heat transfer configuration for each point adjacent to a gap

plane.

called by MP1
calls BOUNDA, ERROR

*OTCARD is internal to MPl. It is mentioned individually because it performs
a unique function not included in the above description of MP1,
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a. Subroutine BOUNDA - Calculates and indexes the point loca-

tions; identifies the highest and lowest point level
indices for each direction in each block; identifies and
indexes the gap planes; relates the gap plane indices to
the grid plane indices.

called by POINTS

calls ERROR

Subroutine CONSTA - Calculates the effective path lengths

between points; calculates the geometrical constants given in
Appendix C, Tables C.l through C.4.
called by MP1

calls None

Subroutine GEOMET ~ Calculates the node volumes and the geomet-

rical components of the conductances between points as defined
in Appendix B, Eqs. (B-5) through (B-12); prints all values

of the above quantities if requested through input option.
called by MP1

calls ERROR, ARRAY1

a. Subroutine ARRAYl - Prints a three-dimensional array.
called by GEOMET, PRETEM
calls None

Subroutine DPRINT - Prints the locations and indices of the -

points, grid planes and gap planes.
called by MP1

calls None

Subroutine INITEM - Reads specified initial temperature region

description; assigns initial temperatures to all points
according to these descriptions.

called by MP1l

calls FCARD, ERROR

Subroutine FLOWCA - Reads and indexes the limits over which

certain coolant thermal parameter functions apply. Prints these

limits and the flow direction for each coolant.
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called by MP1
calls FCARD, ERROR

9. Subroutine TIME - Reads, indexes and prints the data which .

specify the subdivision of the problem time scale and the
frequency of printing results when the steady-state option is

not being used.

called by MP1
calls FCARD, ERROR

10. Subroutine EXTRA -~ Reads and prints the function control con-

stants described in Section 3.3.

called by MP1
calls FCARD

11. Subroutine PRETEM - Reads (if provided) the arrays of point and

coolant terminal temperatures punched by the code from a
preceding problem; replaces the specified initial temperatures -
read by INITEM with the above values; prints the initial

temperatures to be used.

called by MP1
calls ERROR, FCARD, ARRAY1

12. Subroutine OTCARD - Prints approximate images of the input

cards.

called by MP1

calls None

B. Subroutine MP2 - Main program of Computational Section
called by MAIN
calls ERROR2
STEADY*
BLOCK
CONDUC

*Called only when the steady-state option is being used.
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STEP
COOL
SURT
PRINT
PUN

Subroutine ERROR2 - Terminates the problem and prints an

appropriate error message when certain computational diffi-

culties are encountered.
called by MP2, FLODAT, SURT
calls None

Subroutine STEADY - Calculates pseudo-capacitances and time

steps and calls the temperature computation subroutines to

obtain the steady-state solution as described in Appendix E.

called by MP2, PRINT
calls BLOCK, CONDUC, COOL, STEP,
SURT, PRINT, ARRAY, PUN

Subroutine BLOCK - Calls subroutines MADATA and FLODAT for

each block on each iteration to obtain the current local

values of the material and coolant thermal parameters.

called by MP2, STEADY
calls MADATA, FLODAT

a. Subroutine MADATA - Determines current local values of

material and gas thermal parameters.

called by BLOCK, CONDUC
calls Functions which define material and gas thermal

parameters as described in Section 3.2.
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b. Subroutine FLODAT - Determines current local values of

coolant thermal parameters,

called by BLOCK
calls BLKTYP and functions which define coolant

thermal parameters as described in Section 3.2.

1) Subroutine BLKTYP - Determines those boundaries of a

coolant block along which heat transfer coefficients

are to be assigned.

called by FLODAT

calls None

Subroutine CONDUC - Calculates the composite conductivities

by the methods developed in Appendix C; calls subroutine
MADATA to determine the current local thermal conductivities

of gases in gaps.

called by MP2, STEADY
calls MADATA

Subroutine STEP - Solves for the material point temperatures

by the method outlined in Appendix A,

called by MP2, STEADY
calls None

Subroutine COOL -~ Solves for the coolant point and coolant

terminal temperatures by the method developed in Appendix D.

called by MP2, STEADY

calls None

Subroutine SURT - Solves for the gap and coolant block surface

temperatures by the methods developed in Appendix C.

called by MP2, STEADY
calls ERROR2
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8. Subroutine PRINT - Prints the temperatures at all points for

iterations specified in the input or for the smoothing itera-
tions if the steady~state option is being used; prepares and
prints all optional results which have been specified in the

input.

called by MP2, STEADY
calls ARRAY, STEADY*, CUSTOM

a. Subroutine ARRAY - Prints a three~dimensional array.

called by STEADY

calls None

b. Subroutine CUSTOM - Performs any additional computations

and printing according to Fortran V instructions supplied

by the code user.

called by PRINT

calls As programmed by the code user

9. Subroutine PUN - Punches a card deck containing the arrays of

point and coolant terminal temperatures (°R) resulting from the
last iteration of the problem.

called by MP2, STEADY

calls None

*The call to STEADY is to obtain the residuals for the last smoothing itera-

tion.

These are always printed when the steady-state option is being used.
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APPENDIX H

TAC3D CODE LISTING

The following pages are a card image listing of the TAC3D code. The
elements are arranged in the calling sequence outlined in Appendix G. They
are page indexed in alphabetical order below so that individual elements

may be easily located.

Element Name Page

ARRAY & v 4 v v v v v a v e e e e e e e e 237
ARBAYL & & v v v v v v e e e e e e e e e 124
BLKTYP « & & ¢ ¢ o v o o o o o o o o o o 187
BLOCK « v « o ¢ o o o o o o o o s o o & o s 154
BOUNDA + « &+ ¢ o o o o o o s o o o o o« « « 114
CDE (PDP procedure element) . ., . . . . . . 78
CHECK « « « « « o & o o s o « o o o o o o s 105
CONDUC « &« &« v v ¢ ¢ v 4 ¢« ¢ o o o o o« o 190
CONSTA « ¢ ¢ ¢« ¢ ¢ v v o« v 4 o o o o o o & 117
COOL ¢ ¢ o o o & o o o o o o o o o o o o s 205
COOL1 through COOL15 . . . . . . . . . . . 188
CUSTOM + &+ & o « 4 o o o o o o o & « o o« « 239
DPRINT o o + o o o o o o o o o o o o o o 126
ERROR + « « + o o o s o o o o o o o o o o 103
ERROR2 =+ =+ ¢ o « o o o o o o o o o« o o o « 147
EXTRA ¢ ¢ + * s s o o o o o s o o o o o o 4 139
FCARD - + ¢ v v ¢ o ¢« o« v o o s o o o « o 104
FLOWCA + « + ¢ ¢ v o v ¢ o & & o « o s & & 132
FLODAT . . . . v ¢ v 4 v 4 4 v v v o o o 171
FMAT1 through FMAT15 . . . . . . . . . .. 169
GEOMET . . ¢ & & v 4« v v v v o o 4 o o o o 120
INITEM . . ¢ ¢ v v v 6 v 6 4 s o o o o s & 128
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Element Name Page

INPUT © ¢ ¢ ¢ ¢ o ¢ o ¢ o o o o o a o o o o 92

MADATA « « « ¢ o o o s o e e e e e e e w . 157 )
MAIN . ¢ ¢ o o o o o o o o o s o o s o s 81
MP1 . & & v 6 v et e e e a e e e e e e s 89
MP2 & v ¢« v o o o s o s o o« o s o o o« s o« 144
POINTS ¢ o+ « o o o o o o o« o o o o o « « o 107
PRETEM &+ ¢ &+ o & o o o o « o o o « o « « « 140
PRINT « &+ ¢ o o o o o o o « o o o o o o« o« « 225
PUN & ¢ o o « o o o o o o s « o s o s « « o 240
STEADY « « « o o o o o o o o o o o o o o » 148
STEP + « o « o « o s o « s o s o o o o o » 202
SURT + o o o o o o o s o o« o« o o o o« o o« « 215
TAC3D (processed map) . . + « « & o« « « o . 17
TIME . 4 v 4 o o o o o« ¢ s o o o o o s o+ 136
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MP2L
LNK1
LNK2
LNKS

SEG
SEG
SES
SEG
se6

TAC3D (processed map)

MAINex (MP1 ,Mp2L)
MP2=STEADY~PUimARRAY =% (LNK1 s LNK2)LNK3)
COOL=STEP=CONDUC=BLOCK=SURT

PINT

ERROR2
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CoOMLIMa FCOPY

[o 2N o TN o BN ¢

CDE (PDP procedure element)

CDE

c PARAMETER 1Q=12¢JQ= 1?'K0-1?oNG-15vMo-12.IGG-u.JGo-u'KGo-uoLo-So gDE
e e P T+ L s =xzs=zzzzsiz===CDE
COMmMON  AND OIMENSION FOR RAT-3D MARCH, 1969 gop
DE

REAL KR K2 KT CDE
LUGLCAL FIRST 1GAS 'SW ' DP CpE
INTLGER OUTTAP CpE
. CDE

LIMLNSION {RBL ( LG),)RBH ( L&) RDG ( LQ)#MGR { L&)y CDE
Zuist, ( LQ),2BH ( LQ),2DG ¢t LQ@)eMG2Z ( L@, CDE

TUL ( LG@),TBH ({ LQ)»TDG ( L) IMGT ( L?)» CDE

NFLO ( NQ)sCARD ( 1) CDE

KR ( IQ,JQrKG) KZ ( IQ,JQrxQ), CDE

KT ( 1Q,JGeKQ)» MT ( 1Q,JQeKQ) Coe

CDE

COMmON /TEST / Sw { 25)/0UTTAP ' OP 'NTA CoE
CoE

COMMON /MXXX 7 DTIME ( 21)FTIME ( 21)2ITER ( 21)+ITAPE ( 21) cpE
CpE

coMmON #IXX 7/ LELR ( IQ)RP { 1IQ)sRL ( 1Q)sRLN ({ 1@, Cor
IGR ( 1@) Cpe

CpE

COMMON /JXX /7 DELZ ( JQ),2P { Ja)e2L ( JQ)o2LN ( V@) CDE
- J6z ( J@) CnE
CDE

COMMON /KXX /7 DELT ( KQ).7TP { XKQ)eTL { KQ)»TLN ( K&)» CDE
KGT ( KQ) CDE

Cor

COMMON /NXX / FLOw ( N@),TI { NQ),TO ( NQ)»IPATH ( NQ)» CDE
IFLO  ( N@)»ITIN ( NQ)»ITI { N@)oITO { NQ)y CDFE

IF { NQ)sFLODFP( NQ)yTINDEP( NQ)» Cor

RLIME ( NQ)oRLIM» ( NQ)eRLIM3Z ( NQ)oRLIM4 ( N@)» CDE

FLIMY ( N@)yFLIMp ( NW)eFLIMZ ( NQ) FLIMG ( NQ)» CDE

TLIML € NGQ)TLIMD ( NQ)eTLIMS ( NQ)oTLIMG ( NG)s» CDE

RCPC  ( NQ,MQ@) CpF

cope

COMMON /IGXX 7/ RATIOH(IGW) +RATIOK(1GQ),RATIOC(IGR) CDE
CDE

COMMON #JGXX 7/ ZATIOH(JGR),ZATIOK(JGQ) COE
CDE

COMMON /KGXX / TATIOH(KGQ)»TATIOK(KGQ) CDE
CDE

CUMMGN /LXX /7 Ik ( LQ),IH ( LQ) oL ( LQ)pJH ( LO)r» CDE
KL ( L@)KH ( LQ).MmB ( LQ) CDE
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90
1n0
110
120
130
140
150
160
170
1a0
190
200
210
220
230
240
250
260
270
2n0
290
3n0
330
320
340
30
350
360
370
3a0
390
400
410
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430
440
450
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COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

JUSER 7/

/XMAX  /

/X5uBs /

/MISCXX/

/XMADAX/

/XTRA /

71eXJIXK/

/JGXIXK/

7KGXIXJ/

7 IXUXk K/

GAPR  (I6Q,JReKQ),
RBRTL (I168,JGrKQ),
REML  (I6@,JQrKQ),
RATIOB(IGQ,JQrKQ)

GAPZ (JGG,IQsKQ)»
ZzBuTL (JGQ,100KQ)
zeml.  (J6G, 1QrKQ)
ZATIOB(JGA,1QrKQ)

GAPT (KGQ,IQrJaQ),
TBUTL (KGQ,1Q,JQ),
TEAL (KGR, I0ru@)
TATIOB(KGG,I1Q/,JQ)

RR ( 1@,JQrKQ)

T *OR
FTr »GK

RE ' ST
MAXFLO r MMAX
MAXTP » MAXNR
MAX2G ' MAXTG
|IM OIMI
I6HS ' NRG
JM1 » JMAX
NZG P KM
KGLS » KGHS
CURTI +FIRST
ISHAPE 'NITER
N1 ' TB

NC » IERROR(
CS1 1CS2
IS » IHS
KLS 1 KHS
AL 'A2

AS 1AD

A9 »ALOD
Aly 1ALl
AL7 yAl8
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'FTR
'HR
' TOUT

' MAXRP
' MAXMAT

» IMAYX
e LMAYX
* JGLS
*KM1
'NTG

v GAS
' NPRINT
' TH

2)r2A

1CS3
» JLS

1A
'AT7
rALL
*AlS

MATRG
RBBTH
REMH

MAT 26
zBoTY
ZEMH

MATTG
TB3TH
TEMH

RZ

WFT2
'FR
' TIN

'MAXZP
'MAXRG

»IGLS
r JM

+ JGIIS
P KMAX

» ICOUNT
»SCALE
' DATI

- e w -

{ 14)»PNAME ( 12)

r JHS

v Al
vAB
rAl2
WAl

t168,JarkQ),
(166,J01k@)
(I8, JQeK@)y

(JGG))JOrk@)
(JGArIarKQ)
(JGQRyIGIKQ)»

(K6Q: 10, 00Q)
(KGR, IQruQ)
(KGR, IQrJQ) s

( 1Q)JQrKG)

- ww w

Coe
Cpe
COE
CDE
CDE
CpE
CDE
CDE
CDE
ChE
Cur
CDE
CDE
cpe
CDE
CDE
CDE
Cor
CDE
CDE

CoE
CDE
CDE
CDE
CnE
CoF
COE
CoE
CDE
CoE

460
470
4a0
490
500
510
5920
530
5S40
550
560
570
5n0
590
6n0
610
620
610
640
680
660
670
6n0
690
700
710
720
730
740
750
760
770
7a0
790
8n0
810
820
830
840
850
8c0
870
820
890
900
940



- RT ( 1IG)JorKQ)» v { 1GsJQekQ) s Coe 920

- W ( 1Q,JQrKQ) ¢ CONR ( 1Q,JQekQ)s Coe 930

- CONZ ( 1Q,JQrKQ)» CONT ( IQ,JQrKQ) CDE 940

- RCP ( 1Q,J5KG) T ( IQ,JQekQ) CDE 950

- 17 { 1QrJG)KQ) Coe 960

CDE 970

EQUIVALENCE (MT oW )r (RBBTL sRBL )+ (RBBTH »RBH ) CDE 9a0

- (REML »RDG )y (REMH ¢MGR )¢ (2BBTL ¢r2BL )¢ CDE 990

- (Z88TH »2BH )y (ZEML 0206 Yo (ZEMH  #sMGZ )+ CDE ¢0nO

- f (TRBTL »TOL ), (TBBTH »TBH  )o(TEML +TDG  )» CDE 1010

- (TEmH  »MGT )y (CONR  »kR Yo (CONZ  »KZ Yo CDF 1020

- (CONT KT Y2 (CONR +CARp ) o (FLONERINFLO ) CDE 1030
ZEZzIzziszzsssRsIazascss <SS ESNSECISaSIZIIITERIzSIzzzosssIEsIzszzsoszzzasCDE 1040
Pttt ettt dad oot i e L et e e L e e L e e L el ] 2 N TN
END CpE 1040
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OO0 00 COO0OOCOO0O00O0COO00O00

Ale.,,ALlb

COHK (LK)
CONT (1,ueK)
CONg (1,usK)

CURII

—— ey G s S T s S s g B B o T Dy BB
- o e W g o o ot O i ey, B B m iy s T B o O T e ey i S D e P Y P B S g gy e S ey TV e T s 8 T e

ot
D‘IM&UM
piMe2)

ok
pebk (1)

obLs(d)
DELT (K}

- - e e s T U 8 St G T D o P et o o 0 P 2 WS o e b e oy D L s s S e ot g

FTINE (4)
FK = FLOW(N)
FIRS1

FLOW (N)

FLImE(N)
FLIm3 ()
FLImg(N)
FIR = wkP(I)
FTIT = [P(K)
FTZ2  =2r(J)

SEsSEEST IS SIS ER TS s e TR a2~ EMAIN

Z=zszszzssSzassozzsIas=sMAIN

-
=F=3==

EXTRA FUNCTION VARIABLES ystD IN MATERIAL MAIN
AND COOLANT FUNCTIONS MAIN
P T P TP e T P PP L L P b e P R e e e PP b P e M e e = T D 4
INVERSE LOCAL RADIAL THERMAL CONDUCTIVITY MAIN
(HR=FT=R/BTU) MAIN
THVERSE LOCAL THETA THERMAL CONDUCTIVITY MAIN
(HIR=FT=R/8TU) MAIN
INVERSE LOCAL AxIAL THERMAL CONDUCTIVITY MAIN
{(hik=FT=R/BTU) MATN
CURRENT TIME, (HR) MAIN
------------------------ ZzI=TEISESISzISESIRS==zEMAIN
TIME AT wHICH yHE TIMEDEPENDENT DATA SHOULD MAIN
pE CALCULATED MAIN
. CURRENT TIME INCREMENT, (HR) MAIN
TIME STEP USED IN TIME PERION My HR. MAIN
CONSTANT DIMENG1ON VALUES IN HEAT TRANSFER MAIN
CUEFFICIENT DETERMINATION MAIN
CONTALNS THE LoCAL TEMPERATURE IN DEGREES MAIN
RAMKINES IT IS uSED IN THE DATA FUNCTIONS, MATIN
DISTANCE BETWEEN POINTS I AND I+1(FT) MAIN
DISTANCE BETWEEN POINTS J AND J+1(FT) MAIN
DISTANCE owETWEEN POINTS K AND K+1(FT) ) MAIN
ptr et oot dd '-"-‘--—-—'“‘"““‘“—"“"“":::::::::::::::::::::::::MAIN
TIvE AT WHICH TIMk PERIOD M ENDS, HR, MAIN

LUCAL FLOW RATE, LB/HR, USED IN DATA FUNCTIOMS MAIN
A LOGICAL PARAMETLR CONTROLLING CERTAIN ACTIONg MAIN

TRUE= SPECIAL ACTIONe ONLY ONCE MAIN
FALSE= NORMAL ACTION, ALL OTHER TIMES MAIN
FLOW RATE OF CoOLANT N, LB/HR . MAIN
=us CURRENT COQLANT NOT USED MAIN
LOW LIMIT, LOWw RANGE FLOW RATE FUNCTION wAIN
uPrER LIMIT, Low RANGE FLow RATE FUNCTION MAIN
UPPER LIMIT, MIUDLE RANGE FLOW RATE FUNCTION MAIN
UPPER LIMIT» UpPER RANGE FLOW RATE FyNCTION MAIN
RAGIAL LOCATION OF CURRENT POINT, FT MAIN
THETA LOCATION OF CURRENT POINT, FT MAIN
AXIAL LOCATION UF THE CURRENT POINT, FT MAIN
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GAPK (IGoJeK)

GAPL (YGy 1K)

GAPT(KGs I J)

GAS
6K

HR

IA
ITER (M)

1UNaT

IFLOIN)

RADIAL GAP INDICATOR

=poSITIVE, LOCAL RADIAL GAP WIDTH IN GAPLINE 16

=0.0¢ NO GAP OR COOLANT

==1,0E=10, COOLANT ON HIGH INDEX SIDE OF
GAPLINE 16

Z=2,0E~10, COOLANT ON LOW INDEX SIDE oF
GAPLINE 16

==3,0E=10, TWO COOLANTS ADJACENT AT GAPLINE Ig

AXIAL GAP INUICATOR

=puSITIVE, LOCAL AXIAL GAP wIDTH IN GAPLINE Jg

=0.0¢r NO GAP OR COOLANT

==1,0E=10, COOLANT ON HIGH INDEX SIDE OF
GAPLINE J6

==2,0E-10, COOLANT ON LOW INDEX SIDE oF
GAPLINE J6

Se3,0E=10, TWO CUOLANTS ADJACENT AT GAPLINE JG

THETA GAP INDICATOR

=PoSITIVE, LOCAL THETA GAP wIDTH IN GAPLINE Kg

=0.0r NO GAP OR COOLANT

==l ,0E=~10, COOLANT ON HIGH INDEX SIDE OF
GAPLINE K6

==2,0E~10, COoLANT ON LOW INDEX SIDE oOF
GAPLINE K6

z=3,0E=10, TwO COOLANTS ADJACENT AT GAPLINE Kg

LUGICAL VARIABLE » TRUE IF GAS

LOCAL GAS CONDLCTIVITY, (BTU/HRyFTsF)

e e R e e ZE=ESEEESSZzzS=SzISzSasMAIN

CONTAINS THE TIME IN HOURS, IT IS USED IN
THE DATA FUNCTIONS.

GAP INDEX OF GaAP AT LIME [

T4l

RADIAL POINT Or LINE INDEX

LOCAL HEAT TRANSFER CORRELATION RANGE

NUMBER OF TIME STEPS BETWEEN DATA EVALUATIONS
In TIME PERIOD M

COLE NUMBER INNICATING THE UNITS OF THE CURRENTY

T14E PERIOD DAYA BEING READ,

0=SA4t UNITS Ag BEFORE

1=SECO

2:M1No

3=HR,

FLOW LEPENDENCE NUMBER OF COOLANT N
=1, NU DEPENDENCE

=2, FLOW DEPENpS ON TIME
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MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN
VMAIN

SEZaECESECScsSIESsSEISISSSosISSSSEESITIosssIsTeos 2=sS==czssz=zz==zzzzzszz===MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
wAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

440
490
4a0
490
500
510
520
530
540
550
560
570
580
590
6n0
610
650
630
640
650
660
670
6R0
600
700
710
720
730
740
750
760
770
780
790
8n0
810
8,0
830
840
850
80
870
8a0
890
9n0
9210




16
1GLS

I16HSY

TERKOR (2)
ICOUNT
ITAFE (M)

IL(L)

IH(L)

IHS = 1H(L)
ILS = (L)
M

IMAX

15HAPE

LTIN(N)

IT = ITIN(N)
IF (iv)

ITI(N)

1TO0(N)
IPATHIN)

OO0 OO0 CONOOONOODNOOOOO0

=3, FLOW DEPENNS ON COOLANT OUTLET TEMPERATURE
=4, FLOW DEPENpS ON COOLANT INLET TEWPERATUR
RADIAL GAP INDEX .
THE GAP NUVWBER ASSOCIATED wITH THE LoW RADIAL
HOUNDARY OF THp CURRENT BLOCK

THE GAP NUMBER ASSOCIATED wITH THE HIGH RADIAL
BOUNDARY OF THE CURRENT BLOCK

NAME OF ROUTINg IN WHICH THE ERROR WAS CAuGHT
NUNBER OF RECQORDS ON THE EXTRA OUTPUT -TAPE
NUMBER OF TIVEgTEPS BRETWEEM TEMPERATHRE

PRINTS IN PERIQD M

INCEX OF THE Low RADIAL POINT OF BLOCK L

INDEX OF THE HIG6H RADIAL POINT OF BLoCK L
1hHEX OF THE HIGH RADIAL POINT OF CUKRENT BLOCK
INCEX OF THE Low RADIAL POINT OF CURRENT BLOCK
NUmBER OF RAnIAL GRIDLINES

NUVBER OF RADIAL POINTS

=1 FOR X=Y=Z GrOvETRY

=0 FOR Ra=T=Z GgOMETRY

COOLANT INLET TEMPERATURE DEPENDENCE NUMBER
=1 NO DEPEN)ENCE

. =2, COOLANT INLET TEMPERATURE DEPENDS ON TIME

=3 CgotANT INLET TEMPERATURE DEPENDS ON FLOy
RATE

=4, COOLANT INLET TEMPERATURE DEPENDS ON
OQUTLET TEMPERATURE

LOCAL FLOW RATE DEPENDENCE

INTEGER VALUE OF FLOW(N)

INTEGER VALUE oF TI(N)

INTEGER VALUE oF TO(N)

FLOW DIRECTION FOR COOLANT

=1, RADIAL DIRLCTION

=2, AXIAL DIRECTION

=3, THETA DIRECTION

+zFLOw IN DIRECTION OF INCREASING INPEX

~z FLOW IN DIRECTION OF DECREASING INDEX

——
putofmd e apodpiifat podemduguipadmdodmefct e et o ot =3Pt Bd ]

OQOOO0OOOOOO0
C
(]
T
v

AXIAL POINT OR LINE INDEX

AXIAL GAP INDEY

JM“‘l

GAP INDEX OF GaP AT LINE U

THE GAP NUMBER ASSOCIATED wiTH THE LowW AXIAL
BOUNDARY OF THe CURRENT BLOCK

THE GAP NUMBER ASSOCIATED wITH THE HIGH AXIAL
BOUNDARY OF THE CURRENT BLOCK

INDEX OF THE Low AXIAL POINT OF BLOCK L
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MAIN 920
MAIN 930
MAIN 940
MAIN 950
MAIN 940
MAIN 970
MAIN 9n0
MAIN S90
#AIN,0QO
MAIN1010
MAINL1020
MAIN10320
MAIN1040O
MATH10s0
MAIN10RO
MAIN1070
MAIN10q0
MAIN1 000
MAIN1100
MAIN1110
MAIN11,0
MAIN1130
MAIN1140
MAIN1150
MAINi160
MAINI170
MAIN11a0
MAIN1190
1*AIN120n0
MAINI210
MAIN1220
MAINY 230
MAIN1240
MAIN1250
»AIN1260
MAINY 270

SMAIN12a0

MAINL290
MAINI 300
MAIN1 310
vAIN1320
MAIN1330
AINL 340
MAIN13s0
MAIN1360
wAIN1 370



c JH(L) INDEX OF THE HIGH AXIAL POINT OF BLOCK L MAIN1 380
c JHS = UH(L) INDEX OF THE HIGH AXIAL POINT OF CURRENT BLOCK MAIN13g0
¢ JLS = uL(L) INGEX OF THE Low AXIAL POINT OF CURRENT BLOCK MAIN1400
C JM NumBER OF AXIAL GRIDLINES MAIN1410
(o JMAA NUMBER OF AXIAL POINTS MAINLUSO

S EEEISELoIsCEISSSSSESsEosISIRISSSSIIZZISSEIS=SSIzacs == S=S==MAINLY430
o K THETA POINT OR LINE INDEX MAIN1440
¢ K6T (k) GAP INDEX OF GAP AT LINE MAIN1450
C KR4 odoK) AVERAGE RADIAL CONDUCTIVITY BETWEEN POINTS I ANDMAIN14£0
¢ y Inl VAINLI4TO
(o (BTUZ(HRFTeF)) MAINt{4R0
C KZ(1,JoK) AVERAGE AXIAL CONDUCTIVITY BETWEEN POINTS J AND m»AIN1490
C J+1 MAIN1S00
c (3TUZ (HR,FTF)) MAIN1510
C KT(4eJdeK) AVERAGE THETA CONDUCTIVITY BETWEEN POINTS K ANn MAIN1520
C K+l MAIN1530
c (UTU/Z (HRyFTeF)) MAIN1540
(o KM1 Km=1 MAIN1SS0
C K6 THETA GAP INDEY MAIN1560
C KGLS THE GAP NUMBER ASSOCIATED wITH THE Low THETA MAIN1570
c HOUNDARY OF THg CURRENT BLOCK MAINLSRO
C KOHY _THE GAP NUMBER ASSOCIATED wITH THE HIGH THETA  v~AIN1590
c BOUNDARY OF THE CURRENT RLOCK MAINIENO
C KH(L) INnEX OF THE Hi6H THETA POINT OF BLOCK L MAIN1610
C KL{L) IuNEX OF THE Low THETA POINT OF BLOCK L MATN1650
C KHS = KH(L) InwhkX OF THE HIGH THETA POINT OF CURRENT BLOCK MAIN1630
C anlS = kb(L) INGEX OF THE Low THETA POINT OF CURRENT 8LOCK MAIN1640
C KM NUMBER OF THe TA GRIDLINES MAIN16&0
C KMAA nNut BER OF THETA POINTS MAINYI 660

::::::::::::::::::::::::::::::=::=:::::::====:==::::::::==:=:::=:::::::MAIN1670
c LMAA NUMBER OF BLOCKS MAIN16R0
(o e P P P Tt S P e e e e =z====R==z=MAINLG690
c MT(LsdoKk) TABLE USED TO TEST COMPLETENESS OF THE MAIN1700
c BlLOCK ASSIGNMENTS MAIN1710
(o MAXFLO MAXIAUM NUMBER OF COOLANTS ALLOWED MAIN1720
C MMAA MAXIMUM NUMBER OF TIME PERIODS ALLOWED MAINL 730
C MAXIKP AAXIAUM NUMBER OF RADIAL POINTS ALLOWED . MAINLT740
o mAXep 1AX [MUM NUMBER OF AXIAL POINTS ALLOWED MAIN17%0
c MAX P MAXIYUM NUMBER OF THETA POINTS ALLOWED MAIN1760
C MAKIH MAXIUM NUMBER OF BLOCKS ALLOWED MAINY770
C MUK (L) JAATERLAL NUMBER OF THE RADIAL GAP OF BLOCK L MAINL7RO
C NoZ L) MATERIAL NUMBER OF THE AX1AL GAP OF RLOCK L MAINY1790
C MOT (L) MATERLIAL NUMUBER OF THE THETA GAP OF BLOCK L MAIN1800
c MAX AT MAXIMUM NUMBER OF MATERIALS AND COOLANTS ALLOWEDMAIN1A10
C MAXRG MAXI4UM NUMBER OF RADIAL GAPS MAINL1820
C ¢ MAXLG maxIuM NUMBER OF AXIAL GAPS “AIN1830
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OO OO OO0 OO0 0ODOOOOO0

MAXT G MAXIMUM NUMBER OF THETA GAPS MAIN1840
M = IPATH(N) LOCAL FLOW DIRECTION MAIN18§0
MmATRG (1GedyK) 1. NUMBER QOF GAg IN GAP ALONG RADIAL GAPLINE 16 MAIN18gO
. AT AXIAL LEVEL JrTHETA LEVEL K OR, MAIN1870

2. INDICATOR DENOTING STATUS OF RADIATION ON MAIN18q0

RADIAL COOLANT BOUNDARY (GAPLINE) IG AT AXIAL MAIN189g0

LEVEL JsTHETA LEVEL K MAIN19n0

=100y NO RADIATION SPECIFIFD MAIN1910

=200+ RADIATION SPECIFIED AND INCL.DED MAIN19n0

=300 RADIATION SPECIFIED BUT TEMPORARILY MAIN1930

EXCLUDED IN ORDER TO COMPLETE AN ITERATION MAIN1940

MATZ2G6(JGsI,K) 1, WUMBER OF GAg IN GAP ALONG AXIAL GAPLINE Jg MAINL950
AT RADIAL LEvEL I,THETA LEVEL K OR, MAIN19¢0

2, INDICATOR DENOTING STATUS OF RADIATION ON MAIN1O970

AXIAL COOLANT BOUNDARY (GAPLINE) JG AT RADIAL MAIN19a0

LEVEL I,THETA LEVEL K MAIN1990

=100, NO RADIATION SPECIFIED MAIN2000

=200, RADIATION SPECIFIED AND INCLUDED taAIN2010

=300, RADIATION SPECIFIED BUT TEMPORARILY MAIN2020

EXCLUDED IN ORDER TO COMPLETE AN ITERATION MAIN-030

MATTG(KGs I o) 1, NUMBER OF GAg IN GAP ALOMG THETA GAPLINE Kg MAIN2040
AT RADIAL LEyEL I»AXIAL LEVEL J OR, MAINDOSO

2, INDICATOR DENOTING STATYS OF RADIATION ON MAIN?0g0

THETA COOLANT BOUNDARY (GAPLINE) KG AT RADIAL MAIN2070

LEvel I»AXIAL LEVEL J SAIN2OANO

=100, NU RADIATION SPECIFIED MAIN2090

=200y RADIATION SPECIFIED AND INCLYDED MAIN21n0

=300, RADIATION SPECIFIENn RUYT TEMPORARILY MAIN2110

EXCLUDED IN oRDER TO COMPLETE AN ITERATION MAIN2150

MB (L) MATERIAL NUMBEr OF BLOCK L MAIN2130
IF COUOLANT), COQLANT NUMBER STORED AS NEGATIVE  NMAIN2140

HATERIAL NUMBEK MAIN21s0

S P 3 3 R L ettt bt f it S St b b P L TR L R N B N
N COOLANT SUBSCRIPT MAIN2170
NRG NurBER OF RADIAL GAPS MAIN21R0
NG NUvBER OF AXIAL GAPS iAIN2190
NTG NUMBER OF THETA GAPS . MAIN22n0
N1 MATERIAL SUBSCRIPT MAIN2210
NITER THE CURRENT ITERATION NUMBER, ONE RAQIAL, AXIAL»1AIN»220
AND THETA PASS ARE COUNTEQ AS ONE ITERATION. MAIN2230

NPRINT PRINTOUT DIRECTION DEPENDENCE MAIN2240
=1, PRINT IN THETA PLANES MAIN2250

=2, PRINT IN AxIAL PLANES MAIN2260

=3, PRINT IN RaDIAL PLANES MAIN2270

NUMBER (£5) LIST UF INTEGERS FROM 1 TO 25 USED IN PRINTOUT ' MAIN22A0
EEF A R T PR AR R e e S S S e e e e e L P VS T
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PaY e N slatele s leRsloNeRelakalsisiaiaistakaialiskakakakaXaXsXsisNa N alaX e oo a oo oo e ol

RDG (L)
rBL (L)
RBH (L)
RL(41)
RATLOB(IGrJrK)

RLN(T)
RATIOH(16)
RATi0K(16G)

RADIAL GAP THICKNESS (FT) MAIN2300
LOw RADIAL BOUNDARY OF BLOCK L (FT) MAIN2310
HIGH RADIAL BOUNDARY OF BLOCK L (FT) MAIN2320
RADIAL OR X=GRIULINE(FT) MAIN>330
GEOMETRICAL, CONSTANT USED TO CALCULATE THE MAIN2340

EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAIN2350
GEOMETRICAL CONSTANT USEN TO CALCULATE THE MATN2360
EFFECTIVE THERmAL CONOUCTIVITY ACROSS A BOUNDARYMAIN2370
GLOMETRICAL CONSTANT USED TO CALCULATE THE MAIN23a0
EFFECTIVE THERmAL CONDUCTIVITY ACROSS A BOUNDARYMAIN2390
GLOMETRICAL CONSTANT USED TO CALCULATE THE ~AIN2400
EFFECTIVE THERmAL CONDUCTIVITY ACROSS A BOUNDARYMAIN24¢0

RBOIH{IGsJ oK) LOCAL TEMPERAT|JRE OF THE RADIAL SOUNDARY OF A MAINp420
HBLOCK BOUNDED oN ITS HIGH I INDEX SInE MAIN2430

. BY GAP lge(R) MAIN2440
RBBTL(IGsdK) LUCAL TEMPERATURE OF THE RADIAL BOUNDARY OF A MAIN24s0
BLOCK BOUNDED oW ITS LOw I INDEX SIDE MAIN2440

By GAP 16y (R) MAIN2U70

RCP(1rJoK) SPECIFIC HEAT oF VOLUME I,J,K{(BTU/F) MAINS4Q0
RCPC (N, ) opECIFIC HEAT COOLANT Ny LEVEL I IN FLOW DIRECYIMAIN24GO
RE LOCAL. REYNOLDS NUMBER, USEDn IN DATA FUNCTIONS  MAIN25n0
REMH(IG,JdeK) CINVERSE OF THE LOCAL EMISSIVITY OF THE RADIAL  MAIN2510
B3OUNDARY OF A pLOCK BOUNDED ON ITS HIGH I INDEY MAIN2S20

SIDE BY GAP 16 MAIN2510

REML (1GsJrK) INVERSE OF THE LOCAL EMISSIVITY OF THE RADIAL MAIN2540
BOUNDARY OF A pLOCK ROUNDEn OM ITS LoW I INDEX MAIN2550

S1UE BY GAP 16 MAIN2SA0

RLIMLI(N) LOa LIMIT, LOw RANGE HEAT TRANSFER CORRELATION MAIN5Sy0
RLIM2(N) UPFER LIMIT» Low RANGE HEAT TRANSFER CORRELATIONMAIN25a0
RLIM3(N) UPPER LIMIT,» MIDDLE RANGE HEAT TRANSFER MAIN2590
CORRELATION MAIN2600

RLIma (M) UPPER LIMITe UPPER RANGE HEAT TRANSFER MAIN2610
CORRELATION MAIN26250

RP(1) RADIAL LOCATIQN OF POINT I,(FT) MAIN2630
RR(1)JeK) 1.VERSE RADIAL RESISTANCE RETWEEN POINTS I AND IMAIN2640
+U(FT) MAIN2650

RZ(LydUsk) INVERSE AXIAL RESISTANCE BETWEEN POINTS J AND J+MAIN660
(FT) MAIN2670

RT(1,JsK) INVERSE THETA RESISTANCE BETWEEN POINTS K AND K+MAIN26A/0
1FT) MAIN26q0
C==scssozSss=ss=ZSoSomssSSSISESSSSSsSSSSSSSZSScIsISESSSSIZITSSIRSSS==MAINDT700
ST LOCAL SURFACE FEMPERATURE, Ry USED IN DATA FUNCTMAIN2740
SCALE COMNVERSION FACTOR MAIN2720
=12+0 FOR X=Y=7 GEOMETRY MAIN2730

= 57,2958 FOR R=2=T GEOMETRY MAIN2740

SSsEIz==sz=s c=szE=sSSEmssosSZTSSsSSTSSs=soXoISSCEISTSzsSESISISSTZZSESSaIzsMAIN2TS0
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OO0 OOOOO0

OO0

TLAK)

TBH(L)

TbL (L)

TOG (L)
TIsdeK)
TT(l,JdeR)
TLLIHIKG L J)

TBBILIKGs IyJ)

TEMH(KGeIvy)

TEML(KGoI»J)

TLIML(N)
TLIM2(N)
TLImS(N)

TLIrg (N)
TOU1 = TO(N)
TIN = TI(N)

TO(N)
Tigv)

TH

Tw

TP(N)
TATLOK (KG)

TATLI0H(KG)
TLN(K)
TATIOB(KGIsJ)

S e i B0 ey e e e gy T g s S o g VS S D g SN
O g S S s S 8 Wy W o s T s 40 o W N O

wWllodeK)

VIlpdrK)

2574296 FOR R=y=2 GEOMETRY MAIN2760
THETA OR Y=GRIDLINE(FT) MAIN2770
HIGH THETA BOUNDARY OF BLOCK L (FT OR RAD) MAIN2730
LOa THETA BOUNRARY OF BLOCK L (FT OR RAD) MAIN2790
THETA GAP THICKNESS (FT OR RAD) MAIN2800
LOCAL TEMPERATURE OF POINT I,J,K MAIN»840
INTEGER VALUE oF T(I.,J,K) MAIN?850
LOCAL TEMPERATRE OF THE THETA BOUNDARY OF A MAIN2830
sLOCK BOUNDED oN ITS HIGH x INDEX SIpE MAIN2840
BY GAP KgGi (R) MAIN2850
LOCAL TEMPERAT_JRE OF THE THETA BOUNDARY Of A MAIN2BRO
RLUCK BOUNDED oN ITS LOW K INDEX SIDE MAIN2870
BY GAP KGis (R) MAIN28a0

INVERSE OF THE LOCAL EMISSIVITY OF THE THETA MAIN2B90
BUUNDARY OF A gLOCK BOUNDED ON ITS HIGH K INpEyx MAIN»900
SILE BY GAP KG MAIN2910
INVERSE OF THE LOCAL EmMISSIVITY OF THE THETA MAIN?9o0
BOUNVDARY OF A RLOCK BOUNDED ON ITS LOoW K INDEX MAIN»S30
SILE bY GAP K6 MAIN2940
Low LIMIT, LOW RANGE INLET TEMPERATURE FUNCTION MAINS950
HigH LIMIT, LOy RANGE INLET TEMPERATURE FUNCTIONMAIN2960

CHIgH LIMIT, MINnDLE RANGE IMLET TEMPERATURE MAIN2970
FUNCTION MAIN»>9a0
HIGH LIMIT, UPPER RANGE INLET TEMPERATURE MAIN2990
FUNCTION MAIN3000
LOCAL COOLANT OQUTLET TEMPERATURE, R, USED IN MAIN3010
DATA FUNCTIONS, MAIN30»0
LOCAL COOLANT INLET TEMPERATURE, Ry USED IN DATAMAIN300
FulCTIONS MAINZ04O
COOLANT OUTLET TEMPERATURE MAINTOS0
COOLANT INLET TEMPERATURE MAINADRO
LOCAL WALL TEMpERATURE, (R), MAIN3070
LOCAL WALL TEMpLRATURE, (R), MATNT0R0
THeTA LOCATION OF POINT Ky (FT) MAIN3090
GLOMETRICAL CONSTANT USED TO CALCULATE THE MAINZ1nO
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAINZ110
GEOMETRICAL CONSTANT USED 7O CALCULATE THE . MAINT120
EFFECTIVE THER4AL CONDUCTIVITY ACROSS A ROUNDARYMAIN3130
GEOMETRICAL CONSTANT USED TO CALCULATE THE MAINT140

EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAIN=21s0
GEOMETRICAL CONSTANT USEn TO CALCULATE THE MAIN3140
EFFECTIVE THER.JAL CONDUCTIVITY ACROSS A ROUNDARYMAINZ190

e S e e e R R e R P =L E P YT S SN BN
HEAT GENERATIOn OF VOLUME I,J'K{(BTU/HR) MAIN3L90
:::::::::::::::::::::::::::::::::::::::::::::::::MAIN3200
VOLUME ASSOCIATED WITH POINT I,J,K MAIN32¢0
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o0

C===szz=czss= === s=s=zzz=s == S=zsssszI=zssESzIIsMAINS220
X1 CURRENT TIME (mINUTES) MAIN3230
X2 CURRENT TIME (SECONDS) MAIN3Z240

SECEECERSSSISSSESSSISISISSSISSSSISSSnEaSERE = ===z Fz====MAIN3250
2BL(L) LOw AXIAL BOUNPARY OF BLOCK L (FT) MAIN3260
2k () AXIAL GRIDLINE (FT) MAIN3270
ZBH(L) HIGH AXIAL BOUNDARY OF BLOCK L (FT) MAIN3280
206 (L) AXIAL GAP THICKNWESS (FT) MAIN3290
LBBTH(Joe 1K) LUCAL TEMPERAT;RE OF THE AxIAL BOUNDARY OF A MAIN33a0

BLOCK BOUNDED oN ITS HIGH J INDEX SInE MAIN3310
3y SAP JGi (R) MAIN3320
2B3TL(J6r L ,K) LOCAL TEMPERATRE OF THE AXIAL BOUNDARY OF A MAIN3330
4LOCK BOUNDED oN ITS LOW J INDEX SIDE MAIN%340
8y GAP JGy (R) MAIN3350
ZEMh(JGy LK) LWwWERSE OF THE LOCAL EMISSIVITY OF THE AXIAL MAIN2360
BOUNDARY OF A gLOCK BOUNDED ON ITS HIGH J INpEx “AIN3370
SINE BY GAP JG MAIN23a0
ZEML (JG, 1K) INVERSE OF THE LoCAL EMISSIVITY OF THE AXIAL MAIN3390
HOUNDARY OF A RLOCK BOUNDED ON ITS LoW J INDEX MAIN3400
SIDE BY GAP JG MATN3410
2P (V) "AXIAL LOCATION OF POINT J,(FT) MAIN3420
ZAT10K (JG) GEOMETRICAL CONSTANT USED TO CALCULATE THE MATN3N30
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAINA44O
ZAT10H(JG) GEOMETRICAL CONSTANT USED TO CALCULATE THE 1*tAIN3YS0
EFFECTIVE THERmAL CONDUCTIVITY ACROSS A BOUNDARYMAIN3UAO0
ZATLIOB (UG 1K) GEOME [RICAL CONSTANT USED TO CALCULATE THE MATINIGT0
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAIN3HAO
ZLN(Y) GEUMETRICAL COUNSTANT USED TO CALCULATE THE MAIN=490

EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAIN3500
=S==MAIN3S40

==MAIN3IS20

-------------------------------- S=zzooEss=sScassSzssoSsSs=MAIN3S30

RLAL ANG PROCESS THe INPUT DATA oF THE NEXTY PROBLEM MAIN3S4Q
CALL MP} MAIN3550
HAS ANY ERROR BLEN FOUND? ~'YEG,)NOt= MAIN%S¢0
IF (1ERROR(1)NE,0) 60 TO 20 MAIN3570
CALCULATE AND PRINT THE TEMPERATURE DISTRIBUTIONS MAIN3S5n0
CALL MPg MAIN3Sg0
oV 10 20 MAIN3600
(o T TS P P P P P e e ] ==SzzT=c== = =IS=S==SMAIN3G10
END MAIN3620

88




O O 0o O 0 O 0o o0

SUBROQUTINE mP1
INCLUUE COMDIM

T e o e 2 s o e e T e i T e D B i sy s B P S S D e D It U s S 9 o S s - v o o -, o=
- e e e e e e e e L L e i e v e L L o o o e i W o L T o O T . . e 0 4 o o e e 0 o o e e 4 S VP o 4

ASSIGN THE FIXED CONSTANTS

QUTTAP=z1S

MAXRP=IQ ‘
MAXeP=Ju '

MAKIPIKG

MAXIKG=TLQ

MAKC =LA

“AX 1 u=KLQ

MAXATz1S

tAXE LOZING

MAXN =L

tfIMAAZ20

wRIlL (00100) MAXKPsMAXZP o MAXTP s MAXRGeMAXZG,MAXTG s MAXNR

100 FORIIAT(IHL1,9Xe19HT A C 3 D  C 0 D Er5X»16HSTANDARD VERSION

2 1/93UX,5H1G = ,I2,4X,5HJA = p12,4X,5HKQ = ,I2,4Xe6HIGG = »1204X,
duoHJug = s l20uXyoHKGY = 1 I2,4Xe5H LA = #13//7/72)

TtRyR(L)= O

IeRnuR(2)= O

ICOULT=u

L0 Ly Iz1.25

SW(4)=.FALSE,
10 CONFINUL

CALL INPUT

CHEvk THE GEOMETRICAL DATA

CALL CHECK

ASS51oN THE POINTSe BLOCKS AND GAPS

CALL POLINTS

CALLULATE THE CONSTANTS USED TO CORRECT FOR GAPS AND COOLANTS .
CALL CONSTA

CALLULAIE THE GEOMETRICAL PART Of THE RESISTANCES BETWEEN POINTS
CALL GEUMET

PRINT THE LOCATION OF POINTS AND BOUNDARIES

CALL UPKINT

KEAU Toe INITIAL TEMPERATURE DISTRIBUTION

CALL IngTeMm

REAL ANU PRINT THE COOLANT DATA

89

MPL
MP1
=MP1
MP1

wPy
MP1
MP1
MP1
MP1
MP1
MP1
MPY
MP1
MP1
MP1
MpP 1
MP1
MP1
MP1
(V=31

370
3a0
3a0
400
410
420
410
440
450



4]

50

4o
Cz=z==
C

c

CALL FLOWCA MPl

REAL AND PRINT THE TIMESTEP SEQUENCE MP}
CALL TIME MP1
REAU ANL PRINT THE GROUP OF SPECIAL FUNCTION PARAMETERS MP3
CALL EXTRA MP1
REAY THE PREVIOUS TEMPERATURE DISTRIBUTION, IF PRESENT MP1
CALL PRLTEM Mp3
CALL OTCARD MP1
510 EXECUTION IF ANY ERRORS HAVE BEEN FQUND ' MPY
LF(1ERRUR(1) (NELO) STOP MPy
e R e R e e e e R e T T TV
INLYIALIZE AKRAYS MP1
LO o IL=1,1G0 MP1
DU ¢u Jz1ruQ MP1
LY ¢y Kzlekw MP1
RE L (JoedeK) = 0,0 MP1
HEME (LGodeK) = 0,0 MP1
CONT [iNUL MPL
Ul w0 JeS1adn@ MPL
DV oo Iz1e(Q MP1
LY 00 K=lrxku MP1
EML(JG1eK)IZ040 | MP1
ZEMI(JE 1K) =060 MP1
CONY LUK MP1
DO 40 KO=1,KoQ@ MP1
J0 4g Izlyiw MP1
UV 40 Jzlerdu MR
ML (KGolod) =060 MP Y
TEMi(KGoIoJ) =040 MP1
CONI INUL MP1
Fe e S PP e P A PP E L P S P PP P P PP P PP PP O YT
SHOULU (HE OUIPUT BE PUT ON A TApE? «'NO,YES1= MP1
IF (L HUT,9W (3) )RETURN MPL
pUT THE INITIAL RECORD (TITLE.GRID INFORMATION) ON THE TAPE MP31
ILENIN=1 MP1

aRI(L (QUTTAP) LISHAPE» JLEN) IMAX) JMAX 0 KMAX s LMAX s MAXFLO P NRGINZGINT R e MPY
LOLACI) v 1=1012) o (RL (L) o IS1 0 IMAXD ¢ (ZL(J) 9 Jz=1 o JMAX) p (TL(K) o KS1 9 KMAX) #MPY

=(AGR (1) 1210 IMAX) 0 (UGZ (D) 1JZ1 9 JMAX) p (KGT (K) pK=1 e KMAX) MP1
=CILCL) g LHIL) pJb (L) y uH (L) oKL (LD oK (L) #+MB (L) yL=1,LMAX) MP1
Pttt ettt e S e e e e e e P e e S
RETURN mMpPL

A o A oo 0 ol o g K o K oK 0 g A K o o o o e 2 A OK R g K e R MR L
20 g g K o o K K g o K R 0K K K g AR KRR R R R K g AR KOk R KR Kok Kk o R Kok R MP |
A A o KK o R R gl o 0 o o 0 o o g o e K o o o K o e Kok Kk o o K o g MDY ]
SUUBhOUTINE OTCARD MP1
DIMENSTON FORMT ( 8))FORM ( 8)rFB « 2) MP1
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'460
470
40
490
5n0
510
520
530
540
550
560
570
5a0
590
600
610
620
630
A40
650
6,0
670
60
690
700
710
720
730
740
750
760
770
780
700
800
8410
820
830
840
850
8s0
870
8n0
890
900
910




Cx
Cx

Yo

100

120

125
130
140

150
1u5

10

170
180

DATA FORMT Z6H( 10Xer 6%6H 12Xee 6HAG,A2)/ MPL
DATA FB /6HF12.5¢0 6HEL12,5¢/ MP1
WRITE (0090) (ZA(I),1=21,12) : MP1
FORMAT (1H1 030X s 1246, //77+40X,21HPROBLEM INPUT CARDS»//010X, 8oHMP1
1 0 1 1 2 2 3 3 4 4 5 5 6 6 MP}
2 7 7 8r/910X, aoHMP1
3 5 0 S 0 S 0 S 0 8 0 S 0 5 MP}
4 U 5 0e/010X%, 80HMP1
OXXXAXXXKXXKXX LXK XXX KX XKXALXXHXXXK KA XXX XXXX XXX XXX KUK XXX XX XXXMP L
OXXXAXXXXXXXXXK 04/ MP1
I1C=¢0 MP1
IC=iC+L MPY
IF {1C,6T.HC) RETURN MP1
ITYH=CARD(IC)+0,1 MP1
IF (1TYP.EQ.0) GO TO 150 ' MPy
IF ({TYP.EQ.7) 6O TO 160 MP1
po 120 [=1,8 MP1
FORIM(1)=FURMT (1) MP1
CONT INUE MP1
00 130 I=1l,ITYP MP1
FORM(LI+1)=FB(1) MP1
JaItsl . MP1
1F (CARU(J) «NEL0,0) GO TO 125 MP1
CARL(J)=0,.0 MP1
LU 10 130 MPL
IF(LaRUGY) oLTe 040001 +OR, CAgD(J) oGTe 9999,9999)FORM{I+1)=Fa(a)npy
CONT INUL MP1
I1=iC+] ' MP1
I2=0C+1TYP+2 MP1
WwRIIL (0eFORM) (CARD(I)ISIL,I2) ) MP1
wV 10 1l MP1
wRITE (69155) MP1
FORMAT (62X s SHBLANK) MP1
GO 10 1U0 MPY
I1zIC+1 MRl
I2z4iC+ly MP1
#RITE (6¢170) (CARD(I),I=11,12) . mMp1
FORMAT (10X913A6,A2) MP1
ICzig : MPl
60 10 100 MP1
RETURN MP1
o 3o R o A 0o o 000 g e o 006 0 3 g 3 g 00200 2 o o o o o o Ko g R R R e g g KMP |

A2 2o 2 o 305 o o0 o o o a0 e o 3 00 o 0 o A K oo g 3 o 0 0 O o 0o ok o o o o g o ok i g o K MP |
END MP1
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950

930

940

950

960

970

900

990
1000
1090
1020
1030
1040
1050
1040
1070
100
1090
1100
1110
11020
1130
1140
1150
1160
1170
11p0
1190
1200
1240
1220
1230
1240
1250
1260
1270
12n0
1290
1310
1310
1320
1330
1340
1350


http://10X.13A6.A2

SUMROUTINE INPUT INPU

OOOOOOOOOOO0OOODONO0

INCLUDE COMDIM INPU
"":::::::::=::::========:::======:::==========:=:========:=======::::INPU
REAL THE GEOMETRY DATA, INPU
““““““ ;:::“"‘“"::::::::::::::::::::::==::::::::::::::::::::::::===INPU
ERRVR STOPS= INPU
INPUTL THE GEQMETRY TYPE DESIRED HAS BEEN MISSPELLED, INPU
1nPUT2 THE LOW RADIAL=X gLOCK BOUNDARY OF SOME BLOCK DOES INPU

NOT COINCIDE wITH A RADIAL~X GRID LINE ) INPU

anNPUT3 THE HIGH RADIAL=X BLOCK BOUNDARY OF SOME nLOCK DOES INeU

NOT COINCIUE wITH A RADIAL=X GRID LINE INPU

INPUTY THE Low AXIAL-Z B1 OCK BOUNDARY OF SOME BLOCK INPU
DOES NOT COINCIDE wITH A AXIAL=2 GRID LINE INPU

1HPUTS THE HIGH AXIAL=Z BLOCK BOUNDARY OF SOME BLOCK INPU
UOES NuUT COINCIDE WITH AN AXIAL=Z GRID LINE INPU

1PUre THE LOw THETA=Y BLOCK BOUNDARY OF SOME 8LOCK INPU
DOES NOT COINCIDE wiTH A THETA=Y GRID LINE INPU

LNPUTT THe. HIGH THETA=Y BLOCK BOUNDARY OF SOME BLOCK INPU
DOES 1OT COINCIDE WITH A THETA=y GRID LINE INPU
ESESSESEEITSEESISSISRSIIERIRRS =SSSRE=ISISSSSCISISISSzSsTINPY
--------------------------------------------- STz=zx=SERSSIISSINPY
INTELGER BLANKS 2 OP ( 20)2OPTION( 14) INPU
DIMENSTON FUrM ( 11),FORMT ( 11),TYPE ( 10),GPRINT( 2), INPU
i MATGAP( 3)»DIMGAP( 3)+BTASLE(IQrJQKQ) INPU
EQUI VALENCE (UTABLE #RCP ) INPU
LATA (GPRINT(1)»1=),2) INPU
1 /70, FL0sl4r 4HI16,/ INPU
DATA (FURM(I)» 1=1,11) . INPU
1 /1H(s 6HIW2X0y gHOF11le%y 6HoI603X, 4H,10Xs 3H,6%0¢ INPU
2 U4, 10Xse 3Hs6Xs 4MHyL0Xe 3He6Xs 1H)/ , INPU
UATA (OPT(L)y I = 1,20) INPU
1 /J411UUMP,» SHPUNCH, WHTAPE, 6HRESIST, 6HALL HE, INPY
2 6HALL SU, 6HALL cO, O6HTIMEST, 6HALL DE, 6HSTEADY, InpuU
3 6HIIEAT Fo 6HSURFAC, 6HCONDUC, 6HRECTAN, 6HCYLIND, INPU
4 6HCIRCULe 6HRADIAL,» S5HAXIAL, SHTHETA,6HDECIMA/ INPU
DATA (TYPE(I)eI=1010) INPU
- J6HRADIALe SHAXIAL, SHTHETA, 4H  Xe 4H Yy . INPU
6H(INCHE» 2HS)y gH(DEGRE, 3HES)s 4H 2/ INPU

DATA BLANKS /76H / INPUY
DATA BLANK /761 / INPU
UATA S5TAR /5H* / IMPUY
DATA AP /5Hu / . INPU
DATH LOT /5H, / INPU
SESSSSERCsETzSEI=ssEzi=zs SEE=SEZSESscETSsSESSERSESESSSSISRISRSRESR=FESs= INPY
PNAME(4) = TYPE(e) INPU

92

10

30

40

50

60

70

a0

90
100
110
120
130
140
150
160
170
1q0
190
200
210
220
230
240
250
260
270
2R0
2990
3n0
310
320
330
340
350
360
370
3a0
390
4o0
440
450
430
440
450




Cz=z==
C
Czzz==
C
1
103
100
o
C/
2
CE
C
99
4
(o
C=
c
c
C
C=zz==
C

3

PNAME(5) = TYPE(7) INPU
PNAML(6) = TYPE(6) INPU
PNAME(7) = TYPE(7) INPU
NC=U INPU
S L R e P S === = = ===s==INPU
KEAL AND PRINT THE TITLE INPU
CALL TITLE INPU
e e f et oo drdordtn et ettt 3 L b sSS=SS=z ===z=z=INPU
KEAL THL NEXT OPTIoN ' INPU
REAU (5,103) (ORTIONC(I) »I=2,14) INPU
FORIMAT (13A6,AC) INPU
AITE (Le100) (UPTION(I)e I= 1,132) INPU
FORmAT (1HO»19Xs12A6) INPU
HAVE ALL OPTIONS BEEN READ? ='YEG)NOt'= InpY
IF(UPTIUN(2) Q. uBLANKS)IGO TO 4 INPU
CALL ACHRD(OPTION) INPU
ASYaulN THE OPTIUN «t0OK,ERRORY= INPU
20 e 1lz1020 INPU
IF(UIPTIUNL2) JNELOPT(I))6O TO 2 INPU
Swil)=,TrUE, INPUY
6O 10 1 INPU
CONY INUL 1PV
*****4*:’4*t#******************g**##***t##*****t*t*t****lt*#*t***‘*INPU
OPTLUN LOULD NOT BE OUNDes PRINT A WARNING INPU
JRITE(6999)0PTION(2) INPU
FURSAT(oH1OPTION rA6,18H COULD NoT BE READ) INPU
WO 1o 1 INPU
- N e e T e P e e e T e S P T S AN}
deziC+l INPU
CAlu(NC)=0,0 INPU
SPECIFY THE PRINT FORMAT INPU
NPR1iT=z3 INPU
IF(ou(17)) HPRINTS), INPU
IF(Lut1a) INPRINTZZ INPU
IF(Ln(19)) HPRINT=S INPU
R e e e T e e e e P ] ==z= =====INPU
IS 41 A RECTANGULAR GEOMETRY? =tyES,NOr= INPU
IF (o (14))G0 TO 5 INPU
19 4T A CYLIURICAL GEOMETRY? ~'YES,NOt~ INPU
IF(ouw(15))60 TO 3 INPU
THE TYPL UF (EOMETRY IS NOT SPECIFIED CORRECTLY INPU
CALL EKROR({6HINPUTYL) INPU
bt N St e R P e L T T S N1
SET THE krosLEM UP FOR A CYLINDRICAL GEOMETRY INPU
SCALEZS 742957795 INPU
ISHinpezo INPU
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460
470
4n0
490
500
510
520
530
540
550
540
570
540
590
600
610
620
630
640
650

670
640
690
700
710
720
730
Tu0
750
760
770
7n0
790
8n0
810
820
A30
8u0
850
860
a70
8a0
890
990
9i10



PNAME(L) = TYPE(1)
PNAME(2) = TYPE(2)
PNAME (3)=TYPE(3)
PNAME (4)=TYRPE(8)
PNAME(S)=TYPE(9)
GO 10 1U

C SET THE PROBLEM UP FOR A RECTANGuLAR GEOMETRY
5 SCALE=12.U '
1SHAPE=1 '
PNAML (L) = TYPE(4)
PNASE (2) = TYPE(S)
PNAME (3)=TYPE(10)
C e e P P P R Y T At P - e L ]
cB REAL AND PROCESS THE GRID DESCRIpTIONS
10 IMIMmAXRP=1
c ReAy, THE L14PuyT DESCRIBING THE RApIAL=X GRID LINES
CALL WRID (ReeIM)
JMZ L AX¢P=1

c REAL Te INPOT UESCRIBING THE AXIAL=Z GRID LINES
CALL GRID (ZLeJdM)
KM= MAXTP=}1

C REAL Ve INPyT DESCRIB!NG THE THETA=Y GRID LINES

CALL GRID (TLoKM)

o e TP P PP T B e e e P P B P PR T

Cc ASSLIGN THE 6riD LIMITS
IMAR=L1+}
JMAAZVLI+]
KMAAZK+1
IMiz M=l
M1z oive)
AMlzkKM=1

o e e Y L TP EE R PP P B P e B T 3 P 4 S

c CHALGE A ZERO INNER RADIUS TO A gMALL BUT FINITE ONE
IF (kk(1) JLte U.0) RL(Y) = 1,0e=5
c CHAILLE THE RADIAL=X GRID LINE DATA TO THE CORRECT UNITS
JO 0 I=leIM
HL(L)=RL(I) /1240
«0 CONITIMNUE

¢ CHANGE 1HE AXIAL=Z GRID LINE DATa To THE CORRECT UNITS B
00 30 J=1sJM
2L(J)=2L(J) /71240
30 CONVINUE
C © CHANGE THE THETA=Y GRID LINE DATA TO THE CORRECT UNITS i
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INPU 920
INPU 930
INPU 940
INPU 950
INPU 940
INPU 970
===INPU 9a0
INPU 990
INPU¢ 000
INPULO0YLO
INPUL020
INPU1030
INPUL04O
===INPUL 050
INPU1040
INPULOT70
INPUL10R0
INPU1090
INPUL1NG
INPUL110
INPULL20
INPU1L130
INPUL1G4O
INPUL1R0

Sz==sINPU1160

INPUt 170
INPULLAD
INPU1L190
INPULI20N0
InNPUL210
InNPU1220
INPU1230
S==INPU1240
INPU12R0
INPUL1240
INPUL1270
INPU12A0
INPUL290
INPUL300
===INPU1310
INPU1350
INPU1330
INPUL340
INPU1350
===INPU1340
INPUL370




DO 40 KzleKM INPUL3AD
TL(K)=TL(K) /SCALE INPUL390

40 CONIINUE INPULU4DD
REESRZTEZIRZzIRTIsIREE e S PR e 2 SET=S=TINPULLYO
C PRINT THt HEADING OF THE BLOCK PRINT INPULU20
afIte (60105) (ZA(I), I= 1,12)y PNAME(1)) PNAME(}L), .PNAME(2), INPUL430
=PNALC(2) s FHAME(3), PNAME(3), PNAME (1), PNAME(2), PNAME(3), INPUL 44O
=PNAME (4)y PNAME(S), PNAME(4), PNAME(5), PNAME(4), PNAME(5) INPULHSO

105 FOKMAT (LH1»30X»12A60//7/7950Xe18HALOCK DESCRIPTION,//»2X»SHBLOCK, INPULHEO
=AXrouH, . .t . . . . BOUNDARIES . . . . . INPUISET0

- . s 9Xp UM, . . GAPS . . o/IXy INPULYARO

=~6HNULLBER/8Xy nHLOW .Aa.&H HIGH +ARySH LOW #A6sSHHIGH »Af»GHLOW , INPUL490
=A0 ) SHHIGH »AnsHMATERIALI4X2AG»11H MATERTIAL yA6,1O0HMATERIAL L Aae INPUL5NO
“HHMATERIAL /79X e BH{IMCHES) » 3X 9 BH{INCHES) o 4X» 8H{ INCHES) » 2X» BH( INCHES) INPU1510

=y 3K AL ASIIXsABIAS, 13X, BHIINCHES) » 8Xs 8HINCHES) »8X»ABrA3//) INPULS 2D
(ot rt e bt bbbt ot bt e b b P L L L e S L L S STV R 14
ce REALU ANL PRINT THE 3. OCK DLESCRIPTIONS INPULSHO
K=0 INPULSKO

C COUNT ThE 13LOCKS INPULSO
50 K=K+}1 INPULST0

c REAL THe MATERIAL nUMBER INPUL5RO
HEAu (5,101) XsY,FLAGL,FLAG2 IHpPU1590

101 FORMAT(2C12.4048X9A6,A2) INPUL6A0

C HAVE ALL THE olOCK CARDS BEEN READ? ='YES!NQi= INPUL61O
1F(A.£Q.0,0) WO TO 60 INPUL620D

CALL FCaRD(2,00X,Y,FLAGL)FLAG2,DM,DUM,DYM,DUM) InPU1630

C 1S 1T A COQLANT? =iNO¢1YES?'= INPUL64O
IF (XeGT.0,0) GO TO 55 InpULIESO

c ASSiIGN THE FLOW DIRECTION OF TuE COOLANT INPU16,0
HE=(X=0,1) , INPUL670
IPATH(H)Z Y INPUL16R0

C ASSLGN THE COOLANT QR MATERIAL NiMBER INPUL690
55 MB(K)=X INPULTNO
R E N PP P P B P PP A S R PP L R M N - PP NN ST
C REAU THL BLOCK DIMENSIONS INPUL720
REAL (5,104) RBL(K) ,RBH(K) »ZBL(K) »ZBH{K) ) TBL(K) ¢ TBH(K) ,FLAGL,FLAG2INPUL1730

304 FORMAT (uEL2.40ADA2) . INPULT74O
CALL FCARU(6,00RBL(K) »RBHIK) 1 ZBL (K) 9 ZBH{K) »TAL(K) » TBH(K )} »FLAGY, INPU1750
XFLAL2) INPU1760

[ e T -+ P T T ===z = z=z=zz=z=aszs==INPULT7T70
C ReAL THE GAP PROPERTIES INPUL17a0
REAL (5,104) RDG(K) o XeZDGIK) 2 Yoy THG(K) »Z2rFLAGY,FLAG2 INPULT90

CALL FCARD(6,0, RDG(K)oXoZDG(K)oY TOG(K) » Z2e FLAGYL P FLAG2) INPUIBOO

WOR (R ) =X INPULARLO
MGZ(R) =Y INPU1820

' MeT(K)=¢ INPUI B30
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Czsz==zzzmz=z sEZZzTaEzass=zZaan=t=z s s RN s e T R s R RSz == INPUL BY O

C PRINT THE BLOCK DEFINITION INPULES0
IND=0 INPU1860

DO <4l l=1,1y INPU1870
FORMT (L) =FORM(I) INPU18R0

240 CONIINUE INPU1890
00 su8 1z1,3 INPUL900

w0 10 (301,302,303),1 INPU1910

Jul IF (Xelk.0,0) GO To 308 ‘ INPUL1950
I\G:'-'l‘lu.'( (K) ' INPU’ 910
GO=KLG (N} INPU1S4O

60 1y 305 INPU19S0

302 IF (YJ.LE. 040} GO TO 308 INPUL9A0
46zl (W) INPU1970
LOZeRLI(K) INPU19R0

w0 10 3ubd INPU1990

303 1F (, JbEe 0,V0) GO TO 308 INPU20OO
MOUSHhoT(RK) INPU2010

6O 1LG(K) INPU2020

305 INDLINL+Y INPU2030
MATUAP (AND)=m6 INPU204O
{Arvar (1ND) =66 . INPU20K0
1i=i42 INPU20AO
FURNT(T114+3)=6PRINT (1) INPU207T0
FORm} (I L+4)=GPRINT (2) IMNPU20AR0

3us CUNT [NUL INPU~090
IF (INy,EQ, o) 6O TO 311 INpPU2100
wBRITL (0o FORATIK)REL (KD pRBH(K) ,ZRL(K) 1 2BH(K) , TRL(K) » TBH(K) 4mB(K), INPU2110
L(UINGAP(I) s MATGAP (L) » I=10IND) X INPU2150

O 10 5u . INPU2130

311 wKIle (uoFORMTIKoRBLIK) sRBH(K) ,ZBL(K) ¢ ZBHIK) s TBL (K) » TBH(K) ¢ MB(K) INPU214O
WO TU S0 INPU21K0

[of b SRR S N P S e T == = ===2=3INPU2160
¢ ASSLUN THE NiMBER OF BLOCKS INPU2170
60 nNCznC+l INPU2180
CARL (C)=0,0 INPU2190
LMAAZK=} . INPU2200

c/ CUNVERT THE RLOCK AND GAP DIMENSIONS TO THEIR CORRECT UNITS INPU2210
VO 7u Kz=1eLMAX INPU2220

IF (kbL(K) LLE. 040) RBL(K) = 1, 0E=S INPU2230
RBL(n)=eBL(K) /12,0 ) INPU2240

IF (KUH(K) JLEs 0+0) ROH(K) = 1,0E=5 INPU2250
RBH(K) =rBIH(K) /12,0 INPU2260
ZBLIK) = BLIK) /12,0 INPU270
ZBH{R = BH(K) /12,0 InPU22R0
"OTBL(K) =TBL(K) /SCALE INPU2290
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TBH(K)=TBH(K) /SCALE INPU2 300

ROG(K)=ROG(K) /12,0 INPU2310
2DG(K)=ZD6(K) /12,0 : INPU2320
TUG{K)=TLG(K) /SCALE INPU2330

70 CONTINuE INPU2340
*‘4&***************t****##*t**.t****#*t#t*#******t*t*ttt##t#**g***INPUQS:,O
1EST THAT LLOCK BOUNDARIES COINCIDE WITH GRIn LINES INPU2360

DO eonl 1=1,14AX INPU2370

DO col J=1yJdMAX . INPUP3RO

130 ¢ol K=liKNvAX, INPU2390
BTALLE(1sJ0K)= ULANK INPU2UNO

261 CUNTINUL INPUSH10O
U0 400 Lz=loLiuAX INPUDUSD

UO w7V ILG=1,IM INPUSU 30

IF (RBL(L) «GL+0,99999%RL (ILG) s AND,RBL(L) LE, 1.00001*RL(ILG)) 60 TOINPU244O

1l 28y INPU24S0
270 CON't INUE INPU2M4AOD
CALL LRKOR (nHINPUT2) INPU2470

260 DO «90 [HOez=1,IM INPU24R0
1F (RBH(L) +GE«0,99999*RL (IHG) « AND,RBH(L) ,LE,1,00001%RL(IHG)) 60 TOINPU2UQO

1 3pu INPU2500
290 CONY INUE INPU2510
CALL LRHOR (nHINPUT3) INPU25720

300 00 31U JLoz1ledM INPU2530
IF (20L (L) «GE«0,99999%2L.(JLG) o ANp,ZBL (L) ,LE,1.00001%2L(JLG)) GO TOINPU2540

1 s2u INPU2550
310 CONIINUL INPUSS40
CALL ERROR (aHINPUTYY INPU2570

3c0 LU 08U JHGz=L,JdM INPU25R0
IF (ZUH(L) «GED0499999%2L(JHG) o ANN,ZBH(L) (LE,1,00001%2ZL (JHG) ) GO TOINPUAS590

1 340 ‘ \ INPU2600
350 CONtINNE INPU2610
CALL LRKOR (6HINPUTS) INPU2650

340 LU L0 aLozl,KM INPU26730
P (TULIL) oGEs $0999995TL(KLG) AND. TBLIL) (LE, 1,00001%TL(KLG)) INPU26UD

X60 10 300 INPU26K0
350 CONi INUE . INPU2660
CALL LRKOR (6HINPUT6) INPU2670

Jul LU 07U AHOz=L,KM INRPU26A0
IF (TBH(L) .Gke 0¢99999%TL(KHG) ,AND. TBH(L) ,LE. 1+00001%TL(KHG)) INPU2690

Xu0 10 351 INPU2T0O
370 COniINUE INPU2710
CALL ERKOR (eHINPUTT) INPUPT20

331 1F (Lu(L) «6T,0) 60 TO 335 INPU2730
J0 032 uzJLG,uHe INPU2740

LU ose K=KLG,KHG INPU2750
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BTAELE(LIL6,J,K)=STAR
BTALLE(1HG,J,K)=STAR
332 CONTINUL

o
Do

939 I=1L6,1He
933 K=KLG,KHO

BIALLE(LloJLG,K)=STAR
UTALLE (1 9JHG,K)=STAR
333 COnI IMue

0o

234 1=IL6,IHG '

DO sab J=JLG,JHYG

BTALLL (1+JeKLG)=STAR

BTAGLE(L e JyKHG) =STAR
334 CONIINUE

60

10 4u0

335 KHS=LVT
ZHS=VUT \
THS=LUT

1F
IF
IF
uo
J0
Ik

(RUG(K) «6T+0,0) RHS=GAP

(zUG(K) «GTe0,0) ZHS=GAP

(TUG(K) .GT. 0e¢0) THS:DOT

o3 w=JLG,JHG

230 KEhlLG)KHG

(BTABLE (11460 JoK) ,NE,STAR (AnD, BTABLE(IHG,JsK) ,NEJGAP)

XsTALLE (THG» J oK) =RHS
336 CONI INUL

LY
Lo
IF

937 I=1L6,IHO
o3l K=KLG,KHG
(TALE (T oUHO,K) (NE,STAR JAND, BTABLE(IsUHG,K) 4NE,GAP)

X TALLE (1yJHG,K) =2HS
347 CONI1NUC

po
Do

IF (uTALe(I,JrKHG)  NE, STAR ,AND. BTABLE(I,JsKHG) (NE« GAP)

s38 1=ItG,1H6
358 u=JLG,JHO

XoTALLE (L)J K1) =THS
338 CONIINUE
400 COUNIINUE
WRITE (60e3R0)  (ZA(I)eI=1012)

360 FORMAT(1H1+30X012A60/77+50X0171iBOUNDARY OVERLAY /7955 29Hx*
1€ CUULANTS ARE PRESENT, /55X, 25Hn

INPU2760
INPU2770
INPU2T7R0
INPU2790
INPU28Q0
INPUS8B10
INPU2820
INPU2830
INPU28YHO
INPUZ28S0
INPU286O
INPU2870
INPU28AO
INPU2890
INPU2900
INPU2930
INPU2920
INPU2930
INPU2940
INPU29SD
INPU29A0
INPU29T0
INPU29,0
1NPU2990
INPU30Q0
INPU3010
INPUY020
INPU3O030
INPU3040
INPUANSO
INPU3060
INPUR070
INPU3O0RO
INPU309Q0
INPU3LNO
INPU3110
. INPU3L120
wHERINPU3130

WHERE GAPS ARE PRESENT/»55X¢37INPU140

Ztte  wHCKE GAPS OR COOLANTS NOT PRESENT./) INPU3150

CALL BARRAY INPU3160

= e S S (e S=zs==s PP EEE S F S e e O VR D
RETUKN INPU31RO
=ScZZSzTZSIIzzaSoSISREsss === === SSSsosoER=SSITzosxIIsEgS==INPUZLIA0
CE 3K K o A AR A g ORI A g R R Ak A RO Rk Rk Rk koK Rk TNPU3200
CE  * moka gk ook R R NOK oK i 4ok R Bk R ok R S kool Kok ko ko ok ok koo Kook K TNPU321 0
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1uo
cs

110

1<0
CE

C::::

150

l4v
150

AR KRR KRR R KRRk R R R Rk Rk xk kX X INPUS22 0

SUBKQUTINE TITLE INPU3230
O P P i e P P s Pt s =ZRSSTST===xINPU3240
REAL AN PRINT rITLE CARDS UNTIL A BLANK CARD INPU32RO
15 tNCOUNTEREU, PRESERVE THE FIRsT LINE INPU324/0
P R I P R b e 3 == =xzs=zz==Zz===xINPU270
INTLGER 24 ( 14) INPU32R0
REAL, ReCORD ANV PRINT THE FIRST TITLE CARD INPUT290
REAL (5,140) (ZA(I),I=1,14) ' INPU3300
CALL ACAKDL(ZA) INPU3310
WRINE (uel50) (2A(1),1=1012) INPU3320
KEAU THE NEXT TITLE CARL INPUR330
REAL (9,140) (Z22(1),1=1,18) INPU3340
tAVe ALL TITLE CARDS BEEN READ? «'NQ¢YESt= INPUR350
L0 110 1=1,1p INPU3360
IF (24(1) +NE BLANKS) GO TO 130 INPUX370
CONT INUL INPUR3R/0
nC=inC+l INPU3390
CARU (NC)=U L0 INPU3L4NO
wHIle (6Le120) INPU3LYO
FORGAT (LHO)» 19X, 7THOPTIONS) INPU3420
AR AWK A K A o oo R R o 0 g 0o o o S N o e ok R o i ok W kg R T NP UG 30
RETUKN INPURYYO
pfrdeetiafelimderdodbetendf ottt fod bt et S == SzS=SINPUUS0
PRLivY Tk FITLE CARD INPU3LA0
AL (00150) (22(1)01s1012) INPURY47?0
CALL ACHRW(22) INPU3URD
WO U 160 INPU3400
R R S S P e b H P B S T e S S ===z2==INPU3S00
FURMAT (13A0,A2) INPLASL0
FORmAT (10Xs12A0) INPU3520

et e b P Tt S L TP S S === =====INPU3530
KR A A K A A AOKOK A gk o KO oo K s g R R K R o o ok Rk K ko ok e R kR TNPU RS L 0
K e e 8 K A AR AR g AN 3K R o o AR KO K Ko o ok Kok o Kk g R ke Rk Kk kg R TNPU 3550
oK AR o o HOK K o o AR R o KK g o R R R OK Kk Rk R ROk kR R Rk Rk K Rk X INPUYISL0

SULhOUT INE GRID(RL1,IM1) INPUR570

e P e g B S S SRR SSIoTIS=SEISoEss=sSERz=zSINPU2SK0
REAL Qi SET OF GRIL DATA CARDS 1HPU35490

[ ttttdod-rtofebrtadopndad—t—fepot b f ittt pep bt Pt ==== SssssssgRzz=zosazz==INPURAND
tRRuit S10PS= INPU3640

oIl THERE ARE MORE GRIDLINES THEN ALLOWED IN ONE OF INPU3620

THE DIMENSIONS, A jLANK CARD HAS BEEN LEFT oOuT, INPU3630

"""""" SEoSEERIEREZzSEsSTCISIZSnIooEo=SoSIINPUZ6GH0

SR o e a R P S e R e e R S 4 ) NIRRT

INTCGER M INPU3660

ULMENSTON RL { 8)RL1 « O INPU3670
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C'="""‘"""""—= ----- 4t i3+ A 3 P4 Pttt A S L F et L ] R INPU1630

ILS= 1 INPUS690

IHS= o INPU3T00

c kEAUL TH& NEXT GRID DATA CARD INPUS710
100 REAU (5,140) (RL(1),I=1,8) INPUXT20

C HAVE ALL GRI|) DATA CARDS BEEN READ? ='YESsNOtve INPUXT30
IF (RL(1)+EQ.04s0.,ANDLRL(2) ,EQ.0.p) 60 TO 120 INPU3T740

CALL FCaRU(6,0rKkL(1) ,RL{2),RL(3),RL(4)RLI5),RLI6)RL(T7),RL(8)) INPU3750
Cszz=zzzzoocmzozsszzsSzz=zcozs==sSsSs === _:::::::::-:::::::::INPU3760
IM= MINOCIHS, IML) INPU3770

c ARE THERE TOO MANY GRID DATA CARPS 2 ='YES)NO'= INPUR7A0
c PRINT EXROR GRID 1 INPU3T90
IF (ILS,6T,.I:) CALL ERROR(6H GRINL) INPURBAC

c HeCukp THE CONTENTS OF THE CURRENT GRID DATA CARD INPUXB10
PO 11U (= ILS»IM INPU%820

JZ l+1l=]ILS INPU3830
RLLI(L) = RL(D) INPUR840

110 CONT INUE InPUR850
(o PREFARE FUR THE READING OF THE NeXT GRID DATA CARD . INPU%840
ILS= lHs+) INPU3B70

IHS= IHS+6 INPURBRO

6O 10 100 INPU3890
(o=t P b SR F 3 33 F 335 39 P+ - PP 4t 4t e = L T E R ANV
c/s LETLrMINE THE NUMBER OF GRIDLINEs READ INPU39I0
120 HC=I.C+1 INPU3X920
CARL (NC)Y=0,00 INPUROx0
IMZILS INPU3940

130 IMzinM=1 INPU3SS0
IF (KL1(IM) LE.0.,0) GO TO 130 INPUXS60

IMiz I 1HPU3970

CE KR R KR AR R R AR ok RO R g e ROk R R kR R g kR Rk g kg k [NPUZOR0
RETURN INPU3990

o e S S S Y S EE sz==ms = == szz==2z====INPUL00D
140 FORMAT (6E12,40A62A2) INPUL010
(- E A TP P PSS RS L PP e L T P L L =====2==INPULO0SO
CE t*#*****************************t*t#****t***t#t*****#***********#*INPUQ030
Ct 0ok K oo o 3 o o o K A o 6 o o e o 0 ok g 3 o AR R e K ol o e ol ofe o KoK ROk ok e ok R ok Kook R T NPLIG 04 0
CE oA A g 8 o Ak o g R 0 3 o o e 0 8 3 e 0 3 g o o o oK o e o e e ok K o R K ko KR KOk Rk R ko R T HPU4L O g0
SUBIOUT INE BARRAY INPULDAD

C= ESDISTISTISSSSESCoZZzEISRSIIE=ES s===:z Sz== S====INPULOTO
UIMENSION FORMNL( 3)sFORMNZ2( 3)sFORMAL( 3)»FORMA2( 3)» INPU4OAO

1 FORMN ( 3)»FORMA ( 3) INPULOOD
wIMLISTUN NUJHER( 50) INPUGLNO

UATh (FURMNL(1),1=21,3) /S5H(1HOD,» 3HO6Xs, SH2515)/ InNPU2110

UATA (FURMN2(I)»1=1,3) /SH(L1HO,» 3H1X», SH2615)/ INPU4120

UATA (FURMAL(I)»1=1,3)  Z4H(Iye, 3H7X»» SH24AS5)/ INPU4130

100




DATA (FORMA2(1)21=1,3) /4H(Lt,, 3H2Xs+ SH2%5AS)/ INPUG 14O

AT NUMBER /7102030405960 708,9910011,12,13,1492150160179189219, INPU41SO

- 20,210220123924925926927928,29,30,31932+33,34,35, INPULLED

- 36,37138¢39040,41,42083044)45,46,47148,4%9,50/ INPUYL70
o e L E PP E R S e e R e S z==z==zE=IaR=SINPULLARD
c WwRITE THE PROPER HEADRING INPU4190
0O 10 (10020,30), HPRINT INPUL200

10 wRITE (Gel) PNAME(3), PNAME(2) INPUL210

1 FORMAT  (1HO, 42X, 41iTHE »A6,27H(K) DIRECTION 1S HORIZONTAL/43X» INPU4220
~4HTHE »AB225H(J) DIRECTION IS VERTICAL) INPULZ230
aMzum INPUG240

HEKM : INPUN2SO

0 10 4o INPUL260

20 whIlE (6s2) PNAME(1), PNAME(3) INPU4 270

2 FURMAT  (1HO,42X,4HTHE ,A6,27H(I) DIRECTION 1S HORIZONTAL/43X» INPU42ARO
“uHTHE s n6025H(K)} DIRECTION IS VERTICAL) INPUY4 290
MMzum INPU43NO

N= L INPUG 310

00 10 40 INPUL 320

30 wRITE (6+3) PNAME(1)s PNAME(2) INPUG330

3 FURNMAT  (LHO,42Xo4HTHE +A6,27H(I) DIRECTION 1S HORIZONTAL/43X» INPUY 3140
=4HTHL s AGr25H(J) DIRECTION 1S VERTICAL) INPU43S0
MMIAM INPU4 360

N=Im INPUL3T70

40 DO LUl MT1l,Mm INPUU3RO
Hudiz=1 INPUY4 390
NUMczel INPULUNO

IF (g o6E. N) NUM2=EN INPU4Y10

D0240 I=13 INPULRUNO
FORMN(I)=FORMNL () , INPUL Y30
FORmMA(I)=FORWAL(I) INPULHYLO

210 CONT 1Nyt INPU4HSO
WHITE (b)) PNAME (NPRINT) oM INPULURD

4 FORGAT(1HO 1/ 48X A602H (2129 TH) PLANE) INPULYTO

150 wRIlE (boFORMN) (NUMBER (L) »LSNUM1 »NUM2) INPUBY RO
WhITE (0e170) INPUY 490

170 FORMAT (1HUQ) . INPULSAHD
GO 10 (200,300,400) oNPRINT INPUNSEO
C::::::::;:::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::INPUuSpO
o OUTFUT PRINT IN RApIAL=X DIRECTION, THETA=Y DIRECTION HORIZONTAL, INPU4S530
C AXIAL=7 DIRECTION VERTICAL INPULSYO
T e e e Tt L b P Tttt PP P PP P S L L P T ot e - e R U
200 DO 400 Uz=lydm INPUY 50
420 wRITL (oeFORMA) Jr (BTABLE(MsJrK) ¢K=NUML,NUM2) TNEUUST0
IF (M2 +LTe N) GO T0O 100 INPULSPO

60 10 60V INPULSS0
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Czszzs=szzz=z= T T P T e P P I S E P P L P g P T L Pt P P E P P P PR AN IT.Y 1]

C OUTHUT PRINT IN AXIAL=Z2 DIRECTIONe RADIAL=X DIRECTIOM HORIZONTAL, INPU4610
c THE1A=Y DIKECTION VERTICAL INPULG620
(it P Pt A b e P e e S T R ==z=cz===c ===ZzI=z=z3=sSz= ===INPU4 630
U0 0O $20 Kz=1l,KM INPU464O
320 #RITE (osFORMA) K, (STABLE(I,MsK) » I=SNUML,NUM2) INPUUESD
IF(hNuM2 LTe N} GO TO 10O INPU46D

6O 10 600 INPUL6T0

e S T P e e e T S R e R e S R S ) TN VTG T
C OUTFUT RANT LN, THETA=Y DIRECTION» RADIAL=~X NIRECTION HORIZONTAL, INPU46Q0
c AXLAL=7 DIRLCTION VERTICAL INPULTQO
e S TR E R e R NS i == ===z===INPU4T710
QUuo WU <30 Jzl,Ji INPUKT720
230 wRIIE (6eFORMAY U (BTABLE(I,J,M) ¢ IzNUML,NUM2) INPU4T 30
IF (WUM2 LLT« N} GU TO 100 INPU4THO

G0 10 60U INPUN TS0

100 KUiMszHUMZ+1 INPU4TRO
NUMazZNUM2 + 25 INPU4T20

IF (1U42 +GE. N) Nym2=N 1HPU4Tn0

O 110 1=1,3 INPLL 790
FORiMN(T)=FORMN2(T) INPU4BOO
FORMACI)SFORWA2(T) INPULBILO

110 CONTINUL INPU4R20
LU 10 1590 INPU1830

6U0 CONIINUL INPU4BY0
RKETURN INPU4 850

o R S P e O T L R P e P S e B S S LV Py
SUBhQUT LRE ACARD(AC) - ) INPU48T0

C= STEIIIIzToosISSsEIsZsSSEISIISSzssseEs ====INPUGBRO
JIMLNSIUN AC « 14) INPULBGO

C= SEELSZCnIIsScSSSsEIssToEEIST=SsSsszacs = =====38INPU4900
NeaRC+HE INPUL910
CARL(NC)=T7,0 INPU4920

uO 1uU [=l,14 INPU4930
HC=HC+) INPU494O

CARL (HC)=AC (1) INPU4950

160 CONTINUE ' . INPUUIKD
RETUxN INPUY4970

ce AR AR R AR g o g R R g K g g KR ARk Rk kR K R K TNPUL 900
CE oK a8 o o 4 0 o K e 30K 000 0K e e o 6o 36 0 0 20 20 g a0 o0 3 o o e e ok e B ok o K Rk K ok Ko R R NP UG 990
ENU INPUSOOO
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SUBRQUTINE ERROR(IB) ERRO
INCLUDE COMDIM ERRO

SESosTsREEREIs sz sss=no=sssss2z===ERRO

C=z==z=z =======zERRO
===3==z=ERRO

[ e e e Pt e P L L L P L P P L P L ST PR LR P S RS PP Tofel-T0)
LIMLNSTIUN Ib(2)» NOCNT(2) ERRO

DATA (NUCNT(1)921=1,2) 7 SHTIMELl, SHTIMEZ2 / ERRO

DATA HUMBER/S/ ' ERRO

[t Pt e ettt et P e b e b e S I PR LS L R T S S S L L E 21200
ILRKOR (1) = 1B(1) ERRO
IERNOR(2) = 1B(2) ERRO
IFCOIERROK (1) 4EQNOLNT (1) e OR(IERROR (1) 4EQ.NOCNT(2) ) 4AND, ERRO

1 Swi1v)) 60 10 90 ERRO
HUMLERZWUMBER=] ERRO

c KeCurD 1HE ERKOR ERRO
90 wKIle(6s100) IERROR ERRO
100 FOKMAT(LUH ERROR AT ,2A6) ERRO
IF (UWuskR JLee 0) STOP ERRO
RETUKN FRRO

[ T - P P P P L PP P L L P = = ====ERRO
END ERRO
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SUBKOQUTINE FCARD (ANUM,C1¢C2+C3,C4+C5+C6,C7,C8)
INCLUDE coMpim

FCAR
FCAR

..... ss=Szsss==szsI==ssTz=z=FCAR

s====FCAR

. s S o S e S e e e D
- oy e i P R et e e S T D G W gy s R e 0=

C(1)zCy

c(2)=C2

C(3)=C3

C{4)=Cuy '
C(5)=Ch

C(6)zCo

C(7)=C7

Cly)=Cy

NGz L+l

CARL (NC) =ANUM
Ilzniuia+04d ‘
IlziI+2

WO 1uv 1=1,11
NC=HhiC+1L
CARL(HC)=C(I)
CUNT InuE

RETUKN

END

FCAR

===z z===FCAR
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FCAR
FCAR
‘ FCAR
FCAR
FCAR
FCAR
FCAR
FCAR
FCAR
FCAR
FCAR
FCAR
FCAR
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10
20
30
40
50
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a0
a0
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140
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130
1u0
150
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170
140
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SUBKOQUTINE CHECK CHEC
INCLULE COMDIm CHEC
Cz=z===z=z=zzzazz=s e S e e S R S P P R £ £4 4 ===CHEC
c CHLLLA THE GEOMETRY DATA CHEC
C==z==z e dedotodnt e et addemded o ket g et ----CHFC
KR STOPSz CHFC
LiiECk THERE ARt TOO MANY RADIAL=~X POINTS AND GRID LINES CHEC

CHeCne THLRE ARE 100 MANY aAxXIAL=2 POINTS AND GRID LINES CHEC

CiikCr 3 FHERE axkk TOO MANY THETA=Y POINTS AND GRID {LINES CHEC

VHECKU THE RADIAL=X GRID DATA IS OuT OF ORDER CHEC

Lt Chd THE AXIAL=Z GRID DATA IS OUT OF ORDER CHEC

CHECKE THE THLTA=Y GRID DATA IS OUT OF ORDER CHEC

CHECKT THERE ARE TOO MANY KLOCKS, CHEC

¢ntCKY THE Low RADIAL=X BU(NDARY IS5 LARGER THAN THE HIGH CHEC

RAUTAL=X BOUNDARY FOR SOME AaLOCk CHEC

CHECRY THE Low AXIAL=Z BOUNUARY IS GREATER THAN THE CHEC

nlol AXIAL=Z BOUNDARY FOR SOME ALOCK CHEC

CHECKLO THE LOw THETA=Y BOUNDARY IS GREATER THAN THE CHEC

HIuH THETA=Y BOUNDARY FOR SOME RLOCK CHEC

CHECK1L THE MATERIAL NUMBER FOR A BLOCK IS LARGER THAN THE  CHEC
MAXIMUM NUMBER OF MATERIALS AND COOLANTS ALLOWED. CHeC

CHECK12 A RAPIAL=X GAP MATERIAL NUMBER 15 T0O HIGH CHEC

LHECKLS AN AXIAL=Z GAP MATERIAL NUMHER IS TOO HIGH CHF.C

CHECK1Y AN THETA=Y GAP MATERIAL NuMnER Is TOO HIGH CHEC

B R S P E e e B R A S e ====zez=Ian=zS==CHrC
:::::::::::::::::::’:::::::-::::::_-__-:::::::::~:::-::==::::::=::=::::CHEC
ARE THLRE TOO MANY RADIAL=X GRIDUINES? =1YES,NO'=~ CHEC

RPRINT ERRUR CHECK1 CHEC

1F (IMAX. 0T vAXRP) CALL ERROR(6HCHECK1) CHEC

ARE THERE TOO0 MANY AXIAL=Z GKIDLINES? «'YES,NOv= CHEC

PRINT ExRUR CHECKZ CHEC

IF (JMAALOTAXZP) CALL ERROR(6HCHECK2) CHEC

AKE THLRE TOO MANY THETA=Y GRIDLINES? ='YES,NQe¢= CHEC

PRINT ERROUR CHECKJS CHeC

IF (KMAA<OT(»AXTP) CALL ERROR(HCHECK3) CHEC

F bttt et et et et 0 Bt et des bt ettt =S==CHEC
Cc/ CHECK TO SEE THAT THE RADIAL=X GRrID LINES ARE IN AN ASCENDING CHEC
c “0RDLR CHEC
00 10 Iz20IM ’ CHEC
IF(RL(I) JLE(RL{I=1)) CALL ERROR(QHCHECKY) CHEC

10 CONINUL CHEC

CE o g o o 0 g oo K R R K g o K K o o g KR g R ko ok Ky K X CHE C
(4 CHELK TO SEE THAT THE AXIAL=Z GRIDLINES ARE IN AN ASCENDING ORDER CHEC

DO <y Jz2+JM CHEC
1F (2L (u)eLE.2L(J=1)) CALL ERROK (6HCHECKS! CHEC
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20 CONTINUE CHeC

CE A o o K o AR A g O R A A o A AR A A A R R e e o o o i K CHE €
c/ CHELK TO SEE THAT THE THETA=Y GRIDLINES ARE IN AN ASCENDING ORDER CHEC
DO 30 K=2+KM CHEC

IF (TL(K)LE,TL(K=1)) CALL ERROR(BHCHECKg) CHEC

30 CUNT INUE CHEC

CE ****4*4*:Hw*;**t********t**xur*****#-ﬂrt**xﬂltt..**tt**m**tt*t*******CHEC
c AREL THERE T00 MANY BLOCKS? =tYES,NOt= CHEC
¢ PRINT EKROR CHECK7 ' CHEC
. IF (LMAX .67 .MAXKG) CALL ERROR (6HCHECK?) gHEC
e N NE I LIS ISSmoSSSInSzoe=II=ss === 4 ] T HEC
CB CHECK THE BLOCK GEOMETRY FOR INT&HNAL CONSISTENCY CHEC
C CHEGLK EvERY iLOCK IN TURN CHEC
w0 40 Lzl,LMAK CHEC

c ARE THE RADIAL=X BOUNDARIES IN ORDER? =*NO,YES+= CHEC
c PRINT ExUR CHECKS CHEC
IF (KbL(L).GT.RBH(L)) CALL ERROR(6HCHECKS) CHEC

C ARE THE AXIAL=Z UBOUNDARIES IN ORpER? =tNOIYESI= CHEC
c PRINT ERRUOR CHECK9 CHEC
IF (<BL(L) (GT.ZBH(L)) CALL ERROR(6HCHECK9) CHEC

c ARE THE TuiLTA=Y BOUNDARIES IN OR\HER? ='NO*YESte CHEC
C FRINI EXROR CHECKLQ CHEC
IF (TBL(L)6T.TuH(L)) CALL ERROR(7HCHECK10) CHEC

c 15 ink MATLRIAL NUageR A VALID OnE? ='NO,YESt= CHEC
C PRI ERKOR CHECKLy CHEC
IF (LAabS (ML) ) o6T ,MAXMAT) CALL ERRUR(7THCHECK11) CHEC

c IS 1HE MATERIAL NUapkR OF THE RApIAL=X GAP A VALID ONE? =t*NO,YES,=CHEC
C PRINI ERKROR CHECLK12 CHEC
IF (ROR(L) oGTeMAXMAT) CALL ERROR(7HCHECK12) CHEC

c IS ikt mATERIAL NUMLER OF THE AX1AL=~2 GAP A vALID ONE? «¢NO,YES'a CHEC
C PRII.T ExROR CHECKL13 CHeC
IF (MLZ (L) .GTMAXMAT) CALL ERROR(7HCHECK13) CHEC

c IS 1k mATLRIAL NU4BER OF THE THETA=Y GAP A vALID ONE? =iNO,YES'a CHFC
C PKRIWT EixRUR CHECKLY CHFC
IF (1OT(L)OT«MAXMAT) CALL ERROR(7HCHECK14) CHEC

c HAVL ALL BLOCKS BEEN CHECKED 2 =~1YES/NOt'= CHEC
40 CONTINUL CHeC

CE #***4*#***#*******4*********t*****t***#t*****!#*t*******#***t**#t*CHEC
RETURIN CHEC
Cesz==zzsoisSozzzoo=====s === Sz==zz=z S=z=z== ===z=CHEC
END CHEC
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QOO0 OO0 OOOGOOOOOOOOO00OOOO0O00

SUBROUTINE POINTS POIN
INCLULE ComMpDIm POIN
Pttt b et L e -t T L T 3] Sz snsrsnas====POIN
ASSiGN THE POINTS» gLOCKS AND GApS POIN
e S R R L e S=z=ss==8=zIz==POIN
ERRUR STOPS= POIN
FUINTS1 A PART OF THE SYSTEM wAS NOT DESCRIBED BY ANY BLOCK.POIN
PUdNTSZ  THERE ARE TOO MANY gApnlAL=X GAPS, POIN
FOLINTSS THERE ARE TOO MANY sXIAL=2 GAPS, . POIN
FOINTSY THERE ARE TOO MANY THETA=Y GAPS, POIN
FOINTSY A PART oF THE SYSTEm HAS BEEN DESCRIBED By MORE THAN POIN
ONE BLOCK, POIN

FOINTS6  NO FLOW DIRECTION HAS BEEN ASSIGNED FOR SOME COOLANT.POIN
FOLINTS?T 1. AN EXTERNAL COOQOLANT IS FLOWING INTO A RADIAL=X POIN

10
20

40
50
60
70
RO

1n0
110
120
120
140
150
140
170
1p0
190
2n0
210
250
230
240
250
260
270
210
290
3n0
310
320
330
3490
350
360
370

BOUNNARY » OR POIN

2+ AN INTERNAL RADIpL=X FLOW COOLANT BLOCK IS NOT POIN

TRAVERSED BY AT _EAST ONE RADIAL=X GRID LINE, POIN

POINIS8 le AN EXTERNAL COOLANT IS FLOWING INTO AN AXIAL=2 POIN
BOUNGARY »OR POIN

2. AN INTERNAL AXIA_=Z FLOW COOLANT BLOCK IS NOT POIN

TRAVERSED BY AT _EAST ONE AXIAL=Z GRID LINE, POIN

POINTS9 1, AN EXTERNAL COOLANT IS FLOWIMNG INTO A THETA~Y POIN
A0UNDARY ¢ OR POIN

2¢ AN INTERNAL THETA=Y FLOW COOLANT BLOCK IS NOT POIN

TRAVERSED BY AT _EAST ONE THETA=Y GRID LINE, POIN

FOINTS10 A GAP HAS UEEN SPECIFIED ON THE HIGH RADIAL=X POIN
BOUNDARY OF A COOLAT, POIN

POINTS1L A OAP HAS UEEM SPECYFIED ON THE LOW RADIAL=X POIN
BOUNUARY OF A COOLANT, POIN

POINTS12 A GAP HAS BEEN SPEC{FIED ON THE HIGH AXIAL=2 , POIN
BOUNDARY OF A COOLANT, POIN

FOINTS1I3 A GAP HAS BEEN SPECIFIED ON THE LOW AXIAL=Z POIN
BOUNUARY OF A COOLANT, POIN

FOLINTSLI4 A LAP HAS UBEEN SPECIFIED ON THE HIGH THETA=Y PGIN
BOUNDARY OF A COOLAWT, POIN

POINTS1S A GAP HAS BEEN SPECIFIED ON THE LOW THETALY POIN
HOUNDARY OF A COOLA.T, . POIN

ERASE THE BLOCK COMpPLETENESS TAbLE POIN
DO 9 Iz1sIMAX POIN
LO © Jz1rJiMAX POIN
U0 b Kz=1eKMAX POIN
MT(l,Jrk)=0 POIN
§ CONTINUE POIN
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c SET THE MESH RIBS EQUAL TO 1 POIN
00 00 L=1,JmAX POIN
MT(L,Lo1)51 POIN
T (arAX,Lol)=d POIN
MT (Lol s kMAX) =L POIN

500 MT(luaAX,LekKMAK) =) POIN
L0 L25 L=l,1aAX POIN
MT(Lylyl)=1 POIN
MT(L,JinXel)=L ' POIN
MT (Lo d s KMAX) =L POIN

525 tl(L,JiAXsKMAX)SY POIN
LO vLU L=1,KMAX POIN
MT (L, 1,021 POIN
MY (&AXedol) ) POIN
MT (s, diaXebl) =l POIN

550 M1 (4 AX)JIMAX, LY=L POIN

C::::::::::::::::::::::::::::::::=::=:=:::::::::::::::::::==:::=:::====:POIN

c ASSILN THE RADIAL=X BLOCKS AND FIND THE RADIAL«X GAPS POIN
CALL BOUNDA (KL sHRP 2 IM, I5ReRBLIRBH,RDGs IL» IH)NRGy1) POIN

c ARE THERE TOO MANY RADIAL=X GAPS POIN
IF (i, 0T IAXRG) CaLL ERROR(THPOINTS2) POIN

A LE SIS IISSIIISIRZSISSS=RZIsC -::-_--_-__--:::_---_:::::::::::::::POIN

c ASHIGN THE AXIAL=< GLOCKS AND FID THE AXIAL=Z GAPS POIN
CALL bOuHUA(1Lv4PvdM.JG£oZHL'ZBH.ZDGoJLoJH-NzG.Z) POIN

C ARE THERE TOO MANY AXIAL=Z GAPS POIN

c IF (v/beuT o AXZ6) CALL ERRUR(THPQINTSI) POIN

=SSN CCLCTL=ZSTCSIoSSCISSISSSSISISEISSEsEZz==R = =o=z==sszsssszs==z=z=POIN

c ASSloie THE THETA=Y HLOCKS AND FInD THE THETA~-Y GAPS POIN
CALL BOUHDA(TLs TPrKMsKGT o TBL» TBH, TOG oKL+ KHINTG, 3) POIN

c ARE THLRE TOO MANY THETA=Y GAPS POIN
IF (1 TO.uT+MAXTG) CALL ERROR{7THPOINTSH) POIN

e sEI oL sCCZISSoSIISSESsSTESIISZIIIIIzeS Soosmssss=S====POIN

C INITIALLIZE ARRAYS, POIN
LU b 10z1sMAXRG POIN
PO © JzLeMAXZP POIN
UO © K=1sMAKTP POIN
RUBIL(10sJsK)S0.0 . POIN
Rbd114(luedsK)=0.0 POIN
AP (IG,yJek) =00 POIN
MATHL (16 JeK)=0 POIN

6 CONYINLE POIN
LY 7 JdG=1rMAXZG POIN
LO 7 i=1sMAXRP POIN
DO 7 Kzl oeMAXTP POIN
2bBIL(Jusl K)=0,0 POIN

¢ ZBBTH(JGr 10K)=0,0 POIN
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460
470
40
490
500
510
520
530
540
550
540
570
5n0
590
6n0
610
620
630
640
650
660
670
6Rr0
690
700
710
750
730
740
750
760
770
710
790
8n0
810
850
830
840
As50
860
870
Bna0
890
9n0
910



GAPL (VG I1K) =040
MATLG(Jue L,K)=0
7 CONIINUL
U0 & KC=1eMAXTG
V0 & 1=} eMAXRP
VO b J=1eMAXZP
ToBIL(KGeisJ)=0,0
TbBIH(hoe19J)=0.0
GAP I (KGeIed)z0eV '
MATTO(KGe14J) =0
8 CONIINUL

POIN 920
POIN 930
POIN 940
POIN 950
POIN 940
POIN 970
POIN 9a0
POIN 990
POIN,0nO
POIN1010
POIN1020

Cezzzzzoozo_ sizzozmzzszo=zos === z=z=x SESCrsooSTzETsnTEssssSz===P0OIN1030

C LO0On AT EVERY BLOCK
0 12U L=1,LnAX
c ASSLGN THe CORNERS OF THE CURRENT BLOCK
ILS=sb (L)
IHS=IH(L)
JLSZuL (L)
JHSzZ g (L)
KLo=rl (L)
KHSEZ H (L)
c 15 11145 BLOCK A COOLANT OR A Sob.1D MATERIAL? =1COOL.»SOLIDt~
IF (.B(L)WLE,0) GO TO 115

POIN1040
POIN1050
POIN10RO
POIN1070
POIN10RO
POIN1090
POINt100
POIN11410
POIN1120
POIN11%0
POINL140

c IS n RAUIAL=X GAP PRESENT? ='NO,YES'=~
IF(hpu (L) sLE.V.)GO TO 30

=2==P0IN11«0
POINLL1RO
POIN1170

[—t—Fettdat et beteodterlo oottt So bbb e P S i b L

C ASSIUN THE RADIAL=X GAP
TOZLOR(AHS)
DO J=ULS ) gHS
DO 10 Kz=KLS»kHS
c HAS A COOLANT BLEN DEFINED ADJACENT TO THE GAP?
IF (GAPR(1urJrK) «GE, 0.0) 60 TO 15
CALL tkuOR(81POINTS11)
60 10 100
15 6APn(16sJrK)zRDO(L)
SATRGLTO e K)SMOR (L)
RBBIL(ILeJsK)=H00e0
RBBTH(Iord o K)SHho0e0
10 CONITIhuE
<0 COWi INpe

(PRt L I L T - L P I P 3 A S L 4 ]

¢ IS w4 AXIAL=Z GAP PRESENT? «tNO,yESte~
30 LF(eLO(L)eLE, 040160 TO 00

- . o o o o D AR e o T S e Lo T e g v S e T D s g D A ey G s, e ————

Sz===P0OIN11a0
POIN11G0
POIN1200
POIN1210
POIN12,0
POIN1230
POIN1240
POIN12%0
POIN12A/0
POIN1270
POIN12R0
POIN1290
POIN1300
POIN1310
POIN1320

T====POIN1330

POIN1340
POIN1350

-
- o o o o W . o e Y i o Y ey o St o I 0 g o B e o o - o - -

$====P0OIN13s0

C COALSLGN THE AXIAL-Z GAP
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45

60

Ca=oz==

C

75

70
60

JESJGL (UHS) , POIN13a0
DO 0 IzILS,1HS POIN1390
DU 40 K=KLS,)kHS POINL400
HAS A4 COOLANT BEEN DEFINED ADJACENT TO THE GAP? POTNL1410
IF (GAPZI(MGI11K) oGE. 000) 6O TO 45 POINi420
CALL ERKOR(BMPOINTS13) POINL430
GU 10 100 POIN144O
GAPC (VG 1eK)=Z0GHL) POINIGSO
HATLL (UG, 1K) 262 (L) 4 POINL4g0
BT (Jur LK) =4u0.0 POINL470
Z801I(Jor L )K)=46040 POINt1&a0
CONI THUE POIN14GO
CONT INUE POIN15Sn0
P e P P e P P PP T PP e T P e T TP o+ P e E P L L T P lo R S 3 N0
IS n THETA=Y GAP PRESENT? «t'NO,YESt= ' POIN1520
IFCILUL) oLE,040)G0 TO 100 POIN1530
LXSCESzoEsSosSoSzsSIzaTescIizss SR sECasECSrsssT s ssS=sSasn=POINI S0
ASSLLI THE THETA=Y GAP POIN150
hGZ RLT(KHS) POIN1560
uQ vo 1zILS,IHS POIN1570
LO Tu JzJLSePuHS POIN15/0
HAS A CUOLANT BLEN DEFINED ADJACENT TO THE GAP? POIN1590
IF (VAFT(KGrIrJd) oGE, 00) 60 TO 75 POIN16n0
CALL ERNOR (nHPOINTS1S) POIN1610
GV 10 100 PDIN1620
GAP T (KGs1ed)=TDG(L) POIN16130
AT1G6 (Ko Lo ) =MGT L) POINL164D
T L (KU Iy JISHOGe0 . POIN1 640
TbbThHiKU Ly J)2U00e0 POIN16K0
CONI INUE POIN1670
CON I INUE ’ POIN164a0
SECEEIZZozIsoESsSScS3zSSsossss=ozs s s TR SRS RN ER=mS RSz ==POIN1690
KECuiw wll POINTS BLLONGING TO THE CURRENT BLOCK =¢IMPOS, 0Kt~ POIN1?n0
wY 110 I=ILS,IHS POIN1L790
L0 110 UsJLS,JHS POIN1750
U0 11U KZKLS,KHS POIN1730
TR (MTLYsJdeK) JNELO) CALL ERROR (7HPOINTSS) . POIN1740
AT (aedpK)=1 POINI-";O
CONT INUE POIN1740
W0 10 1.0 POINLT770
AR AR AR AR KRR kR R R Rk R KRR R KRRk RR ek kR Rk Ky Ry kPOINY 780
SRS SSIZCESSSoESSSSSTSS3SESSsSSsEs ==3==2 = SSZEZZ=SISSSREs==SPOINLT?90
a5S16N THE COOLANT NUMBtR POIN180O
J= LAbS(Mu(L)) POIN1810
ASSiuN THE FLOWw DIRECTION POIN1820
IPSLABS (1PATH(Y) ) POIN1830

110



c IS 1T A VALID DIRECTION? =1YES,No'=
IF (IP|GT000AN001P.LTO“) 60 TO 200
C IMPLSSTuLE FLOW DIRECTION NUMBER
CALL EKRROR(THPOINTSH)
g I5 AN EXTERNAL COOLANT FLOWING INTO A BOUNDARY ?

POIN1840
POIN18s0
POIN18g0
POIN1870
POINYARO

DUEL Al INTERNAL COOLANT FLOW THROUGH ONLY ONE LEVEL OF POINTS ? POIN1890

200 IF (4H5S. Qe ILSANDWIP,EQ.1) CALL ERROR(THPOINTST)
IF (U9t o JLS o AND W IPEQs2) CALL ERROR(7HPOINTSS)
IF (R 9 LU o KLSsANDS IPL,EQe3) CALL ERROR(THPOINTSO) .

bttt bttt el S bttt bt L R

POIN19n0
POIN1910
POIN1950

CoSz=ozzoozzszzsooos3gosz=zszzzs SSSXZzzIszassEs S=z=mo=s SEE=szsTIss=S=S=zPOIN1IO30

c 1S drit FLUW IN TrE RADIAL=X DIRECTION? =+YES,NO'=
IF (IP.LQel) 0 T0 220
c SET TwO SWITCHES TO INDICATE ON wHICH SIPDE OF ITS RADIAL=X
¢ «BUUILARLES Tyt COULAMT LIES
163z Lo (iHS)
Togz 16KR{ILS~1)
IF (ILS.Lk,1) Ye2=p
1O ellJda JLS»JHS
UO cluxk= KLS,KHS
IF (L2, LE,0)G0 TO 180
c IS lhkRE A GAP ADJACENT TO COOLANT!S LOW BOUNDARY?
IF (GAPR(IG2,J¢K). ,LEe 040) 6O TO 175
CALL EnxiOR(8HPOINTS1)
60 10 tuu
175 GAPKH(Luzed, K)==1,0E~10+6GAPR(16G2, oK)
HBBIL(TIG2rJdrK)=460,0
RBBIH(IC2rdrr ) =460,0
160 IF (lol.LE.0) GO To 210
c IS THERL A GAP ADJYACENT TO COOLANT HIGH gO;NDARY?
IF (GAPK(LG1ledoK) LLEs 0.0) GO To 184
CALL LititOR(BI4POINTS10)
60 10 1u0
1o4 GAPK(LGL11JyK)==2,0E~10+GAPR(IGY ) jeK)
HBBIL(IOL J.K)-ubu 0
Rbul(lolrdeK)2460,0
210 Cuidl INUE

C=2cssozzozzizsoszzssssscomzzcs Sz== SSzzz=Esssssszs=zz

C IS e +LOw IN THE AXIAL=Z DIRECTION? ='YES,NOv~=
2¢0 1F (IP,LQ42) GO TO 240
c SET TwO SWITCHES To INDICATE ON wHICH SIDE OF ITS AXIAL=2Z
C BOULDARLES THE COOLANT LIES
JE1a JGZ(JHS)
Y022 JGZ(JLS=1)
IF (ULS,.LE,1) Joz=g
DO <30 IzILS,LHS
UV sV nz= KLSPKHS
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POINLOHO
POIN19s0
POIN1940
POIN1970
POIN19,0
POIN1990
POIN200n0O
POIN2010
POIN2020
POIN2030
POIN»040
POIN20s0
POINAOGO
POIN2070
POIN2010
POIN2090
POIN21n0O
POIN2110
POIN»120
POIN2130
POIN2140
POIN2150
POIN21g0
POIN2170
POIN21AO
POIN»190

|T2=S==POIN2200

POIN2210
POIN2250
POIN>230
POIN2240
POIN2250
POIN2260
POIN2270
POIN2240
POIN2290



e X NN oY o]

IF (J61,LE,0) GO To 215 POIN23n0

IS THERL A GAP ADJACENT TO COOLANT HIGH BOUNDARY? POIN2310

IF (GAP2(JG1,1+K) LLEs 040) GO To 213 POIN2320
CALL ERKOR(BHPOINTS12) POIN2330

GO 10 1y POIN2340

213 GAPc(JGlrIl,K)S=2,0E=10+GAP2(JG1s1sK) POIN23/0
ZbBTL(JGLrIsK)I=460,0 POIN23a0
ZBBIH(JuLleIik)=460,0 POIN2370

215 IF (yuz,LE,0) 6V To 230 ' POIN23R0
S 1HERL A GAP ANJACENT TO COOLANT'S LOW BOUNDARY? POIN>390

IF (LAP£(Ju2,00K) LEe 0.0) GO To 218 POIN2400
CALL EKROKR(81HPOINTS13) POIN2410

WO 10 1luu POIN24S0

218 GAPL (Y6211 9K)==1,0E=10+6GAP2(JG2,1¢K) POINa4 %0
JoBTL(Ju2rIsK)=H6U,0 POIN2440

2B TH(JG2e 10K ) =460,0 POIN2US0

230 CONTInuE POINPURO
S e R Pt R P P A T T P e L 2P P PR P B L BTS00
IS 1 FLOW IN THE THETA=Y DIRECTION? =t'YES,NO'=~ POIN24A0

240 IF ([F,Lae3) 60 TO 100 POIN24GO
SET TWO SWITCHES TO INDICATE ON WwHICH SIDE OF ITS THETA=Y POIMN25n0
+BOULINARLES THE COULANT LIES POIN2510
Kols Kol (KHS) POINS520
Ko2= Kol (KLS=1) POIN2530

IF (hLS.LELL) KG2=yp POIN2S40

DO H0 = ILS:IHS POINASK0
V0 enhlu =z S JHS POIN25h0

1F (Kbx Lt u) 6V To 255 POIN2570

15 YTHERL A GAP ADJACENT TO COOLANT HIGH BOUNDARY? POIN25a0

IF (GAPT(KGL,10d) LLEe 040) GO To 253 POIN2590
CALL ERKOR (4HPOINTS14) ) POIN26n0

eV v 1uL POINPE1O

253 GAPI(K(Lo1yJ)==2,0E=10+GAPT(KGL Lo J) PGINS620
TUBILLKOLe I ed)=460,0 POIN2630

Tod it (koleIsyu)=460,0 POIN2640

255 IF (wb2,LE,u) 60 To 250 POIN2650
IS kit A GAP ADJACENT TO COOLANT*S LOW BOUNDARY? . POIN2660

IF (UAPT(KG2s10J) ,LEe 040) GO To 257 POIN2670
CALL ERROR (AHPUINTS15) POIN26RO

6O 10 1uu POIN2690

257 GAPI(KG2s1,J)E~1,0E=10+GAPT(KG2,1,d) POIN2700
Todit(Ke2eIru)=460,0 POIN2710

TOB (K622 Irulzue0,0 POIN»720

250 CUN| LiUE POIN2730
GO 1u 1u0 POIN2740

et b PR P L T ==z=== RS IR RSN ssne S s s N2 === =P IN2 70
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c HAVE ALL BLOCKS BEEN CHECKED? =tYES/NOTYETtw POIN2760
120 CONT INUE POIN2770
R e T PP PP PP P L P L P L R L e PP L P e e e P R E L X T
C INITIALIZE THE MATRG,MATZ6 AND MATTG VALUES wHICH ARE ON GAPLINES POIN2790
c BoOULnING COOLANTS, POIN28g0
DO 26U 1=liNRG POIN2810

W el JusiliJduwAX POIN2820

DO c6l K=l KMAX POIN2830

260 IF(WAPR(1sJrk) oLT o= 5E=10) MATRG(1,JrK)=100 ‘ POIN2840
DO <70 1=1,14AX, POIN2850

L0 7V Jz=1,N76G POINPBRO

U0 70 Kzl oKrLRX POIN2870

270 IF(unP2(lrdrK) LT em B8E=10) MATZG(IsJeK)IF100 POIN28A/0
DO enl 1=1, LAX POIN2890

DO enl uz=l,sJtAX POIN29n0

10 <« K=1yNTG POIN2910

260 IF(GAPT(I+Jdrk) olTem,5E=10) MATTG(IsJrK)Z100 POIN2950
SSSESCTSIITICZSISTSIRZSSSIEISRSS SSESE=s I ISECmESEzsES e RS eSS SRS =2==P0IN2930
(o HAVE AL. POINTS BEEN ASSIGNED TO A BLOCK? «'NO,YES+~ POIN2940
U0 iU 1=1, InAX POIN29s0

LO 140 J=1,UuAX POIN2960

DO 15V K=1,)KnAX POIN2970
IF(mT(I,JrK) LEL0) CALL ERROR(7HPOINTS1) POIN29R0

130 CONT INUL POIN2990
140 CONIINLL POIN3000
150 CUnNfINULE POIN3010
Ct A s oK o A o K g o A KK g R K R kKR R R R Rk Ky % kPO IN3N20
RETURN POIN3030
S==TosIsLESEzITIEISIIRRIIZISSSSIIZSIssoss = S53=z=z=P0OIN30u0
END . POIN30%0
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SUBKOUT INE BOUNDA (AL, APsMs IGA»ABL » ABHrADG e ILA, IHA)NAG, IP) BOUN

INCLULE Compim BOUN
C::::::::::::::::::::::::::::: === et 3ttt b3 —_——=tan :'—'::-::;‘::-:BOUN
C ASS10N IHE BLUCK ANp GAP LOCATIONS FOR oNE DIMENSION BOUN
C SRS S S F A St e R R R SSoETssz=SISIR==Sz=ROUN
C ERRUR STOPSZ BOUN
C LOUNDAL THE LQW BOUNDARY FOop A BLOCK IS TOO LARGE OR BOUN
c LARGER THAN THE LARGEST BOUNDARY DEFINED 1N THAT BOUN
¢ VIMENSION, BOUN
C LOUNUAZ  THk HIGH BOUNDARY OfF A BLOCK IS LARGER THAN THE ROUN
¢ LAKGEST DOUNDARY DEFINED IN THAT DIMEMSION. BOUN
c BOUNUAS AN INTERNAL COOLANT BLOCK HAS BEEN SPECIFIEpD IN ROUN
c VIOLATION OF COpL LIMITATIONS, MOST LIKELY ERRORS ARE BOUN
C 1. A NORYAL COOLANT HAS BEEN SPECIFIED FoR A BOUN
c PRoELEM In CYLINDRICAL COORNDIMNATES., ROUN
c 2, AN INTERNAL COOLANT HAS TwO BOUNDARIES wH1CHq ROUN
c ARt COLNCIUENT,
C --—————-————-—-—-——--::::::::::::-:::: -------------------- ===z
f T T T P T T Yy P T T

[ et et S E L L Pt ettt Tt Lt b et Tt bt e e L L {21 1B ]
[of CALLULATE THE POINT LOCATIONS BOUN
AP{1)=AL(1) BOUN

NV 10 I=2v BOUN
APLL)=(AL(1)+AL(I=1))*0,5 RQUN

10 CONT e AOUN

AP (4 1) =AL (M) ROLIN

L S T e e Pt S e F3 83 T ET Y
C ERALL THE GAP LOCATION ARRAY AOUN
WO U Izlem BOUN
IGA(I)=vu BOUN

20 CUNL LhuE BOUN
mlzmel BOUN

(T F PP LRy P P PP H T_z=z=s s s S r T EnssssS SR ssE =S S=S==ROUN
C FINo THE BLOCK BOUNDARY INDICES IN THE CURRENT DIMENSION BOUN
C ¢FOR pACH BLOCK . BOUN
00 70 L=le.LMAX BOUN

c 19 4T A COOLANT OR A SOLID MATERIAL BLOCK? «t1SOLID,CO0L.v~ BOUN
IF (M (L) o 6T,0060 Yo 25 BOUN

o IS 4T Aiv EXTERNAL OR INTERNAL COQLANT? =+ INTERNIEXTERN)= BOUN
IF (At (L) oNE ABH(L))GO TO 25 BOUN

cB ASSLIUN THL ExTERNAL COOLANT BLOCk ROUN
c IS 4T O The wOw INDEX OUTSIDE =y YES)NOtw BOUN
IF (Aisb (L) LEQ, AP(1))GO TO 10L BOUN

1),AP ( 1)eIGA { 1)'ABL ( 1)» BOUN
1),ADg ¢ 1)eILA { 1),1IHA ( 1 ROUN
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250

2a0
290
3n0
310
320
330
340
350
360
370
320
390
400
410
420
430
4y0
450



¢ IS 1T On THE HIGH INDEX OUTSIDE «*YESsNOe= BOUN"
IF{ALLI(L) EQ.AP{ML))IGO TO 110 80UN

c ILLeGAL INTERNAL COOLANT CHANNEL BOUN
CALL ERROR (7HBOUNDAZ) BOUN

o ASSLGN THE Low INUEX OUTSIDE COOLANT LIMITS BOUN
105 ILA(L)= BOUN
IHA(L )=y ROUN
I6A(1) ==} 80UN

GO 10 Tu . BOUN

C A55L6N THE HIGH INpEX OUTSIDE COOLANT LIMITg ROUN
110 ILA(L)=zML BOUN
IHA L) =Ml BOUN
IGA(M) == BOUN

GV 10 TU BOUN

CE REAH AR MR g RRRRRE T R R B p R RGN REER R Rk p Rk g T e kPR OUN
o] ALSLLN THE SoLID MATERIAL OR INTERNAL COOLANT BLOCK BOUN
c/ FiNw THE LOW BLOCK BOUNDARY INDEY =t10K,NONEt BOUN
25 DU 40 Iz2ew BOUN
IFCank (L) LT AP(I))GO TO 40 ROUN

S0 CONI1NUe ROUN

Ct H A o R Ao A o R A OB OK A B o R T B oo e R R R R Rk kB g R R OUN
C THE LU BLOCK BOUNDARY LIES QUTSIDE THE SYSTEM BOUN
CALw cRROR(7HBOUNLAL) BOUN
B e S Lt b S s = z==z==zROUN
C ABSsue THE LOW BLOCK BOUNDARY ROUN
40 lLA(L)z) BOUN

c/s FAdue The HIGH BLOCK HOUNDARY INDEX =t0KsNONEs¢= BOUN
1=14y BOUN

DO Lo J=lesid BOUN

IF (aul(n) s LE AP (J) )60 TO 60 , BOUN

90 CONT InUL BOUN
CE o g e Aol Ao e 0 A o o o o 0 g g g R o R o o o o o o o g o B B g R B OUN
c THE nlot sLOCK oOUNDARY LIES OUTSIDE THE SYSTEM fOUN
CALL ERROR({THUOUNDAR) BOUN

C ASSi,i THE HIGH BLOCK BOQUNDARY InDEX ROUN
60 1HA(L)zu~=l BOUN
(3 S L P R T ST PP Pt Pt Pttt P - ] EErnEsszsIzooEazzRzs==0UN
¢ SLT THL GAP SWITCH wHEN NECESSARY BOUN
IF(AOG (L) e 6Te0eU) IGA(U=1)Sm] AOUN

C 15 11 A CUDLANT BLOCK =*NO,YESI= ROUN
IF(nisll) o0T 0060 TO 70 BOUN

flam=iyg (L) BOUN

C pOLS Tre COOLANT FLow IN THE CURRENT DIRECTION «=tYES;NOs= BOUN
IF (fP L Qs IAUS(IPATH(NI)) 60 TO 70 ROUN

C ASSLION o OAP uOUNDARY ON BOTH SIpES OF THE COOLANT BOUN
IGAY=L) =] BOUN
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460
470
4n0
490
500
510
520
530
540
550
560
570
Sp0
590
600
610
620
630
640
650
6A0
670
600
690
760
710
720
T30
740
750
740
770
R0
790
Anl
8310
A0
830
8u0
8«0
Ba0
870
8n0
AaQ
9n0
910



IGA(I=2) ==} , BOUN' 920

c HAVE ALL BLOCKS BEEN CHECKED? =e¢vYES,NQ¢= BOUN 930
70 CONYINUE BOUN 940
o e e T P S i e F i P S s s it e P88 s PR L LI R L)
cs INSPECT THE AP INGICES ANp ASSInG THE NUMBER OF BOUNDARIES BOUN 940
J=0 BOUN 970

LO oo Iziem BOUN 930
IF(IGA(1)€G,0)60 TO 80 BOUN %990

JRJe g ¢ BOUN¢ 000
I6A(1)=u t BOUN1010

60 CUNTINUL BOUNL 020
NAGRJ BOUN1030

CE T T L LT e aeang 33 T3 ST P T T L PRSP T IR T T LA T T L T I e Aoty Rl TRy
CE AR A R e o o o e o oo o o R R R R o A o el b ook ok ok R ok R g R Rk R R AR OUINY 050
RETURN BOUN10&0

EF BN S S e S P A P I S T =54 = = = E2F====BOUNI 070
END BOUNLORD
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CE
C/
c

20

S0

a8

40

43

SUBROUTINE CONSTA Cons
INCLUVE COMDIM CONS
[ S SIS F P =IBzEEE S==zssssspIsszzsnsnssRsxz=CoNS
CALCULATE RADIAL=X GEOWETRIC CORRECTION FACTOR 1 (RLN TABLE C1)  CONS
SEILLIIZSESISRSCoSzISIERES: S==z = ':::““*“:::::CONS
o o G G oo e e e —:::::::::::::3::::::: __________ - CQNS
LY 1o I=10IM CONS
DELKID) zRP (I41)=RP (1) CONS
IF(1SHAPE EQ.L)60 TO § ‘ CONS
Rttt 1) =ALOGIRLEEI ZRP (1) ) ZALOG(RP (141 ) /RP(1 ) CONS
G0 10 1u CoMS
RENCLIS(RLIII=RP (1)) /DELR(I) CONS
COHL LNUE, cons
CALLULATE aXIAL=2 GEOMETRIC CORRECTION FACTOR 1 (2LN TABLE ¢y} CONS
O &l JzlsdM CONS
Ubla (J) 2P (J41 ) =2P (U} CoMS
LN S (2L (J)=2P (J) ) JDELZLY) CONS
CONI 1hye, CONS
CALLULATE THETA=Y GEOMETRIC CORRECTION FACTOR 1 (TLN TABLE ci! CONS
U0 wu KzlekKM CONS
DELIKIZTRP(K+1) =TP(K) CONS
TLNIRI S (TLIK)=TP (K} ) 70ELT(K) cons
CONT INUL CONS
A Ak Rk AR R R R g kR R KRR R R BB E R RS R Rk R RS KRRk kg By s CONS
LALCULATE RADIAL=X GEOMETRIC GAP CORRECTION pFACTORS 2 AND 3 CONS
s (RATIOK sRATIOH, TABLLS C2:CH4) CONS
DO gy Izl 1My cons
IFLLoR (1) LE,0)60 TO 40 CONS
16zipK (1)} CONS
IF(1ISHAPE 2@, 1) 60 TO 35 cons
AT LOK (LG SALVG(RP (I+1) /RP(13) /ALOG(RP(T¢1) /RL(I)) CONS
RATIOH(1G) =RL (T ) %ALOG (RP{I+1) /RL (1)) cons
RATIUC (402107 (RL(I)*ALOG(RP(I+1) /RP(I)})} CONS
60 1ty 4o CONS
RATLUK (16 =DELR(II Z(RP(I+1)=RL(1)) CONS
RATLOH{ LI =RP(I+1 ) =R (1) CONS
RATLIOC(40) 21, 0/70ELR (1) . CONS
CONI INyL CONS
RATIUR(NRGIZ0.0 CONS
RATLIUH (IRG) =060 CONS
IF (ISHAPE. EWs 1) 60 TO 43 cons
RATLOVUIWRGE) = 1,0/ (RLIIM)®ALOG(RP (IM+LI/RP(IM))) CONS
GO Tu 4y CONS
RATLIOC (NRG) =10 O/DELR (IM) CONS
CONY Init)e CONS

45
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uo

50

&0

70

a0

o0
io0
110
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200
210
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CE o 20 o o o o R o o R oo RO R R B R gl R R R o o o Rk kR g o i By 2 CONS
cs CALCULATE AXIAL=2 GEOMETRIC GAP CORRECTION FACTORS 2 AND 3 CONS
c e (LATIOK, ZATIOH, TABLES C2sCt) CONS
PO S0 JdzisuMy CONS
IF(WGL(J) JLE,0)60 TO 50 CONS
Joezwed () CONS
ZATLIOR(UG) =DELZ(J) /(7P (Je L) =2l (J)) CONS
JATLONUG) 22P (Jd+1 ) =2l (J) CONS

50 CunIt INUE CONS
ZATLOK(NZG)IZ060 ¢ COoMS
LATLUH(NLO) =060 CONS

CE Y T T T TSI TR e P e PP S PT L E EA S AT TL AN 2 20 2 1 2128 00 L Todo 11
Cs CALLULATE THETA=Y GEOMETRIC GAP CORRECTION FACTORS 2 AND 3 CONS
c o (TATIUK, TATIOH, TABLES C2¢CH) Cons
DO Lu KzlerMy CONS
IF(RLT ) o LE,U)GO TO 60 CONS
NCEINAETY) CONS
TATLORRGISOFLTIK) /(TP (K*1)=TL (K} ) ConS
TATLOH(KG) ZTP (K41 ) =TL(K) Cons

60 CUNTINUL CONS
TATLOR(NTL) =00 CONS
TATLOH(NTO) =060 CONS

CE N Y L T LAt LTI L A T T PR NS 1 2 P T DT TWeL PP T T T 2 P T I R Jof o 1ai)
Ch PASS THROUut ALL BLOCKS TO CALCULATE THE GAP CORRECTION FACTORS CONS
DO 420 LZ1lel 1AX CONS

c LEFLee THE CORNERS OF THE CURRENT BLOCK CONS
LS. (L) CONS

IHS. IH(L) CoNS

JLSn WL (L) LONS

JHSE JH(L) CONS

K5 KL (L) CONS

KHSS WKL) CONS

C IS 47 A COQLANT OR A SOLID MATERIAL BLOCK? «+¢CO0L.pSOLIDe= CONG
IF (s L) oLE.0)GO To 140 CONS

IR A S S S e e S A S P e zz2s==zzCOoNS
c/ CALLULAIL RARIAL=X GEOMETRIC GAP CORRECTIOM FACTOR & CONS
C e {KATIUY, TABLE C3) CONS
IF LG iL) o LE, U060 TO 90 CONS

16z L (IHS) CONS

IF (LGHAPEL£Q, 10060 TO 70 cons
XZALCO{(RL (IHSY=RUG (L)) /RP(IHS) ) fALOG(RP (THS+1) /RL (IHS)) Cons

60 lu 7 CONS

70 X=(RLIIAHS) =Rp(IHS)=RDGIL)I I/ (RP(INS4+1)=RLC(IHS)) CONS

75 L0 o0 JzJlSeJHS Coris

HY L0 KzKLSexHS CONS
RATIQB(1GsJeKI=X CONS
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CE
c/
c

(%33

CE
coe

c

- -
D g W D g st U g > g P s i e, T D eV g B0 O S -

CALLULAIE RARIAL=X GEOMETRIC GAP CORRECTIOM FACTOR &

0 o oK R o K R R R M e A Rk o K g Rk g ok K ke ¥ C ONS

CALCULATE AXIAL=Z GEOMETRIC GAP CORRECTION FACTORS 2 AND 3

e (ZATI0K,2ATIOH) TABLES C2sCh)
DO Yo J=lyuMi

IF (w6l (J) JLE.0)60 TO 50
Jozued (JU)

CATIOR(UG) ZDELZ(J) /(2P (U+l) =2L (V))

ATLIOH(UG) 22P (J+1 ) w2l (J)
50 CUNI INUE

ZATLUK(NZO) =060 ¢

LATLUH(NZG) =040

CONS
CONS
CONS
CONS
CONS
CONS
CONS
CONS
[of o131
CONS

TP T IT T e T T PR T FEMET T T PETTT I TN PN T TR 2 Tele 131

CALLULATL THETA=Y GEOMETRIC GAP CORRECTION FACTORS 2 AND 3

o (TAT LUK, TATIOH) TABLES C2+,CH)
00 L KzlrkMy

IF(ALT(R) LLE,U)}GO TO 60
Koz=noT (K)

TATLOK (RO)SDELTUK) /(TP (K+1)=TL(K))

TATIVHIKG)STP(K+1) =TL(K)
60 CUNTINUE

TATICA(NTLIZ0D.0

TATLOM(NTG) =00

CONS
CoMS
CONS
CONS
CONS
CONS
Cons
CONS
CONS
CONS

Y AW P Y T e T T P T I P A A S T I T TR T L 2L T 2 1 T L Ny I Tofol]1

PASS THAOUue ALL BLOCKS TO CALCULATE THE GAP CORRECTION FACTYORS

DU 120 Lz=1l,L 4AX

LEFLE THE CORNERS OF THE CURRENT BLOCK

LS. (k)
IHS= LH(L)
JLS= JL (L)
JHSZ JUH (L)
KlkS= KL (L)}
KHSZ RKH(L)

I5 11 A COOLANT OR A SOLID MATERIAL BLOCK? «i1COOL,»SOLIDt=

IF (s (L) o LEL 0060 To 110

D TR e e B o e St s T e o B TR 1 40 = s s e T Y e B0

e (KATIUS, 1ABLE C3)
IF(huo (L) oLE,0.0)60 TO 90
161K (IHD)

IF (15HAPE.£Q,1)60 TO 70

TALCU((RL(IHS)=RDUG (L)) /RP (IHS) ) sALOG(RP (IHS+1) /RL(IHS))

GO 1u 7o

70 X=(KL{IHS) =Rp (IHS) =RUGIL) ) /7 (RP (1MS+1) =RL(IHS))

75 LO LU JzJILSHUHS
LY b0 K=KLS,kHS
KATLOB{1GsJeK)=X
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80 CONTINUE CONS 920
Cz=z=3zzzo=c=ossss=ssczsossssSsSsssEs o EEsCECE RIStz s aS=s==CONS 930
(ot CALCULATE AXIAL-Z GtOMETRIC GAP CORRECTION FACTOR 4 CONS 940
c e (ZA1104, TAbLE C3) CONS 950

90 IF(cLLIL)LLEL0,0)60 TO 100 CONS 940

JOZULL (JHS) CoMNS 970
X= (el AJHS) =Zp (JHS ) =26 (L) ) /7 (ZP (UHS+1) =2L (JHS)) CONS 9180
DO Yy IzILSeIHS CONS 990
DO 94, K=KLS»kHS CoONS1000
LATLIOB(UGrIsK)SX CONS1010

95 CONT IiNUL Cons1020
o PP P P e P LT P L L P L A T T T =c= Sz===CONS1030
C CALLILATE THETA=Y GEOMETRIC GAP CORRECTION FACTOR 4 CONS 1040
c e (TALIVs, TABLE C3) ConNS1050

100 [F{ILG(IL)WLE, 040060 TO 120 CONS1040
KOZKGT (KHDS) CoMS1070
XZ(ILAKHS) = TP (KHS) =TDG (L) ) /(TP (KHS+1) =TL(KHS)) CONS10a0
O 1pb L=ILS, IHS CONS1090
PO 10D J=JLS,JHS CONS11n0
TATIOL(KRGrIru)=X CONS1110

105 CONIT1WNUE CONS1120
LV U 120 CONS1130

Ct 4**‘4**t**$#t***t*t#**!*‘***t‘t#tt**‘*t***t#‘#t#tt**t#‘tt*##t“**tCQNS11q0
c/ CALCOLATE THE RADIAL~X CORRECTION FOR RADIATION ACROSS A COOLANT CONS11g0
¢ AVOly, OUTSIDE RADIAL=~X COOLANTS CONS11A0

110 IF (ILS,EW, 1 +ORs IHS EQ, IMAX) GO TO 212 CONS1170
IF(asHAPEEQ, L) GO TO 214 CONS1100
X=RE (ILS=1) ZRL(L1HS) CONS1190
60 10 216 CONS1200

212 X=0.0 CONS1210
GO 10 216 CONS1220

214 X=1l.0 COoNS1230

216 IGZUGR(LHS) CONS1240
LO 115 Ju=JLS,JHS CONS1250
0O 11Y K=KLS,KHS CONS1260
RATLOB(LGrdek) =X CONS1270

115 COWNIINUE CONSi2a0

(o t*#****tt****tt*t****'#*‘***‘tttt#*#*‘t**#*****#t#*‘t#**t*t###*#‘tCONS1290
C HAVE ALL BLOCKS BEEN CHECKED? ='yES,NOs= CONS13n0

120 CONTINUE CONS1340
RETURN CONS1350
END CONS1330
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SUBKROUTINE GEOMET GEOM

INCLUDE CoOMDIM GEOM
Ceszmzmzmozzooz=zzzzs —maaSmZaxcRSE ===-"""=========:=::=======:=======:=:—GEOM
cb CALCULATE THE GLOMETRICAL FACTOR AND CELL VOLUMES FOR NODAL POINTSGEOM
C= SSS-IZSsZS=SSSSSITSSZasES === ==== == =GEOM
C ERRUKR STOPS GEOM
c GEUMLTL  SOME POINT HAS A NEGATIVE CALCULATED VOLUME GEOM

c PASs THROUGH ALL PLANES IN THE RADIAL-Xx DIRECTION GEOM
00 4ol I= 19IM GEOM

c 15 A RAUIAL=X GAP ADJACENT? ='NO,YESt~ GEOM
IF(lei(I)+£Q,0) GO TO 10 GEOM
SEIESZoCEZCorETSSSSRISSSIISSSRRESEISIsSISIESISISESSIISEEESSSSISISISSSzEzIGEOM
C ASSLgit THE RADIAL=X GAP INDEX GEOM
16 1GR(1) GEOM

6O 10 20 GEOM

SRS CCELSSSSISSISSSISSTSZIZSSSSSS = == = o= S====GENM
C SLT The RAQIAL=X GAP AVERAGES TO ZERO GEOM
10 IGAFz (FALSE, GEOM
WwoJhz= 0,U GEOM

DEKVz 0.0 GEOM

VOR= U, U GEOM
T T T T T T T T Pt L PP P e e PE AT LR e D B Sl e
c FOR A GIVEN RADIAL~X PLANE, PASS THROUGH THE AXIAL=Z COLUMNS GEOM
20 LU Su0 Uz 1ruM GEOM

C 1S AN AXIAL=2 GAP ADJACENT? «'NO,YESt= GEOM
IF (J02(J)EQe0) 60 TO 30 SEOM
Cz=zzz=zzizzzzS=z=zazss e S s S sz== ===z S==S==6EOM
c ASSLGN THE AXIAL=Z GAP INDEX GEOM
Joz Juez(J) GEOM

JOAL = (TRUE, GEOM

L0 10 U GEOM
[+ 3t P St 43 Pt P P L e b ] S====GEOM
c S&T THE AXIAL=Z GAP AVERAGES TO 2ERO GEOM
30 JOAL = JFALSE, GEOM
LelInz 0.0 GEOM

LoKiz 0.0 GEOM

uod=s 0.0 GEOM
Czzzsms=zozzz=zozzos S== sS=== s===== ESs=CEz=sssSs=T=Sz=GEOM
C FOR THE GIVEN AXIAL=-Z COLUMNS, PASS THROUGH ALL THETA=Y POINTS GEOM
40 0V <0V K= LoKM GEOM
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c IS A THETA=Y GAP ADJACENT? =tNO)YEStI=~ GEOM
IF (KGT(K).EGe0) 60 TO 50 GEOM
C:::::::::::::::::::::-:::::::::_:::-:::---:::::::::::-:::::-:: SSTT====GEOM
C ASSIGN THE THETA«Y GAP INDEX GEOM
KO= KOT(K) GEOM

KOAP= (TRUE, GEOM

6O 10 7u GEOM
C:::::::::::::::::::: ------------ ===== == === ST IRTT====GEOM
SET Tt THLTA=Y GAP AVE«AGES T0 2ERO ‘ GEOM

50 KoAPz ,FALSE, ' GEOM
P6lw= 0.0 GEOM

HOJI= U.U GEOM

neT= Ueu GEOM
S S S e e R P R e T e e R T
C 1S A RALIAL=X GAP AUJACENT? ='NO,YESt=~ GENM
70 IF{(JHUT,IGAP) GO TO 80 GEOM
[0t P bt P Lot L it P e S 444 s==== =R==GEOM
C ASHS1,N THE RADIAL=X GAP AVERAGES GEOM
odhs (UVAPR{IG,J,K)4GAPR(IGIJ+1,k) ) 50,5 GEOM

LoRwz (GAPF (16Ul ) +GAPR(IGIJrK+1)} ) %0,5 GEOM

Lotz LAFR(IL,JK) GEOM

L L L e e e PP S R R e e s e F
C 15 nit AXRIAL=Z GAP AUJACENT? ='NO,YESt= GEOM
80 IF(«NOT,JuAP) Gu TQ 90 GELOM
C::::::::;:::::::::::::::: ----------- So=TazSsRszszss==s =nzz==c=soSes=SGEQM
c ASSLG 1k AXIAL-Z GAP AVERAGhS GENM
LOlnzlonld(Jor 1ok +GAP2(JG) I+1,K) ) %0,.5 GEOM
Ub'\l_(rp\* L(du' I 'K)"'UAPZ(JG! I 'K"'l) ) *0.5 GEOM
NOULAGAP (Jur 1K) GEOM
R e F F i - S P R F PR F 5 ] === ==== =====GECM
C 15 4 THeTA=Y GAP ANYACENT? =*NO,vES= GEOM
90 IF (VT RGAP) GO TO 100 GECM
gttt bt f gt fefad e ot rpe ot~ ot e =t~ == S==z=GL oM
c ADSILI THE THETA=Y GAP ZVERAGES GEOM
DOTuz (GART(Kor 1o Jd) +GAPTIKG I41,J) ) 40,5 GEOM

DOdlz (GARPT(KG o Lo U2 +GAPT(KG 19 d+1) 1 %0,5 GEOM
VOTZCAPT(KGY T ) . GEOM
C:::::::::::::::::;::::‘--:::::: ----------- SEEECSSESTCSESIRSsISZESSS=SaSCE0M
c 15 1)k LEOMETRY CYLINDRICAL OR RECTANGULAR? @ tRECT 4+ CYLINg = GEOM
100 REX~nl.(i=1) GEOM
1F (XcCUol) RLX=0+0 GEOM
hXngsl(J=1) GEOM

IF (J .cUe 1) 2ZLX=0,.0 GEOM
TLXZTe (n=1) GEOM

IF (hetwel) TLX=Z0.0 GEOM

IR (ISHAPELNE,L0) GO TO 150 GEOM
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C
c

C
c
150

1000

1500

S=SZzssoEsS=SSSSssSssTISsSIISRSsSzs3sSSSISSIzISITEIISSIISISSSSS=IzSGEOM 920
CALCULATE THE GEOMETRY FACTOR ANp NODE VOLUME FOR A GEOM 930
«CYLINORICAL GEOMETRY GEOM 940
RR(LyJoKIZ(ZL () =ZLX=DGIK) % (TL(K)=TLX «DGlJ ) /7ALOG(RP(I+1)/RP(I)) GEOM 950
RZ(L s rR)ZCRLT) =pGJIK) #42=RLX*%2) % (TL(K) =TLX=DGJI) / (ZP (J+1)=2ZP (Y)GEOM 960
X)*0,b GEOM 970
KT (L, Jsk )= (RLEI)=RULA=DGKI) % (2L (J) =2LX=DGKI) /(RP (1) % {TP (K+1) =TP (K) YGEOM 9A0
X) GEOM 990
V(IOJOK)=((RL(I)-DGR)**Z“RLX**Z)t(ZL(J)'ZLx-DGZ)*(TL(K)“TLX-DGT) GEOM, 000
Xx0,0 ¢ GEOM1010
0O 10 199 GEOM1050
CALLULATE THE GLOMETRY FACTOR ANp NODE VOLUME FOR A GEoM1030
oKECTANGULAR EOMETRY GEOM1040
RK(L-doK)=(TL(K)-1LX-UGIJ’#(ZL(J)'ZLX-DGIK)/DELR(1) GEOM1050
R (Lo K)S(TLIK) =TLx=DGJI) % (RL () =RLX=DGJIK)} /NELZ(J) GEOM1040
hT(l'JoK)=(RL(1)-RLX-UGKJ)*(ZL(J)'ZLX‘DGKI)/DELT(K) GEOM1070
V(I'dok):(TL(K)—TLX—DGT)#(RL(I)-RLX-DGR)*(ZL(J)‘ZLX'OGZ) GEOM10a0
IF (v(I.JrK) LT, 0.0) CALL ERROR (7HGEOMETY) GEOM1090
CONI I EO0ML 100
4****1;*#***4***t#*;**:*4***‘***;*tt*tt***t*#*t**t**t*.*tt*ttt*#‘tcfom1110
CUNT el GEOM1120
COHIY INUL GEOM1130
SZozizsizSSSSsISSISsEsSISESISSzozsSs ==== === =ZITSGEOM1140
CLEmiv=UP CALCULATED ARRAYS SO THAT ONLY PHYSICALLY MEANINGFUL GEOM11g0
DATA 1S PRESENTED GEOMi 140
w0 lovo I=1/9IMAX GEOML1170
LU LU0 K=1exKMAK GEOM11a0
fECapdvnXeK) 0,0 GEoM1190
RE(1s1on)=0eD GEOM1200
RT (4l en)=060 GEOM1220
rRY (1, J 'AXeK)=040 GEOMY230
vile1eK)ZUL0 GEOM1240
vIIsUMAXIK)IZ00 GEOM1250
CON INUL GFOM12a0
PO 15,00 J=1yUMAX GEOM1270
wO 1400 K=1,xkMAX . GENM1280
RE(ANAXIJIK) =040 GEOM1290
RZ(1sJeKIZ=040 GEOM1300
RT (IMAXKIJIK)IZ0,0 GEOM1310
kT(L.J.!\);U-O GEOM1 320
KR{LmAX»JrK)2040 GEOM1330
viledrK)=0,0 CEOM1340
VIIMAX e JeK)Z=0.0 GEOM13%0
CONI pHULE GEOM13AK0
WO L0Vl I=1eIMAX GEOM1370
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DO <000 J=1sUMAX GEOM13a0
RT(LsJoKMAX) =040 GEOM1390
RR(l,Js1)=0.0 ! GEOM1400
RR(1sJrKMAX)=0,0 GEOMiu40
RZ(Lsdr1)=000 GEOM1i420

RZ(4 s KMAX I =040 GEOM1430
VviIsdr1)=0,0 GEOMi kY0
vilrJrKMAX) =00 GEOM1 450

2000 CONIINhuUE . GEOM1460
Cz=zzzmznizs==scsoszzng==zgz2==S me==== s oREERIEC e ===GEOM1 470
c SHOLLD The NODE VOLUMES AND GEOMETRY FACTORS BE PRINTEDP? ~'NO+YESY'GEOMI4A0
IF (10T, SW{4)) RETURN GEOMiU90
[+t P L et TP P R e L - === = ===Sz==GEOM1500
WwhITe (6el03) (ZA(1), I=1012) GEOM1510

wWhITh (belU4) GEOM1520

1ul FURMAT (47X 26HNODE  yOLUMES (FT*%3) 7 ) GEOM1530

C PRINT THE VOLUMES GEOM1540
CALL ARKAY1 (lDUMsy,2) GEOM1550
CemcEmzzizozsosssssTsSSozsISsSSoIsSZmszsSss ==== = ====2=GEoM1560
WRITL (60103) (ZA(I), I=1012) GEOM1570

WRITL (welOl) PNA4E(L)s PNAME(1) GEOM15a0

101 FORMAT (19Xra6035H GEOMETRY FACTOR (HEAT FLOW AREA/ARs52H DISTANGEOM1S00
“Ct) BEIwEEN POINTS (ledyK) AND  (I+1,J9K) ySX,4H(FT)/) GEOM1600

c PRINT THt RApIAL=X GEOMLTRICAL FaCTORS GFNM1610
CALL ARKAYL (LlLUMPRR,2) GEOM1620
o S S P PR R R P PR E HE S 5 S=SSERIzS=zo=EssEs Sz===GEOM1630
wRITE (60103) (ZA(I), [=1012) GEOM1640

wRITE (00102) PNA1:(2), PNAME(2) GEOM1650

1u2 FUKRAT (19XeA0»35H GEOMETRY FACTOR (HEAT FLOw AREA/Ag»S2H DISTANGEOM1660
=CE) LETWEEN POINTYS  (IedeK) AND  (T9J+l,K) 9sSX,4H(FT) /) GEOM1670

¢ PRILT THE AXIAL=Z GLOMETRICAL FACTORS GEOM{6n0
CALL ARKAYL (1DUmeRZ,2) GEOM1690
[ttt et e e e e S S L S R TR N R Y0
o PRINT THE THETA=Y GLOMETRICAL FACTORS GEOM1710
WRIIE (00103) (LA(I}, [21012) GEOM1720

#RITE (64107) PNAME(3)s» PNAME (3) GEOM1730

107 FUORMAT (15XrAo»35H GEOMETRY FACTOR (HEAT FLOW AREA/Age52H DISTANGEOM1 740
=Ct) BETWEEN POINTS (IeJeK) AND (1,J)K+1),5X,4H(FT)/) GEOM1750

CALL ARKAYL (IDUMIRT,2) GEOM1760
(- R R P R S e P P S S R P ==== =ST==z=GEOM1770
RETURN GEOM17a0

(o S LS P PP L P PP AP T T e P e 3 = ==== === S====GEOM1790
103 FORmAT (1H1930X012R64¢77) GEOM1800
e T R R R A e e R R e e STZTSEESIzzxzEa==ss ====GEOM1810
LND GEOM1820
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SUBROUTINE ARRAY1 (IXe X IFY)
INCLUVE COMDIM

- . A - " T g o dm T

ST 10,JQ0KQ) HIX ( 1Q,J@sKQ)

DIMENSTON . NUMUER( 50) #X
DATA NUMBER /102930“'5o6v7c8.9910911912'1301“015'16'17v18'19.
- 20021'22'23'2“-25026027023129v30031'32'33'34035'
= |56957'3ﬁ!39vH0!41'“2043!u“'“50u6o“70u8949950/
C::::::::::::::::::::::::::::::::::::::::::::: ----- sZSmzsTEoSESIIITESSs
c wRITE THE PROPER HEADING
NADLZL0

IF (1FY.EW,1) NADDz25
GU U (10920030), NPRINT
10 4RITE (bed) PNAME (3)  PNAME(2)
1 FORMAT  (LHO, 42X 4HTHE yA6,27TH(K) DIRECTION IS HORIZONTAL/43Xe
«4HTHE s AL 2DH YD) DIRECTLON IS VERTICAL)
Mz i AX
M=KmAX
60 10 40
20 wRIIE (Ls2) PNAME(1)» PNAME (3)
2 FURMAT  (1HO 4249 ¥HTHE WA6,27H(I) DIRECTION IS HORIZONTAL/U43X?
“4h Tk oAb 25H(K) DIRECTION IS VERTICAL)
MA=UAX
s ImAR
o0 10 40
40 vKlie (603} PNAME(1) » PHAME(2)
3 FURMAT  (LHO, 42X, 4HTHE +A6,27H(1) DIRECTION 1S HORIZONTAL /43X
~4HTHE s AD25H(J) UDIRECTION IS VERTICAL)
WMk 1AX
il=In AX
40 0 vuu MILleMa
UMz
100 NUsLziyM2+l
SUMe ziNum2 +NARD
IF(“UMZ 0T, N) NUWZ:N
(F (UMl o£Qe 1) WRITE (604) PNAME(NPRINT)) M
4 FURRAT(LHO, /148X A6 2H (o 12,7H) pLANE)
IF LIFY o.EG. L) GO TO 219
JRIVE(6,220) (NUMBER(L) o LENUM1 o NUM2)
220 FORMAT(1H0-11109112)
60 1o 221
219 aRliL (0r225) (NUMBSER (L) o L=NUML, NUM2)
225 FORMAT (1HO»5X02515)
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c

221 wRITE (6.,170) ) ARRA
170 FORMAT (1HD) ARRA
GO 10 (200,300,400) yNPRINT : QRRA
ittt bt bttt A S S SR R P P A S P R N
OUTPUT PRINT IN RADIAL=X OIRECTIQON, THETA=Y DIRECTION HORIZONTAL, ARRA
AXInl~2 DIRECTION VERTICAL ARRA
Pt gt Fobb et oot o for bttt bttt bt S I S St S L L F Y210
200 DU 420 J=1,JuAX ARRA
6O TU (4211422+423),1FY . ARRA

el wRITL (ore038) Ja (IX(M0JrK) pKNUMY e NUM2) ARRA
203 FURMAT (14,1X016,2415) ARRA
60 10 420 ARRA

Be2 wRITL (Lec0l) Jo (X(MpJdeK) 1 KSNUML ,NUM2) ARRA
201 FuRmAT (I4,1Pl0E12.4) ARRA
6O Tu 420 ' ARRA

423 wRITE (6s202) Jo (X(MoJrK} P KENUML ,NUM2) ARRA
202 FORMAT (I4,1P10L12,5) ARRA
4elO CONYIHUE ARRA
IF(WuM2 JLTe N) GO TO 100 ARRA

GO 1y wuv ARRA
bt S P A S P P R A S P PR S S P P e R S PSRN EY
VUTHUT pRINT IN AXIAL=2 DIRECTIOnN» RADIAL~X DIRECTION HORIZONTAL, ARRA

THE A=Y LIRECTION VERTICAL ARRA

ppof et oot adcppestonfadre-troSrs gt g P =gt ittt tmdeddr b3 :-‘-::ARRA
300 1,0 ocu Kzl,KvAX ARRA
GO 1y (321,322:323),1FY : ARRA

Jel wRITE (6L,203) K, (Ix(x.M K)y ISNUML,)NUM2) ARRA
GO 10 320 . ARRA

3z2 wRITE (60201) Ks(X({I,MsK)e I=NUMjy»NUM2) ARRA
60 10 3«0 ARRA

3¢3 WKIIE (00202) Ko (X(I,MoK) e I=NUMjeNUM2) ' ARRA
320 CUNTINUL ARRA
IF (M2 LT N) GO TO 100 ARRA

WO 0 660 ARRA

P et ettt P TS E P S S S PR I P LT e F S S PP L I Y=Y
QUTFUT PRINT IN THETA=Y DIRECTIONs RADIAL=X DIRECTION HORIZONTAL, ARRA
AXIAL=/ OIRECTION VERTICAL ARRA

SR RSN CLIRIoNISIEEIZEISSSEIZREERISIER S=sTzsZszIsosssSIssIszoss=ssssTzszsARRA
400 110 <3l J=1,UMmAX ; ARRA
GO 10 (231,232/9233), IFY ARRA

231 WRITE (0y203) Jy(1X(XrJdeMII=NpMLeNUM2) ARRA
60 To 230 ARRA

232 wRITE (60201) Jo( X(IedoM), ISNUML P NUMR) ARRA
0 10 240 ARRA

253 WRITL (69202) Jr( X(IrdeM), I=NUMY e NUM2) ARRA
230 CONTINULE ARRA
600 CONTINUL ARRA
RETUKN ARRA

B T A P P I T I E P i A I P P P S L YR
END ARRA
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SUBROUTINE DPRINY DPRI
INCLUDE CoMDIM DPRI

== =zss===z2=s==DPRI

DPR1

-------- —---—-——--=-DPRI

=z3$====DPR1

c/ PRINT Tt KRADIAL=X POINTy GRIDLINE. AND BOUNDARY ASSIGNMENTS DPRI
WRIIE (Lel0U) (LA(X), I=1012)y PNAME(1)s» PNAME(6)s PNAME(7), OPRI
~pNARME (6) 9 PNAME(T7) DPRI

100 FURMAT(LHL»30Xe12A00//77+24X0A6,23H BOUNDARY ASSIGNMENTSe//e3Xe  DPRI
=aHSEGUENCE , OX » SHPOTIHNT 19X s IHGRID L INE2»6X ¢ 14HCOOLANT OR GAP/Y4X, DPRI

= MU WBER g 85X 0 sHLGCATION ) 8X 2 eHLOCATION» 7X» 1SHBOUNDARY NUWBER/ DPRI
=18Xs2A0, X0 2A0/) DPRI

O «n IzleiMAX DPRI
TeManP (1) *12,0 pPRI

whlle (oel0?)IHNTEM DPRI

It (lebLwedMAX) GO TO 20 DPRI
Tem=nl (1) #12,0 DPRI

IF (1uR(1),67.0) 60 7O 10 DPR1

WwRIIE (Ledub) 1yTEM DPRI

6O 1u 2u nPrI

10 I6z=acr(l) pPRI
"Nllg(boIUb)IvTLMoIG DPRI

¢0 CUNT INUL DPR1

CE FOKA A g A AOK KR I OO K o i AR g A o R e ok ok kR ok ook R R R DPR T
C PRLILT THE AKIAL=Z POINT,» GRID LINES AND ROUNDARY ASSIGNMENTS DPRI
wRITE (0el00) (2ACI), I=1012)0 PNAME(2)» PNAME(6)» PNAME(T), DFRI

*PNAi (o) s PNAME(T) . pPRI

LY 4udzs 1edMaX nPal

TEM= 2P (J)%12.0 , DPR1

WJRIE (oelyT) JeThi . DPRI

IF (Jdebkb.JiAX) GO TO 40 NPRI

TeMz LL(J)x1,,.0 DPRI

IF (JOZ(J),6T.0) &0 TO 30 pDPRI

WRIVE (brlD6) JyTEM DPRI

60 10 4o DPRI

30 JG= UGz (J) . DPRI
SRITE (60105)rTEM, U6 DPRI

40 CUNITINUL OPRI

CE A AOKOR oA A o 0 0k K g e o e o R e o 2 g 3 g o o o e 2 o o o o 0o o e o ol g e B ok oy B e KD PR T
(¥4 PRINT THE THETA=Y POINT AND BOUNpARY ASSIGNMENTS DPRI
WRITL (0sd00) (ZACI)I=1012)PNAME(3) »PNAME (4) oPNAME(S) r PNAME(4), DPRI
=RNAML () DPRI

DO oo Kz1leKMAX DPRI

TEM= TP(K) xSCALE DRRI
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c
c

c

WwRITE (00107) KeTEM DPRI

1F (K+EG.KMAX) ©0 TO 60 DPRI

TeM= TL(K) *SCALE DPRI

IF (K6T(K),6T+0) GO TO 50 DPRI
WRINE (60106) KyTEM pPRI

G0 10 6u DPRI

50 KOG= KoT(K) OPRI
aRIIE (60105)KeTEM,KG DPRI

00 CONTINut ¢ oPRI

t P e e Pt TP E e P S R IR AT PR R T 2L L DI AL S L 2L L P deloled
RETUKN DPRI

SIS NECCILTLIIIISCESCSRSZSSSSISSSSSSSEzEs = ==SsszszszsssERsz==DPRI
1U5 FORMAT (3XylerleXsFi6.4rIl6) DPRI
106 FORMAT (3X,IarloXeFleelt) DPR1
167 FORMAT (3% 139 3XiFLlbed) ' DPRI
==::=::::.:::;:::::::'.::::::::::::::::::::::"‘ === ===== -::::DPRI
END DPRI
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SUBROUTINE INITEM INIT!
INCLULE COMDIM INIT

P e N S T Pt R R R P e e S e e P S T R S P S T e
gb ASSLIGW THE INITIAL TEMPERATURE DISTRIBUTION INIT
e S S e  h e e e = = sz=z==sINIT
C INITEML THE TEMPERATURE BLOCK*S LOWER RADIAL=X BOiNDARY DOEg INIT
(o W01 COINCIVE wITH ANY OF THE RANIAL=X GRID ROUNDARIESINIT
C INLTEMR2 THE TEMPERATURE BLOCK'S UPPER RADIAL~X BOUNDARY DOEg INITY
C NOT COIMCIDE wITH AnY OF THE RANIAL=X GRIp ‘ROUNDARIESINIT
c INLITEMI THE TEMPERATURE BLOCKYS LOWER AXIAL-2 BOU-DARY DOES INIT
C NOT CoInCIDE wITH ANY OF THE AXIAL~Z GRID BOUNDARIEG,INIT
C ANITEMY THe TEMPERATURE BLOCK'S UPPER AXI1AL=Z BOUNDARY NDOES INIT
c NO1 COINCIDE wITH ARY OF THE AXIAL=2 GRID BOUNDARIES,INIT
C LETEMD THE TEMPERATURE BLOCK*S LOWER THETA-Y BOUNDARY QOES INIT
C NOT COINCDE WITH ANY OF THE THETA=Y GRID pnOUNDARIES, INIT
c INITEM6  THE TEMPERATURE BLOCK'S UPPER THETA-Y BOUNDARY DOES INIT
o NOT COINCILE wITH ANY OF THE THETA=Y GRID BOUNDARIEG,INIT
C InlTem? AN INITIAL TEMPERATURE HAS NOT REEN ASSIGNED TO SOME INIT
C INTERJAL POINT, INIT
¢ ==3SzIzzosssISIsSoosIsIEass ===z =s=====INIT
C=sz==z==zz==z=z=zz=== S=== =Xzz====== ====INIT
c SET ALl INTERNAL TEMRERATURES TO ZERO ABSOLUTE INIT
DO 10 I=2e1M INYIT

DO 15 Jzs2euM INIT

LO 40 Kz291KM INIT
TT(isdeK)IZ040 INIT

10 CONIINUEL INIT
- O P P P P T T P S P L P T 2 SRS s=zsSscssSTzsoEsns=s==INIT
c SET ALL EXTERNAL RADIAL-X COOLANT TEMPERATURES TO ZERO FAHRENHEIT INIT
U0 cu JzirJMAK , INIT

VO L0 K=1lrKMAX INIT
TT(LoJen)ZU6040 INIT
TT(atiAX s JeK ) =460,0 INIT

20 CON INUL INIT
SR S S P P TP PP P P PR P P P S L T 1 5 === ==2==zINIT
c SET ALL EXTERNAL AXIAL=~Z COOLANT TEMPERATURES TO ZERO FAHRENHEIT INIT
V0 du Iz1rIMAX . INIT

0O S0 KzleKMAX INIT
TT(aelyKIZ46040 INIT
TTUl,JAaXeK)Z460U,0 INIY

30 CONTINpL INIT
C::::::::::::::::::::::::-_ P T ===_=:::====="'"--INIT
o SET ALL EXTERNAL THETA=Y COOLANT TEMPERATURES TO ZERO FAHRENHEIT INIT
DO 40 I=1,IMAX INIT

00 40 J=lrJuMAX INIT
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TT{l,Js1)=460.0 INIT
TT(1l,JyKMAX)=460,0 INIT

40 CONi INUL INIT
-----__-_;;:::--——--—- ==::::::::::::::-:::::::::-::_--:-::::::::---1NIT
SESRSITszzizzIzsnzISzEI=zs [_=ZSZ=IZST ===== === ==z== =INIT
KREAD ANu CONvERT TiHt. GEOMETRIC DATA OF A TEMPERATURE BLOCK INIT

REAL (99 100)RAINyRMAX, ZMINe ZMAX » TMIN, TMAX,FLAGL,FLAG2 INIT

HAVe ALL INITIAL TEMPERATURES BEEN READ? =tYES,NO'= INIT

IF (RML+CAAXH ZIAING ZMAX+ TMIN$TMAX EQL,0,0) GO TO 1000 . INIT

CALL FCARL (HeDaRMIN,RMAX e ZMIN, 2MAX,» TMIN, TMAX,FLAGLFLAG2) INIT
e e e e R S S S e - P R R e S k)
CONVERT THE TLMPERATURE BLOCK DATA TO THE CORRECT UNITg INIT

IF (il oLE. Do) RAIN = 1,0F=g INIT
RIATG=RalN/ZL2,0 INIT

IF (KkiMAX oLE, 0.0) RMAX = 1,0E~§ INIT
RMAAZR 14X/ 12,0 INIT
ZMIi=4t iN/12,0 INIT
LMAA=LNnX/ 12,0 INIT
TMInzT 1iN/SCALE INIT
(MAA=T. AX/SCALE INIT
SERESCSTLIIZoSZTTSsISssSgso=IzssSss Z=mzm=sz Sxzzzszzoss === ====zINIT
ASS1GIN 1HE URPER AND LOwER RADIAL=~X LIMITS OF THE TEMPERATURE BLOCINIT

Fliuu The 14UEX OF THE LOW RADIALLX TEMPERATURE BLOCK BOUNDARY INIT

[T EARENTES ¢ 7 IS §11 INIT

JF(h 3 INJLES1, 00003 %RL{T) s ANDoRMIN,GE.0,999994RL(1))GO TO 60 INIY

Cull Ingue INIT

A A K A K o s e o 00 o o o o g K R o Rk Ko ok e Ko Rk ok ok e kR ko R gk TN T T

THE LOu KADIAL=X BOUNDARY LIES OUTSIDE THE SYSTEM INIT

CALL ERROR(7THINITEML) INIT
3t R S b f ettt b b e o bbbttt e et et P P e P L R D G
ASSILN THE IWwWEX OF THE LOw RADIAL=X TEMPERATURE BLOCK BOUNDARY INIT
IMl=1+1 T

11z, IMIT

FAINU Thk INDEX OF THE H1G6H RADIAL-X TEMPERATURE BLOCK zOUNDARY INIT

Wl 7U 1=lleIM INIT

IF (aMAX ks 1,U00014RL(T) s ANDRMAX 4 GE+0,999994RL (1))GO TO 80 INIT

CONI INYL INIT
4**»**¢4*#*4****:*4*****#*t*t***************************ttt****t*#INIT

fHE iGH KADIAL=X BOUNDARY LIES QUTSIDE THE SYSTEM INIT

CALL ERKOR(THINITEM2) 1N§T
e S T L e e e e P T S S S SR A |
ASHLILN THE INDEX OF THE HIGH RADIAL=X TEMPERATURE BLOCK RBOUNDARY INIT
IMALY INIT
ADJLST 1HE APPROPRIATE INOEX IF tvHE BLOCK DESCRIBES AN EXTERNAL  INIT
+COOLANT INIT

IF (IMA.EQ.1) IMI=} INIT
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IF (IMI.EQ,IMAX) IMA=IMAX INIT 920

CE BEA kRN KRR RS RN AR AR R A R R KRS kR EkE ¥ INIT 930
(") SSIGN THE UpPER AND LOWER AXIALLZ LIMITS OF THE TEMPERATURE BLOCKINIY 940
Cs FINu THE INDEX OF THE LOW AXIALe=y TEMPERATURE BLOCK BOUNDARY INIT 950
U0 110 usl,dm INIT 960
IFCemINGLEC1,00001%2L (J) e ANDeZMIN.GE+049999922L.(J))GO TO 120 INIT 970

110 COWiIiNUL INIT 980
CE A A o A O gk R R AOR R OK s AR Rk kR R Rk K kR E kB Rk k INIT 990
c THE VW AXIAL=Z BOUNDARY LIES OUYTSIDE THE SYSTEM ‘ INIT(0nO
CALL ERROR(7THINITEMS) INIT1010
C=Ss=cscsascoooozzsoTsTSssSSSsS=====ss=zosSs o= sseTScoorass====nz=INITL000
C ASSL106v 1HE INUDEX OF THE LOw AXIAL=2 TEMPERATURE B8LOCK SOUNDARY INIT1030
120 JMIzg+1 INIT1040
Jiz=u INIT3050

Cs Fiu THE INDEX OF THE HIGH AXIAL-Z TEMPERATURE BLOCK BOUNDARY INIT10g0
DO 130 JsJleuM INIT3070

IF (aMAXLEa1,00001%2L (J) « AND o ZMAX o cE ¢ 0499999421 (J) )GO TO 140 INIT10R0

150 CONILNUL INIT1090
CE AR A R AR gk R R g kR o Rk kR K Rk Rk g kg X INIT1100
C THE j1IoH AXIal=Z HBOUNDARY LIES O(yTSIDE THE SYSTEM INITL1t0
CALL ERROR(7TAINITEML) INITS100

(o ASSLGN THE INUEX OF THE HIGH AXIaL=z TEMPERATURE BLOCK BOUNDARY INIT1130
140 JUMA-U INIT1140

c ALJUST THE APPROPRIATE INDEX IF yHE BLOCK DESCRIBES AN EXTERNAL  INITI1S0
¢ e COOLANT INIT1160
IF (UMALEQ_ 1) JMI=) INIT1170

IF (UMI EW,JLAX) JIA=JMAX INIT11A0

CE A oA o A K K K o A K A R oK g i R Rk Kok R ko ko gk X INIT 1190
cB ASSioN THE UPPER AND LOWER THETASY LIMITS OF THE TEMPERATURE BLOCKINITiZ2n0
cs FINL THE IWDEX OF THE LOW THETA=y TEMPERATURE BLOCK BOUNDARY INIT1210
DO LHU KzZ1l,Kim INIT1220
IF(IMINLLE.L,U0U0LETLIK) ¢ AND  THINGCGE+0.99999xTL(K))GO TO 160 INITI230

150 CONT Iyt INTT1240
CE AR oK A o Ao T AR A o R g R g R R R R R ko R kg R INIT 1250
c THE LOUs THETA=Y BOUNDARY LIES OUTSILE THE SYSTEM INIT1280
CALL ERKOR(7HINITEMS) INITI270
Cosz=azssos=sz=Iooz=SosSssss==S3z3szSs==s === ====INIT12Aa0
C ASSL6H THE [WUEX OF THE LOy THETA-Y TEMPERATURE 8LOCK BOUNDARY INIT1290
100 KMlzk+1 INIT13n0
K1=K INIT1310

c/s Flidu Teie INDEX OF THE HIGH THETA-Y TEMPERATURE BLOCK BOUNDARY INIT1320
w0 170 K=K1exM INIT1330
IF(IMAXGLE.1,00001%TL(K) e AND TMAX ¢ GE ¢« 0.99999xTIL(K))GO TO 180 INITL340

170 CONT 1lNue INITY 350
CE AR g A R AR kKR OR R Kk R R R KRk R kR Rk ok Mk R INT T 1360
C ' YHE HlGH THETA=Y bOUNDARY LIES OyUTSIDE THE SYSTEM INIT1370

130



CALL ERROR(7THINITEms) INIT13R0

c ASSLoN THE INDEX OF THE HIGH THEYA-Y TEMPERATURE BLOCK BOUNDARY  INIT1390
180 KMAzK INITL400

c ADJUST THE APPROUPRIATE INDEX IF vHE BLOCK DESCRIBES AN EXTERNAL INIT1410
C ¢« CUOLANT INIT1420
IF (KMA,EW,1l) KMI=1 INITIL430

IF (aMI.EOQ,KrnAX) KMAZKMAX INIT1U42

CE A A g K s oo oge 2 o g ol A o K g R A B o ko R R g Rk ko K B R TNIT 1450
C REAL ANy CONVERT THE TEMPERATURE DATA OF A TEMPERATURE BI.OCK INIT1460
REAL (D9 101) TEMIELAGYL,FLAG2 INIT1U70

CALL FCARD (140¢TEU,FLAGLIFLAG2 UM, DUM,DUM,DUM»DUM) INITI4AO
TEMAZTEM 44000 InITi490
R L et e e S s i A L P R S P S AN R A Y T
¢ ASSLGN THE TEMPERATURES TO ALL PoINTS IN THE TEMPERATURE BLOCK INIT1510
O v 1zIMI, IMA INIT1520

LU ol J:JMI.JMA INIT1530

UO LU K=KMT oKMA INITIS“O
1T(LsJWnISTEN INIT1550

200 COHI INUE INIT1560
GO 10 4y INIT1S70

[Pt S S P Pt S P e E P s T b mozzsz==TSs===INIT15a0

[ N P P A PP P AR S PR R A S P S P E S I F P LR S S INN A B EeLe1)
Ccrs HAS A TeMPERATURE BEEN ASSIGNED TO EACH INTERNAL POINT? «'NO,YES=INIT16n00
1000 HlznC+l INIT1610
CARL{NC) 20,0 INIT1620

wO 1910 I=2,1IM INIT16%0

WU 2udU U329 uM INIT1640

LO 1ulD KZ2)<M INIT165%0
IFOIT(IsJrK) .kG.0e0n) GO TO 1100 INIT1660

1010 CON{IWUL INITL670
CE AR Ao R 20 e KA g g KRR NOK R A o g o g R K o g K R RO K ok kK R R INIT 600
C pPUT THE INTIAL TEMPERATURES IN 89oTH TEMPERATURE ARRAYS INIT1600
u0 luco I=1,1IMAX INIT1700

w0 1020 J=il/,)uMAX INIT1710

DU L0420 K=1rkMAX INIT1720
T{LoueKISTT(L9dyK) INITL730

1020 CONIINUL . INIT1740
RETURN INIT1750

o P T P P et P PP E P e P L S====zens=s==INIT1760
C S0MML. INTERNAL POINT wAS NOT ASSIGNED AN !NITIAL TEMPERATURE INITLT770
1100 CALL EXNROR(THINITEM?) INIT1740
e e T e P P P P Lt L L AP A B A1)
100 FURLAT(LEL2.41A60A2) INIT1800
1ul FORMAT(L12,4,00X,A6,A2) INIT1810
(3P P e P Pt PR - e PP S e S S E SES=Ss=sass=z===INITI820
END INIT1830

B1



SUBROUTINE FLOWCA FLOW
INCLDE COmMDIM FLOW

(of Pttt e e e S S i A i S LAt 2 T T W)
(o REAL ANU PRINT THE COOLANT DATA CARDS FLOW
C:::::::::‘.:::::::::::::::::-""""""::"""====::::::::::::::::::::=:=::FLOW
o ERRUK STOPS= FLOW
C FLUVCAL THE REYNOLDS NUMBER LIMITS ARE NOT IN SEQUENCE FLOW
c FLOKCAZ THE FLUWRATE LIMITS ARE NOT IN SEQUENCE FLOW
C FLOYCAS THE I LET TEMPERATURE LIMITS ARE NOT IN SEQUENCE FLOW
e S P e A R R R R R S F s B T e e R ST Y
(o R e S T P e PP B P P P P T ToSm=ssssszaxsscs Tz===FLOW
DIMLNSTION ChIRCT( 2) FLOW

VATA LOLRCT /0HPOSITIe 6HNEGATI/ FLOW
e R T P R R e e S P P ==== === = S3=S==FLOW
JRITE (Lalz0)(ZA(L), I = 1,12) FLOW

120 FOMwaT (1H1030X912A00777¢50Xe23HCOOLANT SPECIFICATIONS) FLOW

C mARE ALL COOLANTS JON=EXISTING FLOW
L0 % lzi1.MAXFLO FLOW
PLOW(IL)=z 0,0 FLow

5 CONI LR FLOW

o weAu Tiie COOLANT IFORMATION FLOW
10 KbAL (%,100) UAIDL,D2+03,04¢FLAGY FLAG2 FLOW
Waun+0,1 FlLoW

C HAvVL ALL COOLANT DATA CARDS SEEN READ? «¢YES,NO'= FLOW
I (.bf,0) GO TO 291 FLOW

CALL FCHRU (%¢00LA,D39D29D30D4%9FLAGLIFLAG2yDUM) FLOW

c KeCuhu [HE EXISTENCE OF THE CURRENT COOLANT FLOW
FLOW(H)Z 1,0 FLOW

sR1TE (wel0l) N FLOw

101 FORunl (/779274 SPECIFICATIONS FOR COOLANT(13,/) , FLOW
IP o TALS(IPATH(H)) FLOW
DIRLCTY = COIRCT (L) FLOW

IF (IPATH(N) 6T, 0) GO TO 300 FLOW
DIRLCY = CDIRCT(2) FLOW

300 wWwHITE (nhedu2) DIRECT, PNAME(IP) FLOW
302 FUReAT(31H Tuk COULANT IS FLOWING IN THE ¢A6,3HVE ,A6010H DIRECTIOFLOW
-N) . FLOW

C A o 4R OK a0 o A K oo RO R o o K g o K K o R o oo R Rk g R Rk g g R | O W
(o REAU THL REMAINLING SPECIFICATIONS OF THIS COOLANT FLOW
RLIm1(N)=DL FLOW

HlImz (N)SD2 FLOW
RLIVS(H)=L3 FLOW

RLImy (N)zLG FLOW

c/s CHLOK Tu SEE THAT THE REYNOLDS NuUMBER LIMITS ARE IN SEQUENCE FLOW
IF(hilmz (N) L TWRLIML(N)) CALL ER{OR (THFLOWCAL) FLOW
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CE

cs

CE

cs

CE

20

21

e2

23

>0

31

IF (KRLIM3(N) (LTRL1M2(N)) CALL ERROR (THFLOWCAL) FLOW
IF(RLIMU(N) oLTRLIMI(N)) CALL ERROR (7HFLOWCAL) FLow
o 2 0 oo R o A o o R RO g K O RO R R R R Rk R gk g g KL OW
WRITL(64105)01,D2003,04 FLLOW
REAL  (901CG0)FLUDEP (M) o FLIMLIN) yFLIM2IN) ,FLIM3(N), FLIM4(N) FLOW
CALL FCARD (5¢0,FLODEP(N) o FLIML(N) oFLIM2(N) yFLIMBIN) pFLIMG(N) ¢ FLOW
KFLAGL»FLAGZ  1HUM) FLOwW
CHELK TO SEE THAT THE FLOWRATE LIMITS ARE IN SEQUENCE FLOW
IF(FLIMZIN) JLToFLIML(N)ICALL ERROR (THFLOWCA)D) ' FLOW
IFCFLIMAIND oLToRLIM2(N))CALL ERRQR (THFLOWCA2) FLOW
IF(FLAMGIND JLToFLIM3(N)ICALL ERROR (7HFLOWCA2) FLOW
A A ¥ AR K A OKOK SO K RO Bk K 3K gk g BOROK o g oo 3 R Ko R o ok kg B kL O W
KEAL  (99100) TINDEP (1) o TLIMLIN) s TLIM2(N) , TLIUZ(N), TLIM4(N) FLOW
CALL FCARU (9e0s TINDEP () o TLIML (1) p TLIM2(N) y TLIMB(N) » TLIMU(N) » FlL.ow
KFLAGLFLAGR »1HUM) FLOwW
CHELK Tu SEE THAT THE INLET TEMPEKATURE LIMITS ARE IN SEQUENCE FLOW
IF(ILIM2(N) fLToTLIML (N))CALL ERRQR(7HFLOWCA3) FLOW
IF QL IMA(N) (LT TLIM2(N))CALL ERRQGR(THFLLOWCA3) FLOW
IFQILAMG (N) (LT TLIMI(N))CALL ERROR(7HFLOWCA3) FLOW
A R Ak K e A N S o AR oK R K g o R A K Kol g o o R g Rk o e B ok g [ O W
IFLUG (N SFLODEP (M) +1,01 FLOw
ITH(NYZTINDEP(N)+1,01 FLOW
IZIFLO (i) FLOW
PRINT THE FLOWRATE AND INLET TEMpERATURE DEPENDENCES FLOW
DETEKMINE THE DEPLNDENCE OF THE FLOWRATE ««NONE»TIME,OUTLET, INLET'FLOW
GO 10 (20s21522023),1 FLOW
PRI THAT THERE ARE NO STEPCHANGES IN FLOWRATE FLOW
wRITE(6,1UL) FLOW
60 10 3u FLOW
PRILT THAT TIME DEFINES THE STEPCHANGES IN FLOWRATE FLOW
WRITE(6 LUOTIFLIML(N) (JFLIM2(N) oFLIM3I(N) »FLIMY (N} ’ FLOW
GU 10 30 FLOWw
PRINT THAT THE OUTLET TEMPERATURE DEFINES THE STEPCHANGES IN FLOW
eFLOWRATL FLOW
WRITE(6,108) FLIMLIN) FLIM2(N) rFLIM3(N) o FLIMU (N) FLOW
60 1L 30 FLOW
FRILT THAT THE INLEY TEMPERATURE DEFINES THE STEPCHANGES IN . FLOW
FLOLKATE FLOW
AR L (60109 FLIMLIIN) pFLIM2(N)WFLIM3(N) o FLIMY (N) FLOW
DETLKMINE THE DEPENUENCE OF THE INLET TEMPERATURE FLOW
e tNULE ) TIME yFLOW ¢ OUTLET 1= FLOW
ISV i) FLOW
6V T (31+32,33,34),1 FLOW
A A K ok K o K K g o o K o kK o g o A KR K R R R Rk g kR R Rk R F | OW
PRINT THAT THERE ARE NO STEPCHANGES IN THE IMLEYT TEMPERATURE FLOW
wRITE(6,110) FLOW
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60 10 50
¢ PRINT THAT TIME DEFINES THE STEPCHANGES IN THE INLET TEMPERAT
32 WRITECooL111)TLIMLIN) » TLIM2(N) e TLIMI(N) » TLIM4 (N)
60 Tu S0
c PRINT THAT THE FLOWRATE DEFINES THE STEPCHANGES IN THE INLET

C o TEIPLRATURE
33 WRIIc(6e112) TLIMLONY » TLIM2(N) o TLIMI(N) » TLIMY (N)
@V 10 5¢
c pRILT THAT THE OQUTLLT TEMPERATURE DEFINES THE STEPCHANGES IN
¢ oTHE (NLET TEwWPERATURE
S4 ARIVE(6,113) TLIMLIN) o TLIM2(N) e TLIMI(N) » TLIMY(N)

CE N AR AR o oo A Ao o g 0 K R o A o o K o g Kk

C 0OES T InkeT OR OUTLET TeMPERATURE DEFINE THE STEPCHANGES

Cc o IN FLOLRATE? =tNOrYES =

cs DETLMINE THE DEPEJDENCE OF THE INLET TEMPERATURE

c o™ VidUNL ) TIMEpFLOW,,OUTLET =

CE N A A o A K g oK g R g R0 g o g 6 oo 0o o 6 oo o o o e Ko o g Kok Rk ok
50 IF (1 LULEP(N)=2,0)52,51,01

c CUNVLKT THE STEPCHANGE LIMITS TO DEGREES RANKIME

51 FLIM1(N)ZFLIML(N)+46040
FLI:  (N)SFLIMZ(N) +46040
FLInaUNSFLIAS(N)+46040

C nOEs THe OUTLET TEMPERATURE DEFINE THE STEPCHANGES IN INLET
c o TEMFLRATURE? =tiy0rYLES Y~

2 IF (1 1HUEP (1) JNE,3.0) 60 TO 10
c COvERT THE STEPCHANGE LIMITS TO DEGREES RANKINE

53 TLIrI(N)ZTLIML(N) 446060
TLIMz(N)STLIMZ2IN) +460.0
TLIMAH)ISTLIM3(N) +46040
TLIM (M) STLIMG (N) +46040
6L 10 v

291 NC=nl+)
CARu{NC)=0,0
DO 92 1=1,MAKFLO
292 NFLu(l)=0
N=0
20 ¢99 1z1,MAXFLO
IF (FLow(l) .t@, 0,0) GO TO 293
N=N+§
NFLU(N) =1
293 COnI INUE
RETURN

100 FORMAT (5EL12.%012XsA6rA2)
1u5 FURMAT (31H THE REYNOLDS NUMBER LIMITS ARE.1PHEL4.4)
106 FURMAT (24H NO STEP CHANGES IN FiOWw)
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FLOW 920
URE FLOW 930
FLOW 940
FLOW 950
FLOW 960
FLOW 970
FLOW 910
FLOW 990
FLOW,000
FLOW1010
FLOW1020
*yky*FLOW1030
FLOW1040
FLOW1050
FLOW10s0
FLow1070
*uknkFLOWI 00
FLOWI 090
FLOW:1nO
FLOW1110
FLOwWt1o0
FLOWs130
FLnwilu0
FLOWL150
FLOW1160
FLOwW1l70
FLOW11Aa0
FLOW1190
FLOW1200
FLOW1210
FLOW1220
FLow12130
FLOW1240
FLOW12R0
FLOW12A0
FLOW1270
FLOW12RO
FLowi290
FLOW1300
FLOW1310
FLOW1320
FLOW1330
Ru=a=FLOW1 340
FLOW1350
FLOW13,0
FLOW1370




c

107 FORMAT (42H TIME(HR) DEFINES TE STEP CHANGES IN FLOW ,1P4E14.4) FLOWL3R0
LuB ROKMAT (55H OUTLET TEMPERATURE(F) DEFINES THE STEP CHANGES IN FLOWFLOW{390

Xy)lPuely,.4) FLOW14n0
109 FORMAT (L5H INLET TEMPERATURE(F) npEFINES THE STEP CHANGES IN FLOW, FLOW1L10
X1Pubjb4,u4) FLOW1420
110 FURILAT (37H NO STEP CHANGES IN INLET TEMPERATURE) FLOWLH30
111 FORMAT (95K TIME(HR) DEFINES THE STEP CHANGES IN INLET TEMPERATUREFLOW1440
Xy lPspin,.g) FLOWIUs0
112 FURmAT (02H FLOWRATE(LB/HR) DEFINES THE STEP CHANGES IN ‘INLET TEMPFLOW1440
A RATURE s LPUE1G o 4) FLOWIL70
113 FOURNAT (GbH OUTLET TEMPERATURE(F) DEFINES THE STEP CHANGES IN INLEFLOWi4a0
XT TeuPERATURE »1PUE1G  4) FLOW1490
e S Tt P P R B R R P P e E R S B S L R T 1
END FLOW1S10
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SUBKROUTINE TIME TIME 10

INCLULE ComMpIm TIME 20
(3Pt IR I P P I LI PP N A S P P S A T T i - P P E P T L T Lo o SV R 1]
c READ Anp PRINT THE TIME STEPS TIME 40
o O S P P S P s e PR P E e L P 2 S (VT ]
(o ERRUR STOPS= TIVE 60
C HIMEL THE FIRST TIME CARD DOES NOT SPECIFY TIME UNITS, TIME 70
c THE PROBLEM IS NOT AFFECTED IF THE STEADY STATE TIVME A0
C OPTION IS BEING USEn, ‘ TIME 90
C 1IMEZ 100 MANY TIME HISTORY CARDS HAVE BEEN REAp, TIME 100
c 1IMES THE 11PUT CONTAINS NO TIME HISTORY CARDS AND THE TIME 110
¢ TIvE 120
C =SSzZs=szSTIzzsSzz=Es SzszszzzS=sz=TIME 130
c == S====TIME 140
DIMENSTON PTIME ( 20,4) TIvE 150
EQULVALLNCE (RCp PTIME ) TIME 140
pt et ettt oot it frode ettt ond, it ==== SSgz=zzzssz===TIME 170
(o e e T S L P L T L P TP F i ] === S PP Lt L L ====TIME 1,0
M=0 TIVE 190
o REAL THE NEXT TIMESTEP TIME 2n0
2 MIA4y TIME 210
HEAL (9 100)FTIME (M) ,0TIME (M) yST,sT)FLAGL,FLAG2 TIVE 250
LU0 FURMAT (WE12,.4%r24X,A60A2) TIME 230

IF (U1ImE(M) oLk, D.n) 60 TO 1S TIME 240

CALL FCARD (4+UsFTIME(M) 2DTIME(M) »SToFToFLAGL»FLAG2»DUM,DUM) TI«E 250

ITAFE (4)=5T ' TIvE 260

IUNEY=EFT TIVE 270
c/ ARE THE UNITS THE SAME AS ON THE LAST CARD? ='NO,YES,WRONG'= TIME 270

4 IF(LUNIT)SS,7 TI+E 290

5 It(lh=l)6ebsbl ) TIvE 300

CE 2K o AR KRR R g AR R R RO O Rk R g Aok kg X TIME 310
C (HE FIRST TIMECARD HAS NO UNITS TIME 320
6 CALL cRKOr (SHTIMEL) TirvE 330

c/ CUVERT THE TIMES TO THE PROPER (NITS TIME 340
T 1IFCiUNIT=2)8,9160 TIuE 350

8 L=3uol.0 TIME 340

w0 1o 6l . TIME 370

9 D6V, TIME 3a0

CE oK R g KA A ORI o e R R o o g g R A g KRR R ok kR ko R kxR T IME 390
c CONVLRT FTIME AND DTIME TO HOURS, TIME 400
6l LTImc(m)=DTIME(M)/D TIE 410

FYLine (M)SFTIME (M) /D TIME 4050
c COMIFENSATE FOR THE ROUNDOFF ERROR IN DTIME, TIME 430

00 U IinE(M)ZUTIVE (M) +TIMERR(DTIME (M)) TIvE 440
c HAVE ALL TIMECARULS HEEN READ? ='O,YESt= TIME 450
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c
c

O OO0O0 OO0

60 Yo 2 TIME

185 IF(.NOT,.SW(10)+AND,M.EQ.1) CALL ERROR(SHTIMES) TIME
HOSNC+L TIME
CARL(NC)I=0,0 TIvE
MMAAZM=1 TIE

AKE THLRE TOO MANY TIMECARDS =iNO)YES'= TIME

It (mpiAX=20)64064,63 TIME

100 \ANY DIFFERENT TIMESTEPS ARE USED TInE

63 CALL LKROR({SHTIME2) ' TIME
b4 IF (L, (10) e ANDMMAX ,EGs0) GO TO 250 . TIVE
SEs=Zzoazo=zzSSszzsSzzszas =SS EoEsCESTssRsCsToEs SRS nnsEssnsS =S TIME
pRINT THE TIwkE STEpPS AND ITERATION PARAMETERS TIME

wV Ly M=l yMsAX TIME
PTImiLle)) = FTlaE (M) * 60,0 TIME
PTIME(rs2) = FTIME(M) = 3600,0 TIVE
PTInL(Med) = DTIME(M) = 60,0 TIME

S PTIMC(As4) = DTIME(M) = 3600,0 TIME
A1TE (Lel02) (ZAGI), I = 1012) TILE

102 FORmAT (1H1+30Xs12A06077/7150X013HTIME HISTORY.//910X» LAHEND OF TyMTIME
=t PLI1OuL, 33Xx,914T1ut STEP»23X,» 1SHPRINT FREQUENCY/7X»SHHOURS,6X, TIME
= 7HMLLUTES 16X, THSECONDS 1 15X SHHOURS » 6X ¢ THHINUTES 16X 7HSECONDS//) TIME

WRITe (60101) (FTLAL(M) PTIME(M,q) yPTIME(M,2),DTIME(M) ,PTIVE(M,3)»TINE
~LTIME(Mo4) s ITAPE (M), M = 1,MMAX) TINE
101 FURMAT (LH +1P3c13,0sTXs3E13,60104) TIVE
IF(oinOT. 5w (1n)) RETURN T E
ARITE (6o cb0) TIME

240 FUkmal (1HU, n8H  THE ABOVE TIHE HISTORY WILL BE IGNORED BECAUSE TTInE
eHE LTLALY STATE OPTION 1S BEING iSED.) TIVE
250 LU ki Mz=1,2% TIVE
DTINMeE(4)=0,0 TIME
FTIM  (M)=U,.0 TIME

260 ITAML(:1)=0 TIME
MMAA=L TIiuE
RETURN TIME

FEII P TER PP PR T T PR LR AT ML PR L2 S AL P PP 2 222 2 P 2L 2 2 B P P S 418
AR o K o 0 o o g oo o T O o o o g oo Ko g o o o g Rk Rk Rk Rk R ek T ITME
oA A g A o o o o o o e o o 6 a2 00 o 002 e o o o O 0 o o o o o g ol ok o KRR ok Kk Kk T T HE
FUNCT L0 TIMERR(TIM) TINE
ottt bt b e P P e P A S Lt S SESoSz=SIooRIszIoosIIIzsz=TIME
DETEKMINE MAX1IMUM ROUNDOFF ERROR INCURRED IN CONVRTING TIME SCALF TIwE
LATA TO HOURS, TIvE

ZoSEZSIoEESSISIISSISSSSSSSESSSESaTIcISSSESEISSRSRSSSRSSSSTRIISzSasTINE

REAL MAG TIvE
e e S it e PP S R R P e S B 112
bLimenusion MAG(31) TIME
" WATA(MAG(L) #1=1031) / 100E=15+1,0E=1491,0E=13+1+0E=12+1¢0E=11" TIME
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1005‘10'IOOE"g'lOoE'aOIQOE"’O1.05'6'1005"50 TIME 920
1s0E=tt ) 1, 0E=31140Ew2)1,0E=10140921.0E1»1+0E2+TIME 930
1,0E391.0E40v1.,0ES1140E601¢0E7+1,0ER21.,0E9r TIME 9140
1,0E10,1,06110140E12+1,0E1391,0E1491,0E15 , TIME 950

e ® o @

CEEF S S RS L = SSTIESINSIZDIIIZRSIIZSSTIVE 960
TIMLRR=0. TIME 970
IF(TIM, LTeMAG(1) (OR,TIM,LT,04) RETURN TIinE 980
ISUM==16 TInE 990
Lo 1u0 I=1,30 . TIME¢NnO
1SUmz1SuM+1 ! TIVEL010
IF(VIM,GTWMAG(T) JAND TIM LT MAG(I+1)) GO TO 110 TInEL020
100 CUIvI [NUL TIvEL030
HETUWN TInEL1040
110 KXSisUva? TIMEL10%0
TIMLRR= MAG(16+KX) TInELDRD
SZZozZszossSsss=STzs ==s=s==Xz=3=2 SoCSnenssSs R s s ES R sssssEsSas==TIMEL 070
RETUKN TIME10a0
END TIMEL1000
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SUBROUTINE ExXTRA EXTR

INCLUVE COMDIwm EXTR

Pt b b e e e A S L A S A T S P R L I e g

REAL THE EXTRA FUNCTION COEFFICIENTS AND PRINT THEM ;

UIMLWSION A (18)
EQULVALENCE (A1) eAL)

EE S S T R EE e e e S=SzszzzzamEssTEsz zRz=s=s=z=z=EXTR

REAL (5,100) ALaAZ2,A3rA4eA5A6FI AGLIFLAG2 EXTR

CALL FCARD (A400AL,A2¢A30AUAD AR FLAGLFLAG2) EXTR

REAL (5,100) AT A6,A90A102ALLVALSFLAGLFLAGD EXTR

CALL FCARU (6.00A7,AR+A90A10,AL1,A12/FLAGL,FLAG2) EXTR

REAL (5,100) Al3,A14,A150A16,A17,A18,FLAGL,FLAG2 EXTR

CALL FCARD (6¢0rAL3,A14,AL5,AL60A17,ALRIFLAGLIFLAGD) " EXTR

v0 11V Iz=l,lg EXTR

IF (A(1) +EQ. 0.0 A(I)=0.0 EXTR

110 CONTINUL EXTR

WRITE(Re101) (Z2A(1), I = 1,12) EXTR

4RITE (6el02) (IsA(L)e 1I=1,28) EXTR

SPALE OvER BLANK CARD EXTR

KEAL (%,100) X EXTR

NCznC+1 EXTR

CARL {1HC)=U,0 EXTR

PR P P et A A P e S P T PP S LTI S P E P L L P P e J 8]

100 FOURFAT (6E12.40A60A2) EXTR

1ul FORMAT (LML, 30X912A6,///7¢50X,28HFNCTION CONTROL CONSTANTS,//,6X¢EXTR

“15HCONS FANT HUMBER» 12X SHVALUE/) EXTR

1u2 FURMAT (1HO»I14,12X,1PEL%.6) EXTR

B R O e T Lt PP PP P PP P PP PP T T T P P 13V 4]

RETURI EXTR

Ly EXTR
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SUBKOUTINE PRETEM PREM
INCLUDE COMDIM PRFET
[ S E R R S Y f e S et P e P e P e P e P E P L P R h
= ==PRET
Cx ERRUKL STOPS PRET
Cx PRE LML THE PROBLEM SIZE DOES NOT MATCH THE INITIAL PRET
Cx TEMPERATURE DISTRIByTION DATA PRET
C:::::::::‘.:::::‘;:::::::::::""“'""‘::::""""""‘::_ - ::PR‘EW
EQUiVALENCE {TEMP oW ) ‘ PRET
O LlMeSTON NUMGER( SO0 »TEMP (1) PRET
VATA NUMBER 7102030405000 7,8,9010021,12,13014015016917918919, PRET
- 20,230220123124125012012T0128929,30,31032,33+349350 PRFT
c - 56.37'36p69n“0.41'42043'uu.as.u6.u7oa8.uo.50/ PRET
IS S A S L S S === = SERZEESS==ZPRIT
wRITE (601108) (ZA(1)e I = 1:12) PRET
1165 FORMAT (1H1930X012860///7¢46X)32HINPUT TEMPERATURE DISTRIBUTION) PRET
Ce=zszzssozuzzicoorstososz=sRaass LZZ==z=cz Ss2==cs= SSRT=TI=SIIZ==PRET
CURII=0,0 PRET
niTLK=0 PRZT
e S P T PR L P e P Bt e S=PRET
C REAL THE FIRST CARQ wITH THE GRIp SIZE PRICT
HEAL (5,200) CUKRTI, BIMAX»BJIMAX,3KMAX,BNITER,FLAGL1,FLAG2 PRET
1AMIAZL AMAX 4041 PRET
JAMAASHUMAX +0,1 PRET
KAMAXZDAMAX #Uel PRET
NITeR = GMITER #0400 PRET
C 15 A PReVIOUSLY CALCULATED TEMPERATURE DISTRIBUTION PROVIDED? PRET
C =NV, YEH 1= PRET
IF (JAMAX JN£e 0) GO TO 105 PRET
NC=C ¢) : PRET

CARp (NC)=U,0 PRET 2
0O iy 3u PRET
B S S PR R R P P R S S S S L e e e =Z====PRET
Cs IS 1k oRID SIZE CORRECT? ='NO,yESe= PRET
1U5 IF (1AMARWNE,IMAX) 60 TO 11 PRET
IF (JANAXGNE ,JMAX) GO TO 11 - PRFT
IF (KAMAX.EQ.KMAX) GO TO 21 PRET
CE AN g A o K AR Ko KA o o K oA 0ok g o o AR A o M R R kR ok ok P RET
c THE TEMFERATURE INPyT DOES NOT MATCH THE PRORLEM PRET
11 CALL ERiOK (7HPRETEM1) PRET
SSSSSZIELOTEICSISISISSITIZZSISSESZESS S==SSsSzss=Iszzzzsss === SZ===PRET
c REAL THe INITIAL TEMPERATURE DISTRIBUTION PRET
21 CALL FCARD (45.0,CURTIBIMAX,BUMAX »BKMAX »BNITER,FLAGL,FILAG2,DUM) PRET
NTZIMAXKJAAX & KAX PRET
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Cz
c

C

125

1u8

100

140
150
la0

iud

250

CALL RCARD (TEMP,NT) , PRET
NT=Y PRET
00 125 K=1l,KMAX PRET
DO 125 J=1,JmAX PRET
DO iz2b I=1,IMAX PRET
NT=NT+1 PRET
T(IourK)STEMPINT) PRET
cOon TNt PRET
CALL RCARD(TI+MAXFLO) ' PRET
CALL RCARD (TU»MAXFLO) PRET
REAL PAST BLANK CARD PRET
REAL (5,260) X PRET
NC=tC+Y PRET
CAKL (NC)=0,0 PRET
ptet Rt b St ol A S P R L L P S L P e I S ot hn
PREFARE ALL COOLANT DATA FOR PRINTING PRET
wRITE (6¢108) PRET
FORMAT (1HO»49X»28HCOOLANT  TEMPERATURES (F)/17X0s L4HCOOLANT NUMPRET
kR Ay HSHINLET » 5X 0 6HOUTLET 10Xy 14HCOOLANT NUMBER ,4X o SHINLET ) 5§X, 640PRFT
2UTLLT) PRETY
DO abu NZ1eMAXFLO? 2 PRET
IF (LHFLUINDY s£Q.0) GO TO 180 PRET
HlzuFLO (V) PRET
NeZhF L0 (L) PRET
LTI =TI () =459,85 PRET
ITO(NL)ZTO(N1)=459,5 ' PRET
IF (i2.nuwel JUR, N,E0415) GO To 140 PRET
ITI(ue)=TL(ND)=459,5 . PRET
ITOL)=TU(N2)=459,5 PRET
wR1Te (0elo0) NLyETLINLD) o ITO(NL) (N2, ITI(N2),1ITO(N2) , PRET
FOREAT (22X0120110,110015X,12¢12R0111) PRET
60 10 1%y PRET
#RIVe (02160) N1,ATI(NL) ITO(N1) PRET
CON1 [Nuc PRET
IF (0T SW(l0)) 6O TO 185 PRET
CURIL1=0,0 PRET
RITLRk=0 . PRET
X1ZCURT 140440 PRET
Xe=LURT 1360040 PRET
wKITe (60250) CURTINX1oX2eNITER PRET
FORMAT (1HOs21lH THe CURRENT TIME IS»F10,4,11H HOURS = +F10e4r13PKET
LH MiUTeS = 1F13.5,8H SECONDS»uXeI4»31H ITERATIONS HAVE BEEN PERPRET
2FURMED . /7)) PRET
N S S e ot e e e e R e R e Bt
CUNVERT TEMPERATURES TO INTEGRAL OUTPUT UNITS PRET
00 195 I=z1l+IMAX PRET

38
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15

500

S5c¢d

be

2ul

10u0

-
- .

e

*

00 15 Kz1skKMAX PRET 920

U0 1% JzlirJdMAX PRET 930
T s oden) = T(LadoK) = 459,5 PRET 940
CONT INJL PRET 950
seT ESH KIBS EWUAL TO ZERO PRFT 960
LU HOU L = 1,JMAX PRET 970
TW(l,siiel) = 0 PRET 9a0
TT(4 AKX, L) S 0 PRET 990
TT(LokonIAX)Y = 0 ‘ PRET40n0
TV amAXelrrMaX) 2 0 PRETI010
O Leb Lo Ll dmAX PRET1NS0
TT(iLelsd) = 0 PRET1030
TT(LyJdinXxel) = 0 PRFT1040
TT(LylpnMAK) = PRET1050
TT(L,JMaXPKMAX) = 0 PRET1040
L0 LHL & = 1,KMAX PRET1070
TT(L,1,L) = 0 PRET10RO
TI(diaXelol) = 0 PRET1090
PV lladmadel) = U PRET11n0
1T (4 AXIMAX, L) =2 0 PRET1110
P IR sy et P TR PR TR S P LR L PR PP A P - P St PRI R R P11
WRITE (we2ul) PRET1130
v URMAT (1H0.ulx.40HTEMPERATUREs (F)} PRET1 140
CALL AKnAYL (TTypUam, 1) PRETLILS0
RET Ul PRET1160
IS E At P PP T Tt et P T P e P PO S L P+ s S P T3 3 TP L L LTSI A N B & 11
FURFAT (e 1V oo 4110) PRETI1R0
FORRAT (£12,604F 12,10 12X0A60A2) PRET1190
FORMAY (/77 7) PRET1200

AR KRR AR AR AR RER KRR g R KRR G E R R R R TR R KRR Rk Kk *¥PRET 1210
RE LR SRR RE N ER SR H B AR R g KRN g ok RNk kR Kk Rk Rk g K XPRET 1220

SUNROUT ANE RCARD (TR, LENGTH) PRET1230
e bbbttt Sededob bttt L ottt L b P E T L e T r S A Y 1)
SImEHSTUN TR t 1).7C ( 6) PRET1250
—ZSZzoSZoss3zs====s =zs==z==z= =Z=z= = ====PRET1260
ELENOTH/0 PRET1270
VkEF TSLEMOTH-N®6 . PRFET12n0
112U PRET12490
LO 100 I=1,N PRET13n0
Wizhz+) PRET1330
Mesidy PRET1350
KEAL (95,110) (TR(J)J=NLIN2) ,FLAGL)FLAG2 PRIFT1330
CALL FCAKD (6+0¢TR(NL) s TRINL+L) ¢ TR(NLI+2) ¢ TR(N1+3) o TRINL+4) s TRIN14+SPRET1340
1) yFLAGL,FLAGY) PRET1350
CONT INUL PRFT1340
IF (WLEFT4eQ,.0) 60 TO 130 PRET1370
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REAU (5,110) (TC(1),I=1,6),FLAGL,FLAG2 PRET13A0
CALL FCARU(6,0¢TC(L) TC(2),TC(3),TC(H),TC(5),TCLE) FLAGL,FLAG2) PRET1390

VO L2V is1,NLEFT PRETi400
JaNa+4 PRET1440
TR(WI=TC(L) PRET1420
120 CONIINUL PRET14+0
130 KeTlwid PRETI44O
110 FORmaT (0E12,40A61A2) PRET1450
ENUD ¢ PRETI460

t
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110

10

130
140

SUBROUTINE Mp2 ) MP2
INCLYDE COMDIM Mp2
S S e e R A P E e P L P T I P PV o]
CALCULATE THE ThMPERATURE DISTRIKUTION AS A FUNCTION OF TIME MP2
SSSnsIToTsassIEssZsozII=sS S==SSSszanz=zIss==s = ======z=MP2
ERKUR SIOPS' MP2
mP2 1 THE CURRENT TIME OF THE PREVIOUSLY PUNCHED MP2
TEMPERATURE DISTRIBUTION IS GREATER THAN THE ENDING pP2

TIME OF ANY OIVEN T:MESTEP. Mp2

E S IS P SRR P s e A ==ss=S=zoxsSzsIzsss SSxzs==MP2
LUGLCAL NOTESY Mp2
DIMLISTUN IMp2 ( 2) MP2
UATA IMP2 /76HMP2  1v 6H / MP2
PPttt P 353 3 S S e s 3 T === =S==MP2
CS1=0.0 MP2
C:Ia;Uno Mp2
Pz eFALSE MP2
IwNDz=10 MP2
FIRLT=,TRUE, MP2
NOTuk 23 MPD
prpedetibadogipgerfododnedbfodt—de b et —mmaaTasSzZ=s ] SISz =S=SMP2
INL) Lo LZE THE CAPAC!TANCES. MP2
LV 11U KR=1,K AX Mp2
LU 11U Jzl,JdvAX MpP2
sV L10 1zl, [nAX MP2
KCP(1rdeh)=1,0E12 MpP2
CONTINUL MP2
e A O - P T =====z=== ===z F S e e T =MP2

THE Ccunt LUMPLEIES ONE ENTIRE SET oF CALCULATIONS wITH “A TIME STFPMp?
OF 1,UE=10 SECONDS TO INITIALIZE THE PROBLEM, THE RESULTS OF THiISmpP2
11EhAlIuN ARE NOT PRINTED OR IS THE ITERATION COUNTED. THEN THE Mp>

UoEn LI CIFT D ITERATIONS ARE PERFORMED . MP2
INSendl THE I0lTIALIZATION ITERATIOH IN THE PROPER PLACE IN THE Mpo
eSkn LPECIFIRU LITERATIONS Mp2
IF (CUKTL.£Q,0.0) G0 TO 130 Mp2
VO 1.U 121 ,MpnAX Mp2
IF (LT ILLTFTie (1)) 60 TO 140 . MpP2
CO Lt vpP2
TERrUR (1) =IMp2(L) VP2
JERsOR (2)=1Mp2(2) MpP2
CALL LhkrOry MP2
i=1 MP2
NITLwSilTeR=y vp2
Mzley Mp2
vo=ilmAA Mp2
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190
2n0
210
220
230
240
250
260
270
280
290
300
310
350
330
340
350
360
370

© 380

390
400
410
4s0
430
440
450




c

o u

(oK o JEEK o ] G OOOO0
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150 FTIME(K+1)=FTIME (K)
DTIME(K+1)SDTIME(K)
ITAFL (K+1)SITAPE(K)
K=K=1
IF (KeGeol) GO TO 150
FTIME(T)SCURTI+L,0E~10/3600,0
uT1o (1)=) 0E=1U/3600.0
1TAFE(T) =V
MMAAZMMAX+]L
GV 10 lodb '

100 FIRSI=,FALSE,
lf’(ohoT SW(IO)) GO TO 165
IF(C5L.LTel00) GO TU 162
G0 10 1v5
102 CALL STLALY
IWNOZHITER+L9
STALT THE NEXT TIME PERIOD
165 M=M*)
ClIz=CURTL
1C=y

HAVe ALL THE TIME PERIODS BEEN FINISHED

IF (MeGT,MMAX) GO TO 200
LNDTISFTIME (M)
LTSTANSUTIME (M)

NTS 1 ANS1TAPE (M)

UIZuISTAN

NTAZTSHIAN

IF (NISTANGEwe0) NTA—loooo

CALLULATE THE T&MPENATURES DURING ONE SERIES oF TIuESTEPS

e=TEL) o NEXT 1=
HAS CO4PUTER TIME ALMOST RUN
170 IF (WAKKN(L)) 1oul, 200r 200

OUTp ='NO,YESt=

MP2

MP2 .

MP2
MP2
MP2
MP2
MP2
Mp2
MP2
MP2

e e e T T L ===z=MP>

MP2
Mp2
MP2
MP2
MP2

Mp2

MP2
MpP2
Mp2
MP2
MP2
MP2
MP2
MP2
MP2
MP2
Mp2
MP2
=S==MP2
Mp2
Mp2
MP2
MP2

HAS NULBER OF PRINTED PAGES SPECIFIED ALMOST RUN OUT? »'NO,YESe= MP2

181 CALL PAGLIM(4201,9)

UEFLnE THE TIME IN  THE MIDOLE OF THE TIMESTEP

180 UATIzCURTI+0DI5TAN/2.0

MP2
MpP2
MP2

SAVe TEMPRERATURE RESULYS OF NEyT TO LAST SMOOTHING ITERATION FOR wmp2

CALLULATING RESIDUALS (STEADY
IF (4NOT.SW(Ll0)) GO TO 182
IF(NII'Ek.Nv « IWNS) (¢1¢] TO 182
REWLIND wSTORE

ZRITE (NSTORE) (((T(IeJoK)0I=1,1Q)0J=1rJ@)eK=1,KQ)

STATE OPTION ONLY).

CALLULALE THE MATERIAL PROPERTIES

182 CALL BLOCK
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Mp2
MP2
MP2
Mp2
Mp2
Mp2
Mp2

4g0
470
4a0
490
500
510
520
530
Sy0
550
560
570
5a0
590
600
610
620
630
640
650
660
670
6a0
690
700
710
750
730
740
750
760
770
720
790
800
810
8720
830
840,
850
860
870
Ba0
890
900
910



C CALCLULATE THE AVERAGE CONDUCTIVITIES BETWEEN POINTS MP2
CALL ConuuC MP2

C CALCULATE THe NEXT TEMPERATURE DISTRIBUTION ) MP2
NOTLS iz TRUE, MP2

CALL STEP(3$183/NOTEST) MP2

c CALLULATE THE COOLANT TEMPERATURES MpP2
163 CALL CLOul Mp2

C CALLULATE THE BOUNDARY TEMPERATURES, MP2
CALL SUKRT ' MP2

C= SRS IIoSTSSsZISsSozZzIass R EESREEISERSSEISS =SS e =SMP2
NITERENITER®YL MP2
LURTIZCTI+ICLDTSTAN MP2

WTALL TA=] MP2

c SHOULLE THE RESULTS OF THIS TIME STEP BE PRINTED ? MP2
c IF 1114S IS THe LAST TIME STEP FOR THE CURRENT TIME PERIOD AND MP2
c 1IF t RINTING HAS BLEN REQUESTED WITHIN ANY TIVE PERIOD OF THE MP2
c PRULLEMs THEN THE RESULTS OF THIS TIME PERIOD wIltL BE PRINTED, MP2
(F(GURTLoGE JeNDTI o ANDSNTSTANNE,g) GO TO 185 MP2
IF(LTALLT0) GO TO 190 MP2
NTALLYSTAN MP2

Cc PRILT THE RESULTS OF THIS TIMESTEP MpP2
165 CALL PRINT MP2
C= SSEIZSCCIIRTESSISSSSSSEISISSESEIzSSs === = S=E=S==MP2
c AS THIS SERIES OF TIMESTEPS BEEn COMPLETED? =t'YES/NO'- MP2
190 IF (CURTIJGE.tNDTI) GO TO 160 MP2
IC = 1C + ) mp2

60 To 170 MP2

CE I Ak K o o o s o g R SR oo e N A Rk K K g EMP 2
C- SET THE SWITCHES TO FORCE PRINT oF DEBUG INFORMATION AT THE MP2
¢ «tND OF THE RGN ONLY ‘ NP2
200 IF (SW(11)) SW(D)=,TRUE, Mp2
IF {(sw(12)) SW(o)=,TRUE. MP2

IF (4 (13)) SW(T)=,TRUE. NP2

Pz THRULE Mp2

c PRINT THE CURRENT TEMPERATURE pISTRIBUTION Mp2
CALL PRINT MP2

C= P et P L S L T P et - L L L L Smm=msEss=s [====MP2
IF (sw(3)) END FILE OUTTAP MP2

C= ettt et bttt === == S====MP2
c IS A PUNWCHED TEMPERATURE DISTRIBYTION DESIRED? =tNO»YES'!= MP2
IF ( N0V Sw(2)) RETURN MP2

c e e S e L R+ B et S Fz=z=MP2
(o PUNCH THE TE' PERATURE DISTRIBUTION MpP2
c SIS ECZESoESITESITISERESSESRCISSECSEISRSRESSISSSISISSSSISSSSESRSDIzEMP2
201 CALL Puls MP2
RETURN MP2

END MP2
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930

940

950

960

970

9n0

990
¢«000
1010
1020
1030
1040
1050
1060
1070
10a0
1090
1100
1110
1120
1130
1140
1150
1140
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1300
1330
1340
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1360
1370
1340



SUBKOUTINE ERROR2(I8) ERRO
INCLUVE COMDIM ERRO

Cz=z==== zzz==z=2 SZS=IISZS=cE=SSSISIRSzI=Ss=s =T=TZSZsSnsISRSIESISESsSIas=S=sERRO

zz====FERRO

Cz=z==z= ERRO
o= P e e e S G e T e e e e ERRO
ERRO

C Sz==s=2==2==z=ERRO
IERKOK (1) = Ib(}) ' ERRO
1EROR(2) = Io(g) ERRO

C weCultv THE ERROK ERRO
WRITE(H,100) LERROR ERRO

100 FORMAT(10H ERROR AT ,2A6) ERRO

c IS ik LUMP SWITCH ON? =tYESyNO'w ERRO
c vive A pump ERRO
IF (sw(1)) Call pUnp ERRO

sTop ERRO
Ceszssc=zsnzzz==cozs==z=sz=x =z==== ¥====ERRO
END ERRO
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SUBROUTINE STEADY , STEA

10

30
40

60
70
a0

INCLULE COMDIM STEA
R L L P == == SRR IR E s s S S S E SN EnERSs===STEA
CALCULATE THE STEADY STATE TEMPERATURES, STEA
FE R EE T A T e P T S 5 P SETSSITTIIRSESTEA
LUGLCAL ENDSwWs LREADy WRES» NOTEST, FIR2 STEA
VLIS TON XT(1QeJQeKQ) sy STEADY(IQWJQ,KQ) STEA
EGULVALENCE (XTyTT)» (RCP,ySTEADY) STEA
nATL = =1,0E+48 . STEA
TOL;[not-4 STEA
RIFAL=1.50 STEA
LTAAK=3,0 STEA
1T ALX=1u00 STEA
IPSLI=10 STFA
MoTunbkze STEA
NSTurbkzs STEA
LoTurtzy STEA
SET AN INDICATOR TO SUPRESS ANY FURTHER CALCULATION OF REAL STEA
CAPACITANCE TERMS. STEA
Co2z400 STEA
msSizozz=s=== S T S P e s T A e P I P E PR T I g F )
INI I LALIZATIONS STEA
CoCLIuTICSESSSSICSEasCESSSSICSSTsZoSsSEESszozIs=s == =====STEA
CURY [=0.0 ' STEA
wlfer=0 STEA
1LT=1 STFA
NSETY=0 STEA
H=0 STEA
IR STFA
wlFnC=1,0 STEA
FIN =«FALSE, STFA
ALVl SYEA
LREADS G TRUE . . STEA
ENDL = FALSE, STEA
#REoz oF ALSE, ’ STEA
Z==iz==zIozs= CESRSSERIZI=zsozzszas s=z== == = =2Zz===STEA
PREHARE TO DO A SET OF ITERATIONs. STEA
SSSLsSzzEnzszsSssSazz=sasn ===z mEEssnTssInzEzzoas=Iz===STEA
peTeneIngE THE PARAMETERS WHICH CONTROL THE TIME STEP MAGNITUDE STFA
AND KATE UF INCKEASE DURING THE CURRENT ITERATION SET, STEA
230 [F{iDI.Ede2) GO TO 250 STEA
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200
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220
230
240
250
260
270
20
290
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30
320
330
340
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360
370
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390
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420
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450




[eXeXe

OO0 000 OO0

250

260

270

3u0

’

NADV=1

IF(FIR2) NADv=0
GO0 10 270

NALV=U
DTFACZDTFAC/RIFAC
FlezeTikUE .

IF iSTABILITIES OCCURRED DURING THE PRECEEDING ITERATION,AND IF

THIL LS NOT THE FEIRST ITERATION SET,RECOVER FROM DRUM THE
Terth eRATURE RESULTS OF THE NEXT TO LAST SUCCESSFUL SET, -
ISTURE=MSTORE

IF (LREAD) ISTOREzLSTORE

CALL STCRE(ISTOREf)

6O 10 2/

UTFACZDTFAC/RIFAC

LWAUV =0

IF 1STABILITY OCCURS NDURING THE FIRST ITERATION SET,RECOVER THE

INLIVIAL TEMPERATURES FROM DRUM.
CALL STURE(MSTORE})

et =t T i 2 P L T s i g T D e S T P g, g T S s
- it e = o o T i o S o i Y g o g, e O e T e e S 0 o Tl (it e, TP P 0 e T T e o g i TP S U g 0 P i e e U S ey o D

e e e e o o e G e S o g S e e s D O T > Syl D D gy i, T e ey T D e e ap T

O Y . e St . ey S . i o o S 2 o, W e in D TP O O s e ) > iy i g Y - - - e - W

LU 1u,U0 M=Ly IPSET.

LETERMINE THE TIME STEP FOR EACH ITERATION,pO NOT ALLOw THE TIME

sTer TO EACEEL UTMAX HOURS,

ANz=N

LUTS1ANZSUTFACK (e 10%XN+1,0)

IF(LTSTANCGT UTMAX ) DFSTAN=DTwAX

LT=U I STAN ’

DETLIRMINE THE CONDUCTANCES AND PSEUDO CAPACITANCES FOR THE
CURNENT ITERATION,

CALL BLOCK

CALL Co1.DUC

CALL STACAP

1F 1HIS 1S THE FIRST ITERATION Of A PROBLEM,SAVE THE INITIAL
TEMPERATURES ON DRUM,

[F(nTonk,0) 60 TO 300

CALL STURE(MSTOREs2)

AUVACE THE ITERATION COUNTERS,

NZR+ADY

NT=nT+)

CALLULATE TEMPERATURES FOR THE C;RRENT ITERATION,
IF (WARN(I) sLTe0,0eANDeNTLToITMAX) GO TO 400
tND$ﬁ=.TRUE.

nuTes Tz, TRUE,

CALL STEP(5410,NOTEST)

60 10 410
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STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
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STEA
STEA
STFA
STEA
STEA
STEA

" STEA

STEA
STEA
STFA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA
STEA

keo
470
4ao
490
5n0
510
520
510
540
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540
570
580
590
6n0
610
620
630
640
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660
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6n0
690
n0
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720
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Tu0
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OO0

OO0

kyuo
410

10u0

3ub
310

3¢0

NOTLST=,FALSE . STEA 920
CALL STEP(3220,NOTEST) STEA 930
CALL CouL STEA 940
CALL SunT STEA 950
1F (&DSW) 60 TO 420 STEA 960
IF 11IS IS THe NEXT TO LAST ITERATION OF THE SET,WRITE THE STEA 970
TeM ERATURE RESULTS ON DRUM FOR USE IN CHECKING CONVERGENCE STEA 9a0
ANY STALILITY, STEA 990
1F (ulo”t..«“’SET"l) 60 T0 1000 ‘ STEA‘OOO
Kewanw nSTORE STEA1010
ARTTE(HSTORE) (((T(I,JoK)rIZ101Q)eJd=1rJQ)rK=1,K@) STEA1070
Ol INUE STEA1030
ADVAICE THE SET COUNTER, STEA1040
NOE TENSETT+) STEA310%0
e - E e P e e e Y H] SoSESC=RIIasSI=SasSTEALORO
wRITL TeMPERATURE RESULTS ON Tvo DIFFERENT ORUM UNITS N STEA1070
ALTLRNATING SEGUENCE AS THE SETS ARE COMPLETED,SET AN INDICATOR STEA1040
10 LhiVw wHICH DRumM UNIT CONTAINS THE OLDEST TEMPERATURES.DO NOT STEA1090
#HIVE Oy LRUG UNITS IF THE TIME gTEP HAS'REACHED 1000 tOURS,THE  STEA1100
OLLLST UF THE TwO AVAILABLE SETS OF TEMPERATHRES ARE USEN TO STEA1110
REPLACE ANY SceT OF RESULTS WHICH CONTAINS EITHER NEGATIVE OR STEAIL20
AT MELY LARGE TEMPERATURES, STEA1130
LN b bt e e P S S P R I S P R A R L P L N S R TN
IF(LKkEAY) o0 TO 3Uy STEALLSO
15TubkzmSTORE STrAtlp0
LKEAhu=. TRUE, STEA1170
GO 10 310 STEA11RO
ISTURLsLSTORE STFAL190
ILREnu=FALSE, STEA1200
CALL STURE(ISTORE,2) STEAL1210
6O To 320 STEA1220
B e e e e e LR E L e R E R0 R AT
ENTer FeoMm SUBROUTINE PRINTY TO EVALUATE RESIDUALS FOR THE FINAL STEAL240
SMOUTHING 1TERATION, STFA1250
CoZLzInsISIcosoSoIozzssSszZaazz CEEsCECZSIExIRSonsEIssEIsoaazzSex2sn=zSTEAL 260
eiNfnY RESID STEAL1270
sRLL- . IRUE, . STEA1280
HECUVER THE TeMPERATURES WHICH wgRE STORED oM DRUM FOR USE IN STrA1290
CHECRING CONVERGENCE AND STASILITY,FOR THE ENTRY THROUGH RESID, STEAL3A0
THESE TewMPERATURES weRE STORED On DRUM IN SURBKROUTINE Mp2, STEAL1310
KEwdiib STORg STEA1320
KLAL (NSTORE) (((XT(1sJeK) 21249 1Q)eJd=2¢JQ) rK=1,KQ) STEA1330
EE RSt et e e e e B e e P S L R LS o S TN
LVALGATL THE PROXIMITY TO STEADY STATE AND DETERMINE THE CURRENT STEA13x0
VALUL OF THE STAGILITY PARAMETEK, STEA13a0
:;:;:::::::::::::::::::::::::::::=::=::::=::::::::::::::::::::::::STEA1370
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420 DO 1500 I=2,1IM
DO U500 J = 2¢JM
1O 4500 KS2/9kM
IF (KCP(1oJok) «GT, 140E10) GO To 1500
CAP = (RCP(I,9sK) x (T(IeJyK) » xT(LeJpK)))/DTSTAN
TCENT = ( T(IoJoK) + XT(10JeK))/2,40
ARLS TCENT =({T(I+1,JrK) + XT(I+1+JsK))/2:0)
AAZE ((T(I=1,J0K) + XT(I=1+JsK))/2,0) = TCENT
AA3Z YCLNT =({T(Ird+1rK) + XT{I,g+1,K})/2.0) '
AAUZ ((T(1rd=1+K) + XT(IsJd=1+K))/2.0) = TCENT
AASZTUENT = ((T(IoJdyk+l) + XT(IrurK+1))/240)
AROZ ((T(Lrdrk=1) + XT(IsJrK=1))/p240) = TCENT
HL==RR (Lo oK) ®KR (1, JsK) %xAAL
HeZR(I=1 o JrK) ¥AR(I=1rJ oK) xAA2
HI==iZ (Lo K) KL (L) JpK) *AAT
HEZn /(T yd=1 1K) «KZ2 (T U=1rK) xAAY
19Se T (LedpK)#KT (1,U,K) #AAS
HOZRT (LedoK=1) 4KT{I,JrK=1) %xAAG
vERGU S HL ¢+ H2 + H3 + H4 & WD + HE6 + W(TsJrK)
AVEKGE abs{HL1) + Ais(H2) + ABS(H3) + ABS(H4) + ABS(HS) + ABRS(Hg)
o + AS(w(l,J,K))
ACAI- = ALS(CAP)
CALLULATE Trig CONVERGENCE PARAMETER AT EVERY MATERIAL POINT IN
THE pPROLLEM,
STernuY(1eJdeK) = ACAP/AVERG

1500 CunfrnuyL
IF (WiUSwOR,WRES) GO TO 360

e s o e e e ot P i e o s o T P T i S S . M Sy S S S 2 [
B A ) S o gy S S T vy e S D o P D i s e P S A Y IOy Gy O 1 s e T D g N O 4 s e B - w00 e

CUMF ARE THE CONVERGENCE PARAMETER AT EVERY MATERIAL po1NT
AGALNST A SPECIFIED MAXIMUM ALLOWABLE VALUE 1O TEST WHETHER OR
07 THE STeALY STATE SOLUTION HAg BEEN ATTAINED

330 1,0 v Lz=2rIv
DU 2 LU J=Zypdn
VO cul K=k
IF(OTEAUY(I2JrK) «OT,1,0E10) GO To 200
IF(STEALY (I0JeK) ,GE,TOL) 60 TO 240
200 COHTINUE

e e T L PP L T o P - -
. 2 o gy s o B oy D W . O PP o s g P P e O T s O 6 O S s OO e e - o e w0 e

PREPAKE TO RETURN TO SUBROUTINE P2 AND PERFORM THE SMOOTHING
1TEHLTIUNS,

2u5 CALL LTACAP
LTInL{2)=UTSTAN/10,0
FTIme{2)=0TIME(2)*20,9
CITArL (2227
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STEA13a0
STEAL390
STEA1400
STEA1410
STEA1420
STEAL430
STEAL440
STEA145%0
STEA1460
STEA1470
STEAL14R0
STEAL490
STEAI15n0
STEA1510
STEA1550
STEAL1530
STEA1540
STEA15K0
STFA1560
STEAL1570
STEA15n0
STEA1590
STEA'6n0
STEA1610
STEA1650
STEA1630
STEAL640
STEA1650
STEAL1660
STEA1670
STEA16a0
STEA1690
STEA1700
STEAL1710
STEA1720
STEA1730
STEAL1740
STEAL7s0
=STEA1740
STEA1770
STEAL780
STEA1790
STEA18n0
STFA1810
STEA1R20
STEA1830
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OO0

OO0

COOO0n

210

2¢0

300

350

Khob
440

NITER=ENT

PRINT THE STEADY STATE TEMPERATURE RESULTS BEFORE RETURNING

10 MP2,

CALL PRINT

SET AN INDICATOR To sHOw THAT THE STEADY STATE ITERATIONS HAVE
HEEN COMPLETRED,

€5122.0

— -y ey T T, G T oy —
Pttt omrepo =t Pt gt b

RETUKN 10 mMP2 AND PERFORM THE SMoOTHING ITERATIONS, .

——————————————— e~ -l ». > -

e e o o o 9 0 S o 2 o s e T 0 =z=== .
mollinIZZIIoSECZRSzIo=s bttt b 1

SLT 1HE INDICATOR IOoT TV SHOW THE MODE OF DETERMINING THE NEYT
vALut OF Thik TIME STEP AND START THE NEXT SET oF ITERATIONS,

EESEESIEIEIs==S=s=2

-\ e e g S S P s oy O e g T T i e T B g, o T W o

Vg 2
:F thTABILITIES OCCURRED IN SOLyING FOR TEMPERATURES,THE RETURN

FKOM SUSROUTINE STEP WILL RBE TO THE FOLLOWING STATEMENT.
ILT=z¢

IF(SETTNEeD) GO TO 230

1UT=3

60 1y 260

e e e e T Tt L e T e e L P L L T Y T ST Y

T E e e m— - = === o g
——— 4ttt gttt ettt fed )

PRV AKE THE ARRAY OF CONVERGENCE PARAMETERS AT THE END OF THE
FROLLEM(T WE«HESIDUALS)IFOR PRINTING,

LY ShU (=1, 4aAX

L0 oh0 uzl,JdiAX

LU ohU Kzl ,KwAX

IF(STEAUY(LrdeK) (6T, 1.0EX0) STEARY(1eJeK)=0,0

CONi INUe

PRILT THE LAST AVAILABLE TEMPERATURE RESULTS IF THE PRQBLEM 1S To
TERWMINATE IN THIS SUSBROUTINE,

IF (WRES) 60 TO 435

NAYCHENT

CALL TEMPS

PRI THE RESIDUALS AT THE END OF THE PROBLEM,

wRITE (Bo840)

FURMAT (1HU » 56X s 9HRES IDUALS)

CALL ARKAY (IDUM,STEADY2)

IF (Wik&S) RLTUKN

PUNLH THE LAST AVAILABLE TEMPERATURE RESULTS IF THE PROBLEM IS To
TER. INATE IN THLS SUBROUTINE,

CALL PUN
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STEA1840
STEA1850
STEA1840
STEA1870
STEA1B8a0
STEA18900
STEA1900
STEA1910
STEA1920
STEA1930
STEA1940
STEA1L9%0
STEA1960
STEA1970
=STEAL9n0
STEA1990
STEA»000
STEA2010
STEA»020
STEA»030
STEA2040
STEA2050
STEA»0g0
==STEA2070
STEA20n0
=STEAZ2090
STEA21n0
STEA2110
STEA2120
STEA2130
STEA»140
STEA2150
STEA2160
STEA2170
STEA21R0
STEA2160
STFA22n0
STEA2210
STEA»250
STEA2230
STEA2240
STEA2250
STEA2240
STEAP270
STEA2230
STEA2290



OO0 OOOOOO0

QOO OO

CALL MERR ) STEA2300
SECSESZSssoSTSESzSSsZszm=sas s===2sz R RS RE SIS IS SNSRI SRR n==2STEA23¢0
M ACK K S R A KKK O OIS K K RO R Rk R R R K R R KK R RS TEA2 320
Aok KO K A AR R A K o 6 K O OK K g KOR AR K AR AR O K Rk Rk K K XS TEA2 330
O Ao KA AR o R AR AOKOROK A K O o ol o K R KRRk Kok Kk Kk X STEA 234 0

e T e R e R R S P P E R S E PR RIS T PRCEY
LUBKROUTINE STACAP STEAR340
Pttt Pt P e e e Pttt z==z=== =====STEA2370
SET CAPACLITANCE TERMS FOR MAXItunm STABILITY, ! STEA23a0
e T ] S=8=Zoz=zRs=sc R CNOEERRERS IS IERaT S S==STEAR 300
WO Lo Iz2rIM STEA24n0
O by J2eJdM STEA2410
WY ol KZ2eKM STEA»#420
IF(WCPL2J9K) 46T,1,0ELQ0) GO TO 8pn STEA24%0
REP(12JyK) = RR(I=1sJrK)&KR(I=1sJrK) + RRCI,JoKIkKR(IpgeK) + STEA~440
» RZ(IoJd=1eK)%KZ(Iod=grsK) + RZ{I,JpKI%KZ(IoJoK) + STEA2U4K0
. RT(Iedik=1)%KT(IoJyk=1) + RT(I,J,K)&KT(IsJrK) STEA2440
80 CONT LUt STEA2470
RETURN STEA24Aa0
:::;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::STEAgugo

AR 2 X KK o KO K K K AR O s KR o oK Ak Ak K kK ok R kR ok kR Rk Rk RS TEA2 500
K A K oo K o R KK o KKK K K SR K g K OK ROK oK KoKk KoKk oK Aok ok Rk ok Kk Rk kS TEAD S 1 0
WA o KA KK R RO ook K oK o KK g KRR A K R Kk K kR R Kk K Rk KRk K X R GTEARS 20

e T e e Ot e P S S (e L)
SUBRQUT INE STURE(ISTORENRy) STEA2510
T e e e e e e S S EEEE R PR R PR L LYY
slLiE AKRAYS ON pRUA OR READ ARRAYS FROM DRuw, STEA2540
et e P e R R R B S S P P O N LR ]
REwinu 1STURE STEA2SAQ

WU 10 (100,200) 9 NRw STEA2590

100 REAL  (1STuRE) (TI(N)y N = 1,89), (TOIN), N = 1¢NQ)»STEA2600
KOO eLyueK) s IZ10I1G), J=10JQ) e Kz1oKQ) e (((RRBTL(IZJsK)» I=1,I6Q)2STEA2610
Xy=1ruw), K=1,KQ), COCRBBTH(I v Jok) r I=10I6G0), U=1+J0), K=1+KQ), STEA2650
A{le DIl od,K)y I21,J6Q)r JS1ylq), KS1kQ) )y (((ZBRTH(IsJrK)» STEA2630
Xizirdbady Jz1el) e Kalok@)y (({THBTLIINJ,K), I=1,K6Q), J=1,14Q), STEA2640
AK=Logu) s (((TBUBTH(I JeK) e IS1eKGo)y J=101Q), K=1,J0) STEA2650

LY 1y 300 . STEA?660
e e e e e e P e S P T PR P PR TR P T L) (o T 108 1)

200 wRIIE (ISTORE) (TI(N)y N = LoNQ)s» (TO(N), N = 19/NQ)»STEA26R0

XCOi(EraoK)y IZ101Q), J=10J@) e KzleKQ)» (((RABTL(I,JeK)» I=1,1GQ)+STEA2690
KJZ1sdu), Kz1eKQ@)e  (((RBUBTH(Isdyk)s IZ1016Q), J=1,J0), K=1,KQ), STFA2700

K(leo,oTL(L,J,K)y 121,J6Q) e J=191G), KS1eKQ), (((ZBRTH(YrJsK), STEA2710
XISleduids J=1elQ) e K=1eKQ), (((TapTL(I,J,K), I=1,K6Q), J=1,1Q), STEA2770
Ae=legd)y (CCTLRTH(I UK 2 IZ10KGQ) e JS1010), K=1,U0) STEAD 730
300 ik Turh STEA2710
M e e A T e e S S T T T P A I S P L)
END STEA2760
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SUBROQUTANE BLOCK BLoC' 10

INCLUDE ComMpIm BLOC 20
A P S P A P P F P P L P P P S+ P LTI Jol Ty
EVALUATE THE MATERIAL PROPERTIES OF EACH BLOCK BLOC 40
P P P F A S S P e i e 3 e e Pt o ] S====== s===2z===RL0C s0
S==zzSzs=zsszz=z=z= =IZSSE=SEzSRISzmozzzzs ===== s=3z==zz==z===BL0C &0
TURN THt GAS CONDUCTIVITY SWITCH OFF 8LoC 70
GAS= LFALSE, 8LOC g0
LVALUATE THE PROPERTIES OF ALL BLOCKS ' BLOC 90
LV «y LzlolMaxX BLOC 100
Nls ML) BLOC 1310
CALLULATE THE LIMlTS OF BLOCK L BLOC 170
T LnNCIaGSssSSSZ=SzssIz===c=z=s F - Tt =SS ESsS=snsEzssz===8L0C 130
POINT LIMITS BLOC 140
Ihss Il pLoC 150
ILS= IL(L) B31.0C 1k0
JHSE (L) BLOC 170
JLS- JL (L) BLOC 1r0
nHSS KH(L) 8LOC 190
vLS= KL (L) BLOC 200
U ING OAPLINES BLoC 210
Jobbz IOR(ILS=1) | BLOC 220
ToHLZ IR (IHS) rLOC 230
JOLL: JuZiJdLs=1) BLOC 240
JOHLZ JuZ tJHS) BLOC 250
KULbs KGT(kLS=1) BILOC 260
KoLz KoT (Kris) 8L.0C 270
FP PR A I It e e T Pt P A P Pt P T A L P I P P TR ATy
1S 111S LOCk A COOLANT ='YES)NO!'~ BLLOC 290
IF (uletke0) 60 TO 10 . BLOC 3n0
CALLULATE THE PROPERTIES OF THE MATERIAL IN BLOCK L. pLOC 310
CALL MADATA nLoc 3n0
L0 10 2u BLOC 3729
PR oottt ettt ot pded -t L Pt == =SSzII====s= sz===8L0C 340
CORnECT THE GAPLINE ASSIGNMENT OfF THE EXTERNAL COOLANTS BLOC 3590
10 1F{lro,LGeIMAX) TOHS=IGLS BLAC 340
IF (1LY oEGe 1) I0LSzIGHS . BLOC 370
IF WJHS JEue JMAX) JUGHSZJGLS BLoC 3n0
1F (JLS Jk@e 1) JOLSZJGHS BLOC 390
IF (WS £G. KMAX) KGHS=KGLS RLOC u4no
IF (KLS +EC. 1) KOLS=KGHS BLOC 410
CALLULATE THy PROPERTIES OF THp COOLANT IN BLOCK L RLOC 420
CALL FLUDAT(L) BLOC 4730
ARE ALL BLOCKS EVALUATED =t'YES,NOt= BLOC 440
zg CUNTINUL BLOC 450
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e LRSS N N s TR m e S e s S R = R N s e e r R s e e = D -

ISOLATE THE CONDUCTIVITIES OF POINTS ADJACENT COOLANT BOUNDARIES
o5TORL THEM IN THE REM=~RBBT, ZEM=2BBT, TEM=TBBT LOCATIONS FOR
+COOLANT BLOCK SURFACES,

o e e i g A D e D T o i s R Y e S P g i VR G Aty S e D B T s e S s s e e G T A v Gy U i R ey T o 08 U et Y g W
D T T D T R R E e o o or i e o o i o T7 0 o e 0 350 oo e 22 0 e iy B 5 e O i o7 0 o ) o A e ot o e O o,

LUCATE THE RADIAL=X COOLANT BOUNPARIES,
DO w2V 1=1l,1Im
Jo=LoR(1)
EXCLUDE THe nON=GAPLINES, !
1IF(1Getwe0)GO TQ <220
DU 1V J=2pdi2
U0 il K=2pK#
tACLuvE THE POINTS wHERE A GAP 1S ADJACENT T0 THE GAPLINE,
IF(LaPR(IG,J,K) 6E,.0,0)60 TO 210
EXCLUDE THE POINTS wHERE TwO COOLANTS ARE ADJACENT ON THE GAPLIN
IF(CAPRCIG, J,K) JLT, (=2,5€E~10))6G0 TO 210
15 1HL CUOLANT ON THe HIGH INDEX SIDE OF THE GAPLINE? «'NO,YESs=~
IF (GAPR(IG,JeK) o LT, (=1,5E=10))G0 TO 200
KEML (LG, JoK) =CONR(TI,JrK)
RBLTLIIGrJrKISCUNR(I+1eJeK)
GO Tu 210
200 KEM1{1GrJrK)=CONRII+1rdrK)
R 1 {Tords K)SCONR {1 yJeK)
210 CONILIIUL
20 Cunl e

LS ILIZIEECESISESIZTSSSEIIEZSSRZZZISSSRS = === SSES=8Ez2

LOCATE THE AxIAL=Z COOLANT BOUNDARIES.
Y ehl J=lydia
JOzZuLL (J)
EACLUVE THE NON=GAPLINES,
IF(WGoeEwe0)GO TO 250
O wuu Iz I
LO 240 K2 eKu
LXCLUUE THE POINTS WNHERE A GAP IS ADJACENT TO THE GAPLINE,
IF(LAPZ(JU,I,K) 4GE,0,0)GO TO 240
EXCLUDE THE pPOINTS wHERE TwO COOLANTS ARE ADJACENT ON THE GAPLIN
IR (LAPZ(JO,1,K) o LY, (=2,0E=10))G0 TO 240 .
IS inc COULANT ON THE HIGH INDEX SIDE OF THE GAPLINE? «'NOsYESt~
1F(0aP2(J6,1,K) LT, (=1,5E=10))G0 TO 230
ZEML (UG 1 oK) =CONZ (L) JrK)
ZBBTLIJ0r 1oK)ISCUNZ (1 9J+1 oK)
GO 10 24U

230 ZEMN(JG, 1K) =CONZ(I,J+1,K)
ZBBVHIJUs LiK)ZCONZ (1 ,JeK)

240 CUNY {NULE

250 CONI1INUE
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==RL.0C
. BLoC
BLoC
BLOC
==BL0C
BLOC
BLoC
3LoC
RBLOC
B8LoC
BLoC
BLOC
BLOC
BLoC
E+BLOC
nLoc
BLOC
BLOC
HLOC
nLOC
BLOC
BLOC
BLOC
BLoC
BLOC
==EL.0C
BLoC
BLoC
ALocC
RLOC
BLOC
BLOC
BLoC
BL.OC
BLoC
Fe+BLOC
BL.OC
BLOC
BLoC
RLOC
BLocC
BLOC
BLoC
BLOC
BLoC
BLocC

4g0
470
4a0
490
500
510
520
530
540
580
560
570
5a0
590
600
610
650
630
640
650
660
670
6/0
690
700
710
720
730
o
750
760
770
780
790
800
810
850
830
840
850
860
870
0a0
8990
900
910



260

290
300

LR e S e Pt P P R P P P A e PR P T o P Y

LOCATE THE THETA=Y COOLANT BOUNDARIES, B8L.OC 930

UO 900 K=leKM BLoC 940
Ke=nGT(K) BLOC 950
EXCLULE THE NON=GAPLINES, BLOC %60
IF (ko,e@.0) 60 TO 300 BLoC 970
DO &9V 1=2,1Im BLOC 9a0
LU 290 J=<gypdm BLOC 990
EXCLUVE THE POINTS WwHERE A GAP Is ADJACENT TO THE GAPLINE, BLOC, 000
IF (GAPT(KGeIoJdh +GE, 0.0) GO 7O 290 ALLOCL040
EXCLULE THE POINTS WwHERE TOO COOLANTS ARE ADJACENT ON THE GAPLINg.nLOC1020
IF (GAPT(KGeIrJ) oLT, (=2+5E=10))6GO0 TO 290 BLOC1030
IS 1He COULANT ON THE HIGH INDEX SIDE OF THE GAPLINE? «~'NO,YESe= 8LOC1040
IF (LAPTIKGeTrd) oLT,. (=1e5E=10)) GO TO 280 BLOC1050
TEAL (KRG T o) =CONT (I, UrK) RLOC10,0
TBUIL(KOr Lo J)=CONT (1,JeK+1) BLOC1070
WO 10 290 ALOCLOA0
TLMI(KG o1 o) =CONT (I, JrK+1) BLOC1090
TOU I (KGr Lo J)SCONT (X pJeK) BLOC1100
COUNTINUE BLNC1110
CU I THLE BLOC11p0
SLIusSIsISsZsssz=ZssS=Eass SRt sEI RSN s e RS RS E R ===RL0C1130
R TumiN aLoCilug
END BLOC11s0
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SUBKOUTINE MADATA MADA 10

INCLUDE COMDIM : MADA 50

o P e e e P e e Lt L b e e e T P L P T Vo). N Y]
c SUPKLLY THE MATERIAL THERMAL PHYSICAL PROPERTIES MADA 40
50

&0

70

RO

90

100

110

120

o IS 1hE WATERIAL SOLIL OR GAS IN A GAP? ~1GAS,SOLID'= MADA 1730
98 IF {(GAS) ©0 10 1300 MADA 140

(Ot Sttt tn PRt Pttt dboddodobadaodd Pttt ot bl bttt b e e b e SR L T O B R N ] 4]
ce CALCULATE THE SOLLY MATERIAL PROPERTIES MADA 160
C/ CALLULATE THE HEATGENERATION RATE FOR EACH POINT IN THE RLOCK MADA 170
(o L St bt e St ot e e S S T T e S e E E L E LY Y R WY1
160 HR=LATI MADA 190
p0 10 K = KLS» KHS MARA 200

FTIT = 1P(K) MADA 210

W0 an0 undLS, JHS MADA 220

FIZ = 7P (J) MADA 230

LU Ls0 I=ILS, IHS MALLA 240
FTRzHP (L) MADA 25

b = T{LeJdsK) MADA 260

@O 1o ( 101, 102, 103, 104, 105, 106¢ 107, 108, 109, 110, 111¢ MADA 270

1 112, 113, 114 115),NI1 MANA 2AD

101 X=Heal 21(Y) MADA 290
60 10 140 ‘ MADA 300

102 x=Heal 2(Y) MANA 3310
6O tu 140 MANRA 320

103 X=ZHRAT A(Y) MADA 330
U Tu 140 MARA 340

104 X=HLAT 41Y) MADA 350
60 Tu 140 MADA 360

1U9S XzHoal u(Y) . MADA 370
0 Tu 140 MADA 3.0

106 XSHLAT o(Y) MADA 390
6L 10 140 MADA UqnD

107 X=Heal 7(Y) MANA B30
GO 10 140 MADA 450

108 XZHLAT »(Y) MADA 4130
GO 1y 140 MANA 440

109 XS sl 9(Y) MADPA 450
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110
111
112
143
114
115
140
150

CE

cs

200

201
202
203
204
205
206
2u?
204
2v9
210

60 TO 140
X=HLATIO(Y)
60 Tu 180
X=HLATLI(Y)
eV 10 140
ASHLATL2(Y)
60 10 140
XSHEATL13(Y)
60 10 140
X=HLATLIG(Y)
GO 1u 140
XSHEATLIL(Y)

wllsJoK)=XaV (1,J9K)

CONT THUL

MADA
MADA
MADA
MADA
MADA
MANA
MADA
MANA
MADA
MATA
MAr A
MAGA
MADA
MANA

P T Y T T L T T sl Pl a e PR L 2 T T 23 o P12 1 3 2T 13 173 P P T1T.Ys).

CALLULATE THE RADIAL CONDUCTIVITY

o B o T O ot ot T e s TP O e st B0 T e By
T D o O T e Y ot e B e g D e D i W Y

0 ¢H0 K = KLS» KHS

FIT=TP (W)

DO bl I=ILS, IHS

FTRz=RP (1)

LU by J=JLS,JHS |

FT2=7P(J)

VR = T(LedeK)
GO 10 { 201, 202, 203» 204, 205, 2060 207, 208y 209, 210, 2131

212, 213y 214» 215) NI

X=ROCON 1(Y)
60 10 247
X=RLCON 2(Y)
6L 10 247
X=RCON 5(Y)
GO 1y 247
x=hiul 4 (Y)
GO 10 247
A=RCON 5(Y)
GO 106 247
XSROLON w(Y)
w0 10 247
XSRLON 7(Y)
oV 10 247
X=RLON @(Y)
60 10 247
A=RUUN 9(Y)
WO Tu 247
X=KeuNiu(Y)
@0 10 247
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MADA
MADA
MADA
MADA
MADA
MADA
MADA
MADA
MADA
MANA
MADA
MADA
MADA
MADA
MADA
MANA
MADA
MANA
MADA
MADA
MANA
MADA
MADA
MANA
MADA
MADA
MADA
MADA
MADA
MADRA
MADA

460
470
430
490
5n0
510
520
530
sS40
550
560
570
5n0
590
6n0
610
620
630
640
650
660
670
6a0
690
Ta0
710
720
730
740
750
7640
770
780
700
an0
810
820
a0
Bu0
850
860
870
810
890
900
910




211
212
213
214
215

301
302
303
304
305
306
3u7
Jus
309
310
31}

X=RCON11(Y) , MADA 920
GO0 10 247 MADA 930
X=ReON12(Y) : MADA 940
GV T 247 MAGA 950
A=RLUNLS(Y) MANA 960
GO 10 247 MADA 970
X=ReoN1a(Y) MADA 9a0
GO 1u 247 MADA 990
X=RLON1H(Y) ‘ MArA¢ 000
IF(A.Eu,040) %=1 40E=6 MADA1010
COn(lyurK)=140/X MADAL D20
CONT [NUE MARAL1030
A g e g el T g g 0 0 e g L o g a0 A 0 o ol o ok o 3R KR kKR Kk Ky K EMANA L 040
CALLUA.ATE THE AXIAL CONDUCTIVITY MANAL 050
LIS ERISEIRRRESSEIRRSERSRER ==Z== = == SRS EZSRESS=E==z=MADA1060
U LU K = KLSe KHS MADA1070
FIT=1P(K) MANA10a0
Wy ol I=ILS, IHS MADA1000
FTRzkP (1) MANA1100
0V SaU URJLS,JHS MADA1 110
FTL=sP (9) MADA11»0
R = T(LledsK) . MADAL 130
60 10 ( 301, 302, 303, 304, 305, 306e 307+ 308, 309, 310, 311 MANAL140

312, 313, 314 315) NI MADAL11%0
X=ACON 1(Y) MADA1160
60 10 347 ’ MACAL170
X=ACON 2(Y) MADA11A0
60 10 347 ' . MADAL1190
XSACON S(Y) MADAI200
6O Yo 347 MADAL1210
XEACON 4(Y) ’ MADAL12290
L0 T0 347 MADA1230
X=ACON 5(Y) MADAL240
69 10 347 MADA12%0
X=ACUN o(Y) MADA1260
6O T0 347 MADA1270
X=ACON 7(Y) . MADAL2n0
GO 10 347 MADA1290
XZALON &(Y) MADA1300
GO 1o 347 : MANA1310
XZACON 9(Y) MADA1320
60 Ty 347 MANAL13320
X=ALONLU(Y) MADAL340
GO 10 347 MADA1350
X=ACONLIL(Y) . MADA1 340
60 10 347 MADA1370
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312 X=ACON12(Y) . MADA13a0

6O To 347 MADA1390
313 X=ACON13(Y) ’ MADA1 400
GO 1o 347 MADA1410
314 X=ALUN14(Y) : MADALY420
60 16 3u7 : MADAIU430
315 X=ALUNLILLY) MADA1440
T IF (A ,EQ.0e0)XS1.0E~6 MADA1450
CONL(L1,U9K)=1,0/X ! MADAL460
350 CONJINUE ! MADAL470
CE T Y L L L T T T L P L et T P P T T P P P L e Ty e P YN S RTY Y]
c/ CALLILATE THE THETA CONDUCTIVITY MADA1490
SSEEEZIILoEzoEEZISIRI=S ===33=== SRS S S s e e e S S T [
1500 U0 1450 K = kkSe KHS MADA1510
FIToTP(K) MADA1520
DO 1hbLe I = ILS, I4s MADA1530
FIRaRP (1) MANRALSYO
JU 1590 J = UkSe JHS MANDA1550
FTzzz2P(J) vAPNALSE0
uR = T(I:JeK) MADA1570
60 1ty (1501» 15020 1503 1504¢ 1505, 1506 1507¢ 1508» 1509, 15in?MADA1540

11914, 1912, 1513,. 1514, 1515)s NI MANAL1590 "
1501 X=TULON 1(Y) MANA1600
6O ju 1947 MANA1610

1502 X=TLol 2(Y) MANA1620 .
GO 10 147 MADAL6X0
1503 x=TLuN A(Y) MANALELO
w0 Ty 1947 ' . MADA1650
1504 XSTLON 4(Y) MADA 1660
GO 1g 1u47 . MARA1670
1505 x=TLuh 5(Y) MARAL6A0
GO 10 1hH47 MADA1690
1506 X=TCulN w(Y) MANDALTNO
GO 1 1u47 MADA1710
1507 X=TLon 7{Y) MADAYLT720
60 10 1547 MADA1730
1508 XETOLUN o(Y) . MADAL740
GV Ty 1ou7 MADALTS0
1509 XSTLUN 9(Y) MANA1LT60
GO 1y 1547 ' MANALT70
1510 X=TLONL1OL(Y) VALAL 7RO
00 1y 1947 MADA1790
1511 X=TCON1L(Y) MADA1800
GV TO 14L47 MANA1810
1512 x=TLuile(Y) MAnAL1820
T eU 10 1947 MANA1830
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4o

4ol
402
403
Bub
$u5
406
$u7
408
409
410
411
412

413

X=TOONL3(Y) MADA1840
GO 10 1547 MADA1850
X=TCONLG4(Y) MADA1860
GO 10 1b47 MADA1870
5 X=TLON1L(Y) MANRA18a0
IF(X,£Q,0s0)X=1,0Ewt MADA1890
CONT (1, ,urK)=140/X MADA1900
COLY IHUE MADA1910
Ak R KK Ko ok I o R R ORI R R R KK kR Rk g kg KMAP AL G20
CALCIILATE THE SHECIFIC HEAT MADA19%0
RN I o N oo S o RN I NS oo N R N N RS S s R N RS R e RN IRN S SIS InS S s == MADAL 9 0
IF(Ls2,6Te140) GO TO 499 MADA19%0
LO 450 R = KLS» KHS wAnAL1960
00 450 121LS,IHS MANA1970
LY 450 uzJLS,,JHS MANAL19R0
PR = T(1eJdeK) MADAL990
U Tou ( 401, 402, 403s 404, 405, 4060 407 408, 409r 410, 411 MArA2000
412, 413, 4149 415) NI MADA2010

A=SHFEC 1(Y) MADA»020
GO tu 440 HAnA2030
X=5t£C £(Y) MANA2040
0O 10 440 MADAZ0S0
X=Srel 3(Y) MADNA2040
60 Ty 440 MA[ AR070
X=5t e 4 (Y) MARA20R0
60 v huyu MANA2000
X251 £C n(Y) MADA21ND
LY 10 440 MANA2110
AZSHEC 6(Y) MARA2120
GV 1L bug MA[AS1 30
X=5reC 7(Y) MADA2140
GV 10 440 MADA2150
X=5PEC ulY) MANA21R0
U 10 440 MADA2170
X=SEeL 9(Y) MANAP1AD
WO 10 440 MADAP2190
X=5PeClutY) MANA2200
LV U 44U MADA»210
A=SHECLLLY) MANA2220
GU 10 440 MADA2230
X=SHLC1-(Y) MADA2240
60 10 44v MADAP250
X=5E+.C1a(Y) “AA2260
Ll Tu 440 MADA2270
X=SHeClq YY) VANRA2270
6LV 10 440 1ADA2290

W1t
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415 x=SPEC15(Y) MADA2300

440 RCP(IoJaKIaXaeV(IoJdyK) MADA2310
IF(sNOT,SW(Ln)) GO TO 450 MADA2320
IF(A,G0T,9.999:5) RCP(IsJe1K)IZ1enEr2 MADA2330
450 CONIY INuE MADA2340
CE AE AR AR RRRR R RN RR SRR R By Ry GEREERE SRR CR TR TR R AR gk kg Ty ¥y KMADA2 350
c/s CALLULATE THe RADIAL THERMAL EMISSIVITY ON THE LOw INDEX MANAR340
C 51 UF THE BLOCK MADA2370

SEESSICTINSZSSIISSIISSSZISSIISSSE SRS CnoERSERES SRS S s ST SSSRE2INSs =S s E=EMADA23A0

499 IF (10Ls « LE +.0) GO TO 599 MADA2390

500 LV LHLU K = KLSe KHS MADPA2400
O LHO JzULSHUHS MANAPLLO
IF (GAPR(IGLSYJeK) o EQ o 040) GO TO S50 MADA2UL O
FTIT=1P(n) MADA»430
FT22:P(J) MADA2Hu0
ultzhpBIL (IGLS e JrK) MANA2450
WV 10 ( 501, 502, 503+ 504, 508, 506 507, 508, 509 510, Si1» MANA24¢0

b Slze 513, S14r» 515) NI MADA2470

501 X=EMmpbL 1(Y) MADA2HAD
GO 10 547 MADA2490

Su2 X=EiHL 2(Y) MANA2500
60 10 L47 . MADA»S10

503 XZErRL 5(Y) MADA2S20
GO 10 n47 MADA2530

S0l X=kmil 4(Y) MArA2540
6O Tu 547 MANA2550

Su5 X=EmRL 5(Y) MADA2S40
GO 10 947 ’ MADA2570

506 X=Eukl ol(Y) MADASS5A0
GO 10 547 . MADA2590

507 Xx=EMRL 7(Y) ' MADA2600
GO 10 547 MADA2610

508 X=cimilk ulY) MADA2620
GO 1o S47 MADA-630

509 x=Eink 9(Y) MADA2640
60 lu 547 MANA2b80

510 X=EMRLLG(Y) . MARAPGAD
w0 10 547 MADA2670

511 X=EMRL11(Y) MADA2620
00 16 47 MAPA2690

512 x=Eakb12(Y) MANDA2700
GO 10 547 MADA2710

513 x=EMKL1S(Y) MADAR720
60 Tu 547 MADA-7%0

S14 XSEMfL14(Y) MADA2740

60 10 547 MADA27s0
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515 X=EmRL1S(Y) MADA2760
547 IF(A.EQ.060)X=1,0E=6 MADA2770
REML (LGLSsJrx) =1, 0/X MADA27a0

550 CONT INUL MADA2790
CE AR R kR ROK R KR B o AR K I o g R AR AOOR R RO Rk R R KMADA 28N O
Cs CALLILATE THE RADIAL THERMAL EMISSIVITY ON THE HIGH INDEX MADA2810
C «SE0DL OF THE BLOCK MADA2850
S e R S T e R R P R S P P R F R L s Y Lk Y]
H99 IF (16HS o LE « 0) GO TO 699 ‘ MANA2RLO
600 O whU K = KLSr ,KHS MANA2AS0
DO LHY JzJdLS,yJHS MADA2840

IF (GAPK(IGHS»JeK) o EQ o 0.0) GO TO 650 MADA2R70
FTT=TP (W) MANA28/0
FTez/P(ud VAPA2890
DRSKBLTHLoHS P JdeK) MANA29n0

60 10 ( 6Uly 602, 603r 604, 605, 606+ 607, 608, 609¢ 610, 6110 MANA2910
©l2y 013, 614 615) NI MARA2920

601 XZEMRH 1(Y) MANA2930
U 10 647 MANA2940

602 X=EMuh £(Y) MAPRAP950
0O 10 647 MADA29R0

603 X=Ertt 3(Y) MA{JAZ3TC
6O T0 6a7 MANA2910

6L X=EmKB 4(Y) MANA29Q0
GO U 647 MANAZOND

605 X=EmnH 5(Y) MANA%010
6V 10 647 MACAXN20

6ub XSEmilt wlY) HMADAZOZ0
GV 10 o4 MA['A3040

607 X=EiRH 7(Y) . MACA%080
O 10 647 MADA30&0

608 X=EMmRH 6(Y) MADA2070
O 10 eu7 MALAXORD

6U9 x<Emih 9(Y) HANAY090
6O t0 647 MADA31NO

610 X=Ewrrntu(Y) MADAZ110
wo 1o 647 . MADAZLP0

611 XZbvkH11(Y) MARAZL30
6O 10U ou? MAGARLL40

612 X=EmiiH12(Y) MANA3180
VO 10 647 MANA3160

613 x=EmikH15(Y) MANRAX170
L o 6u7 MADA31a0

614 X=EmrH14(Y) MADA%190
L0 Tu wu? MADA3200

615 X=Emnris(Y) MADA3210
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647 IF(X.EQ.040)X=1,0E=6 MADAS220

REME(IGHS v JeK ) =140/ MADA3230

650 CONT [HuL MADAX240

CE AR R AR KRR R GG RE R ERE g AR B RS R R R B R R R R Rk ey K *MADA 250

crs CALLLLATE THE AXIAL THERMAL EMISGIVITY ON THE LOw INDEX MADAR2a0

c e5lUL OF THE sLOCK MADA3270

(3R LR PP Tt S P IS P S T T P P A S P it S P P T At it P e I N Yl W a1

699 IF (JoLs « LE o 0) GO TO 799 MADA3290

700 1,0 750 K = KLSe KHS ‘ MAr.-A3300

10 /vV 1 = ILS» ,IHS MADAZ310

IF (LAFZ(JGLSPIsK) , EQ o U,0) 60 TO 750 MADA3320

FITZIP(K) MADA3330

FTR=rF (1) MADA33L40

JR = 2BHTL(JekSe IeK) MADA 350

GU Yo ( 701, 702, Tu3e 704, 705, 7060 T707» 708s 709, 710, 71t MADAR 340

b Tize 7134 Titie T15) NI MANA3370

Tul XsEMAL 1(Y) MADA33n0

6O U 747 MANA3390

Tu2 x=Lmak 2(Y) MADA3LN0

60 10 747 MADAZ410

Tud X=timAL 3(Y) MALA?420
VO 10 747 . MADRAIL30 .

70“ X:E‘"lh\'— “(Y) MA[AAZ“‘“#O

Le 1y 747 MARA3450

TU5 X=Ewmal H(Y) MADA3LE0
GU 10 747 MADA3470 .

T06 astival o(Y) MANRA3YR0

GO 10 M7 ' . MADARH490

77 a=kral 7(Y) MADA5n0

0O 10 747 MANA5410

708 X=Emak oY) ' MANA3520

L0 Tu 747 MAIA3S530

Tu9 x=Erak y(Y) MADA3S40

GO 10 747 MADA3SS0

T10 A=CmALlu(Y) MADA35A0

60 Yu 747 MADAYS70

711 x=Emalk11(Y) . MAPA3SA0

WO U 747 MADA35Q0

712 X=EirALle(Y) : MADA2600

w0 TO 747 MADA3610

713 X=StmaAlkls(Y) VADAR620

WO 1y 747 MADA 26130

714 x=EmALLIB(Y) MADAI640

60 To 747 MA;A3650

715 X=EmaL1H(Y) MA(A36R0

Tu7? IF(AEQ,Ue0)XZL,0Eub MADAR670
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ZEML (JGLSe

750 CONTINUE

KI=1,0/X

MADA3680
MADA690

ce HA AR AR AR AR AR I AR g R AR AR AR A AR K R Rk K g oy RMARA S TN 0
C/ CALLULATE THe AXIAL THERMAL EMISQIVITY ON THE HIGH INDEX MADA3710
C «SIDL UF THE ,LOCK MADA37,0
e e e e e e e e e e e e s e e e e e LTI YALY
799 IF (JOHH o LE o 0 ) GO TO 899 MADA3740
600 LY LLU K = KLSe KHS MADA3T7S0
ul LU 1 = ILSe 1HS ¢ MADA 3740

LF (0APZ(dGHSe 1K) , EQ o 0,0) GO TO A50 MADA3770
FITa1r(R) MADAYT7A0

P IR=P (D) MADA3790

R o ZiuTH (JOHS, ©,K) MADA*8n0

eV 10 ( 801, 80z, A03s B0%, 805y 806¢ AO7e 808, 809, 8310, BiL MANA3810

1 812, 813, Al4s 815) NI MANA3Z8,0
801 X=kMAH 21(Y) MADARBZ0
60 10 A47 MARA3SLD

802 X=EMAH (YY) MANAZBS0
GO 1y a47 MADAZBAO

8U3 X=kiah 3(Y) MADATB70
6L 10 an? MADAZ8na0

804 X=E: AH 4(Y) MADA38a0
GO 10 w47 MADAZ9n0

B80S X=EmArt u(Y) MAGCA3910
60 10 8u7 MADA2920

BuUE X=EhHiAM o(Y) MANA3930
GO Tu uu7 MADAISL0

807 x=EMaH 7(Y) MANA39S0
GO T 8u7 MAPAI9R0

8UB X=EmAH #5(Y) MALA39720
0O Ty a7 ' VALA3ZFR0

8U9 X=bkmaH 9(Y) MANA3990
GO 10 n47 MANDA4LONO

810 X=Eiruhiu(Y) MANRAL D10
60 v uu7 MADALOS0

Bll X=kEmaH11(Y) MANAKBOX0
60 1u u4? . MADA4 040

8l2 X=ErAHL2(Y) MANALOS0
v 1o 847 MAT:A4060

813 x=EvraH13(Y) MANALO?0
60 10 u47 MADALORQ

8l4 XSEmAHLL(Y) “MADAL 090
GV T0 847 MANAL 100

B1b XZERAHLILH(Y) MANALLLO
847 IF(X.,tu.0s0)X=1,0Ewp MADA4120
"2EMr(JenS» IeK)=1.0/X MANAL130
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850
CE
cs
c

C::::::::::::;: ------------ SZSSE===3szs=

899 IF( kbLS o LE « 0 )GO TO 999

900

9ul
902
93
UL
905
906
9u7
9us
9u9
910
911
912
213
914

215
947

950

CONT INUe

MADA4L40

RERA AR ERRRR AR RS E R, Sy A G R RSN SRR R AR KRR E Ry Rk ® kK kMADAY 150

CALCULATE THE THETA THERMAL EMISSIVITY ON THE LOw INDEX

510k OF THE BLOCK

UY Y8 L =
DQ ‘:::,0 J =

1F (GAPT(KGLS  IoU)

FIR=kP (L)
rT22/P (W)

ILS,
JLS

1Hs
JHS

DR = I TL(KsLS 10 d)

V0 1y (901, 902, 904.N?ou. 905, 906, 907, 90As 909, 910+ 911,

lylzy 913, 914

X=EiiTh 1(Y)
GV 10 947
K=hiiTh 2(Y)
WV fu 947
Xtk 3(Y)
60 10 947
x=bltl 4(Y)
WO 10 947
XSkt o(Y)
6O 10 947
X=EMTL (YY)
60 10 947
X=Eiirk 7(Y)
60 10 947
X=EMmiL s(Y)
6O {0 947
X=EmTL 9(Y)
WO to 947
x=EerLiuY)
GO 1u 947
A=EmTRLL(Y)
WO VG 947
LB le1e (Y}
60 10 947
XSEMTLLIS(Y)
L0 10 947
A=EmTL1a(Y)
00 Tu 947
XSEmTLIn(Y)

IF(A.£9,0¢0)X=140Emp
TEML(KGLSe10Jd)=1,0/X

CUNI INUE

919),

« EQ ¢ 040) G0 TO 950
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MANA41A0
MADA4 170

=MADAu41a0

MADA4L190
MApAL200
MADAR210
MADAL220
MAAN230
MADA4L240
MADAn 250
MADAU260
MANA4270
MADAL2R0
MAnA4290
MADAL3NO
MADAL310
MADAL320
MADAL 330
MADAL340
WADAL 350
MANAY340
MADA4370
MADAL3A0
MANDAL390
MANALL00
MADA4 410
MADALLNO0
MACALLR0
MAPMALG4,0
MADALG U450
MADARUGO
MARALL4T0
MANALK4RA0
MANAL490
MADA45n0
MADANnS510
MADALSS0
MADA4 530
MADALSHO
MANALSS0
MANA4SK0
MACA4S570
MADALSAD
MADA4590




ce A o AR KA AR R R TR RO OR R R R Rk A Rk, X K MADA L 600
c/ CALCULATE THE THETA THERMAL EMISSIVITY ON THE HIGH INDEX MADAL610
C «51DL OF THE BLOCK MADA;620
(S e e S S P bttt e PP PP L s==== === S====WADAUG30
999 IF (kbHs o+ LE o« 0) GO TO 1299 MADAULGYLO
1000 O 1050 I = 1LS, IWS MADALGS0
w0 1050 J = ULSy JHS MAPNALE60

IF (GAPT(KGHSe1,u) , EQ o 0,0) GO YO 1299 MANAL 670
FTR-kP(I) : MANAULEA0
FIZ=/P (0) ) MARA4 690

DR IPLTHKEHS» TrY) MANALTND

6O 10 (1001, 1002, 1003, 1004, 1005, 1006, 1007+ 1008, 1009, MADA4LT7410
110106, 1ull, 1012, 1013, 1014, (015), NI MArAUT20

10U) X=EmTH 1(Y) MALANRT RO
GV 1o 1u4? MArA4 740

10u2 X=EnTH 2(Y) MADAULTS0
6L 1y U4/ MAUDAU4TRO

1003 x=EMTH 3(Y) MADALT770
LO (U Lus? MARLAUT 0

1004 X=ErTH 4 (V) MANALTA0
GO Tu Lus? MADALBNO

1005 X=EWTr L(Y) . MANAYR10
JU 10 17 MARANBP0

10U6 X=EnTH ol(Y) MADALB30
GO 0 tuk? MANALY 840

10U7 £=EwTH 7(Y) MANALAS0
WO 10 1u47 MADA:4 A0

1006 x=E3H ulY) ' MADAY870
WU 1y 1uW7? MADA(8A0

10u9 xzkiTH 9(Y) . MANAL 890
U 10 1ue? MADAL9n0

1010 X=EmtHLO(Y) MANAL910
GO Ty 1u47 MARAL920

1011 x=EmTHILL(Y) MANALS30
6O 10 Lou? MADAL4SY40

1012 X=EwmiHle(Y) MADNANWSKO
GO o Lus7?7 . MALA4960

1013 X=EMTH13(Y) MADA4970
LU tu lou/ : MADALIAD

1014 x=bEr1t114lY) MADAUSA0
GO tu 1u47 MADASOND

1019 X=EMIALL(Y) MANAS010
1047 JF(A.tu.000)X=1,0E=6 MADAGD20
TLMH(RGHS» ToJ)S140/X MADAS030

1050 CONT {nUE MATASO40
CE 7 bk o ok R AOROR Ok Bo R R o gk KRR AR K ok Mok RO R R Rk ok Ky R  ¥MAD AR 050
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CE AR g 80 g K A e o R oo 0o 00 002030 a o g o O T A o o o oo o e  ak oK Kk g ko koK oK Rk MADA S 06 0

1299 RETURN MADAS070

SR EIRCCSILZCEZSERRSSEERREzzES SRS R TR SRS S SRS E IR S SRR SRS SRR TS SISz == =MADASOAD

Cs CALCULATE THE CONchTIvITY OF THE GAS IN THE GAP MADA%090

Pttt bt - == == CEEZSSREIEREIIIIzaIT=====MADASL 0

1300 UR=(TH+TL) %09 MADAS110

60 10 (1301o1302.13030130491305o1306o1307o1308.1309.1310.1311» MADAS 1,0

1 1312013139131401315),N1 MANAS130

1301 GK=OGCUN1(X) ' MADA%140

6O 10 1550 t MANAS150

1302 GA=0CUNZ(X) MADAR 160

GO Tu 135U MADAS170

1303 GR=UCUNJ(X) MALAS1a0

GU Tu 139Y MANAS190

1304 GR=UCLOUNL(X) MANAS200

6O fu 1350 MADAS210

1305 LASUCONL (X) MADAS220

wL 10 135 MARAS230

1306 GK=LCULHGL{X) MARAS240

GO 10 1350 MANA®250

1307 UKR=LLONZ(X) MANAR240
GO 1u 1544 . MANAS270 .

L3uB GAZLLUNO(A) MADAR2a0

60 fu 109U MANAS290

1309 GK=LLUNY(X) MARAS3n0
¢0 10 1450 MADAS 310 -

1310 wKz=LCON1O(X) MANAR320

GU 1u 1lobu ' MADAR330

1311 GK=LLOUN11(X) MADAS340

oV U 1350 ' . MANA® 350

1312 GKzoulLLL12(X) MANARZA0

(VI RV L1V MADA< 370

1313 GK=uluiild(X) MADAS3R0

GV 10 1050 MANAS390

1314 oKz=uCOIL4(X) MARASUND

WO 11U 135V MADARL1O

1315 GKzuCUN15(X) . MADASH20

1350 CONTInuL “MANASY30

CE K AR AR g R AR AR o RN Rk g Rk Rk Rk Rk g Ky EMANAGHY )

RETURN MADASHS0

END MADASH 0
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10

FUNCTION FWATL

ENTKY
FMATY
60 To
ENTHY
FMAYL

O Hu L

ENTiY
FMAI L
w0 10
ENTIY
FMAT L

60 T 1

ENTHY
FMALL
6O 1o
ENTIY
FMAL L

HEAT 1(X)
= 0.0

10
RCON 1(X)
= 0.0

0
ACON 1(X)
= 0.0

1lu

TCON 1(X)

= 040

U
SPEC 1(X)
= 1.0

lu
EwmRb 1(X)
< Uen

6O U 14

ENTRKY
FMAL L
60 10
ENTIY
FMALL

U Tu 1

ENTiIY
FMAIGL
[#1Y) ‘9'()
eNTHY
FMAL]
6V 10
LNTIY
FYAT L
uV 1y
eNTRY
FMAILL

RETURN

END

EWRH 1 (X)
=z 040

10
EmAL 1(X)
= 0Oen

J
EMAH 1(X)
- 0.0
1y
EMTL 1 (X}
= 0.0
1
EmTH 1(X)
= 0en

1u
GLOW L (X)
- 0-0

(x)
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FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT

10

30

40

50

60

70

a0

90
in0
110
120
130
140
150
160
170
10
190
2n0
210
220
230
240
250
260
270
2a0
290
300
310
320
330
340
350
3s0
370
3p0



FUNCTION FMAT2

ENTHY
FMAL &
QU 10
ENTRhY
FMAY 2
60 10
ENTIVY
FMALR
oL v
ENTHY
FMAL 2

GV 1y )

LNTLY
Fmad
CIV T
ENTivy
FMAY
60 10
ENTIY
FMAY
U 10
ENTIY
FMAT .

GV 10 1

ENTHY
FMAy 2
GO
ENTHY
FimAl 2
6V TO
ENTIY
FmMAY »
6O v
ENTICY
FMA 1

10 RETUKN

ENU

NOTE:

HEAT 2(X)
= 0.0

10

RCON 2(X)
= 0.0

10

ACON 2(X)
= 0.0

v

TLON 2¢(X)
= 0.0

u
SHEC 21X)
= 1.0

1u
EmMRL 2(X)
= 00

10
EmRH 2(X)
=z 00
10
EvAL 2tX}
= 0.0

0
EMAH 2(X)
= 0.0
1u
EmTL 2(X)
= 0.0
10
EaTH 2(X)
= U0

v
GCON 2(X)
= 0.0

FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FInAT
FMAT
FHAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FLAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FLAAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT
FMAT

The functions FMAT3 through FMAT15 are omitted since they are all
of the form illustrated in the preceding listings of FMAT1 and
FMAT2,
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luy

260

290
3n0
310
350
330
300
3s0
360
370
330




SULKOUTINE FLODAT (L) FLOD
INCLUDE CoMpIM FL.0D
C--:::::::::::‘:::::::::: ----- meEsSEZI=zIz TTmsmzSzrzESsssezssns====FLOD
FLOD

Z====FL0D

bbbt ottt Pt~ S=Z=ZS=s=z== P 3 ==SzSzszoozss==zIFLOD
Dl STON IFLODA( &) DSTA « 2) FLOD

UATA (IFLODA(L1),I=1,u4) /OHFLODAT, 1H1l,» 1H2, 1H3 / FLOD
INTeGER SELECT, TYPth TYPEZs TYPET . FLOD

C

C ERRLr ST10PSz
C b LODATL THE INDEPENDENT VALUE LIES QUTSIDE THE FLOW RATE FLOD
c FUNCTION RANGES, FLOD
C FLONAT2 THE I1,DEPENDENT VALIE LIES OUTSIDE THE INLET FLOD
C TEMPERATURE FUNCTION RANGES, FLob
C FLOUATI THe REYLOLDS NUJMBER LIES OUTSIDE THE SPECIFIED RANGESFLOD
C::::::::;:::::::::::::::—:::::::::::::==:=::::::::::::::::=:::::::=:=:-FL00
Cc SUPELY [HE FLOW PROPERTIES FLOD
C::::::;::::::::::::::::::::::==::::=::::::::=:=::::::::::::::::::::::::FLOD
c COOLANT NUMBER STORED AS NEGATIVE MATERIAL NUMBER FLoD
1 u=lhbo(md(L)) FLOD
o e e e e S e e P e L eI )
C IS 11415 COOLANT IiN USE? ='NO,YES:~ FLOD
IR (FLOW(N) JEwelUe0) RETURN FLOD
[Pttt P b Pt bt ettt bt S et b S - L S L L L S )]
C ASS1u) THE CURRENT TIME, INLET AN, OUTLET TEMPERATURE FLOD
HR = DAL FLOD
TINZTL (1) FLOD
TOUI=TO(N) FLOD
(- I T P T Pt e e P T S P PP PP L PP E P L T £ P S P P P L o]
c/ ubkTerkMINE THE RANGE OF THE FLOW FUNCTION TO BE USED FLoD
C e=LUN s ERROR y W IDULE yHIGH Y = FLOD
IP=1FLO(N) FLeD
GO 10 (000,52953,54),1IP FLOD
52 x=HR . FLOD
G0 TO 5% FLOD
53 X=TouT FLOD
6O 10 5h FLOD
b4 x=TuN FLOD
=t e ettt e e e e T e e b P T A )
c phCiok wHICH FLOW FUNCTION TO USE FLOD
b IF (A LTFLIML(N)) GO TO 56 FLOD
1IF ¢ X o LT . FLIM2(N)) GO TO &0p FL.oD
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10

20

30

40

50

0

70

a0

90
100
110
120
130
140
150
160
170
1a0
190
200
210
2,0
230
240
280
240
270
2n0
290
3n0
310
320
330
340
350
360
370
3p0
390
490
410
450
40
440
450



CE
c
1o}

- > e o .-——--—-—-—————------—----———---_---
-y w0 o g 0

EVALUATE THE FLOWKRATE USING THE Low RANGE FLow FUNCTION
6L Iu(blv62rn5004065066067'68 69, 7o.711o712o713-71u.715).N

™ o . = o s ie W g s o e S e o O

LOwLn RANOE FLOW RATE FUNCTION

Cszz===

cs

LY
bb
o7
(1]
9
70
711
712
713
714
715
Ct

7u0
71

IF (x « LT o FLIM3(N)) GO TO 700
IF (X « LE o FLIM4({N)) GO TO 800
AR LR P R R T RS PR A LS S Rl S PSS Lt it Rt d S22l 2t L g Lt P g Woln]

THE INDEPENDENT vALUE LIES OUTSIpHE ALL RANGES

TIERKOR (1) =LFLOVA(L)
ILRRUR(2) S1FLOVA()
CALL tRiORP

FLOW(L) =
6O 10 90
FLUu(d) -
O 10 0
FLOwW(d) =
60 lu 900
FLOV!(“) -
GO 10 940
FLOw (D) =
LY 10 900
FLOW(b) -
6O 10U 900
FLO:!(7) -
GO 10 U0
FLOv-‘b) -
GO TO 9uD
FLOW(Y) =
o 10 U0
FLOwtLlD)

60 1o YU

FLOLA(X)
FLOCA(X)
FLO3A(X)
FLO4A(X)
FLOSA(X)
FLOBA (X)
FLOTA(X)
FLOBA(X)

FLOYA (X}

= FLOloA(X)

FLUW(11)ZFLOLLA(X)

oV 10 Yuu

FLOW(12)2FL012A(X)

w9 10 9u0

FLOW(LA)ZFLOLSA(X)

oL tu YU

FLOW(14)SFLO14A(X)

WO U Yuo

FLOW(1%)=F 015A(X)

w0 o 9uu

FLOD
FLoD

FLOD
FLOD
FLOD
FLOD

=33z===FLO0D

FLOD
FLoOD

FLo0

PESI YR FYRT LTSI E TS FIE L P2 P PP 222 13 23 T T AT T 22 2 e 2 24 2 3 00 TN {F el

EVALDATL Tie FLUWKATE USING THE LIDDLE RANGE FLOW FUNCTION
UV U710 720730740750 76077+78079,800811¢812981308140R815)N

FLOw(l) =

FLOLB(X)
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FLOD
FLoD
FLOD

460
470
4n0
490
a9no0
510
520
530
5S40
550
5A0
570
5a0
590
6n0
610
670
630
640
650
640
670
6nr0
A0
7n0
710
750
730
740
750
760
770
7e0
790
an0
810
850
430
840
as0
A0
870
ano0
890
9n0
910



T2
73
T4
75
76
77
18
{9
ol
811
812
813
8l4
815
CE
cs
8u0
sl
be
83
sl
ud5
ub

b7

60 To 900
FLOW(2) = FLO2B(X)
G0 1u 9uo
FLOW(3) = FLO3IB(X)
60 10 9u0
FLOW (%) = FLO4B(X)
0 10 900
FLOW (D) = FLOSB(X)
@Y 10 900
FLOw(6) = FLOeB{X)
GO 10 900
FLOW(7) = FLOTB(X)
“U o To 9uo
FLOwW(B) = FLOBB(X)
60 16 9u0
FLOW(9) = FLOYB(X)
w0 10 9ul

FLOW(10) = FLOLOBI(X)

L0 10 9uu
FLUW(11)=FLO11B(X)
6V 10 900
FLOw(12)=FLO12B(X)
0O 10 9u0
FLOW(13)=FL013B(X)
w0 10 9uo
FLOW(18)=FLOL4B(X)
60 10 900
FLOW(1%)=FLOL1oB(X)
0 10 900

FLOD 920
FLOD 930
FLOD 940
FLOD 950
FLOD 940
FLoD 970
FLOD 9n0
FLOD 990
FLOD¢OnO
FLOD1010
FLOD1020
FLOD10%0
FLOD1040
FLoD10s0
FLOD10s0
FLOD1070
FLLOD10RO
FLLOD1090
FLOD1100
FLOD1110
FLOD1120
FLOD1130
FLODY114O
FLOD1150
FLOD11s0
FLOD1120
FLOD11RO
FL.0D1190
FLOD12n0

A0 A A o o A o 0 2 M g o R g o ok R R KRR g Rk Rk Ky kg R FLOD 1210

EVALUATE THE FLOWRATE USING THE HIGH RANGE FLOw FUNCTION
6O 108,882,231 B4rR5,86087,88089,9009119912+913+914¢915) N

FLOW(1) = FLOLC(X)
GV v 9u0
FLOW(2) = FLO2C(X)
60 ¢ 900
FLOn(3) = FLO3C(X)
\10 1() 9U0
FLOW (%) = FLO4C(X)
w0 10 9u0
FLOw(5) = FLOLBC(X)
WY 10 900
FLOw(o) = FLOBC(X)
WU 10 900
FLOW () = FLOTC(X)
oV 10 9ul
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FLOD1220
FLoD12%0
FLOD1240
FLoOD1250
FLOD124x0
FLOD1270
FLOD12An0
FLOD1290
FLOD1300
FLOD1310
FLOD1320
FLOD1330
FLOD1340
FLOD1350
FLOD1360
FLOD1370



88 FLOw(8) = FLOBC(X) FLOD1380

60 10 900 FLOD1390

89 FLOW(Y) = FLOIC(X) FLOD140nO

60 lu 9u0 FLOD144+0

90 FLOw(l0) = FLOLoC(X) FLOD1420

oY 10 900 FLOD1420

911 FLOW(11)3FLO11C(X) FLOD1GyO
GO 10 900 FLOD14s0

912 FLOW(12)=FLO12C(X) ' FLOD144A0
60 tTu 90U FLLOD1470

913 FLOw(1l3)= H_LHJC(X) F1.0D14R0
LV v 9u0 FLOD1490

914 FLOw (14)=FLO14C(X) FLOD1S00
oY 10 9u0 FLLOD1510

915 FLOW(19)=FLOLOSC(X) FLOD1520
WV ju Y00 FL.OD1530

CE g A A K R KK o g A o g R N R o ke ok ke kR ok K kg X F | 0D 1540
C LU T alLOw A ZERO FLOWRATE FLOD15s0
900 IF (FLOW(N)EWaUU) FLOW(N)=14nEwb FLOD1%60
Fresk L ua (N) FLOD1570

o e e S B S e E e =SSx=s2==S==zEz=FLODISA0
Cs DETLMIE THE RANGE OF THE INLET TEMPERATURE FUNCTION 70 BE USED FLOD1590
C o=l ot LKROR s mIODLE yHIGH Y = FLOD160a0
LTZeTalN) FLOD1610

100 GO U (200,11012,13), IT FLOD1620
1l X = ik FLOD1630

L0 10U 14 FLOD1640

12 x = kR FLOD1650

6U Tu 14 FLoD16k0

13 X = j0ur ) FL.oD1670

GO 10 14 FLOD16p0

(o4 -+t et P+ 15 L P PP P P E P L P D P R P - L P e a R Y14
14 1F(X,LT,TLIMI(N)) GO TO 15 FLOLL17n0

IF (X o« LT o TLIM2{N}) 60 TO 2n0 FLOD1710

IF (x o LT . TLIM3(N)) GO TO 300 ’ FLOD'720

IF ( X , LE , TLIM4(N)) GO TO 40g FLOD1730

CE FEFTYE PP T TR PETE Pt $E FE ST 2 20 PP PR S AL PR IE T 2L BT L Y T L L Y I e Ia L e A
(o THE 1NDEFENDENT VALUE LIES QUTSIUE ALL RANGES FLOD1750
15 IERROR(1)=1IFLODA(L) FLOD1760
IERROR () ZTIFLODA(S) FLODL770

CALL ERKUR? FLOD17a0

[0t et Pt e bttt ot L ==== == sxnrnzzs=S==FL.0DY1 790
Cs EVALUATL THE INLET TEMPERATURE USING THE Low RANGE FUNCTION FLOD1AND
200 o 10210221230 24025,26027128129,30031193129313931402315),N FLOD1810
el Tl(1) = TINLIA(X) FLoDiAs0
LU Tu Hu FLOD1830
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c2
23
PL
25
<6
)
et
9
20
311
312
313
314
315
CE
c/
3u0
K}
32
33
ol
Y]
36
37

38

TI(eg) = TIN2A(X)
L0 10 %00

TI(y) = TIN3AX)
6O 10 5400

TI(4) = TINGA(X)
GO 10 %ul

Ti(o) = TINSA(X)
GU 10 500

TI(e) = TINOGA(X)
w0 10 %u0 t
T1(s) = TINTA(X)
6O tu but

ri(e) = TINBA(X)
GO 10 5Su0

TI(Y) = TINYA(X)
0 U 5u

U
Ti(1u) = TINLUGA(X)

L0 10 %Su0
T1¢11)=TINLILA(X)
o0 lu 5040
11(1e)=TINLIZ2A(X)
U0 1o Sud
TI(L3)=TINL3A(X)
Ll 10 buo
TLCau) =1 INIGA(X)
uY 10 Lyo
111 TINLSACX)
GO U Sud

FLOD1840
FLoD18%0
FLODiBgO
FLop1870
FLLOD18A0
FLoD18ag
FLLOD1900
FLoD1910
FLOD1920
FLOD1930
FLOD1940
FLOD1950
FLLOD1940
FLOD1970
FLOD19%0
FLCD1990
FLOD?20n0
FLOD?010
FLOD2020
FLOD2030
FLOD20u0
FLOD2050
FLOD20s0
FLOD2070
FLODPORO
FLLOD20a0
FLoD21n0
FLOD2110

F AR K kA AR AR A K o BRI o R g o KK K o o g R AR RO Rk KoK Rk K Ky XL OD2 120

EVALUATL THE INLET TEMPERATURE USING THE MIDDLE RANGE FUNCTION
LU TOLALIS2138138035,36037,38039,40,8119412)41394189415),N

Ti(l) = TIM1i3(X)
GO 10 Yyl
T1(e) = TIr2u(X)
GV 10 Su0
11¢3) = TIi3u(X?
60 10 Su0
TI(4) = TINGH(X)
6O 1Tv %00
Td(u) = TINSH(X)
6O 10 5u0
Tl(b) = Tlion(X)
GV [0 bHyu
TI(7) = TINT(X)
6O 10 Huo
TI(u) = TINBH(X)
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FLOD21%0
FLoD2140
FLcD2150
FLOD2140
FLOD2170
FL.0D21a0
FLOD21o0
FLOD22n0
FL.oD2210
FLOD2250
FLOD2220
FLOD»240
FLOD2250
FLOD22A0
Fi.ou2270
FLOD?230
FLOD2290



39

40
411
412
413
4.4
435

CE

4u0
41

42
43
44
45
4o
47
48
49
50
511
512
513
514

GO T0 500

T1(9) = TINIR(X)
L0 10 5Su0

Tl(a0) = TINL1OB(X)
60 10 500
TI(LL)=TINLLH(X)
GO 10 Su0
riq(lz)=rINL2r(X)
60 10 SUU
TICLA)=TINI3(X)
60 10 Hu0
TI(ig) =1 INLGR(X)
6O 10 S“uu
TL(Ls)=TIN1SH(X)
60 10 Suu

FLoD2300
FLODa310
FLOD2320
FLOD2330
FLOD2340
FLOD23s0
FLOD2360
FLOD2370
FLOD23A0
FLOD2>390
FLoD2400
FLOD2410
FLOD2UoQ
FLOD240
FLODAUuLO

AR A A AR KRR B g A KA R K g A R AR Rk ok g kR ok ki B g ¥y k| OD24 50

EVALUATL THe INLET TEMPERATURE USING THE HIGH RANGE FUNCTION
60 lu(“ln“2ou&v“4945.469“7v“8'“9.5005110512051305130515)oN

Th(l) = TINIC(X)
60 10 buv

TI(e) = TIN2C(X)
60 10 %00

1L(o) = TINBC(X)
GV 1Y 500

TI(4) = TAn4C(X)
GU 10 500

TI(L) = TI5C((X)
G0 10 500

Tl(uv) = TINGC(X)
0 10 %00

TI(7) = TINTC(X)
GO 10 500

Ti(L) = TINBC(X)
vV 10 5uU

TI(Y) = TIN9C(X)
bl 10 500

TI(1u) = TINIOC(X)
60 10 500
T1Ci1)=TINLLIC(X)
60 10 %u0
14(12)=TINL2C(X)
GO 10 500
TL(LA)=TINL3C(X)
GO 10 Sud
TI(L4)=TINLGC(X)
60 10 5u0
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FL.OD2440
FLOD2470
FLocD24no
FLOD2490
FLOD25n0
FLOD2510
FLOD25n0
FLOD2530
FLOD2540
FLOD2S/0
FLOD2560
FLOD2570
FLOD25R0
FLoD2%90
FLOD2600
FLOD»610
FLODA6,0
FLOD?H30
FLOD?640
FLOD»6%0
FLOL2640
FLND2670
FLODP6RO
FLOD?2690
FLOD27n0
FLOD2710
FLOD2720
FLOD2730
FLoD2740
FLOD2750




OO OO0n

O O (9] OOO0O0 O

O OO O

ao

c
c

515

500

510

o

1000

1212

1214

TI(15)=TIN15C(X) FLOD2760
K ok A o o ook oo 0 o oo O g o o R R R R Rk R Rk Rk ok Kk kg kL OD2T 70
SRl onIISSISSISEsooERSESRERIzsS=s=sScss === STSESISERSz==SFLO02 700
CALLI,LATE HEAT TRANSFER COEFFICIENTS AND SPECIFIC HEATS FOR FLOD2790
THE CUOLANTS, FLODPRNO
e e e B F LB B P e £ e A KoL 3R
SET AL COOLANT CONpUCTIVITIES To Z2ERO FL.OD»820
U0 LIV K = KLDIKHS FLOD28730
Ul LIY J = JLSrJUHS ‘ FLOL2840
WO LIV 1 = ILSe NS FLOD2850
Col(lourk)=1,.EH FILOD28A0
CONb(loueKk)z=1.E8 FLOD2870
COlic (doaueK)zy o EY FLOD28aD
CONY il FL.OD~28530
MElanD (IPATH(N) ) FLOD29n0
pETLRNInE THE DIRECTION OF THE FLOw =t'RADIAL,AXIAL,THETA~ FLOD?910
60 1u(1000,2000,3000) M FLOL2950
A A g AR K AR R K o K OK KK oK 2 g o o K RO O ok o ok ol R OR oKk ok Rk kok R R % F L OD 2930
RAULAL COULANRT FLOy FLOD29u0
A g A ok A AOK K A o o o 0K K g e 2 K oK I K e sl ok Kk Bk Kok g ok ok ok ok ok R kXL OD 2950
b fenaliubk THe BLOCK TYPE IN THE THETA DIRECTION, FLOD29a0
CALL L RTYP{HS I KIS KGHS P KGLS ' NT G TYPET) FLOD?2970
LeTeidlne THE BLOCK TYPE IN THE AXIAL DIRECTION. FLOD?9a0
CALL BLATYP (JHS s JLS ) JOHS s JGLSINZG» TYPEZ) FLOD2990
CALLuLATE THE COOLANT PROPERTIES AT ALL LEVELS ALONG THE COOLANT FLOD20n0
Ul 1n00 1=luse NS FLOV®010
SET THL LEVEL AnD LOCAL COOLANT TEMPERATURE FLODM050
FTRzrP (L) FLODA030
ORZV (L, ul5, Kt S) FLOD3040
CALLILAYE Tk SPECIF1C HEAT AT TlIS LEVEL FLOD30s0
REPL (N 1) 2SPEC(X) FLOD*N0
exCLuvt. CALCULATION OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS FL.OD3070
wtlvyy EXTEND OVER THE ENTIRE THEYA DISTANCE OF THE PRORLEM, FLOD30AO
IF(NGHS JEU NTOWAND (KGLSWEQ, 1) GO TO 1210 FLCD309D
CALLULATE THE HEATTRANSFER COEFFICIENTS 71O THE THETA walLS FLOD=1p0
DO LU0 JRJILS P INS FLOD3%110
50 j0(1214,1212,1214,1216),TYPET . FLOD31»0
CALCULATL /N AVERAGE HEAT TRANSFgR COEFFICIENT FOR BOTH FLOD31%0
THE 1A BOUNUARIES OF THE COOLANT RLOCK, FLOD3140
STA(1) = IBBTH(KGLS I ,J) FLOD31s0
STA(2)STLBTLIKGHS T, J) FLOD3L1s0
CUNT (1ourKLS)Z1 4 7HC((STA(L)+STA(p) ) %,5) FLOD3170
LU 10 10200 FLOD3180
CALVULATE SEPARATE HEAT TRANSFER COEFFICIENTS FOR THE FLODY%190
FTHE1A BOUNDARLES OF THE COOLANT @LOCK. FLOD®2n0
STA(D)ZTBBTL(KGHSr Iy J) FLOD3210

177



CONT(I,UsKHS)S1./7HC(STA(2)) FLOD3220

IF(TYPET.NEs,1) GO TO 1200 FLODx230

1216 STA(1)=TsBTH(KGLSeI,J) ’ FLODX240

CONT (I,JsKLS)=14/HC(STA(L)) FLOD3250

c HAVL ALL HEAT TKANSFER COEFFICIENTS AT THIS LEVEL BEEN CALCULATERZFLOD3240

(o o=t YLG PNV FLOD3270

1200 CONTLINUE FLOD®2A0

C LXCLUDE CALCULAITION OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS FLOD%290

€ WwH1CH LXTEMD OVER THE ENTIRE AXIAL DISTANCE OF THE PROALEM, FLob33p0

1210 1F (UUHSEQ NG AND,JGLSWEQ,L) GO TO 1500 FLOD%310

c CALLULATE THE HEATTRANSFER COEFFICIENTS TO THE AXIAL wallS FLOD®320

LU 1301 KSKLSIKHS FLOD3330

GO 10(122%,1.,22,1224,1226),TYPEZ FLOD=340

c CALLULATE AN AVERAGE HEAT TRANSFER COEFFICIENT FOR BOTH FLOD®350

c AX1al BUUNDAKRLES OF THE COOLANT HLOCK, FLOD®360

1222 STA(1)zZBUBTH(JGLS» I oK) FLODX370

STA(Z) =uBTLIJOHS » LK) FLOD33a0

CONC (LoulSsK)S1 e /HC{(STA(LI+STA(5))%,5) FLLOD3390

w0 10 1301 FLOD34nO

C CALLILATE SERARATE HEAT TRANSFER COEFFICIENTYS FOR THE FLOD34430

C ARLaL BUUNDAWIES OF THE COOLANT pl.OCK, FLODz420

1224 STA(2) LT (JGHSPTHK) FLOD3430
CONe (dauns,K) =1, /HC(STA(2)) FLODAULO N

[F(IYPEZGNLWL) 60 TO 1301 FLOD™450

12¢6 STA1)=/oBTH(JGLS, I ,K) FLOD34K0

CO (1yukdyK)=1 . /ZHCISTA(L)) FLOD2470

c HAVL ALl HEAT TRANSFER COEFFICIENTS AT THIS LEVEL BEEN CALCULATER?FLODZ4n0

c 3 (SN FL.OOx490

1301 Culdl UL FLOD2S00

c tIAVE Thie COOLANT PROPERTIES BEEN CALCULATED AT ALL LEVELS? FLOD510

c emtYL G NV FLLOD2520

1500 Cull Lo FLOD2SX0

CL A A A A Ao R 0 N a0 g o a0 o K e g ool K o Ak ok R ko ko Rk B ok g R L OD Y40

rETURN FLOD3550

(o AR Ok AR R K A o K K K o g TR AR R ko R KK o o ok ok Kk Kk kF L OD 3540

cB AXIAL COOLANT FLOwW FLOD%570

C AR K AR ORI K o o Ao 3 o R K ok o K o o A g K K Kk Kk Rk K Rk F L OD 350

C LETLIMINE THE BLOCK TYPE IN THE yYHETA DIRECTION. FLOD25%90

2000 CALL BLRTYP(KHSIKLS o KOHS ' KGLSINT G TYPET) FLOD36n0

C DETLrMILE THE HLOCK TYPE IN THE RADIAL DIRECTION, FLOD 3610

CALL BLATYP(IHS»ILS,I6HSyIGLS)NRG TYPER) FLOD3620

C CALCULATE THi- COOLANT PROPERTIES AT ALL LEVELS ALONG THE COOLANT FLOD3630

VU cHU0 J2JLSIJIHS FLOD640

C SET THE LEVEL AND LOCAL COOLANT TEMPERATURE FLOD650

F12z7P (o) FLOD36,0

' pRzl (ALS ) J KLY FLOD=670

178



CALCULATE THE SPECIFIC HEAT AT THIS LEVEL
RCPL (NS J)=SPEC(X)
EXCLuUDE CALCULATIO OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS
whHICH EXTeND UVER THE ENTIRE THEYA DISTANCE OF THE PROBLEM,
IF(NCHS (EW NTG.AND KGRLSEQ,1) 60 TO 2210
CALLULLATE THE HEATTRANSFER COEFFICIENTS TO THE THETA WALLS
w0 v ISILSPINS
W0 (0(2el%,2212,2214,2216),TYPEY
c CALLI-ATE AN AVERAGE HEAT TRANSFER COEFFICIENT FOR BOTH .
c THE 1A BUUNDARIES OF THE COOLANT glLOCK,
2212 STAGL)ZTIBBTH(KOLS Iy J)
STAL2) = TUBTL(KGHS» 1o )
CONT(L,yJrhLS)Z1/HC((STA(LI+STA(2)) %,5)

O OO0 O

00 Tu 2200
c CALLULATE SEPARATE HEAT TRANSFER COEFFICIENTS FOR THE
c JHE A ROUNUARIES OF THE COOLANT pLOCK.

2214 STA(L)=TubLTL(KGHSY I, J)
Cunt (LyuaRHS)Z1, /HC(STA(2))
IF(‘YPLIONLCI) GO TO 2200
2216 STA(L)=TBOTH(KGLS I »J)
CONT (L1,usKLS)=1,/HC(STA(L))

FLOD3680
FLOD3690
FLOD3700
FLOD3710
FLOD®720
FLLOD%720
FLOD3740
FL.LOD2750
FLOD3760
FLoL3770
FLOD37a0
FLOD3790
FLOD38p0
FLOD=%810
FLOD3820
FLOD3R30
FLOD3840
FLOD380
FLOD38k0
FLLOD%870
FLOD®8p0

c 1AVe AlLL HEAT TRANSFER COEFFICIENTS AT THIS LEVEL BEEN CALCULATER?FLOL3Bg0
C et YLl FLOD29900
2200 CUNT INUE FLLOD3910
c FACLUVE CALCULATIVUN OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS FLODY920
(o WwHICH ExTEUD OVER THE ENTIRE RADIAL DISTANCE OF THE PROBLEM, FLOD3930
2210 IF (LGHS.EW NHG.AND,10LS.EQ,L) 60 TO 2500 FLOD2Su0
C CALLULATE THE HeEATTRANSFER COEFFICIENTS TO THE RADIAL wALLS FLOD39s0
LU e300 KSKLSPKHS FLOD3940

GU 10(2224,222292224,2226) , TYPFR FLOD2970

(o CALCULAE o AVERAGE HEAT TRANSFER COEFFICIENT FOR BOTH FLOD®9AR0
¢ HAULAL BOUIIDARILS OF THE COOLANT BLOCK, FLOD3990
22¢2 STA(1) =B THLIGLS v J oK) FLOD®#ONO
STA(2 =B TL(IGHS P JK) FLOD#010
COR(LILS1Jd s KIZ1o ZHC((STA(LI+STA(2) ) %, 5) FLODHUO020

LO 10 2500 FLODu0=%0

C CALLULATE SEPARATE HEAT TRANSFER CQEFFICIENTS FOR THE FLOD, 040
c WAV Al vOUWuARILS OF THe COOLANT BLOCK, FLODKOSD0
2224 STA(P)zRBBTL(L6HS»JsK ) FLODUORO
CONR(IHS»JyK)=1, /HC(STA(2)) FLODyu070
IF(TYPER.NE,.1) GO TO 2300 FLOD40gO

2226 STA(L)=KLUTHIIGLS»J k) FLODY0QO
CUNR(ILSsJsK) =1, /HC(STA(L)) FLODu1nO

c HAVE ALL HEAT TRANSFER COEFFICIENTS AT THIS LEVEL BEEN CALCULATER?FLOD4110
c emtYLG MUY= FLoDu1,0
23u0 CONIINUL FLODu130
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c HAVL THt COOLANT PROPERTIES REEN CALCULATED AT ALL LEVELS? FLODu140

C em 'YL SINUE™ FLODul1sO
2500 COHI INUE . FLOD4160
Ct t#tt**t***tt‘***t**t*##*#**ttt***#**#***t**t#ttt****t**t**t*t*****FLODu170
RETURN FLOD41RO

C 00 0 0 A A A K o K A o A g AR K R K Ak KK ko R ok R ko kF L OD L 190
cB Thi i CUOLANT FLOW FLoD4290
C 4**#*#tttt*t*‘*****‘***********#****#*******t****#**#**#t******t**FLODu210
C UETLKRMINE THE BLOCK TYPE IN THE RADIAL DIRECTION, . FLODu 220
3000 CALL bLKTYP(IHS#ILSs16HSeIGLSINRGe TYPER) FLOD4230
c OETURMING THE BLOCK TYPE IN THE aXIAL DIRECTION. FLOLK2KO
CALL UBLATYP (JHS)»JLS s JGHS 1 JGLS 1 NZGr TYPEZ) FLODn250

o CALLULATE THE CUOLANT PROPERTIES AT ALL LEVELS ALONG THE COOLANT FLODu2/0
L0 SHU0 K=KLSeKHS FLODY270

c SET THL LLVEL AND LOCAL COOLANT TEMPERATURE FLODu2n0
FIT=TH(n) FLOD4?a0

LREY (LS edLs,K) FLOD430n0

C CALVULATE THE SPECIFIC HEAT AT TuIS LEVEL FLODAu 310
RUPLIN,K)=SPEC(X) FLODY 350

c EXCLUUE CALCULATION OF HEAT TRANGFER COEFFICIENTS FOR COOLANTS FLODU330
C wHILH EXTEND OVER THE ENTIRE RADIAL OISTANCE OF THE PROBLEM, FLODn 340
IR (aLHS L. HIRGAND , IGLSWE@,1) 6O TO 3210 FLOD43s0

c CALLULATE THE HeATTRANSFER COEFFICIENTS TO THE RADIAL wALLS FLOD43A0
U 3200 JEJLSeJHS FLODu370

w0 T0(3214,3212,3214,3216),TYPER FLOD4 3RO

C CALLLLATE AN AVLRAGL HEAT TRANSFER COEFFICIENT FOR BOTH FLOC4 390
c KAULAL LOU IDARILS OF Tik COOLANT BLOCK, FLODu400
3212 STALY ) znBBTH(IULS 1 JeK) FLODu410
STAL ) ZHbBTL(IGHS oK) FLODn 420
CONN(ILS sV K) 21 ZHC ((STA(L)+STA(5) ) %,5) FLOL443D

00 Tu 3euu ' FLODu440

C CALLLLATE SEPARATE HEAT TRANSFER COEFFICIENTS FOR THE FLODYU450
o KADLAL LOUNDARIES OF THE COOLANT BLOCK, FLODu460
3214 STAL2)=xBBTL(IGHS 1 JiK ) FL.oDu470
CUNh(1HSyJ K =1, /HC(STA(2)) FLOD#Y4RO
IF(IYPERWNELL) 60 TO 3200 FLODuY490

3216 STA(1)=ikbsBTHIGLSrd oK) . FLOD4Sn0
CUNIW(ILS e JsK) =1 ZHC(STA(L)) FLODAS10

c HAVL ALL HEAT TRANSFER COEFFICIENTS AT THIS LEVEL BEEN CALCULATYER?FLODUSNO
C et Y SPNUL= FLODLS30
3200 CON e FLOD4540
c LXCLUUE CALCULATION OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS FLODYS550
Cc wHILK LXTEND OVER THE ENTIRE AX1alL DISTANCE OF THE PROBLEM, FLODY45A0
3210 IF(JOHSEU.ZGe AND,UGLSEW,1) GO TO 3500 FLOD4570
¢ CALLULATE THE He ATTRANSFER COEFFICIENTS TO THE AXIAL WALLS FLODUSAR0
LO 330y I = ILSeIHS FLODuSa0
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GO 10(32264,3222¢3224,3226),TYPEZ FLOD4600

c CALCULATE AN AVERAGE HEAT TRANSFER COEFFICIENT FOR BOTH FLOD4610
c AXInL HUUNDARIES OF THE COOLANT pLOCK, FLODY620
3222 STA(L1)=¢BBTH(JOLS 1K) FLOD4630
STA(2) =7uBTL(JGHS 1 I4K) FLODu64O

CUNZ (4 rul5iK)S1aZHC ({STA(L)+STA(2) 1 %,5) FLOD4650

GO 10 3300 FLOD 660

c CALCULATE SERARATE HEAT TRANSFER COEFFICIENTS FOR THE FLODY670
C AXIAL SOUNDARLES OF THE COOLANT gLOCK. L FLOD"6A0
3224 STA(2)z/B3bTL(JGHSeTeK) FLOD4 690
CONe ¢ 1y utiSeK) =1, /HC(STA(2)) FLOD4 700
1F{iIYPEL NELL) 60 TO 3300 FLOU4T710

3226 STA(1) =z tLBTH(JCLS oK) FLOD4720
CONL (4o JdLSIKIZL . /HCISTA(L)) FLODn 730

c HMAVL ALL HEAT TRANSFER COEFFICIENTS AT THIS LEVEL BEEN CALCULATER?FLODNT740
C o=t YLYH P HNUY= FL.oD4 780
3300 CONITINUE FLODK 70
Cc HAVE THe COOLANT PROPERTIES BEEN CALCULATED AT ALL LEVELS? FLODu770
C emt YL NG FLODUWT 80
3500 CONY Lt FLODu700
Ct AAOKO8 K A 0 oA K e A 0 o o g a0 o K e g o o R Rk e R kR ke Rk kg kL 004 800
KE TUKIY FLODuB10

CE K Ao A AR oK o o R R o o o o K KK KoK K R Kok Kk ko ko Ry Kk R F | 0D B0
Ct A AR g Ak ok A AR o A R R A ko K ot 2 SR g 3 o oK o K e ol ok o K o o R IR K Kok o Kok Kk K | OD I 830
Ct AR A 4 A ROR o ok 0K K e oK A o K i e o o o o ok 3R oK K oK ok ko Kok Kk Ko R F L 0D B4 0
FULNLTION SPEC(X) FLOD# B850

c/ CaloeubtAle Trh COOLANT SPECIFIC HpAT FLOD4RRO

"""""""""""""""""""""""""""""""""""" SRSSSEozIEREESERETZERII=RS==x=fFL0DUAT70
1050 U 10(lubl, anZoIUJJ.1054'1095;1056v1057 1058,1059,10601061, FLODUBAD
+106c s 100321064%91065) 4N

g 8 T ek = e . P e 1y B et e

1051 =5 (x)
(V1P N J()?U
1052 1s=5kne(a)

WO 10 1u70.

1093 =5 nd(x)
60 T 170

1054 £=SkHd(A)
oL 10 1070

105%5 BESEHS L)
GO v 1070

1056 B=SEHO(A)
60 1¢ 1070

1057 t'=SkHT(x)
OV 10 1u70

1058 H=SHHB(XK)
6L o U7

oo giopriompupeapeeieretagepepepaet gy
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FLODu 8O0
FLOD,9ND
FL0oDy4910
FLODu9»0
FLODy9130
FLODO9y0
FLOO!H 950
FLOD®940
FLODU970
FLOD#9A0
FLODA4990
FLODS0NO
FL.OD5010
FLODEN20
FLODS030
FLODS04O
FLODR0&0



1059 B=SPFHI(X) FLOD&0/0

6V 10 1070 FL0OD%070

1060 uy=SPH1O0(X) ’ FLOD®0RO

60 T0 1070 FLODS090

100l B=5SrHl1(Xx) FLOD®100

60 To 1070 FLoDS110

1002 B3SHiHL12(X? FLODS120

6O lu 107V FLODS1%0

1063 wu35kH13(X) ‘ FLGD®140

L0 10 1070 ¢ FLODS1SD

1064 §£,=5FH14 (X) FLODS160

GV 1o 1070 FLOD&170

1009 5=5nls(X) FLODS1p0

1070 SHPECzB FLODS190

RETuUnN FLC8200

Ct AR ok A g 0K oo A 0 g R RO K o R R R Rk Bk kK g Ry X 005210

Ck A ok A o o K o g o B o K oK R R R R R Kok Rk Kk ok g K kg kP L ODR200

CE A o A g K g o K K oo 6 3 o 2K 2K 6 o o g 6 o o o ke ok o ok K ok Rk Kok Kok R koo Kok Kk o ko k0D R 210

FUNLTLOn HC(X) FLODS2u0

cs CALLULATE THi. HEAT TRANSFER COEFFICIENT FLLOD5250

(o P Pt ot b P S Tttt Tt Pt S LS Pt T L F it L L L VYT X4
STz . FLour270 N

1300 60 10u{13100132001330,134091350,1360,1370,1380+1390,140091410, FLODS2a0

e1420,08500144001450),N FLoL®290

(P e e e P P T Pt P e e L P e S e P L e Tt P e L PR - DL P ST Yo 1)
1310 RE=neYH1(X) FLODS310 :

GO 1U (151161312,1313)01A . FLODY320

1311 u=HLAX) FLOD5340

GO 10 1399 FLODS3s0

1312 u=His (X) FLODR3K0

GV 1y 1499 FLODS270

1313 u=HiC(X) FLODS3n0

6V 1o 1399 FLOCS390

(o e T T P R EEF R P e e e R S LY ]

1320 REZNE YN (X) FLOD=~410

TAZSELECT(N) . FLODS420

WO 10U (432191322,1323)41A FLODS430

13c¢l U=Heh i X) FLOD=Uy,0

LU 10 1499 FLODEUSD

1322 p=Harn (X) FLODSURKD

00 10 1499 FLODS470

1323 p=tleCUX) FLODS4n0

GV 1u 1599 FLODSU90

(-t R LSS ST P TP L L P S S L P L L L A L 2 T L e IO LT 1]

1350 RE=RLYNHS(R) FLOD®510
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TAZLELECT(N) FLOD®520

GO TO (1331,1332,1333)01A FLODSS530

1331 2=HIA(X) FLODSSY0
LV 10 1499 FLOD%5&0

1352 BzH3,(X) FLODS5/0
60 10 1399 FLODSS70

1333 p=HWC(X) FLODS530
60 To 1599 FLODSS90

[ S-St s F S S R R e == ==a ==z===FLobs600
1340 RL=KWEYHG(R) 1 FLODS610
TAZLELECT(N) FLODS620

GO 10 (1341,1342,1343),1A FLODS630

1341 o=l (x) FLODRALO
GV 10 1599 FLODS6S0

1342 LsH4 (X)) FLODS6A0
60 Ty 1599 FLODS670

1343 L 214CUx) FLODS6A0
6O ju 1599 FLOG®690
e e S L R R R ERE S ] = T====FLODSTNO
1350 RESKLYHS(X) FLODST10
IAZLLLECT(N) FLODRT20

GU 10 (1391,1352,1353) 1A FLODR710

1351 L=HLA(X) FLODS 740
GO 1O 1399 FLODR750

1352 u=HL(X) FLODS760
6L 16 1599 FLODST770

1353 LEHLC(X) FLOD&7a0
w0 10 1,99 FLOD& 790

[ S N L P PP P R B SRR S == Sz===FLO0DSAnO
1360 Rbzhe Yrin(X) FLODS810
TAZLELECT (N) FLOD=820

VO TO (136191362)1363)1A FLOD%830

1361 u=HLA(X) FLOD=840
GO 1o 1599 FLODS8s0

1302 bSHuUK K} FLOUS8KD
WV o 1599 F.0D=870

1303 p=rtoC(X) . FLODS8Aa0
6V 10 1399 FLoD=84a0
e D e PR R - PR P B RS I S e e S I R I
1370 Reziqpe YNT(X) FLODS910
JTAZLLLECTIN) FLODS920

GO 10 (13719137291373)01A FLOD%930

1371 B=H/IA(X) FLODSS40
6O Ty 1399 FLODS950

1372 BE=H/LX) FLODK9¢0
eV To 1399 FLODS970
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1373 p=HTC(X)

FLODS9a0

60 10 13599 FLOD%990
bbbttt P S P 2 SZpEs=s=s REzCrsERNTSEIRzoERzzasZ=t==FL0D&000
1360 RE=xEYNS(X) FLOD&010

JASLELECT (N) FLODKO0S0

LU TU (1381,1382,1383)01A FLOD&030
1361 B=HLA(X) FLODADHKO

GO 10 1499 FL0OD&OSO
1362 py=He 1 (X) ! FLODAO0RO

w0 10 1399 ' FLODAOT0
13L3 1,=HLC(X) FLOLKORO

LV 10 1999 FLOD&090
e N S - e B CEESSe S eI IS RIS ST SIS ISR I I SSSRSSSxS2=FLO0DALIND
1390 KE=hiYHY(X) FLLOD&110

LTAZLELECT () FLoDAl20

GO0 10 (1391/91392,1393),1A FLODAL130
1391 B=HvA(X) FLODs1yO

Ll 10 13599 FLOD&150
1392 ou=HYy ,{(X) FLODAL1RO

wV U 1499 FLODr170
1393 u=HyC(X) FLODA1RO

GV 10 1399 FLODg190
PR P e P P P L P P L A P P P L L L LS R L e = (e eV Ro R
1400 RESKEYNLO(X) FL.0D&210

TA=L L LeCT (M) FLODA220

LU 1Y (1401,1402,1403)01A FLOD&230
l4ul USHLUAL(A) FLODA240

WO lu 14999 FLODA/250
1402 B=HiuB (&) FLODK2KO

GO 10 31399 FLODA270
1403 paHlul(a) FLODA2a0

O Tu 1599 FLODK2a0
DL I o oI I E eI e SRS SRS IR SR S S e T R RS RN s SRR TR N IR e Em el =R L 004 3N 0
4.0 wrbzkpynN1lX) FLOD~310

TAZLLLLOT (N) FLODA3RO

oV 1001411, 1012,1413) 0 IA FLLOUA320
41l pEHL1A(A) FL.OD: 340

LU lu 1399 FLOLAK 35D
1412 p=HLIU(K) FLOD& 360

6L Ty 1499 FLODK370
1413 B=HL1C(x) FLODLA3AO

GO TO 1399 FLOD6390
P R T e - S e e e e S e e e 2 - 2 IS YY)
1420 wbzxefrir2(X) FLOLAH10

IAzZLELELT () FLOLAULD

o0 100142191422, 1423001A FLOD&U30

184




14zl g=H12A(X) . FLOD6Y4 40
60 10 13599 FLODS4SO

1422 y=HieB (X} FLODG4RO
GO 10 1399 FL.ODgl470

143 =HL2C(X) FLOD# 4RO
w0 10 1599 FLOD&#O0
CECEZoISoZTosESSESIES = ==z=S SSEEEEEICSISISzmnnaxsSzaz=FLODASH0
14350 RE=KpYN13(X) FLLOD&510
IASSELELT (W) ] FLODKS520

GO 1 0(1431,143201433)1A FLODAS30

1431 ps=HLISA(X) FLODA540
LU Tou 1299 FLODESSO

1432 u=iHLsv(aA) FLOD&SK0
6L 10 1599 FLOD#570

1403 pzHasC(x) ‘ FLODABAOD
60 1o 1399 FLOD&590
e T e e E ZZZISSIREES === ==T=2S=Tz===FLODA6N0
L6440 REZHREYNLGIX) FLODK610
IASLELECT (N) FLODRGHO

GO 01461, 1442,)1443)01A FLoD&630

1441 L=HLIGA(R) FLODg640
GO Tu 1399 . FLODRESD

1442 p=Hagb(X) FLOD&6RO
60 10 1599 FLoD&670

L8443 sxraac(x) FLOD&HNO
G0 10 1,99 FLOD/690
c::::::::;:::::::::::::=::-=========:============-::-::::-::=::==::==:==FLoDa7o0
1450 hh-kLYHlo(X) FLODR740
IASLLLECT () FLOD&T20

GO 10(3451,1452/91453) 9 IA ' FLOD6730

1451 LBIHLLA(X) FLOD&740
oV Ty 1599 FLOD/750

1452 SHASU(A) FLOD&7A0
6V Ty 1499 FLODAR770

1453 5=HL5C(A) FLODETA0
[ P S PP F e P PP P P P P P -+ TP i P S L L P e e T T T e LW 40
1399 C=3 . FLOD680O
1IF (CsEwa0,0) C=i,0E=6 FLODABLO

Hi=L ' FLODaB20
RETURN FLLODR830

CE B AR A R oK A o 0 Ko KK g g o R o i i KR Rk g kR g kg R ODE B 0
CE AR K R o AR o K AR Koo A0 o 0K K g Mok R o R R o ok Ko KKK R Ko Rk R ko kL 0D AR O
ct 20K A ok K A o oK O 3 o 3 00 oo A A R 0 A R g o K o R A oo kK KOk e ok kR Rk Rk R FLODR R0
INTLOER FUNCTION SELECT(N) FLOD®KBT0

[0 T e e TRt bttt et ottt bbbt bttt ottt bttt bttt L = T W 1D L ¥ Y1
C * LUES THE REYWOLDS nUMBER LIE WITWHIN THE SPECIFIED RANGE? FLOD&BGO
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O O O O

=INOPYES'™
1F (REsLT+RLIML(N) ¢OR,RE.GT 4RLIMU(N))GO TO 500
DUES THE REYMOLDS NUMBER LIE IN THE LOw RANGE? ='YES)NO'=~
IF (he oL TLRLIM2(N)IGO TO 100
LOES THE REYNOLDLS NUMBER LIE IN THE MIDDLE RANGE? «'YEGINOtw
IF(LE.LT.RLIMS(N)IGO TO 200
UPPER RANGE HLAT TRANSFER CORRELATION
SELECT=A
RET U .
LO#i R RANGE HEAT TRANSFER ROUTINE
SELLCT=1
RETun
tIDLLE RANGE HEAT TRANSFER CORRELATION
SELLCT=2
ReTuiH

FLOD&900
FLOD&910
FLOD&920
FLOD6930
FLOD&940
FLOD&9S0
FLOD&Y9RO
FLOD&E970
FLODAK90
FLLOD¢990
FLOD70NO
FLoD7010
FLOD7020
FLOD7030
FLOD7040
==S====FLO0D7050

Tht RLYnOLDS NUMBER LIES OUTSIDE THE SPECIF!ED RANGE
ILRROR(1)=1FLODA(L)

IERKOR (2)=SIFLODA (W)

CALL ERROKR

FLOD7060
FLOC7070
FLOD70n0
FLOD7NO0
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(g N o] o OO0 OO0 OO0O0

OO0

100

110

120
15¢

SUBKOUTINE BLKTYP (XHS» XLS ¢ XGHS, XGLS.NXG.TYPE) BLKT
EF - ettt et e et e SIS rnsIanSas==BLKT
DETeRMINE COOLANT BLOCK TYPE WITH RESPECY TO BOUNDARIES ALONG BLKT
wHILH HeAT TRANSFER COEFFICIENTS ARE TO BRE ASSIGNEN, BLKT
1YPE=) ASSIGN SEPARATE VALUES ALONG BOTH ROUNDARIES, BLKY
TYPEz2  ASSIGN AN AVERAGE oF THE SEPARATE VALUES ALONG BLKT
B8OTH BOUNDARIES, BLKT

TYPE=3 ASSIGN A VALUE ALONG THE HIGH BOUNDARY ONLY. BLKT
TYPEz4 AbSIGN A VALUE ALONG THE LOw BOUNDARY ONLY BLKT
SSS=zEsEsz SSnESg=SzzzsEs=Es SESEIZgERIRREICEsC S-zE=zzTosozss S=3=z2=zBLKT
RL«T

STE====BLKT

SETICSSooTnsEoEn==ZRLKT

TYPLZO BLKT
1S5 1H1S AN INTEKNAL COOLANT BLOCk ? ELKT
1F (XGHS  HE (X6LS) 60 TO 100 BLKT
SHOLLY THE HEAT TRANSFER COEFFICIENT BE CALCULATED FOR THE H1IGH BLKT
UR 1ne LOw BOUNDARY OF THE COOLANT BLOCK ? RLKT
IF(XuHS,k@,1) GO To tlo ALKT
GO YO 1e0 BLKT
IS 1HE INTERNAL COOLANT BLOCK ADJACENT TO AN EXTERNAL COOLANT ON BLkT
ELTHER bk THE TwO JOUNDARIES BEING CONSIDERED ? PLKT
1F (RGHS LU NXG) GO TO 120 BLKT
IF(AULS.EU,1) GO To 110 BLKT
IS Tne COOLALT BLUCK ONLY ONE POINT WIDE IN YHE DIRECTION BLKT
vElivw CUNSIDEREY 2 BLKT
IF(ALSLE«XHS) 60 TO 110 BLKT
TYPL=2 BLKT
wV 10 130 BLKT
TYPL=3 BLKT
IF(xuLS,EQ,1) GO TOo 150 ‘ BLKT
TYPL=d RLKY
GU 1y 1a0 ALKT
TYPLzb BLKT
RETuURN BLKT

END BLx T
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10
20

40
50

70
RO

100
110
120
130
140
150
150
170
10
190
2n0
210
2,0
230
240
250
2/0
270
280
290
3n0
3310
320
330
340
350
360



10

FUNVTI
ENTRY
CoOL1
GV 1y
ENTRY
CooL1

0O lu 1

ENTHY
CuoL)
GO 10
ENTKY
cooLy
GU v
ENTHY
CcooLl
6O 1o
LNTILY
CooLt
GU 1o
ENThY
CO0L Y
GL o
ENTHY
LuoL1

OV v 1

ENTHY

Co0Ly

WO 1y

ENTHY

COOLY

WO o

ENTI

CU0L L

RETuiN
END

ON CoOLl (X)

SPHL(X)
= 1.0

10
REYNL(X)
= 040

0
H1A(X)
= 0.0
v '
H103(X)
= 0.0
v
H1C(X)
= 040
lu
FLOLA(X)
= 10V0000.0
1lu
FLOLB(X)
= 0.0
lu
FLOLC(X?
= 0.0

']
TINIA(X)
= 4bn,0
lu
TINAB(X)
= V.0
v
TINLIC(X)
= V.0
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Cool
CooL
cooLu
cooL
cooL
CooL
Cool
cooL
cooL
cooL
coou
cooL
Cool
Cool
cooL
cooL
CooL
cooL
CooL
cool
cooL
CooL
cool
CooL
CooL
cooL
cooL
cooL
cooL
cooL
CooL
CooL
CooL
cooL
cool

350




FUNCTLION COOLZ

ENTixY
COoL2
G0 Tv
ENTRY
CO0L2
60 10
ENTRY
cooLy
6O 1o
ENTHhY
couLe
60 10
ENTRY
CooL
6L 10
ENTRY
CooL2
60 10
ENThY
cooL2
60 1u
ENTRY
COOLz‘
U 10
ENTRY
COOL2
LY 1o
ENTIY
CouL.2
o0 T0
ENTRY
cooL2

10 RETURN

END

NOTE :

SPH2(X)
= 1.0
10
REYN2(X)
= 0.0
10
HeA(X)

= 0.0
10 .
Heb (X)

= 0.0
10
HeC(X)

= 0.0
10
FLO2A(X)
= 1000000.0
10

FLoes (x)
= 0.0
1lu
FLO2C(X)
= 0.0
10
TiNeA(X)
= 400.,0
10

TiN2B (X)
= 0.0
iu
TINZ2C(X)
= Deu

(X}

Cool
CcooL
cooL
cooL
Cool
CooL.
Ccool
cooL
cooL
cooL
cooL
cooL
cooL
cooL
cooL
cooL
cooL
cooL
cool.
CooL
CooL
cooL
cooL
cooL
Cool
cooL
CooL
cooL
cool
cooL
CooL
cooL
cooL
cooL
coolL

The functions COOL3 through COOL15 are omitted since they are all
of the form illustrated in the preceding listings of COOLl and

CoOL2.
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10
20

40

50

60

70

a0

Q0
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
230
290
300
310
320
370
340
350



e

OO O0OOOO0O0OO0OOOO000O0

100

105

OO0

OO0
L]

SUGKOUTINE CONDUC COND'

INCLUDE coMplm ,gOND
IISSZIoCoNISEISSEISSISSTSZIRIZS o e S 4 = =3====COND
CALLULATE THE AVERAGE CONDUCTIVIYIES BETWEEN POINTS, RADIATION COND
ACRUSS GAPS AWD INTERNAL COOLANTg IS INCLUDED, gOND
Pttt ettt bt e e A e == == =====COND
ERRUR MESSAGES COND

LoNpuCl » CONDUC2 o CONDUC3 COND

THESE MESSAGES INHICATE THAT RANIATION BETWEEN THE  COND
BOUNDARIES OF AN INTERNAL COOLANT BLOCK WAS NEGLECTEDCONG

IN ORpDER TO COMPLETE AN ITERATION, A SMALLER TIME COND

STeLP SHOULD BE USED IF THE NEGLECT OF RADIATION Is  ConD
SIGNIF1CANT, ¢ comp

ConD

CONDUC1 RADIATION WAS NEGLECTED BETWEEN RADIAL GAPLINES IGL  COND
AND 164+ AT AXIAL POINT LEVEL J,THETA POINT LEVEL K, ConD

LONDUC2 RADIATION WAS MNEGLECTED BETWEEM AXIAL GAPLINES Jol CoND
AND Juii AT RADIAL POINT LEVEL I,THETA POINT LEVEL K. COMD

CONDUCS  RADLATION WwAS MNEGLECTED BETWEEN THETA GAPLINES KelL cotp
AND KOGl AT RADIAL POINT LEVEL I,AXIAL POINT LEVEL Js¢ COrD

e e e P L P L PP P L Pt E L P Pt 5 L eI 10]
LOGICAL NOMES CoND
wIMESTUN IConD(13) COND
DATA(ICOND(I) o I=1913) /7 LH1,5H I6L=)5H IGHZ,3H J=,3H K=,1H2, CoMD
o5H wobzeS5H JoH=3H [=r1H3s5H KGL=eSH KGH=s 3H K=/ COND
FORMAT (16K ERROR AT CONpUC,AL»1714 ON ITERATION NOeoIts3H AT,AS,InsCoOND
AL lerASII2eAS12) - ConD
e e ettt et td bttt e PP P L P P P zzzzzzzS====COND
SET ITHL CORRELT ENTRY FOR MADATA conD
GAS = JIRUL. ConD
RS Sttt e SSSRzazcSsIszsss =====ss3z=3RCOND
TOuly = 0410 ConD
NIteR = NITeR + 1 CoMND
NOML S FALLE, COND
IF(HUTSWIL0)) GV TO 105 ConD
P (Lsl.eTele0) NOMESZ.TRUE, COND
IF (FIRST) NowES=,TRUE, . ConD
oot B oot dmtoo i ooprdparedodcbofr gt -addnd-tt =Y et ottt oottt po ettt ] ] CoMD
CALLULATE THE AVERAGE RADIAL CONRpUCTIVITIES BETWEEN POINTS, EOND
e S T S ST PR P P P A L R e 4 S o)
CALLULATE THE RADIAL CONDUCTIVITIES IN EACH RADIAL PLANE, COND
DO o4 I=lelw Cond
1o = lontl) CoND
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230
260
250
260
270
2q0

3n0
310

QAO




c PLANE » . COND'
LO 330 u=2,JM . ConD
C T L T P T L L L P PP A P S TR LR A P P L P F L = P P oo ]]s)
C CALLULATE THE RADIAL CONDUCTIVITIES IN THE COLUMN, COND
LO 30 K=20KM COND
c DUES ThE GRIDLINE HAVE ANYWHERE A GAP OR A COOLANT ADJACENT TO Iy COND
c »? =1LV YESI= ) ConD
IF (160,t0.0) GO TO 110 ConD
C e el Pt L L S bt b et L bbbttt et 4t B S o 01X
c IS LiTHER A GAP ,0R A COOLANT ADJACENT TO THE GAPLINE AT THIS COND
C POINT 2 ='HO,YESt= conbd
LF {CAPK(LGsJeK) ,£Q,0.0) GO TO 110 COND
c IS 4T A GAP OR A COOLANT WHICH I¢ ADJACENT 7 ~1COOLANT,GAP'= COND
IF (GAPR(LGIJPK) (LT 0.0) GO TO 130 COND
C :::;:::;‘:::::::::::::::::::‘::::::::::::“-___::_-_-:::-___::'::--COND
c8 CALLCULATE THE AVERAGE CONDUCTIVITY WITH A GAP PRESENT CoND
Il = MATRG(IGe Jy K) ConD
TH & RLuTH(lee Jr K) COND
1B = RustsTh(Ine Jo K) CoND
FTR = Re (1) COND

F1Z = 7Rp(J) ConD
FTIT=TP(K) ConND
c CALLULAME THE LOCAL GAS CONDUCTIVITY. COMD
CALL MAUATA COND
HXA = REMH(IG, Jo K) + REML{IG, J, K) = 1,0 coMD
CX = o1713E=a*(TH*x2 + TB*%2)%(TH + TB)/BX ° CotD
X1 = COiR(Iy Jp KIXRATIOB(IGy J» K) Coid
X2 = Loz ((UK/GAPR(IG,) J» K) + CX)*RATIOH(1G6)) conD
X3 = CONRUL + 1y Jy K) CoND
c PRESERVE THE UATA REQUIRED FOR CALCULATING RADIAL GAP ROUNDARY COND
o o1l LRATURES BY STORING IT IN THE REM=RBBT LOCATIONS FOR THE COND
c o CURRENT GAPLINE, COND
REMLILG, Jy K) = CONR(I, J, K) COND
REMb(dos Jo K) = CONR(I + 10 Jy k) CoND
REBBTL(Iue Jy K) = 04X conb
RBBTI(Te, Jo K) = GK COND
w1, Jy K) = 1./70(X1 + X2 + X3) /RATIOK(16)) . COND
501U 310 COND
CE AR o 0 O o 2 6 o e A oK KRR e RN o e ok o o e ol R K ok ki Rk ok K oy X COND
cE K o 0 R oK A o R o o ok A o o KR R o e a0 o K oK o o ol K 20K K Rk ok ke Ko kg k COND
o ARE THE CONDUCTIVITIES ON BOTH SYDES OF THE GRID PLANE IDENTICAL COND
C o2 =1V, YED 1= COND
110 1F (euni(l,d,K) o HEL,CONR(I*+10Jrk)) GO TO 120 COND
¢ ASSLIUN UNL OF THEM AS THE AVERAGE CONDUCTIVITY cono
KR{1s J» K) = 1,0/CONR(Is Jr K) Cohiu
" 60 10 310 COoND
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460
470
4po
490
500
510
520
530
540
550
560
570
Sna0
500
600
610
620
630
640
650
660
670
6R0
690
700
710
720
730
740
750
760
770
780
790
800
810
850
830
840
850
860
870
80
R90
9n0
910



c CALCULATE THE AVERAGE CONDUCTIVIYY WHEN NO GAP OR COOLANT IS COND 920
c PRESENT SOND 930
120 KR(1, J, K) = 140/(CONR(I 4+ 1» J, K) + (CONR(I, Jo K) = CONR(E + L1COND 9u0

* 0 owy K))erULN(I)) : CconD 950

60 10 310 COND 940

c CALCULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ADJACENT COND 970
c 1S Vit COOLANT ON THE HIGH INDEX SIDE OF THE GRIDPLANE?=1NO,YES'. COND 9a0
130 1F (GAPRUIGIJIK) (LT, (=1,5E=10)) g0 TO 210 COND 990

c CALCULATE THE AVERAGE CONDUCTIVITY wlTH A COOLANT ON THE HIGH COND4¢0n0
C INDEX S1DE, ' ConMDL010
c EXCLIWE CALCULATION OF KAD FOR ExTERNAL COOLANTS, COND10»0
IF (16,eQeNRG) GO TO 190 CoND1030

c FINL YHe HIGH RADIAL OOUMDARY OF THE INTERNAL COOLANT nLOCK, COND1040O
J6l = v + 1 ConD10s0

UV 1h0 1I=Iu1eNRG ConD1060

IF (GAPR(ITIPJrK) LT, (=1.,5E=10)) GO TO 140 COND1070

u0 16 150 COND10RO

c EXCLUUE CALCULATION oF RAD WHERE TwO COOLANTS ARE ADJACENT AT THF ConND1090
c 1116h RALIAL GOUNDARY OF THE INTERNAL COOLANT BLOCK, COND11n0
140 IF (GAPR(ITsurK) (LT, (=245E=10)) GO TO 190 COND1110
1ot = I} COND1120

Vw0 10 160 ConD1130

150 CONT InUL COMD1i 14O
100 IF (AUS(REMH(IG,JrK)) e6T++999E6,0RABS(REML(IGHIJoK)) 6T+ 4999E6) GCOND1150
10 Tu 170 CoMD11A0

AF (ABSIT(XsJeK)=T(I419JeK)) LT,TDMIN) GO TO 140 ConD1170

HAD = 0.1713E=8%(RABTH(IGr Jr» K)u*4 = RBBTL(IGH? Jo» K)u*u4)/(REMH( COND11a0

t 16y Jy K) 4+ REMLUIGHe Jo» K) = 1,0} CorD1190

HX = COLR(IL + 19 Jy KIR(T(I» J, k) = T(I + 1, Jr K) = RAD*CONR(I, COND12n0

' Js K)HDELR(IIRRLNCIN) Z(T(Ly Jy k) = TC(I + 1, Jr» K} + RAD*CONR(I COND1240

Yo 1 Je K)) conD1220
MATRG(IGY Jo» K) = 200 conD1230
MATKG(TIGH, J, K) = 200 COND1240

w0 10 2u0 COND12%0

170 MAThU(IGY J» K) = 100 CoMD1260
AT (LoHY J, K} = 100 COND1270

60 10 190 conDi2p0

180 MATRG (TG, J» K) = 300 COND1290
MATIG(IGHY J,s K) = 300 COND13n0

190 HX = CONR(I + 1» J, K) COMD1310
200 KR(iy» Jr K) = 1407(CONR(Iv» J, k)4RLN(I) + HX&RATIOC(IG)) COND1320
60 10 310 COMND1330

c ARE TWO COOLANTS ADJACENT? =tNQyYvESt= ConD1340
210 IF (GAPR(IGrdrK) 6T, (~2.5E=10)) GO TO 220 COND1350

c DU NOT wLLOW HEAT TRANSFER BETWEEN COOLANTS conD1360
" KR(Ly Jy K) = 1,0E=1n COND1370
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220

250

240

]
\J

2ul

270

260

290
300

GO0 10 310

CALCULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ON TnE
LOw INDEX SInE,

EXCLUUE CALCULATION OF RAD FOR EXTERNAL COOLANTS,

IF (10,eQs1) GO TO 290

FINLU THL LOW RADIAL BOUNDARY OF yHE INTERNAL COOLANT BLOCK,
fol =z lv = 1

wV 260 111,301

162 = 1o - 11 !
IF (GAPR(LIG2,J1K) oLT, (=¢5E=10}) GO TO 230

vl 10 240

£XCLiUE CALCULATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AT THF

LOW RADLIAL BOUNLARY OF THE INTERNAL COOLANT BLOCK.,

IF (OAPRIG21JeR) oLT,(=2,5E=10}) GO TO 290

16L = lue

oV Tu 210

COUNT INUE

IF (/ATKG(IG, V1K) eEWs100,0RMATRG(IGIJeK) «EQ,.300) GO To 290
IF (WBSIT(IsurK)=T(I419JdeK) ), LT, TOMIN) GO TO 260

RAD = Y, 1713E=8x(RuBTH(IGL, Jr K)*xy = RBBTL(IGr J» K)x*4)/(REMH(

16L, Jy K) + RembL(IGe Jy K} = 1,00

HX = CORRCIY Jo KIR(T(I + 19 Jy K) = T(I, Jpy K) 4+ CONR(I + 3,

COND13a0
COND1390
CONDL4nO
COND14y 0
COND1420
conDiug
ConDi144y0
COND1LURO
COND1U4gO
COND1470
COND1 4RO
CoNDi4 g0
CoKDLSA0
conDib10
COND1520
COND1530
ConD15u0
CoND 1550
CONDISBAO
COND1570
COND15a0

KCONDR1590

YRRAUVKATION (16, Js KI®DELR(IY/RATIOK(IG)) /¢(T(I + 1, Jr K) = T(1 CCNDI16nO

» e K) = CONR(I» J, K)®RADXRATIOB(IG, J» K))
o0 lu 3u0
MATRG(IGY J» K) = 300
SATrG (Lol U, K) = 300
DO 27U IXZ101M
IF (JOR(IX) . ,nEsIGL) 6O TO 270
IPL = 1a
Lo 10 Pl
CONT INUL

HECUVER PARAMETERS wHICH WERE eVALUATED FROM TEMPERATURES OF THE

PREVELOING Ao PRESERVED IN THE REM=RBRT ARRAYSe
CONL 15 CONR(IPLV,K)

CONL=REML (16L s J 1K)

LuNh 1S CONR(IPL+1,U0K)

CONrM = RUUTL(IGLY Jy» K)

HX=CONH

KR{IPL, Jr K) = 140/(CONL*RLN(IPL) + HX*RATIOC(IGL))
HX = LOWR(Is Jo K)

mR(Ly Jo K) = 1,0/(CONRCI + 1v J, K)/RATIOK(IG) + HX*RATIOC(16))

IF (LATHG(IG,JrRk) WHE,300) GO To 310
IF (OMES) 6O TO 340
ILRNUR (1) = TERROR(1) + 1

CONDI610
COND1620
COND1L630
conDYIBLO
COND1650
COND1660
COND1670
CONDY6R0
CoND1690
ConbDt7n0
CoHD1710
ConpbtL720
COND1730
CorD1740
COND1 750
COND1760
COMD1T770
CorDYI TR0
COND1790
CorD18n0
COND1810
COND1820

WRITE (0e100) ICOND(L) yNNITERrICOND(2) o IGL, ICOND(3) ¢1G, ICOND(4) 0 j»COND1830
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C

1ICOND(13) K
K K AR O R K AR R R Rk KRRk AR Rk kR gk Rk sk k¥4 #COND 1850

ConD1840
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310 CON{INUE ToND18g0
HAVL ALL POINTS IN THE COLUMN REEN CONSIDERED ? ='YES,)NOv= COND1870
320 CONTINUL COND1RA0
HAVL ALL COLUMNS IN THE PLANE BEEN CONSIDEREN P =t'YESsNOe= COND1890
330 CUNT LG COND19n0
HAVL ALL PLANES BEEN CONSIDERED 7 =t1YESeNOt1 = COND1910
340 LOW) INUL COND1920
oK A oA A ok R A AR R ROR K ok g AR AR Rk Rk Kk R g kR ok Rk A COND 1930
Ta====COonD194 0

$====COMD1950

COND1940

S====COND1970

CALCULATE THE AXIAL CONDUCTIVITIES IN EACH AXIAL PLANE, COND19r0
L0 LU Jzl,dm ConD1990
Jo = JGZ(J) COND2000
SSSIrSosESCCoTSSSSSSsS=SSSISSSSISRTzZISSSSTSISSzIo=SzEs sozs=zzesesz===CONDA010
CALLULATE THE AXIAL CONDUCTIVITIES IN EACH RADIAL COLUMN IN THE COND2020
PLALE o COND2030
PO 470 [=2.IM coMD2040
STELISSCSISTCSSSSSEISZSESSSESSSISpIIoSIII=R === z==z===C0orD2050
CALLULAIE THe AXIAL CONDUCTIVITIES IN THE COLUMN, conbp20ga0
L0 LHU K=2eKM COND2070
J0ES Trie GRIDLINE HAVE ANYWHERE A GAP OR A COOLANT ADJACENT TO It COND20A0
o? =tV YESH- COND2090
IF (JG,Len) GO TO 350 COND2100
SEIroCmessZs=so=ZsssCSosSTSECoTSs=cosSSSRzESsossSSSoTRSoSnsTIzs=zsazCoND2110
15 LITHLR A GAP OR A COOLANT ADJACENT TO THE GAPLINE AT THIS CoND2 150
ROINT 2 ='0,YESe= COND>130
IF (GAFZ(JGIIeK) (EQ.0¢0) 60 TO 350 COND2140
1S 4T A GAP OR A COOLANT WHICH Ig ADJACENT 2 =+COOLANT,GAP'= conD21s0
1F (GAPZ(JGy1¢K) LT.0+0) 60 TO 370 COND2160
SrSIoSTISISCoISSSSSSSSSSSSIZRIS=IZZSRESSSES s=zm=z ==== =====COND2170
CALLULATE THE AVERAGE CONDUCTIVITY WITH A GAp PRESENT COND21R0O
d o= MAYZ20(Jdor Iy K) COND2190
TH = 2usTH(Jur 1 K) COND2200
T = LunTl(Jne 1y K) ConbDn210
FIR = RpP(L) COND2220
Fle = 21 (J) CoND2230
FITZTR(K) conb2240
CALCULAIE THF LOCAL GAS CONDUCTIVITY, COND2250
CALL MADATA COND22s0
uX = LLuH(JG, Iy K) + ZEML(JGe I, K) = 1,0 ConD2270
CX = o17130=a*(TH*%2 + TB*%2)*(TH + TB)/BX COND22s0
X1 2 COnZi{le Jr KIZATIOB(JG, I, K) CoMD2290




OO0

CE
CE
C
c

c

c
c

[g] O OO0 OO0

Xe=1./ ((GK/GAPZ(JUG,1,K)+CX)*ZATIoH(JG))

X3 = Conz(l, J + 1, K) .
PRESERVE THE OATA REQUIRED FOR CALCULATING AXIAL GAP BOUNDARY
o TEME t RATURES BY STORING IT IN THE ZEM=7BRT LOCATIONS FOR THE
«CURKeINT GAPLINE,

2EML (MG, Ly K) = COoNZiLe Jy K)

(G, 1o k) = CONZ(I» U + 1y k)

2Bl (Jdous Is K) = X

2BuliitJder Is K} = GK

Ke(ds Jo K) = Le/t(Xy + X2 + X3),ZATIOK(JG))

w0 L 550

ConD2300
COND2310
COND2320
COND2330
COND>340
COND2350
COND2360
CoND2370
COND23r0
CoND2390
CONDPUnO

A AR N o A K AR K oK o o AR o o T o K o A g o o R o R o o o R R Kok R Rk ok kK gy X COND 241 0
A X g A NOK KK K ok K A R o A g KKK KR K o KO sk ok Ko Kok Kk Kok Kk Xk COND 2 U 5 0

AaRE 1He CONDUCTIVITIES ON BOTH SYDES OF THE GRID PLANE IDENTYCAL
02 =T, 0, YED Y~
350 IF (CUN (IoJ.K) JNE,CONZ(IrJ+1rKk)) GO TO 360
ASSLlonv UNE OF THEM aS THE AVERAGE CONOUCTIVITY
KZldy Jo K) = 1,0/CONZ(1y Jd» K)
o0 10 5%0
CALLULATE THE AVERAGE CONDUCTIVITY WHEN NO GAP OR COOLANT IS
FRESENY
360 KL(hy Jo K) = 1.07(CONZ(Te J + 1, K) + (CON2(I» Jo» K) « CONZ(I, 4
Yo+ s RIIRZLN(VYD
60 ]U 550
CALCULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ADJACENT
IS5 THE COOLANT ON TrE HIGH INDEX SIDE OF THE GRIDPLANE?=+NO,YES'.
370 1F (GAPL(JGITrK) LT, (=1,5E=10)) GO TO 459
CALLULATE THeE AVERAGE CONDUCTIVITY wITH A COOLANT ON THE HIGH
INDLX SiDk,
DXT = ZL(Jd) = 2P (J)
EACLUUE CALCULATION OF RAD FOR ExTERNAL COOLANTS,
1IF (JO,LQ.MNZG) 00 TO 430
FINU The HIGH AXIAL BOUNDARY OfF tHE INTERNAL COOLANT BLOCK,
J6l = Ju + 1
LU 090 uu=JG1eNLG
IF (GAPZ(YJ, 1K) JLT,(=1,5E~10)) 6O TO 38¢g
6L 10 340 .
EXCLLDE CALCULATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AT
THE 11l AXIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK.
360 IF (GAPL(JJpI91K) LT, (=2.5E=10)) &0 TO 430
JOH = Ju
GO 10 4uo
340 COTIHUE

conDA2ux0
conD24 40
COND24S0
CoND2H4K0
CoND2470
COND24g0
C0o*'D:4q0
conb2%n0
conD2510
CoNbD2520
COND»530
CoMND25u0
COND25%50
COND2560
conb2570
COND?5n0
COND2590
COND?26n0
Conp2610
C0tD»620
COND2 630
CoMD26y0
COND2650
COND?6#0
COND?2670
CONDP6AD
C0:1iD2690
COND27n0
ConND2710
CorD2750

400 IF (AUS(ZEMH(JGIIPK) ) aGT 4 e999E6,0RABSIZEML (JUGHI 0K} ) 6T ,.999Eg) 6COND2730

10 TU By
IF GaUSIT(LedeK) T (19J+1,K)) (LT, TDMIN) GO TO 420
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COMND2740
CoND2 TR0



O

o O OO0

RAD = 0.,1713E=8#(ZBBTH(JGY Is K)u*4 = ZBBTL(JGHe» I, K)w*t)/(2EMH¢ COND2740
' UGy Lo K) + ZEML(UGHe I» K) = 1,0) COND2770
HX = COMZUIs o + 1, KIn(T(XIs Jy K} = T(I, J ¢ 1» K) = RAD®CONZ2(I, COND27AO
Y ode KIAUXTIZ(T(Ls Js K) = T(Ir J + 1s» K) + RAD%CONZ(I» J + 1y K)) COND2790

MATLG(JGr Lo K) = 200 COND2800
MAT G UJOHY 1,K1=200 CoND2810

60 10 440 €0:102850

410 MATLG(Jue I K) = 100 COND»81%0
NMATZG (Julle 1,K)S100 ! Conb28u0

6V 10 430 ' COND2850

820 MATcG{Jue 10 K) = 300 COND2Rg0
MAT.G(JoHe 1,K)=300 COND2870

430 HX = CouZils J + Ly K) CoND 2880
440 KZ(L,deR)IZDELZIJ)/ (CONZ(TrdeK) uDXT+HX) COND2890
60 10 5uby colip2900

AKE TWO CUULANTS ADJACENT? ='NO,YESI= ConD»910

450 IF (GAPZ(JGrIrK) 46T, (=2,5E=10)) GO TO 460 CONDP920
U0 Wl ALLOW HEAT TRANSFER BETWEEN COOLANTS ConD2930
Kiti, J» K) = 1.0E=1p CoMD2940

60 10 S5HY COND29s0
CALLULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ON THE LOw CCND2940
INDLX SLIDE, . ’ CoNLP9T0

460 DRY = Z1(J + 1) = 2L(J) CONDN9g0
exCLout CALCULATION OF RAD FOR EXTERNAL COOLANTS, conp~990

IF (Ju,eQe)) 60 TOU 530 CONDZ0NO
FINL THe LOW AXIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK. COND010

Jol = Ju = 1 COND 3020

LU 440 UJ=1,461 COND3030

Je2 = Juo = JJ CoND3OLO

IF (GAPZIVG21 10K) oLT,(=.5E=10)) GO TO 470 ) CorD3I0s0

u 1y 400 ConD30A0

£ XCLULL CALCULATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AT Co1:D3070

THE Vs AXIAL BOUNQARY OF THE INTERNAL COOLANMT BLOCK, CotiD3NA0

W70 IF (LAPZIJYGR2)10K) oL T, (=2,5E-10)) GO TO S30 COND=090
JOL = Ju2 COND310n0

60 Tu 490 COND3110

480 CUNI [NUE . CoMD =100
490 IF (~ATZULUG, LeK) eEW.100.0RWMATZG (UG 1K) +EQR,300) GO TO 530 COND31130
IF CABS(TC(IsurK)=T(IoJ+1sK)}) LT, TDMIN) GO TO 500 COND2140

RAD = 0.1713L =684 (200TH(JGL, Ir» K)*s4 = ZBBTL(JGe I K)w*4)/(2EMH¢ COND31SO

¢ UGk, I, K) 4+ 2EML{JGr L» K) = 1,0) ConD3160

HE = COLz{le Jo KIa(T(Is J + 1, K} = T(I, Jo K) + CONZ(I, J + 3» KCOND3170

* ) waDs0X1) Z(T(Iy J + 1r K) = T(Ir J» K) = CONZ(I» Jy KI)%RAD) COnD31R0

60U 10 540 conD3lg0

Su0 “ATou(Jue 1. K) = 300 CoND320D
MaTeGldule I, K) = 300 conD3210
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510

520

O OO0

550
540

O
™

550
Sul
570

500

nnnnng [ N o TN o ]

On 00O OG0

DO H10 JUX=1.UM COND3220
IF (JGZ(JX) sNEsJGL) 60 TO 510 * COND3230
JPL = JX corbD3240
6O 10 520 CoNDr250
CONT INUE COND3240
HECUvER PARAMETERS wHICH WERE EVALATED FROM TEMPERATURES OF THE COnD=270
PRECEEDING ITERATION AND PRESERVED IN THE ZEM«7BBT ARRAYS, COND22R0
CONL 1S CONZ(LsJuPL,K) COND3290
CONLzZEmML(UGL» L4K) : ConD33n0
CONyt LS COMZLryPL+1,K) COND3310
Cuihzdhu T (Jolr LK) Cotinx3n0
LiX=Culit CONDX330
UXTEz (L (JPL) ~ZP (JPL) ) ConND3330
Ke(douPL  K)zoel g (YL ) / (CONL*OXTP4HX) COND33w(0
HX = Lozl Je K) : COND3350
KEZ(LlodsRISHELZOJ) Z (CONZ(TrJ+1 oK) xDXTH+HX) COMNDZ370
IF (LATZ2G(JG,19K) oNE,300) GO TO §50 CONDZ3r0
IF (NOMES) 60 TO 559 COND2270
ILRROR(L) = JTERROR(1) + 1 CorD34n0
WRITE (090100) ICOND(E) s NNITER»ICOND(7) 9+ JGLy ICOND(8) +JG, ICOND(9) 11 ¢COMNDIUIO
1100, (18) 9K COND2420
KK A A e K o e 0K g o O O A o K 00 0o a0 0K 0o o oo o Ao R R A e ok ok o ko o kg R COND 3 30
CONY IHUL conDR4y0
bAVL ALL POINTS IN THE COLUMN BEEN CONSIDERED 7 ='YES)NOt=~ conDaus0
CONY LINUE conniuao
HHAVE AL COLUMNS In THE PLANE BEEN CONSIDERED ? «tYES)NO1= CoMDELY70
CUNT INUL COND34A0
HAVL aLL PLANES BEEN CONSIDERED 9 «=tYES)NOtw COND 2490
CONY INUL COND%Sn0
K A ko o o o A o o O K AOKOR A e o g 0 KOK o o KO A e o AR Rk Rk R ok Kok ke ko By *COND 35 1 0

——-"-—-»*--~——'—"'---—---“--"~'--'-'--“-=:::::::::::::::::::-::::CoND3520

==CONDp3S10
ConDaSy0
::::::::::::::::::::_:::::::::::::::::::::::::::::::::::::::::::::CoND%SqO
CALCULATE THe THETA CONDUCTIVITIES IN EACH THETA PLANE, ConND=2560
U0 4l RzleKi ConND3570
KGIRG T (K) . Conb35a0

CoNISIoSISCISCICSIo ST IIEITIEssToCSSnCIETsnosssssosTrszsasnSzz==C0oND %590
CALLULATE THL THETA CONDUCTIVITIES IN EACH AXIAL COLUMN IN THE COND3AN0

wl 03U 1=2y In CotiD2620
e e e L e o P e L P e I R e R 0]
CALLULATE THE THETA CONDUCTIVITIES IN THE COLUMN, CONDX640
L0 L2l uzeedn CorD 2680

LOES THe WRIGLINE HAVE ANYWHERE A GAP OR A COOLANT ADJACENT TO It COND%660

22 =10, YES Y= COND2670
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IF (K6,£Qs0) 60 TO 600

— . o W B S S e S s 0 O % 0 98 VY o o, O S0 e Y Som S Y P g s o 0 T8 S P e T OV s T D Bt 4t
- T o i e B o S0 B oy W v ) - e B i s T T o e > .

15 LITHER A GAP OR a COOLANT ADJACENT TO THE GAPLINE AT THIS
POINT 2 ='NO,YES—

1F (GAPT(KGrIvJ) EQ,0.0) GO TO 600

1S 4T A GAP OK A COOLANT WHICH Ig ADJACENT 2 =+COOLANT,GAPt=
IF (GART(KGy19d) LT.0e0) 60 TO 620

o o e s e PO A A A g e 8 e P Y o D Y T o 2 s T 0 v T g g e S T O S S T R cag S 2w
L L L o o S L N e R T S S m o rm e L L o o o7 o o vt s 2% s o o e o s ol 0 0 0 o, = 00 o0 0 e

7] CALLULATE THE AVERAGE CONDUCTIVITY WITH A GAp PRESENT
(I = MATTO(KGe §0¢ J)
Th - TuuTH(KGe L J)
T8 = TrbTh(Kee 1 J)
FTR = ki (L)}
F12 = zP(J)
FTT= (P (R)
oWwll = GAPT(KG, I, J)
DAHS=TATIVI(KG)

[eX gl O OO0

C CONVERT 6wID AHND UXHS FROM RADIANS TO FEET FOR CYLINDRICAL
C UtOMLrRY'

IF (15HAPE.NEWO) 60 TO 590

LNLL = GWIDKRP(I)

DXHLzUX 1S*KP (1)
C CALLLLATE THF LOCAL GAS CONDUCTIVITY,

590 CALL MADATA
X - TEmH(KG, 1o J) + TEML(KGy I, J) = 1,0
CX = o1T71Su=nk(TH*%x2 + TH*x2)*({Ty + TB)/BX
X1 = CONT(I, Jr KIxTATIOB(KG, I, J)
X221,/ ( (6K /Gy ED+CX) 2DXHS)
A3 = CONT(Le Jr K + 1)

CoND36R0

==z==5L0ND2690

COND3A700
conD3710
corNDR720
CconD3730
COND37u0
CoND3 TS0
COND3760
COND3770
COND37a0
COND3790
CoND8n0
COND%A10
ConD 3850
COND3830
COND 3810
CorD=AK0
COND%®860
CoNp3ag70
COND38n0
COMD3890
€01:079q0
COND2210
COND2950
ConD3930
conDa940
COND3950
COND X940

C PRELERVE THE UATA REWUIRED FOR CALCULATING THETA GAP BOUNDARY CoND3970
c Thmk ERAFURLS oY STORING IT IN THE TEM=TBRT LOCATIONS FOR THE COND39RO
c CURKLNT GAPLINE, CoND3990
TEMLIKG, &y J) = COnT(I, J) K) CoNDu0NO
IEHN(KGy Iy J) = CONT(Ir Yo K + 1) COND3 010
Tublu(Key Iy J) = dx CONDUN20
TULIHIKGy 19 W) = 6K COoNDu 030

KT L, JeK)Z1 ezt {X2+X2+X3) /TATIOK (K6)) COND4OuO0

60 10 10 conDu0s0

CE K ok A A R A R AR O R AR AROK K R R R R Rk gk By kg #CONDA 060
CE o K o e A AR Ao R KR K AR ROk Ak koo S ok % CONDU 070
C ARE 1HC COMDUCTIVITIES ON BOTH SIDES OF THE GRID PLANE IDENTICAL COND40a0
c ¢? =0, YES Y= CONDy 090
600 IF (CONT(LoJ,K) JNE,CONT(IrJrK*1)) GO TO 610 CoNMDLIND

C ASSLiGN UNWE OF THEM AS THE AVERAGE CONDUCTIVITY CONDu110
KRT(2e J» K) = 1.0/CONT(Iy Jo» K) cor:Dul120

GV 10 810 COMDY 130

198




c
C

cB

O O O 00 O O

CALCULATE THE AVERAGE CONDUCTIVITY WHEN NO GAP OR COOLANT IS , CONDslul

PR USENT CoNDy 150

610 K1(le Jr» K) = 1,0/7(CONT(Iv» Jo K + 1) + (CONT(I, Jo K) = CONT(I, . COMDulgO
e e KEL) I RTLN(K) ) CoNDu 170

60 Tu 810 conDutin0
CALCULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ADJACENT COND4 199

620 ULLSLELTI(K) CONDu2n0
CONVLRT uZ FROM RADIANS TO FEEY FOR CYLINDRICAL GEOMETRY CONDy 210

IF (4SHAPL 1 Q. U) DZ=pZ*RP (1) CONDu270

IS 1iE COOLANT QN THE HIGH INDEX SIDE OF THE GRIDPLANE?--NO.YES'- CONDy 210

IF (GAPT(KGeL1ed) obT.(=1,5E=10)) 50 TO 700 conbu2u0
CALLULATE THE AVERKAGE CONDUCTIVITY WITH A COOLANT ON THE HIGH ConDy250
INDLX SiLE,. ConDu260
PDXTa T (R)=TP(K) CoNDy 270
CONVLKT UXT FROM RADIANS TO FEET FOR CYLINDRICAL GEOMETRY, CoNDy2a0

1F (L9HAPL oL@, 0) DXT=GXT*RP(I) COND# 290
£XCLUDE CALCULATION OF RAD FOR ExTERNAL COOLANTS, ConDy 300
IF(RbeEuNTG) GU TO 680 COND4 310
FiNe Tk HIud THETA »OUNDARY OfF vHE INTERNAL COOLANT BLOCK, COND%4 350
KOL=nU+1 ConNDY4 330

vO Gyl RKSRGTNTG ConDu340

IF (GAPL(KKeIed) LT, (=1,5E=10)) GO TO 630 COND4 350

GO 10 640 COND#2%60
cXCLuuk CALCULATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AY CONDu370

THE HIGH THETA BOUNDARY OF THE INTERNAL COOLANT BLOCK, COND#u 300

650 1F (HAPT(KKeled) LT, (=2.5E=10)) g0 TO 680 CotiDn 390
KGHZ KK CONDYln0

WO Tu 650 . CONDu440

640 CONIIine ConDul o0
650 4F (ADS(TEMH(KGrI»J)) eGT+e999E6,0R,ABS(TEML(KGH»I»J))e5T.,999E6) GCONDHY30
10 Ty beu COHDuUy0

IR (ABS(T(IoJdsKI=T(I,J)K+1)) LT, TDOMIN) GO TO 670 CoONDy 450
RAD = 0. 1713E=8#(T3BTH(KGe Lo J)u*4 = TBETL(KGH? Iy J)u*4)/(TEMH¢ COND4MHAO

" KGy 1o W) + TEMLIKGHe Io J) = 1,0) COND4 Y470

A = CORTIIyr Jo K + 1)x(T{Iy) J, k) = T(I, Jy, K + 1) = RAD#COMT(I, COMDul4RO

U Jy KIALKTY 0Ly Jy K) = T(Iy Jd, K + 1) + RAD*CONT(I, Jy K + 1)) ConDn4a0
MATIG(KGe 1¢ J} = 200 ConDnsno
MATIG(KUHe I, &) = 200 ConDuS10

60 lu 690 CorDu520

660 “ATTL(KGe Iy J) = 100 CONDYS530
MATTG(KGHY I, J) & 10U connNusy0

60 10 ohi CONDUSS0

670 MATIs(Kur I J) = 300 CoMDuSe0
MAT LG KO 1, o) = 300 Conbys70

680 HA = CONT(L, Je K + 1) Conbn%Sa0
690 KT (L, Js» K) = DZ/(CONT(1r Jr K)%pXT + HX) COND4590
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O

O (2] [g] OO0

O OO0

700

710

720

750
740

790

760

770

60 10 R10

ARE TWO COOLANTS ADJACENT? =1NO,YES!I=

IF (GAPT(KGsIrJ) 6T, (=2.,5E=10)) GO TO 710

DO 1WOT wLLOW HEAT TRANSFER BETWEEN COOLANTS

K‘(lo J' K’ = llOE-IO

GV 10 A10

CALLULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ON ThE LOW
INDEX SIDL,

UXTZTP(R+1)=TL(K) .
CONVERT OXT FRON RADIANS TO FEET FoR CYLINDRICAL GEOMETRY,
IF (LSHAPE oEG V) DXTZDXT*RP (1)

£ XCutiVE CALCULATION OF RAD FOR ExXTERNAL COOLANTS,
1F(hnuebwel) GU 10 790

Fliy Tk LOW [HETA BOUNDARY OF THE INTERNAL COOLANT BLOCK,
KOlixb=)

00 74V wkK=1lekol

KO2ZKU=hK

IF (0APT(KG2sI0d) oLT,(=¢5E=10)) 6O TO 720

6O 10 750

EXCLIUE CALCIHLATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AT
THE LUw THETA BOUNDARY OF THE INTERNAL COOLANT BLOCK,

IF (GAPT(KG2s1rd) oLT, (=2,5E=10)) GO TO 790

Kolaku?

bo 10 Tu0

CONI INUL

1F (MATIu(KG.I.J)oEG.lOO.ORoMATTG(KGoIoJ).EO.SOO) 60 To 790
1IF (ABS(T{LrUrK)mT{I,JeK+1)) LT, TDMIN) GO TO 750

RAD = 0 1713e=8% (THSTH(KGL, I J)*%4 = TBBTL(KGe o J)a*t)/(TEMH
" KGL, I, J) + TEML(KG» 1, J) = 1,0)

CONDU6QO
CONDu610
"COND4 620
CONDU630
CONDU64O
CONDY 650
CONDu6,0
COND4670
CONDu 680
CONDY690
corbDu700
ConD4u710
CONDH 720
CoMDL 730
COND#4740
CONDu7s0
CONDY7¢0
CoNDY 770
COND4 7RO
CoMnDy790
CONDYy 800
CoNDu810
COND4 820
conD4830
Coriby840
CONDy{ B850
ConDu8g0
conDu870
CONDUBAO

HX = CONT(Ly Jo KIR(T(Iy» Jyp K + 1) = T(I, J, K) + CONT (I, J, K + 1CONDyu890

Y ) khaDRUXTIZ(T(Iy Jo K # 1) = T(1e Jr K} = CONT(I» J» K ) %xRAD)

oV 1o 800

MAT1G(RGY L9 W) = 300
MATIGIKGL, I, J) = 300

U0 76U KX=12kKM

IF (KGT{KX) NEeKGL) GO TO 760
KPL=KkX

60 10 77U

CONI InNUE

RECUVER PARAMETLRS WHICH WERE EVALUATED FROM TEMPERATURES OF THE

PRELEEDLING ITERATION AND PRESERVED IN THE TEmM=TBBT ARRAYS,
CONL 1S COUT(1eJdeKPL)

CONL=ILmL(KGLe I}

CONm IS CUNT(LrdsKpL+d)

CONR = TUBTL(KOL, Lo V)

HX=COINH

200

COND4# 900
COND4910
Corbu920
COND#910
CONDu4940
€0NDH9R0
ConDi 960
COND 970
CONDu9n0
CONDu9a0
COND&0ONO
CONDSO010
CONDSO020
ConDs030
conDs040
CONDS050




780
790
800

CE
810

8z0
c

830
c

840
CE
c

DZP=nELT (KPL) CONDS0gD
LUATPz TL(KPL)=TP(KPL) . CONDKO70
CONVERT DZP AND DXTP FROM RADIANS 1O FEET FOR CYLINDRICAL ConDsS0R0O
GEQIETRY » CcConDSs090
1F (15HAFEL NELO) 60 TO 780 COND=1n0
DEP=LZPARP (1) CONDS110
DATHzDXIP*RP (1) COND&120
KT (L, JrnPL)SLEP/Z (CONL*DXTP+HX) CONDGRL30
X = CONT(X, Jo K) J CoMDs1u0
KT(L, Jr K) = DE/ZCCONT(I» Jo K 4 1)4DXT + HX) CONDS 150
1F (MATTG(KG, IsJd) eNE.300) 6O To /10 CotDS1a0
IF(UMES) 60 TO alg CONDS170
ILRKOR (1) = IERROR(1) + } CoND&1R0
wKITe (ur1n0) ICOND(10) oNNITER,ICOND(11),JGL,ICOND(12),JGeICOND(0)CONDSIQQ
oLy lCONL(4) v CONDS200
5K o AR K 0o K A K R KK R AR R ok ok Kk KRRk ke ko k COND S 21 0
CONT INUE CONDS220
CONTINUL CONDS240
11AVL ALL COLUMNS Iy THE PLANE BEEN CONSIDERED 2 ~=tYES/NOt= CONDS250
CONI IivuUL COND%240
HAVL ALL PLANES uEEN CONSIDERED » =t'YESyNOt = CoNDs270
CONTINJe COND®2A0
AR b A o o AR K K o R e o o oK R o e s Aok KKK KK ok Kok KOk ke ok ko K % e X COND 5290
::::.:::::2::::::‘_‘::::::::=:::==:::::::.‘:=::::::::::::::::::::::::::CONDR5(\0
RETUKN CONDS310
END CONDS320
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SUBROUTINE STEP($¢NOTEST) STEP
INCLUUE coMpIm BTEP’

(o H- e S B4 e R e ] P et L P PR PR R R e T T A
cy CALLULATE THE NEyw TEMPERATURES AFTER ONE TIMESTEP STEP
(Tt L e T P P - L Pt P Pt b P P P P e e P R fa
T Tt L L PP LT+t L P T P R S PR R L P e e e
LOGLCAL NOTEST STEP
UIMLNSTION X ( M@)yY ( MQ) STEP
C:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::STFP
Cs PERFURM A KAUIAL SET OF ITERATIONS STEP
LO L2 J= 2,JM STEP

DO 41 k= 2,KM STEP
T e P e L L AL LS P L P P e e PP P e P T E S R T Y
I=2 STEP

Clztni (I=1rJrK) *KR(1=19JsK) STEP
CT=hCP (Lo JsK) /DT STEP

C2zii (I odrK) #KR(IrJoK) 7240 STEP

E=e=l7 STEP
xX(I})=L2/E STEP

YAI) 2w (CTAT (Lo daKI+CLR(T(I=1r ek ) =T (IodyK) L1+C2x STEP
K(V(a4dodoK) =T (1o k) =T 1oy K))HRZ(TpJ=1sK) kK2Z (T o JmL oK) x(T(LsU=1rk)STEP
XeTCdadokIVHRZCIJrK ) AKZ(TodoKIn(T(LoJ+1oK)=T(I9Jy)K)I+RT(IpJoK=1) STEP

XeKT (Lo doK=1) (T LrdsK=1)=T(IyJoK)I+RT (T2 e K) kKT (I o JoK) w(T(IoJoK+3)STEP

AT (oK) YW (10J0K)) )/E STEP
O T R e L e B SETESEESISESITSSRSIEIaS=sSTEP
Lo 10 I=3sIM1 STEP
Clzhi{lelrJek) *¥KR{I=12JsK) /2,0 STEP
CI=CLP (Lo daKY /DT STFP
Cezin(LoJdrK)kKR(IeJeK) 7240 STEP
Es=C7-C1xX{I=1) STEP
X(I)=Cz/E STEP

YOI = (m (CTAT (L odoK)+CLR(T(I=1 0 rk)=T{IoJsK)aT(T0JeK) ) +C2% STEP
XCV(a41y oK) =T (Lo drk) =T (LodyK)I4+RZ (T o I=1 1K) %K2 (L1 U=2eK) e (T(IoJ=1ok)STEP

XeT UL, dakIVHRZAT IrK) WKZADr DrK) (T (T o J*+ 1010 =T {0 oK) I +RT (X0 JoK=1) STEP

XakT (1o o K=1) w T {IrJok=1)=T(IsJeK) I +RTLI v JrKI kKT (I v I K) w(T(IpJrK+1)ISTEP

XeT (4 odon) I +W (L1 JpK))=CL*Y(I=1))/E STYEP

10 CORT fnUe . STEP
(R T e E T P Pt bttt S et o bt et ] SEsCIITsTTSEIZ=ESISISTEP
I= M STEP
CLlonk{I=1rdsK) 2KR{I=10JeK) /2,0 STEP
C7=xCP(1¢dyK) /DT STeP
Ce=hr(lsJrK) kKR (IrdeK) STEP
Ex=l7=CleX(I=1) STEP
X(I)=zu.0 STEP

YOI o (=(CTaT (L yJ ,K)4CLa(T(I=Louek)=T(I,J,K)uT(IrJsK)I+C2% STEP
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10
20
30
40

60
70

a0
1n0
110
120
130
140
150
160
170
1p0
190
200
210
250
230
240
250
260
270
2a0
290
300
310
350
330
340
350
340
370
340
390
400
410
420
430
4y0
450




X(T(leloJoK)=T(X0JrK) J4R2 (T ad=L oK) 2KZ (Lo J=1 1K) % {T(IoJ=1,k)STEP
XeT(LodshII+RZ (T ook ) wKZ (Lo JoK) (T (T o d+L ek ) =T (T4 JsK) I4+RT(I v UK~ STEP

X*KT([:J.K-l)*(T(I-J.K-l)-T(IoJoK))+RT(I'JvK)wKT(IvJ'K)*(T(10J0K+1)STEP

XeF (2, dok) I +W (oK) )=CLaY(I=1) ) /g STEP
C:=:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::STEP
15 T1(a,JdyKISY (D) =X (1) %TT(I+1,J,K) STEP
I=I-1 STEP

IF (1.G1asd) GU TO 1b STEP
I e T PP PPt P I L AP P P Pt R P bt ] e &35 35 S 1 A
11 CONI InUE f STEP

12 CONy INUL STEP
CE 52 o 0 o o AR R o R o K K ok g 20 R K o o o o o K o K R o o ok kol K kKo g X S TE P
T ettt L L LR PP L Pttt et e P et e e e BN g N
c/s perFulRy A AXIAL SET OF ITERATIONS STEP
PO o 1z 241w STEP

DU 1 K= 2:KM STEP

NS C LSS ISSIoSoSSIRRZZRISRRERIS ==3== z== ==== T====STEP
D0 <0 Jz=2¢JIM STEP

Cdzh, (I J=11K)*KZ (1 ,J=1,K) STEP

IF (J JkQse 2) €3 = 040 STEP
CT=CP (19J)K) /DT %2,0 STEP

CUzh/ (1, JeK)%KZ (190 JyK) SYFP

IF (J otQe Ju) C4 = G0 STEP

Tl 7=ConA(Jmi) STEP
x{J)=Cuy/E STEP
Y(d):(-L?*TT(IuJ.K)+C3*T(I.J-I.K)+CutT(I.J+1.K)'C3*Y(d-1))/E STEP

20 CONI INUE STEP
SELESSIELIIZSSISRSSRSSSSIIERSEE RRESZEnISRREs SoTmSEsEESTEIzZIITZS=s==STEP
J= il STEP

€5 TTUL RISV (U =X () *TT (Lo J+1+K) . STEP
JEJ=1 STEP

IF (JeGT41) 6O TO 25 STEP
e Pt T T PP PPt P PP L i e e et et e Tt R N
21 CONI 1muL STEP

22 CUNT1INUL STEP

CE STEP
P T e P F PP P P LT Pt L P AR L P P e P e P P P B gl
c/s PLRFORM A THETA SET OF ITERATIONS STEP
DO ¢ Iz 29IM STEP

U0 V1 Jz= ZyUM STEP
SECSSSESoSTIZITRIZZEREE S=ZES3CIEEasS oSSR SS TSRS SIS SIS SRS SSISISSSR=SSTEP
D0 50 Kz2+:4M STEP

COSRT (IodrK=1 ) #KT (X, JrK=1) STEP

IF (K +tws 2) C5 = 0,0 STEP
CT=HCP(1yJsK) 7DT%L,0 STEP
©CoRTII drK) #KT(I0dok) STEP
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4s0
470
4p0
490
500
510
520
530
sS40
550
560
570
5n0
5a0
600
610
620
630
640
650
660
670
6n0
690
700
710
720
730
740
750
760
770
Ta0
790
800
810
850
830
840
850
860
870
8a0
890
9n0
910



IF (K +EQe KM) C6 = 040 STEP 920

ESm(7=C5%X (Kml) STEP 930

X(K)=CesE STEP 940

Y(K) = (=CTRTT (Lo K)4CERT(IpJyKad) +CORT(I ) JoK+1)=C5%Y (Kel) ) /E STEP 950

30 CON{INUe STEP 940

o e S e i e PR e SRSz =nS==Sz===STERP 970

K= K4 STEP 9a0

35 TULydrK)ISY(K)=X(K)#T (IyJrK+1) STEP 990

K=K~1 ' STEP+ONO

1F (heGT,.1) GO 10 35 STEP1010

[+ttt S P b e P A B R et S S e - R f 3 3 N P

o1 COwiphuk STEP1030

92 Culll INuce STEP1040

CE AR o OO R 8 K o T 3K g o e 2K A RO ok oKk R kR kg Rk ko ko Ky kg *STEP 1050

IF (eUT,,SW(1n) s URWNOTEST) GO TO 50 STEP10&0

LU 4g Iz2¢IM STEP1070

VO ey Jz2eJM STEP10A0

WU 40 kz=29KM STFP1090

IFCI(LodrK) LT e040,0ReT(IrJrK) ,GTe1.0E6) RETURN 1 STEP11q0

40 CONT INyL STEP1110

50 KETURN STEP1120

o T e e P e P T L - e e L L e e ey  E P P T LI B S AR T
ENp STEP1140 "
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QOO0 0N000

l1ou

105

SUBROUTINE COOL ) CcooL
INCLUDE CoMpIm CooL
e O S P PR TR P P PP P+ S 3 == zz==Z==z=CooL
CALCULATE THE COOLANT TEMPERATURES CcooL
potdod Bt Tttt bttt e Lt L L L ===zzzs=zr=xCoO0L
ERRUR MLSSAGES CooL

COo0LL » COOL2 » COOLD CooL

THERE IS A PROGRAM LIMITATION WHICH MAY BE ENCOUNTERER COOL
WHEN CALCULATING COOLANT TEMPERATURES IN THE ‘PRESENCE Cool
OF RADIATION BETWEEN COOLANT BLOCK BOUNDARIES, IT cooL

ARISES wHEN A COOLANT POINT AND AN ADJACENT MATERIAL  CoolL
POINT APPROACH THE SAME TEMPERATURE, THESE vESSAGES cooL
INVICATE THAT THIS LImMITATION HAS BEEN ENCOIINTERED cooL
AnD CIRCUMVENTED 8Y ASSIGNING ZERQ CUOLANT HEAT Cook

TRANSFER AT THE LEVEL INDICATEDL, By USING A SMALLER conL

TIME STEP,THIS DIFFICLTY CAN USPALLY BE ELIMINATED, cool

CooL

CootL.1 HEAT TRANSFER WITHIN A RADIAL FLOw COOLANT 1S COoOL

LCRO IN BLOCK L AT RADIAL POINT LEVFL I, CooL

CooL2 HEAT TRANSFER WITHIN AN AXIAL FLOw COOLANT IS CooL

ZERO IN BLOCK L AT AXIAL POINT LEVEL J. ConkL

COOL3 . HEAT TRANSFER WITHIN A THETA FLOW COOLANT Ig cooL

ZERO IN gLOCK L AT THETA POINT LEVEL K. Cool

e e - e e e R S e e = L o N[

LOGICAL ANTI, NOMES» IFP, IRADY IXRAD CooL

DIMENSION TC(tw)y ICOOL(6) CooL

P P e e e e e e e L e e S T E o 1o

DATACLICQUL(I) v I=100) / 1ML, 142911430 3H 1=,3H J=,3H K= / cooL

FORMAT (14H ERKOR AT COOL,AL»17H N 1TERATION NOesrI4ssH AT L=, cooL
t130hae 1)

WL e = NITER + 1 cooL

NOUMLSZ  FALSE, CooL

IF(21UT,.SW(10)) 60 TO 105 CooL

IF(LS1.LTe140) WOMES=WTRUE, cooL

IF(FIRST) HOwES=Z,TRUE . . coolL

:::::2:;:::::::::::::::::::::=:=::=:::::::::::::::::::::::::::::::COOL

CALVULATE THe COOLANT TEMPERATURES IN EACH BLOCK, cooL

LO uh0 Lz=l,LmAX cooL

I5 IT A COOLANT BLOCK 2?2 ='NO,YES,~ Cool

IF (mb(L)GE,0) GO TO 650 cooL

N = e« M) cooL

TIN = TL(N) CooL

peFliak THE CORNERS OF THE COOLANT BLOCK CooL

205

2n0
290
300
310
320
320
30
350
360
370
380
390
4n0
410
420
430
4y0
450



C

OO0

o

O OO0 OO0

ILS = IL(L) CooL
JbS = JL (k) CooL
KlSzpb (L) €ooL
1S = In(l) cooL
JHS = JH(L) cooL
AASzKH (L) cooL
FINL THE HIGH BOUNDING GAPLINES oF THE COOLANT BLOCK, cooL
iF (IHS Ew,IwAX) G0 TO 110 CooL
16HS = 1GKR(IHS) ! cooL
GO 10 10 . CooL
110 I16HYS = WRe CooL
120 IF (JHS.Eu,JmAX) 60 TO 130 ool
JOHL = JOZ (JHD) CooL
6GU 70 140 coobL
130 JGHS = LiZb cooLu
140 [F (KHS.EG.KuAX) 60 TO 150 cooL
KuhsSKeT (KHS) cooL
60 10 160 cooL
150 KOHSZNTG cooL
DETERIMINE THE DIRECTION OF COOLANT FLOW ='RADIAL,AXIAL,THETA'= cooL
160 ANT) = FALSE, CooL
IF (4PATHIN) 4. T0) ANTI=,TRUE, CooL
I = [ABS(IPATH(N) ) CooL
GO 10 (WY0,1709330), 1 CooL
::":::::.::::::=:::::::::-‘--'-"::‘::::":-:::-:::::...._........__.....---_--..-..COOL
CALOGULATE Tiig AXIAL COOLANT TEMPERATURES, gooL
SSSSZInLTEZISSISSSSZETRESSISRISISZRISSESSES s=== =z==zz=z=z==z=COo0l
ASSsGiv THE INLET TEWMPERATURE Cool
170 TO(LLL)I=TIN CooL
IF(rnl 1) TCUHS)ZTIN cooL
CALLULAIE THe COOLANT TEMPERATUKES ALONG THE FLOw DIRECTION, cooL
JU S2u JlaJdLSeJHS coob
J=Ji CooL
IF(ARTT) J=JiiS+JLS=y CooL
SU KA = 0.0 cooL
SUMAAT = 0,0 cooLl
IFP = JFALSE, . cooL
IXRAp = JFALSE. cooL
cm.wt.m&. THe HEAT TRANSFER ACROSS THE COOLANT BOUNDARIES AT THE CooL
CURKENT AXIAL LEVEL, cooL
SUM THE HEAT TRANSFER ACROSS THE RADIAL BOUNDARIES OF THE COOLANT.COOL

DU 190 K=KLS,KHS co
19 Int LOULANT ADJACENT TO THE OyTSIDE ON THE LOw INDEX COOL
WSIUL D =t YESINOY= CooL
1F (1LS.Lc,2) GO YO 180 cooL
© SUM THE HtAT TRANSFER ACROSS THE LOWw RADIAL ROUNDARY, cooL
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460
470
4po
490
500
510
520
510
540
550
560
570
580
590
600
610
620
630
640
650
640
670
690
690
700
710
720
730
Tu0
750
760
770
780
790
800
810
820
830
840
850
860
L 870
810
890
900
910




QO OO0 6 o006 OO0

OO0

I = ILS =}

IRAL = FALSE,

IF(MATRG(IGHS»J9K) ,EQ.200) IRAD=,TRUE,

IF (LRAD) IXRAD=.TRUE,

X = RR(Iy) J» K)I®KR(I, J» K)

SUMRAT = SUMKAT + XxT(Il, J, K)

SUMAA = SUMKA + X

IF(ikAD) CALL RANGE(IFP»T(IyJeK),THI,TLO)

15 THk COULANT ADJACENT TO THE OpTSIDE ON THE HIGH INDEX
oSIDL =1 YES NOV=,

1680 IF (IHS,6E,I) GO TO 190

SUM THE HLAT TRANSFER ACROSS THE HIGH RADIAL BOUNDARY,
I = 1HS

IRAL = JFALSE.

IF (maTRG(IGHS 1 JyK) .E£0+200) IRAD=,TRUE,

IF(1RAD) IXRAD=.TRUE,

X = RR(Ie Jo KYRKK (1, Jy» K)

SUKAT = SUMKAT + XxT(I + 1+ Jr k)

SU4KA = SUYKA + X

1IF CARAD) CALL RANGE(IFP,T(I+1eJok)»THI,TLO)

HAS ThE HEAT TRANSFER THROUGH ALl RADIAL POINTS BEEN
s CALCULATEU? ='YLSeHi0r=

190 (CUlTIhUe

SUM THE HEAT TRANSFER ACROSS THE THETA BOUNDARIES OF THE COOLANT,

w0 il 1=ILS, IHS
1S Tht COULANT ADJACENT TO THE O_TSIDE ON THE LOW INDEX
oS10L? =t YES)NOYe
IF (kkS,.LE,2) 6O TO 200
SUM THE HEAT TRANSFER ACROSS THE LOW THETA BOUNDARY,
K=Ki5=1
IKAU = .FALSE.
IF(naTTu(KGHS» TJ) .EQe200) IRAD=, TRUE,
IF (ArA) IXRAD=.TRUE,
X = RV(1y Jo KIXKT (19 Jy K)
SUMKAT = SUMKAT + X*xT(1, J, K)
SUMKA = SUMKA + X
IF(iAR) CALL RANGE(IFP/T(I9oJrK),THITLO)
IS iHE COOLANT ADJACENT TO THE OyTSIDE ON THE HIGH INDEX
oSI0ED ~rYESyNOY=

200 IF (kHS,GE,KH) GO TO 210

SUM THE HEAT TRANSFER ACROSS THE HIGH THETA BOUNDARY,
K=KhS

IRAL = ,FALSE.,

IF (mATTO(RGHS 10 J) ,EQ.200) IRAD=, TRUE,

1IF (1KAD) I[XRAD=,TRUE,

X = RT{4r Jr» KIRKT (I, J» K}
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cooL 920
CooL 930
CooL 940
cooL 950
CooL 960
CooL 970
CoOL 9a0
CooL 990
Co0L, 000
Conl.1010
COo0L 1050
CooL1030
cool1040
CooL10s0
CooL10s0
cool.1070
cooL10a0
CooL1090
CooL110p0
CooL1130
cooLi120
CooL1130
CoOL1140
cooL11s0
CooL11k0
conl.1170
cooL11n0
CoolL11io0
cooL1200
cooL1210
CoOL1220
CooL123%0
cooL1240
Cool.1250
cooL1260
CooLi270
cooLi12p0
CocL1290
Cooly 300
CoOL1310
CooL13,0
cool.1330
cooL13y0
CooL1350
COOL13a0
CooL1370
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230

240
250

260

270

260

290

300

SUMKA

T

SUMKAT + XxT(I, Jy K ¢ 1)

SUMKA = SUMKA + X

1F (aAD) CALL RANGE(IFP»T(IoJeK+1)THI,TLO)

HAS THE HEAT TRANSFER THROUGH ALL THETA POINTS BEEN
CALLULATED 2?2 =1 YES,NO'=

210 CONI INUE

CALCULATE THE COOLANT TEMPERATURES FOR THE CURRENT AXIAL

INCREMENT o

wCP = FLOW(N)®RCPC(N, J)

EX = SUMKA/WCP

15 (HE KADIATION EFFECT UPON THE HrAT TRANSFER COEFFICIENT T0O
eLARUE 2 =tNO,)YES'=
IF (E£L.60T.=30.) GO TO 220

w0 1o 270
220 EXPU = XP( = EX)

CALLULATE THE OUTLET COOLANT TEMPERATURE FOR THE AXIAL INCREMENT,
X = TC(U)*EXPO + SUMKAT/SUMKA%(1,0 = EXPQ)

cooL13a0
€00L1390
CooLi400
CooL 1410
CoOL 1420
Cool.1430
cooL14u0
CoOL 1450
COOL 14RO
Cook1470
cooL14Rr0
CooL 490
CooL15n0
cooLi510
¢oOL1520
Co0L 1530
CoOL15u0

CALLULATL THE AVERAGE COOLANT TemPERATURE FOR THE AXIAL INCREMENT.COOL1550

TAV = (SUMRAT = 4CPa(X = TC(J))) s5UMKA
00ty Thoe MEAI! TEMPERATURE FALL BETWEEN THE INLET AND EXIT

Tevir e KATURLS 2

IF (10C(J) 6T, X) GO TO 240
1F (TAV,GE.TC(J) JANDLTAV.LE.X) Go TO 260

w0 1y 250

IF (TAV,.GE X AND.TAV,LE.TC(J)) GO TO 260

(TC(J) + X)*0,5

J0E. THe EXIT TeMPERATURE FALL WITHIN THE LIMITS IMPOSED BY THe
INLC1 TLOPERATUKE AND THE ADJACENT MATERIAL TEMPERATURES ?

IF (.HUT.14RAD) GU TO 280

IF(IC(J) (6T eTHI) THIZTC(J)

IFUICIU) WLT TLO) TLOSTC (W)

IF (xelrooTHILAND,X,GESTLO) GO TO 280

TAV =

X = 10(J)
TAV = TC(J)
IF (noMES) GO TO 280

TERKUR (1) = IERROR({1) + 1
ICOUL(2) oNNITERL» ICOOL(5),v

wHIL

(e100)

IF (ANTL) 60 TO 290
TC(w+l) =X
GO To 3u0
rC{u=l)zX

KeCuib THE COOLANT TEMPERATURE THROUGHOUT THE CURRENT

AXInL INCREMENT,
0O 910 I=ILS,IHS
PO 91U KZKLS,KHS

T(I

J

K) = TAV
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CooL15a0
Co0L1570
cooL1Sn0
CoCL1590
CooL16n0
CootL1610
CooL.1620
CooL1630
cooL1 610
Conl.1650
CoOL 1640
CooL1670
CooL 16RO
CooL 1690
CooL 31700
ConL1710
Cool1720
CooL1730
Cool1740
cooL17s50
Cool 1740
CooL1770
CoO0L17R0
cooL1790
cooL 1800
CooL1810
cooL1820
cooL1830
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310 CONi INUE cooL1840

HAVL ALL AXIAL LEVELS BEEN CALCULATED ? «'YES,NOt= . CooLias0
30 CONI [NUL Co0L18k0
ASSLON THE COOLANT OQUTLET TEMPERATURE, cooL1870
TO() = X Co0L.1 80
GO 10 150 co0L1890
TR LILTILSSCCCESS I oCIISE oI E SR SRR S s S S s m TR s n S22 ==C00L 1 900
CALCULATE THE THETA COOLANT TEMPERATURES, CooOL1910
Pt ettt fdet ettt et P P e e P L R L L B P ol e[ S0
ASSLLN (HE INLET TEMPERATURE Co0L19%0
350 1C(nLS)=TIN CooL1940
IF(ntdll) TC(KHS)=TIN CooL19s0
CALCULAE THE CUOCLANT TEMPERATURES ALONG THE FLOw DIRECTION, Co0L1940
LU Hu0 KISKLSPKHS CooL1970
KZK4 CoolL.19n0
IF(rTI) KzKHS+KLS=K cooL 1990
SUMA = 0.0 CooL»0n0
SUsAnT = 0,0 CoOLP,010
IFP = JFALSE, CooL2070
IXRA = JFALSE, ConlL.2030
CALLILATE THe HEAT TRANSFER ACROSS THE COOLANT BOUNDARIES ConL>0n0
AT THe CURRENT THETA LEVEL, CooL20s0
SUM THE HEAT TRANSFER ACROSS THE RADIAL BOUNDARIES OF THE COOLANY.COOL2040
L0 Uuhl JsJULS,JHS cooL2070
1S Ik COULANT ADJACENT TO THE OyTSIDE ON THE LOw INDEX Conl.20n0
oSIDLP ~rYES,NOt= CooL»090
IF (ILS,LE,2) GU TO 340 CooL21n0
SUM THE HEAT TRANSFER ACROSS THE LOw RADIAL ROUNDARY, CooL>110
I = 188 -1 CooL2120
IRAL = FALSE. CooL,130
IF (ATRG(LGHS P J oK) ,EQ.200) IRAp=,TRUE, CooL2140
1IF (LIrAD) IXRAU=,TRUE, CoOLo1s0
X = RR(Is Jo KIKKR(1» Jo K) CooL214k0
SUARAT = SUMKAT + XxT(I, J, K) CooL2170
SUMhA = SUMKA + X CooL21R0
IF (LAD) CALL RANGE(IFPT(Isdrk) ,THI»TLO) CooL2190
1S 1hE COULANT ADJACENT TO THE O TSIDE ON THE HIGH INDEX cooL22q0
S1PL P2 =tYES,NOt= cooLr230
340 IF (IHS.6E.14) GO TO 350 CcooL.p220
SUM THE HEAT TRANSFeR ACROSS THE HIGH RApDIAL BOUNDARY, CooL22%0
1 = IHS cooL2240
IRAL = FALSE, CooL22%0
IF(MATRG(IGHS rJeK) JEQe200) IRADz,TRUE, CoOL>240
IF(IRAD) IXRAD=.TRUE, CooL2270
X = k(e Jo KIXKR (I, Jo K) ConL22m0
' SUMKAT = SUMKAT + XxT(I + 19 Jr k) Co0L»290

209
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SUMAA = SUMKA + X

CooL2300

IF (LRAD) CALL RANGE (XIFP,T(I+190Jsk)»THILTLO) CooL2310
HAS THE HEAT TRANSFER THROUGH ALL RADIAL POINTS BEEN €o0oL2320
eCALCULATED? «t1YRSINO= cooL2330
350 COUNT1INUE CoOL2340
SuM THE HEAT TRANSFER ACROSS THE AXIAL BOUNDARIES OF THE COOLANT, COooL2350
DO 370 I=ILS,lHS ConL23g0
15 ink COULANT ADJACENT TO THE O\ TSIDE ON THE LOw INDEX CooL2370
oSIDED «rYES)NOY - ' CooL23a0
IF (uLS,LE,2) GG TO 360 CooOL2390
SUM THE HEAT TRANSFER ACROSS THE LOw AXIAL BOUNDARY. cooL24n0
Jos ks -1 CoOL24410
IRAD = FALSE e cooL2u20
IF (AT Z0 (JGHS 1 I9K) L9200} IRAD=,TRUE, Cool.2u30
IF (1cAD) IXRAD=,TRUE, Cool 2440
X = K&(Ls Je RIXKL(Ls Jo K} CoOL2450
SUMRAT = SUMKAT + XxT(1, Jy K) CooL2ug0
SUMRA = SUKA + X CooLr470
IF (11AD) CALL RANGE(IFP»T(IsJeK),THI»TLO) CoOL24p0
IS TdE COOLANT ADJACENT TO THE O\TSIDE ON THE HIGH INDEX CooLo490
oHlDE 2 =1 YEGINOY= CooL25n0
360 IF (JHS,GE,J 1) GO TO 370 CoOL~510
SUM THE HEAT TRANSFER ACROSS Tuk HIGH AXIAL BOUNDARY, CooL2520
J = UHS CooL2530
IKAL = FALSE. cooL25u0
IF (A TZ26(J6HS e 1eK) 200200} IRADS,TRUE, CooL2550
IF (LRAD) IXRADZ,TRUE,. CoOL25¢0
X = Ké(le Jo KIRKL(Ty Jo K) CooL2570
SUMRAT = SUMKAT + X&T(I, J + 1y k) Co0L2510
SUARA = SUNMKA + X CooL2%590
IF (1RAL) CALL RANGE(IFPT(I)J+1,K)»THI,TLO) CooL26n0
HAS THE HEAT TRANSFER THROUGH ALL AXIAL pOINTS BEEN Co0L2610
CALLIILATED 2 =1 YES,nOY= ConL»620
370 CONI i cooL?2630
CALLULATE THr COOLAwT TEMPERATURES FOR THE CURRENT THETA INCREMENTCOOL2640
wCP = FLOw(N)*RCPC (N, K) CooLr650
£X - SUMKA/wCP . CoOL?6n0
15 Tt <AUIATION EFFECT UPON THE HEAT TRANSFER COEFFICIENT T0O CooL2670
eLARUL? =10, YES = COo0L2600
IF (LA,6Te=30.) GO TO 380 Co0L2690
60 1o 850 cooL27n0
30 LXPU = eXP( = £X) Co0L2710

CALVULATE T, OUTLET COOLANT TEMPERATURE FOR THE THETA INCREMENT,
X = TU(R)I®EXFO + SUMKAT/SUMKA®(1,0 = EXPQ)

CooL2750
Cool»730

CALLULATE THL AVERAGE CUOLANT TEMPERATURE FOR THE THETA INCREMENT.CO0L2740

390 TAV = {SUMRAT = ZCpax(X = TC(K))) /SUMKA

210

cooL2750
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DOES THE MEAN TEMPERATURE FALL BETWEEN THE INLET AND EXIT CO0L2760

TEMPERATURES 2 - CoOL>770

IF (7C(K),5T,X) GO TO 400 CooL27a0

IF (TAV,GE,TC(K) JANDTAV.LE.X) 60 TO 420 cooL2790

GO 10 410 conlL»8n0

400 IF (1AV.GE.X,AND,TAV.LE.TC(K}) G0 TO 420 €o0L2810
410 TAV = (TC(K) + X)*0,% CoOL2R”»0
LOES Thie &xXIt TEMPERATURE FALL WITHIN THE LIMITS IMPOSED BY THE cooL2830
INLET TLHPERATURE ANG THE ADJACENT MATERIAL TEMPERATURES ? cooL 2840

420 IF (, N0V IXRAD) «GVU TO 440 CoonLl28xr0
IFLIC(K) JUT THI) THI=TC(K) CooLrAR0
IF(ICIK) T4 TLO) TLUTC(K) CoOL»2870

IF (Xelb o THl AND X, GE«TLO) GO TO 440 cooL28n0

830 X = 1L(K) ConLL"R90
TAV = TC(K) cool.29n0

IF (IZUMES) GO TO 4ug Co0L2910
IERROR (L) = ILRROK(1) + 1 CooL 2920
WRITE (Le100) ICOOL(3) /NNITEReL,1CO0L(6),K CooL2930

440 IF (WNTL) 60 TO 450 ConL.2940
TC(h+1) =X CooL>950

60 10 4ol COo0L>9¢0

450 1L(n=1)z=X Co0L2970
RECUD THE COOLANT TEMPERATURE THROUGHOUT THE CURRENT €00L2920
THETA INCREMENT, Co0L23a0

400 L0 470 1zILS, tHS CoOL20n0
VO 47U UsJLS,JHS CooL%010
T(Is Js» K) = TAV Cool.020

470 CONI UL Conl.3030
HAVL ALL THETA LEVELS BEEN CALCULATED ? «'YES,NOt= cooLNy0

4a0 CLHTINUL . €o0L 3050
AS5L6N THE COULANT OUTLET TEMPERATURE, COOL10R0
10(i) = X CoO0L2070

GV U L0 COOL3NAD
LI r oo oiEISCoICIESos SIS AC N RS oToEI SIS E S ESR s s s Rs TR s EaR====C00L 3090
CALLULATE THe RADIAL COULANT TEmMpERATURES, cooL31n0
e Tttt b Tt S b ot ittt et ittt L b b e e ettt - e [ [ S R 1
ASHELN THE INLET TeEwmpERATURE . conll3120

490 1C(LLS)=TIN CoOL 3130
IF (W,T1) TC(IHS)I=TIN Cool.v1ly0
CALLCULATE THE COOLANT TEMPERATURES ALONG THE FLOW DIRECTION, CooL3150

LO Lkl L1=ILSHINS CooL21k0
I=11 cooLs170
IF(nuTT) IsInS+ILS-] cooL3lal
SUMRA = 0.0 CooL3190
SUMnAT = 0,0 cooL.r200
*IFP = JFALSE, Co0L2210

211
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1XRApD = JFALSE,

CALCLLATE THE HEAT TRANSFER ACROgS THE COOLANT BOUNDARIES AT THE
LURKENT RADIAL LEVEL,

UM THE HeAT TRANSFER ACROSS THE AXIAL BOUNDARIES OF THE COOLANT,
DO 510 K=KLS,KHS

15 1,4t COULANT ADJACENT TO THE O TSIDE ON THE LOw INDEX

e SIDEg =t YES U~

It (nLS.LE,2) GO To 500

QUM THE HEAT TRANSFER ACROSS THE LOw AXIAL BOUNDARY, '
NENR S} .

IRAL = ,FALSE.

1IF (LATZ6(JGHS e IoK) LEQe200) IRAD=, TRUE,

IF(1RAD) IXRAD=.TRUE,

X = KELLs Jr KISKL(Iy Jo K)

SUMRAT = SUMKAT + XxT(1, J, K)

SUMhA = SUJGKA + X

1F (inAD) CALL RANGL(IFPeT(IoJeK),THI»TLO)

IS VTt COULAMT ADJACENT TO THE 0y)TSIDE ON THE HIGH INDEX
Sl 2 «tYES,NO1=

500 IF tutiS,6e.JM) 60 TO 510

SUM THE HEAT TRANSFER ACROSS THE HIGH AXIAL BOUNDARY,
JTJhy

IKAU - oFALSLn

IF (MAT 26 (MOHS» 14K) JE@.200) IRAp=,TRUE,

IF (LkAD) LARADZ.TRUL

X = k&(ie o KI*KZ(1e Jo K)

SUMRAT = SUMKAT + X*xT(l, J + 1, k)

SULIARA = SU Kin + X

IF (LKAl CALL RANGE(IFPyT(IpJ+1,K)THI,TLO)

HAS THE HEAT TRANSFER THROUGH ALL AXIAL POINTS BEEN

oCALLULATED? «'YESInNQY~

$10 CONIINUL

.

GUM THL HEAT TRANSFER ACROSS THE THETA BOUNDARIES OF THE COOLANT,
po a0 J=JLS,uHS
IS it COULANT AQVACENT TO THE OuTSIDE ON THE LOw INDEX

eSIDL? =1 YESINOY -

IF (nkS,LE,2) GO TO 520

SUM THE HEAT TRANSFER ACROSS THE LOW THETA BOUNDARY.
KZKL5=1

IRAL = FALSE.

IF(mATTO(KGHG 1 19 J) (£0.200) IRAD=,TRUE,

IF(IKAD) IXRAV=.TRUE.

X = RT(Le Jr KIRKT (I, Jo K)

SUMKAT = SUMKAT + X*T(I» J, K)

QUMKA = SUYKA + X

IF (4KAD) CALL RANGE(IFPyT(IsJrk),THITLO)
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£o0oL3220
cooLx230
cooL3240
CoOL 3250
CooL32/0
Cool.3270
CooLx2a0
Co0L=%290
cCo0oL23n0
CooLx310
Co0oL3350
cooL=330
CooL®3u0
cooLx3r0
CooL %340
CooL3x370
CooL.33a0
cool3390
CoOL34n0
cooLz410
CooLlp0
cooL3b10
CooLx4yo
Cool.ats0
COoOL 34RO
CoOLxu70
CooL 3490
cooL3490
CooL35n0
CooL3510
Co0oL 1520
Conl.a530
cooLzx540
cooLx550
ConL.3540
CooL3570
CooL25n0
CooL1590
cooL36n0
CooL3610
CoOL=650
CooL 36130
CoolL.3640
Co0L 3650
CooL 3660
cooL.3670
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15 THE COOLANT ADWJACENT TO THE OyTSIOE ON THE HIGH INDEX

o8lIDL? =1 YES)NOE= -

520 IF (KHS,.GE.KM) GO TO 530

QUM THE HEAT TRANSFER ACROSS TE HIGH THETA ROUNDARY,

K=KHS

IRAU = ,FALSE.

IF(mATTGIKGHS»1,J) ,EG.200) IRAp=, TRUE,

IF(1RAG) IXRAD=.TRUE, -

X = RT(Ls Jr RI®KT (I Je K) [

SUMRAT = SUMKAT ,+ XxT(L, Jy K + ¢}

SUMKA = SUMKA + X

IF (LRAD) CALL RANGE(IFPeT(YXsJrK+9),THI,TLO)

HAS THE HEAT TRANSFER THROUGH ALL THETA pOInTS BEEN

CALLULAIED 2 =1 YES,NOt=
530 CONT1Nhye

CALLLLATE THE COOLANT TEMPERATURES FOR THE CURRENT

RALLAL LNCKENMENT,

wlP = FLOW(N)*RCPC(iNy I)

EX = SUMKA/ZWCP

IS 1HE RADIATION EFFECT UPON THE HEATTRANSFER COEFFICIENT TOO

oLARLL? =thNQ,YES'=

IF (EXs6Te=30,) GO TO 540

GO 10 590
540 oAPU = eXP{ = EX)

CooL36A0
Cool.2690
CooL3700
CooL3710
CooLx720
COooL3730
cooL3740
CoOLx750
CoOL37x0
CooLx770
CooL37a0
CooL3790
cooL3sno
CoO0L%810
CooL 3850
cooL3830
CoOL*Ru0
Co0L3850
CooL 38R0
Copl3Az0
CooL x8a0
cooL 3890
Co0L2900
CooL3910

CALLULATE THF OQUTLET COOLANT TEMpERATURE FOR THE RADIAL INCREMENT,CONL3920

X = 1C(L)#EXPO + SUMKAT/SUMKA*(1,0 - EXPo)

Co0oL1930

CALLULAILE THE AVERAGF COOLANT TEMPERATURE FOR THE RADIAL INCREMENTCOOL940

550 TAV = (SUMKAT = wCpx(X = TC(I)}) /SUMKA .
DUES THeE McAN TEMPERATURE FALL BETWEEN THE INLET AND ExIT
TEMFLRATURES ?
[F (TC(L).GT,A) GO TO 560
IF (1AV.GE,TC(I) JAND,TAV.LE.X) GO TO 580
GV 10 %70
500 IF (1AV.GE.X.AND,TAV,LE.TC(I)) Gp TO 5SRO
570 YAV = (1C(I) + X)*0,5
QUES IHL EXIT TeMPERATURE FALL wITHIN THE LIMITS IMPOSED BY THE
INLLY TLPERATURE ANL THE ADJACENT MATERIAL TEMPERATURES ?
S60 1F (JNOT.IXRAD) GO TO 600
’ IFOVC(D) 6T THI) THI=TC(I)
IF(IC{I) oLTTLO) TLO=TC(1)
IF (Aelta il AND X GE.TLO) 60 TO 600
590 X = YL (1)
TAV =z TC(I)
IF(hoMEks) w0 TO 0g
TERKGR (1) = IERROKR(1) + 1
wRIte (oel00) ICOOL(3) s NNITEReL,»1CO0L(4),1
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€ooL1950
CONL3940
CooL 970
CooL39n0
COo0L39a0
cooLuonod
CoolL.y010
co0Ly0p0
CooLK#030
CooL0uo
cooLy0s0
CooLy0p0
CooLy070
Coolndao
cooL4090
cooLu4in0
Cootuli0
cooLulo0
CooLnl30
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6u0

610

620

650

640

100

110

IF (ANTI) GO TO 610 LooLaiy0

TC(i+1) =X CooLy1s0
GO T0 620 CooLuls0
TC(le=l)=X cooLylzo
RECuxkD THE COOLANT TEMPERATURE THROUGHOUT THE CURRENTY coobyln0
RADLIAL INCREMENT, CoOLu190
0V LaU U=JLSJHS Coolu200
LV L3U K=KLS,KHS CooLy210
1(Is Ve K) = TAv ' cooLy220
CUNI 4 NUL CooLn 230
HAVE ALL RADIAL LEVELS BEEN CALCULATED ? =1YES,NO'= CooLu240
CONI INUE cooLu2s0
ASS1GN THE COOLANT QUTLET TEMPERATURE, Cool.y260
TO() = X cooLu270
S R e P AP PR P T S = = =$z==zC00Lu210
HAVEL ALL BLUOCKS gEEww CHECKED =1 YES»NO '~ CoolLu2ag
CONj INUL CooLn3n0
RETUN ConL4310

LI NLN T CETTSESSOEaSCosSEIRIIC SNz SEzTIoIZISIsosssrSszEssEznsszzzs====Co0L4 320
Ao 3K O o K o e K B R o g oo o R K R aOK s KRR ok ok ok Kok X C O0L 4 330
AR AR A K 2 Bk K 2 o o K AR o K o g KK R K Rk Kk R R e Ko Kk ok ko K e ke k COOL 11 340
2 g A Bk ok o K o ok o R o A K gk e RO o 2 o ok o o o o Rk ok Kk ok ok Kok Ko ke R C O OL 18 3550

B e e L e e e P P Lt L P o o [ U )
SUBKOQUT INE RalGE (LFPy TX» THI» TLO) CooLu370
LS IsNIZSISISIISITIcIIICnISCISIsSsoTsSSTSCSCssssassIzozzzzzsz=sz===CQo0Ly3a0
LETExMIE THE. CURRENT VALUES OF rHE HIGHEST AND LOWEST ADJACENT CooL4390
~ATLRIAL POINT TEMPLRATURES, cooLuuno
::::::::::::::::::::::::::::::::;:::::::::;:::::::::::::::::::_:_-COOLu410
LOGLCAL IFP cool.nin0
Pttt fetodtteb bttt bbbttt f e o et L S e A T o LT 1)
IF (1FP) G0 TO 100 CcooLiuuny0
Tl = TX CooLy 480
Lo = Tx CooLubno
o 1o 110 COOL44 R0
IF(IXaGTaTHI) THIZTX CooLutgo
IF(1XeLT4TLO) TLO=TX . CoOLu5n0
FEER- P L R B P A F A T TP e T PR S R P L PR ol oo TSN
RETUKN CooL 4520
END cooLusS%0
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SUBROUTINE SURT SURT
INCLUVE COMDIM SURT
e N T F LR P T R F L P P PP T 2 - P4 4
CALLIILATE THE BOUNDARY TEMPERATURES ASSOCIATED WITH THE POINT SURT
o TEmFERATURE ReSULTS OF THE CURRENT ITERATION, SURT
e e e R b e ] T P T T TP T PR P Iy -3
ERRUR STUFSE SURT
SURT 1 INSTASILITY ENCOUNTERED WHILE CALCULATING THE SURT
RADIAL pOUNDARY TEMPERATURES OF A GAP, USE A SURT

SMALLER TIME STEP, SURT

SURT 2 INSTAJILITY ENCOUNTERED WHILE CALCULATING THE SURT
AXIAL SOUNDARY TEMPERATURES OF A GApP, USE A SURT

USE A SMALLER TIME gTEP, SURT

SURT 3 INSTABILITY ENCOUNTERED WHILE CALCULATING THE SURT
THETA NUUNDARY TEMPERATURES OF A GAP, USE A SURT

SMALLER TIME STEP, SURT

P4 IS P 3T L P AL P P P et S P R b i 3 R S F S S T T INI-h
nIMbisIOoN ISURT (4) SURT
DATA{ISURT (1) eI=1r4) /6HSURT » 1H1e 1H2e 1H3/ SURT
B T e L e e P e B L T TT T T T T T I g,
CALCULATE THe BOUNDARY TEMPERATUnES AUJACENT GAPS AND COOLANTS, SURT
:::;::::::-:::::::::::::::::::::::::=:_:::::::::----::::::--_-:'gzsunT
CALCULAYE THE RADLAL BOUNDARY TEMPERATURES IN EACH RADIAL PLANE, SURT
LY enb Izlelnw SURT
TozaurR (1) SURT
EXCLuut THE NON=GAPLINES, SURT
IF (16,eQeQ) 60 TO 240 SURT
P S T e S T L Pt PR L F S S L P LR NNy
CALLLULATE THe RADIAL UBOUNDARY TEMPERATURES FOR EACH AXIAL SURT
COLU.N IN THE PLANE, SURT
DO 70 U=2ydii SURT
et b fodeddad ettt b L b et e S S ] SZRISSIZSS2I==SURT
CALCULATE THE RADIAL BOUNDARY TEMPERATURES IN THE COLUMN, SURT
DO el RZ20Ki SURT
IS5 LITHER A GAP OR A COOLANT ADJACENT TO THE GAPLINE AT THIS SURT
HOLiiT 2 "NOQYES" SURT
1F (GAPR(IGrJrK) 4EQ.000) GO TO 240 . SURT
15 {7 A CUOLANT OR A GAP WHICH Ig ADJACENT ? «1COOLANT,GAPtw SURT
IF (GAPKR(IGeJeK) LT,040) GO TO 130 SURT
Pttt Pt b ettt et Pttt P A e e S T P T ANT T
CALLULATE THE BOUNDARY TEMPERATURES WHEN A GAP IS ADJACENT, SURT
RECUVER PARAMLTERS wHICH WERE EVALUATED FROM TEMPERATURES OF THE SURT
PRECEEDING ITERATION AND PRESERVED IN THE REM=RBBT ARRAYS, SURT
X LS (REMH(IG»JsK)+REML(IGrJrK)al,0) SURT
X = KBLTL(IGe Jo K) SURT

10

30

40

50

60

70

80

90
100
110
120
130
140
150
10
170
1a0
100
220
210
220
230
2u0
250
260
270
2no
290
3n0
310
320
330
340
350
360
370
3a0
390
4n0
410
450
430
by0
450
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6K ls THE GAS THE GAS THERMAL CONDUCTIVITY,

GK = RBBTH(IGe J» K)

CONL IS COnR(IyuJK)

CONL = REML(IGs Jr K)

CONit IS CORR(I+19svyK)

CONKM = REMH(IGy Jr K)

WwET REAUY TO CALCULATE THE BOUNDARY TEMPERATURES OF THE GAP,

3 = RATIOB(IGr Jy» K)xCONL/CONH

C = T I, Jo k) + bBxT(I + 1y Jr K) '

RGAFF = (041713b=uxGAPK(IGY Jr K)/RX

ED = RATIOH(I6)*CO,IH/GAPR(IG) J, K)

ALLUW 10 {TERATIONS TO CALCULATE THE BOUNDARY TEMPERATURES,

VO 1.0 KK=19tU

IF (KK,cael) 60 TO 100

Tit = RunTH(Leer Je K)

Tb =~ HOuTL(IGr Jr K)

60 10 110
100 TH = 1{1s J» K)

Th = T(L + L, J» K)
110 OHZ (UR+GAP & ( THAxx2+TH*%2) * (TH+TB) ) xED

x1 = ouHxC

X2 = 1.0 + Gi*(p + 1,0)

Kbl (Ies Jr K) = (X2 + T(I + 1o J, K))I/X2

RBBIH(Tus Jde K) = (X1 + TUIe Jy k)I/X2

ARE THE BOUNDARY TEMPERATURES CONVERGED 2 «tYESeNOr=

IF (ABS(ROGTHIIO Yy R)=TH) JLE,1.0) 6O TO 260

HAVL tri 10 ITERATIONS BEEN PERFQRMED ? =~'YES,NOv=-
120 CONITHUE

HEGATIVE TEMPERATURLS ARE PRESENT AND RESULT IN LOCAL

dINSTABILITIES. TRY A SMALLER TIME STEP,

1ERnpr (1) = ISUKT(Y1)

Tbeul{2) = ISURT(2)

CALL eRKKORP

e no e s o e i T S o e s 7 O e T % ot T 8 e o S i 2 D e T o o e e O B O T ey T e g T
-

- o [ g e O o 2 o P O e W g s P D s T T G Dy T T o T D e T e a0 D g, W
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CALLULATE THE BOUNDARY TEMPERATURES WHEN A COOLANT IS ADJACENT,
1S itk CUOLANT 01 TiiE HIGH INDEX SIDE OF THE GAPLINE ? ~+NO, YES
130 iF (uAPKIIusJrR) sbT.(=1,5E=10}) GO TO 190
CALLULAITE 1He BOUNJARY TEMPERATURES wITH A COOLANT ON THE HIGH
o IUEX SIDE,
HECuvER PARAMETERS wHICH WERE EVALUATED FROM TEMPERATURES OF THE
PRECEEDING ITERATION AND PRESERVED IN THE REM=-RBBT ARRAYS,
CONL 1S COR(LrdrK)
CONL = REML(YWr Jr K)
CONiy IS CONR(L+14V,K)
COMtI & KBLTL(LGY Jy K)
' EACLiuE CALCULATION OF RAD FOR COOLANTS wITH NO RADIATION,

216

SURT
SURT
SURT
SURT
SURT
SURT
SURT
SunY
SURT
sunT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SuRT

SURT
SURT
SURY
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT
SURT

4e0
470
4n0
490
Sno
510
520
520
540
550
560
570
5a0
590
600
610
6o0
630
640
650
6h0
670
6p0
690
700
710
720
730
740
750
760
770
7a0
750
8n0
a10
8»0
830
840
As50
80
a70
880
890
900
910




IF (10,EQeNRG.ORMATRG(IGrJrK) ,NE,200) GO TO 170

FINU THE HIG4 RADIAL BOUNDARY OF THE INTERNAL COOLANT gLOCK, *

161 = IG + 1

LYV anU 11161 9NRG

1F (GAPK(IL1rurK) kT, (=1,5E=10)) GO TO 1490

6V 0 1u0

EXCLVE CALCULATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AT

THE +lGH KRADIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK,
140 IF (GAPK(LlIyJrK) LT, (~2,5E=10)) gO TO 170 '

I6H = 1§ '

GO0 1u 160
150 CONT INUE
160 KAU = 0.1713e=8%(REUTH(IGY Jy K)u*4 = RBBTL(IGH? J» K)a®4)/(REmH¢

' 1o Jy K) + REMLUIGHs Je K) = 1,0)

PRELSERVE RAD IN THE REML ARRAY,

REML (LG, Jy K) = RAD

SURT 920
SURT 930
SURT 940
SURT 950
SURT 960
SURT 970
SURT 9a0
SURT S90
SURT10n0
SURT1010
SURT1020
SURT1030
SURT1040
SURT1050
SURT1060
SURT1070

HX = COnH*(T(ly Jr K) = TLI + 1, Jy K) = RADRCONL*DELR({I)*RLN(1))/SURT10a0

Y ({1 gr K) = T(1 + 1» Je K) + RAD*CONH)
6O Tu 180
170 HX = COiH
CALLCULATE NEw BOUNDARY TEMPERATURES,
160 RBGEIN(I6r Jo K) = (CONLAT(I + 1, Jy K} + HX/(DELR(I)&RLN(I))%T(I,
Y Jdy KV (CONL + HX/(OELR(II*RLN(1)))
REBIL(Iuy Jy K) = RUBTH(IG, Jr K)
G0 10 200
AKE TwO CUOLANTS ADJACENT 2 =*10,YES!=
190 IF (GAPR(IGIUrK) ,6T.(=~2,5E~10)) GO TO 200
LO wuT ATTEMRPT TO CALCULATE BOUNRARY TEMPERATURES,
60 10 200
CALLULAIE THE BUUNDARY TEMPERATURES WITH A COOLANT ON THE LOW
o INuLX SIVE, '
HECLVER PARAMETERS wHICH WERE EVALUATED FROM TEMPERATURES OF THE
PRECEEDING ITERATION AND PRESERVED IN THE REM=RBBT ARRAYS,
CONL £S5 COHR(IsUiK)
200 CONLzRIuBTH(IGeJoK)
CONtY IS CUNR(141,Y,K)
CONFlziEmh (16 ,J oK)
EACLUIDE CALCULATION OF RAD FOR CoOLANTS wITH NO RADIATION,
IF (16,eGsi) 60 TO 240 :
1P QATRGUIG,WrK) «NEL200) GO To 240
FINu Tilk LOW RAUDIAL BOUNDARY OF yTHE INTERNAL COOLANT B8L0CK,
1Gl = IG6 = 1
L0 <20 11=1,161
162 = v = 1]
IF (GAPKIG2,JrK) oLT. (= 5E=10)) g0 TO 2190
bV 10 220
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SUKT1090
SURT11n0
SURT1110
SURT1120
SURT1130
SURTS140
SURT1180
SURTI160
SURT1170
SURT11a0
sunTi1190
SURT12n0
SURT1210
SURT1220
SURT12%0
SURT1240
SURT1250
SURT1260
SUYrT1270
SURT12a0
SURT1290
SURT1300
SURT1310
SURT1320
SURT1330
SURT1340
SURT1350
SURT1340
SURT1370
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240
250

200

270

280

.

EXCLUUE CALCULATION OF RAD wHERE TwO COOLANTS ARE ADJACENT AT SURTL3R0

THE LOw RADIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK. SURT 1390
IF (GAPR(1G2,J1K) oL T, (=~2,5E=10)) GO TO 240 SURT1L400
I6L = w2 SURT1410
w0 Tu 230 SURT14»0
CONT INuUE SURT1430
KECUVER VALUE OF RAD STORED IN THE REML ARRAY, SURT 1440
RAD = ReML(IGL, Jr K) SURT1450

HX = ConLe(Tel + 1, Jr K) = T(1y Js K} + CONH*RAD#RATIOB(IG, J, w)SURT1440
v OADELK(L)/ZRATION(IG)IZ(T(L + 1p Jr K) = T(I, J» K) = CONL*RAD* SURT1470

* RATLIOG(16, J» K)) SuURTida0
60 10 2%0 SURT1490
HX=CONL SURT1500
CALLULATE NEw BOUNDARY TEMPERATURES, SURT1510
RBBTL(1Ge Jr» K) = (CONHxT(Xe J, k) + HX*RATIOK(IG)/DELR(ID)%T(I + 15UKT1520
' 9 usr K))/(CONH + HXaRATIOK(IG)/nELR(I)) SURT1530
WABE i Iey Je K} = RUBTLIIG, Jr K) SURT1540
T e e e e T e P P e P T T ZIZES=S===S==SURTLISS0
HAVL ALL POINTS IN THE COLUMN REEN CONSIDERED ? =tYESINOrv~ SURT1560
CONT f1lue SURT1570
T T P L P PP L PP e L P P - L P P LT P P P L L e o b L L P PN T A R T LY
HAVE nbie COLUMNS Iy THE PLANE BEEN CONSIDEREN P =t'YES,NO+= SURT1590
CONT INUE SURT1610
Pt Pt o b debotet ettt e tmpetgradoctt ot oo b=t et erto gt o oo ettt 2t —L A § | 4 I N R W0 )
HAVL ALL RADIAL BOuNpARY TEMPERATURES BREEN CALCULATED ?=1'YES,NO'w SURT1620
CUNT L NUL. SURT1630
Bt TPt S T bttt AP e et L L o e L P S L PV S T
Pt bttt bttt dodo S ot bodbbetnbo bttt gt —tndt bt ot pededdon et b L 23 SN [ R S F o111
CALLULATE TH: AxIAL HOUNDARY TEMpERATURES IN EACH AXIAL PLANE, SURT1660
O 47U wsl,dn SURT1670
Jo oz JpZ(J) SURT1680
SISIzSssTIoSasESISZCEIIESSIESSSSosTSIIEICINssoESESSTSSITSSaTISzE=sSURT1690
EACLUVE THE NON=GAPLINES, SURT1700
IF (Ju.tQs0) GO TO 470 SURT1710
Pt P e e e P R P P R F P S L TS S -]
CALGLLATE THE AXIAL BOUNDARY TEMPERATURES FOR EACH RANDIAL COLUMN SURT1730
COLuN IN THe PLANE, . SURT1740
10 460 2291w SURT1750
R e e e e T T P T S Y]
CALLULATE THE AXIAL BOUNDARY TEMPERATURES IN THE COLUMN. SURT1770
U0 u4hHy K=2,Km SURT1780
1S LITHLR A GAP OR A COOLANT ADJACENT TO THE GAPLINE AT THIS SURT1790
ePUINT P «='HOpYESe~ SURTLRNO
IF (GAPZ(JGr 1K) EQ,0.0) GO TO 450 SURT1810
15 LT A COOLANT QR A GAP WHICH Ig ADJACENT ? «+COOLANT,GAP' = SURT1850
IF (UAPZ(Jue11K) LT,0.0) GO TO 3,0 SURT1830

218




O O O O O0O0O0N0

OO O O

OO0 OO0

= ___====SURTQBQO

CALLULATE THE BOUNDARY rEMPERATuntS WHEN A GAP IS ADJACENT, »  SURT1850
RECUVER PARAAELTERS wHICH WERE EVALUATED FROM TEMPERATURES OF THE SURT1840

PRECELDING ITERATION ANL PRESERVED IN THE ZEM=2BBT ARRAYS, SURT1870
BX 15 (LEMH(UG) LK) +ZEML(JGr 1 1K)l Q) SURT18a0
BX = ZNUTh(JGe 14 K) SURTI1890
GK 15 TiiE GAS THER4AL CONDUCTIVIYY, SURT19n0
GK = ZHpTH(JGe I, K) SURT1910
COHL §S COZ(1susk) ¢ SURT1950
CONL = £EML{UGr (Ir K) SURT19x0
COUNiH 1S CONZ(IrJU+1,K) SURT1940
CONM = Z2EMH(JGe I K) SURT19¢0
b1 ReLALY TO CALCULATE THE BOUIIDARY TEMPERATURES OF THE GAP, SURT19/0
t4 = ZATL0B(JGr L K)#CONL/CONH SURT1970
C = T(Iy Jo K) + BaT(Iy J + 10 K) SURT19n0
HOAF = U,171sb=820APZ(J6r I» K)/RBX SURT1990
EL = ZATIONH(JG)Y*COH/GAPZ UG, 1y K) SURT20n0
ALLUn 1o ITEKATIONS YU CALCULATE THE BOUNDARY TEMPERATURES, SunrT2010
vl 010 WK=1,10 SURT2020
IF (kK EGel) 0O TO 290 SURT20%0
TH =« ZusslH(Jdor 1 KD SURT2040
To = 2uuTl(Jae Iy K) SuUPT2080
6O 1y 3ul SURT20/0
290 TH = T(4{» J» K) SURT>070
T = T(ie J + 19 K) SURT20a0
300 GH = (Ga + ROAP*(THx#x2 + TB*%2)x(TH + TB))xED SURT?090
A1 = GH4«C SURT21n0
XE = 14U + Grx(u + 1,0) SURT?2110
ABBILIJUr I0 K) = (AL + T(1e J + 1y K))/X2 SURT2120
2Bt ldor Te K) = (X1 + T(Ie J, g}I/X2 SURT2130
ARE THE BOUNDARY TEWPERATURES CONVERGED 2 =t1YESINOv = SURT2140
IF (AUBS(Z2BHTHIJo, I, K)=TH) «LE,140) 60 TO 450 SURT2150
HAVL Ty Lo ITERATIOMS GWEEN PERFORAED 2?2 «='YES,NOt= SURT? 140
310 CUN e SURT2170
NELATIVL TEMPERATURLS ARE PRESENT AND RESULT IN LOCAL SURT21R0
e 1N ALl ITIES, TRY A SMALLER TImp STEP, SURT21490
ILRKOK (1) = ISURT(1) SURT?22n0
IERKUK (&) = ISURT(3) SURT2210
CALL LR ORe SURT2220

s = T e T s o g D D e T R e e Tt e, M gy e S e D gt e S O e g i T

S====SURT2230

EoRpp b e o ardaetien e erimorgfompef et ottt et

CALCULATE THE BOUNpARY TEMPERATURES WHEN A COOLANT Is ADJACENT SURT2240

IS THL (OOLANT ON THe HIGH INDEX SIDE OF THE GAPLINE ?
320 IF (GAPZ(Jir10K) oLT. (=1.,5E=10)) O TO 38p
CALLULATE THe BUUNDARY TEMPERATURES WITH A COOLANT ON
o INULYX SILE,
OXT oz (V) = ZP ()
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-vNo.YES'- SURT2250
SURT2240

THE HIgH SURT2270
SURT272n0

SURT2290
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RECUVER PARAMETERS wHICH WERE EVALUATED FROM TEMPERATURES OF THE
PRECEEDING ITERATION AND PRESERVED IN THE 2Em=zBBT ARRAYS,
CONL IS CONZ(LIsurK)
CONL = ZEML(Jo» Ir K)
CONh 1S CONZ(I1J+1,K)
COMH = zUBBTL(JG, I, K)
EXCLUVDE CALCULATION OF RAD FOR CQOLANTS wITH NO RADIATION,
IF (UG EQeZLeOR,MATZG(JGrT,K) ,NE.200) GO TO 360
FINL THE HIGH AXIAL 1OUNDARY OF THE INTERNAL COOLANT B O0CK,
Jol = Ju + 1 '
DO JuU UJI=JG1 P NLG
IF (GAPZ(JJy 1K) LT, (=1.5E~10)) 6O TO 330
60 To 340
EXCLUUE CALCULATIUN OF RAD WHERE TwO COOLANTS ARE ADJACENT AT
THE HIGH AXIAL BOUMDARY OF THE INTERNAL COOLANT 8LOCK.
330 1F (GAPZ(JUr 1K) (LT, (=2,5E=10)) 60 TO 360
JGH = JJ
6O 10 350
340 COnTINUE
350 RAD = 0.1713=a%(28BTH(JGr Lv k) a*y = ZBBTL(JUGHr I, K)a*4)/(ZEMH(
t UG Ly K) + 2EmMLCJoHe 1 K) = 1,0)
PRESERVE RAD IN THE 2EmMl. ARRAY,
2eML(JdG, 1o K) = RAD

SURT23n0
SURT2310
SURT2320
SURT2330
SURT>340
SURT2350
SURT2360
SURT2370
SURT23n0
SURT?390
SURT2400
SURT2410
SURT2450
SURT2430
sunT24y0
SURT2450
SURT2460
SUPT2470
SURT>4n0
SURT 2490
SURT2500
SURT2510
SURT2520

HX = COnH*(T(L, Je K) = T(I, J + 1, K) =~ RAD«CONL*DXT) /(T(I, Jy KISURT2530

! = (I, J + Ly K) + RAD*CONH)
60 To 370
360 HX = COnH
CALVULATE MNEw BOUNDARY TEMPERATURES,
370 zbBSIn(Jur Iy K) = (CONLAT(I, J + 1, K) + HX/DXT*T(I» J, K) )7 (CONL
Y4 HR/uXT)
7BBIL(JG, 1y K) = ZBBTH(MJG, Iv K)
LU 10 450
ARE Tw0O COOLANTS ADJACENT 2 ='10,YES'!=
360 IF (GAPZ(JGeTeK) (6T, (=2,5E=10)) 0 TO 39¢
LO WOT ATTEMPT TO CALCULATE BOUNnARY TEMPERATURES,
GO 10 450
CALCULATE THE BOUNDARY TEMPERATURES WITH A COOLANT ON THE LOw .
«INDLX SIUE,.
390 UXT = 2r(J + 1) = 20(J) ‘
RECUVLR PARAMETERS WHICH WERE EVALUATED FROM TEMPERATURES OF THE
PREGEEDING ITERATION AND PRESERVED IN THE 2EM-2BBT ARRAYS,
CONL 15 CONZ(LlrJUeK)
CONw = ZBBTH(JG, I, K)
CUNtl 16 COMZ{T1su+l,K)
CUNII = 2EMH(JOr T» K)
* XCLUDE CALCULATION OF RAD FOR COOLANTS wITH NO RADIATION.
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SURT2540
SURT2550
SURT2560
SURT2570
SURT25a0
SURT2590
SURT2600
SURTP610
SURT2620
SURT26730
SURT 2640
SURT 260
SURT26R0
SURT2670
SURT261a0
SURT2690
SURT2700
SURT 710
SURT?720
SURT2730
SURT2740
SURT2750
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IF (JG.tQel) GO 7O 430 SURT2740

IF (WAT26(UG, 10K) oMEL200) GO TO 430 . SURT2770
FINu fHE LOW AXIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK., SURT27R0

Jol = J6 = 1 SURT2790

DO 41U Ud=1,u0d SURT2800

Jo2 = Jo = JJ SURT2R10

IF (APZ(NG2s J1K)oLT. (=s5E=10)) GO TO 400 SURT2850

Lo 1o 410 ' SURT2830
EXCLIWE CALCULATION OF RAD WwHERE TwQ COOLANTS ARE ADJACENT ATY SURT2840

THE LUJ AXIAL BQUNpDARY OF THE INTERNAL COOLANT BLOCK, SURT28%0

400 IF (GAPZ(JG2,10K) oL Te(=2.5E=~10)) GO TO 430 SURT2840
JOL = Ju2 SURT2870

00 o bl SURT28n0

410 CONIINUE SURT28a0
weCuviik THE VALUE OF RAD PRESERVED IN THE ZEML ARRAY, SURT2900

4e0 RAD = Zewbk(JGhr 1¢ K) SURT?2910
HA = COWL™{T(Lly J + 1¢r K) = T(I» Jy K) + CONH*RAD*DXT) /(T(I, J + L1SURT?950

Yy R) = T(Is Jr» K) = CONL*RAD) SURT2930
6V 1u 440 SURT2940

4250 HX=COombL SURT2950
CALCULATE NEw BOUNpDARY TEMPERATURES, SURT2960

B40 ZuisTL(Jdus Lo K) = (CONHET(I, Jy K) + HX/DXT*T(Ir J + 1, K))/(CONN SURT2970
Y+ HX/UXT) SURT2940
28610 0JGy Te K) = 2pBTL(JG, I» K) SURT2990
I P P L L P P g N e e e e e N A S T
HAVE ALl POINTS ALOIIG THE CURRENT AXIAL GAPLINE BEEN SURT3010
¢CUNLJUEKRELD 2 ='YED, NO'= SURT3020
450 CONTINUL SURT3030
ot ettt to bbbt ot bttt et ettt bt e S E T N TR A TN
HAVL ALL COLUMNS IN THE PLANE BEEN CONSIDEREN ? =~'YESyNOrv= SURT2050

460 CONIlvUL ' SURT3040
SN S R R N DS ESE S SR RSS2SR 222 SURTI070
HAVL ALL AXIAL BOUNDARY TEMPERATyRES BEEN CALCULATED ? SURT30R0
e=tYLG Y SURT3090
470 CONIINUL SURT3100
------------------------------------------ S=3233z=zZSURTS110
:::::::::::::::::::::::::_::::::—:-:::::::::::::::-:::::::::::::::SuRT3190
CALCULATE THE THETA BHOUNDARY TEMPERATURES IN EACH THETA PLANE. SURT3130

)U whHU r\—lme SURTB]“O
Koz=houT(K) SURT3150
e e R SR e E s S RS TR R T
EXCLUDE THE NON=GAPLINES, SURTIL70

IF {KG,Lu.0) 6O TO 660 SURT21p0
Pttt P Tt P L P L bt bttt bt Fde b bt F S et b bt bt bt L SN §T> 0 i B Ko T4
CALLULATE THE THETA nOUNDARY TEMPERATURES FOR EACH AXIAL COLUMN SURT32n0

' IN JHE RLANE, SURT3210
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DO Lyl Jz=29Jdm

1S EITHER A GAP OR A COOLANT ACJACENT TO THE GAPLINE AT THIS
? =10, YES=

(UAPT(KG 10J) EQ.0¢0) GO TO 640

15 1T A COOLANT OK A GAP WHICH Ig ADJACENT 2 «+COOLANT,GAPt=
(AP (KGyIed) LT.0ne0) GO TU 550

et T TP o S e S e i it S o e S e T o, i 2 A g T e T

oPOLNT

Ik
iF

CALLULATE THe BOUNDAKY 1EM;LRATuntS WHEN A GAP Is ADJACENT,
RECUVER PARALETERS JHICH WERE EVALUATED ¢ROM TEMPERATURES OF THE
PRECLEULNG ITERATION ANU PRESERVED IN THE TEM=TBBT ARRAYS,

(TEM I (kGr Lo J)+TEAM(KG I 1d)=1,0)

= TohnTh(Kor )

45 THE GAS THERMAL COMNDUCTIVITY

35X

bt

COUNw
CONL
CONnL
CONH

13

ROA

91V
1F
T
T4
WO
4u0 I1H
1o
490 GH
x1
X2

TBBIL (Ko
TUB I (KO

IF

[ LI I RO AN R |

LS CONT(LrdyK)
= TEML(KGe
S CONT(IrJeKel)
= TEMI{(nGY
GET REAUY TO CALCULATE THE BOUNMDARY TEMPERATURES OF THE GAP,
TATLOB (K, J) *CONL/CONH
C = T(I, Jy k) + LaT(L
De171AE=%GAPT (KGy
PUT koA IN THE CORRECT UNITS For CYLINDRICAL GEOMETRY,
LF(LISHAPE e, 0) RUAP=RGAP*RP (1)

tU—IATIUH(KG)*CUNH/GAPT(KG Led)

ALLU,, 10 ITERATIONS TO CALCULATE THE BOUNDARY TEMPERATURES,
LUU RKS1,10

(hK.EQe1) GO TO 4i0

(@)

(GK + RGAP*(THxx2 + TB*#2)%x(TH + TB))xEp

l.,u + GH*{py + 1,0)
(X1 + T(Iy J, K * 1))/x2
(X1 + T{I, Jy K)I/X2
ARE THE BOUNLARY TEMPERATURES CONVERGED ? =t YESeNO+=
(ABS(TBBTH(KG,I,U)=TH) sLE+1,0) GO TO g40

HAVE THE 10 ITERATIONS BEEN PERFORMED ? ='YES,NOt=
Sud CONIINUL

SURT %220

===3SURT32130

SURT 3240
==SURT 3250
SURT3260
SURT%270
SURTx2p0
SUxT3290
SURT3300
SURTx310
SURTX3,0
SURT 3330
SURT*340
SURT33R/0
SURT3340
SURT3370
SURTI3A0
SURTX3q0
SURT3AUN0
SURT3410
SURTI420
SURT3L30
SURT2440
SURTA4s0
SURT 3440
SURT2470
SURT*4a0
SURT 490
SURT3500
SURT2510
SURT3520
SURT3530
SURT3540
SURT3550
SURT 3560
SURT 3570
SURT35a0
SURT3590
SURT 2600
SURT3610
SURT3620
SURT2630
SURT=x640
SURT 3650
SURT3660
SURT3670




OO0

O O O 000 O 00 OO0

c

c

NEGATIVE TEMPERATURES ARE PRESENT AND RESULT IN LOCAL SURT%680
«INSTAUILITIES, TRY A SMALLER TIME STEP, » SURT%690
IERRUR({1) = ISURT(1) SURT3700
IERIUR (2)SISURT (4) SURT3710
CALL ERKOR2 SURTz720
R 3 e A P PR P R P S L P RS L L R PR NI R WA ()
CALCULATE THL HBOUNDARY TEMPERATURES WHEN A COOLANT IS ADJACENT, SURT3740

15 1t COOLANT On THE HIGH INDEX SIDE OF THE GAPLINE 2 -oNo YES'- SURT3750

510 IF (GAPT(KG 1eJd) LT (=1.5E~10)) G0 TO 570 SURT37x0
CALLULATE THE BuuNuAnY TEMPERATURES WITH A COOLANT ON rHE HigH SURT2770
«INDLX SILE, SURT37Rr0
DXTZTL(R)=TP(K) SURT3790

PUT 1K1 IN THE CORRECT UNITS FOR CYLINDRICAL GEOMETRY, SURT2800

IF (L5AFEWCQ.U) DXT=LXT*RP(I) SURT3810
RECUVEr PARALETLRS wHICH WERE EVALUATED FROM TEMPERATURES OF THE SURTX850
FRECLEDING ITERATLION AND PRESERVED IN THE TEmM~TBBT ARRAYS, SURT28130
CONi. IS CONT(IyJeK) SURT3840
CONL = 1eML(KGy [» J) SuPT3850
CONi, LS CUNT(IrJeK+1) SURT 3840
CONY = [BBTL(KG, I, J) SURT3870
LXCLUUE CALCULATION OF RAD FOR CoOLANTS wITH NO RAQIATION, SURT38n0

IF (RUEQeITGOK MATTG(KG?IoJ) NE.200) GO TO 550 SURT 890
FINU THL HIGH THETA ROUNDARY OF tHE INTERNAL COOLANT BLOCK, SURT=9n0
KROL-kO+] SURT3910

DO Li3U KKSKGL1NTG SURT2920

IF (GAPT(KKsIrJd) LT, (=1s5E=10)) g0 TO 520 SURT3930

GO 10 Hi0 SUKT3940
EXACLLUVE CALCULATIUN OF RAD WHERE TwO COOLANTS ARE ADJACENT AT SURT3950

1HE H1GH THETA BOU,JDARY OF THE [NTERNAL COOLANT BLOCK. SURT2940

520 It (LAPI(KKeI+J) (LT, (=2,5E=10)) 6O TO 550 ’ SURT 3970
KUH=KK SURT 3940

60 10 540 SURT2890

530 CONiINUE SURTLONO
540 KALD = 0.,1713c-=8%(TuguTH(KGsr I, J)x*4 = TBATL(KGH? I, J)a*4)/(TEMH¢ SURT4010
' KGsy Ly J) + TEMLIKGHr I J) = 1,0) SURT4020
PRESERVE RAD IN THE TEML ARRAY, SunT4030
TEML(KG, Iy J) = RAD . SURT40q40

HA = CONHR(T(Ir Jr K) = T(X» Jp Kk + 1) = RAD%CONLADXT) ,(T(I, J, K)SURTu050

Y = T(Is Jr K + 1) + RADXCONH) SURTY4060

L0 1u %560 SURT4070

550 HX = COnH SURT/0R/0
CALLULATE NEw BOUNDARY TEMPERATURES, SURT4 090

560 TULIHIKGY Is J) = (CONL*T(I» J) g + 1) + HX/DXT*T(I» J, K))/(CONL SURTuU1NO
Y+ HX/UAT) SURT4110
TUbTL(hGr I0 J) = TUSTH(KG, 1, J) SURTy 120

@0 T¢ bud SURTY130

223
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ARE TWO COOLANTS ADJACENT 2 «'NO,YES?'= SURT4#140

570 IF (GAPT(KGyIsJ) 6T, (=2.5€=10)) g0 TO 58¢ EURT41R0
0O WOT ATTEMPT TO CALCULATE BOUNpARY TEMPERATURES, SURTH1a0

GV 10 640 SURT4170
CALLULAIE THE BOUNDARY TEMPERATURES WITH A COOLANT ON THE LOw SURT4LA0
«INDEX SILE, SURT4190
580 OXT=IP(n+1)=TL(K) SURT42n00
PUT UXT IN THE CORRLCT UNITS FOR CYLINDRICAL GEOMETRY, SURTH210

IF (1GHAREEQ.U) DAT=0LXT*RP(I) SURTH220
RECUVLR PARAVETLRS whHICH WERE EVALUATEND FROM TEMPERATURES OF THE SURTH230
FRECELDING ITERATION ANLD PRESERVED IN THE TEwm-TBBT ARRAYS, SURT4240
CONL £S5 CONT(LsdyK) SURTu250
CONLLTuuTHIKG 1o d) SURT42A0
CONtt 1S CONT (LrJdeKe)) SURT4270
CUIINIZTL wH(KG, L2 J) SURTu§2R0
£XCLUUE CALCULATION OF RAD FOR CoOLANTS wlTH NO RADIATION, SURTy¥ 290

1F (K,.LWel) 60 TO o620 SURT4 300

IF (LAT16G(KU,Lrd) oNEL200) 60 TO 620 SURTH310
Flliv Tiie LON THETA pOUNDARY OF THE INTERNAL COOLANT BLOCK . SURTW4320
KOlakbo=]1 SURT4330

DV LU KK=19kO1 SURTu340
Kb2ER0=nK SURTH350

1F (GAP‘(KlJZUIOJ)OLTQ('.sE'IO)) 60 TO0 590 SURTH3K0

u0 10 vul SURTH370
EXCLiIDE CALCULATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AT SURTH3A0

THE Luw THETA BUUNDARY OF THE INTERNAL COOLANT BLOCK, SURT|390

590 IF (LAP1(KRG20Lrd) oLT.(=245E=10)) GO TO 620 SURT4LAO
KOLanG2 SURTH440

wl 10 bl0 SURTHU»0

600 CONIINUL SURTH430
RECUVER THE vALUE OF RAD PRESERVED IN THE TEML ARRAY, ' SURTHUNLO

610 1AL = TeML(KGLr I J) SURTYHSD
HX = COnL*(T(LIr Jr K + 1) = T{Is Vo K) + CONH*RADXRDXT) /(T(I» J, x SURTUUAKD

t 4+ 1) = T(I, Jy K) = CONL%RAD) SURTH470

6O 10 630 SURTHwUR0

620 HXZCONL SURT4 U490
CALCULATE NEw BOUNpARY TEMPERATURES, SURTUSNO

630 TBUIL(KGs Iy J) = (CONH®T(I, Jo k) + HX/DXTAT(Ir Jy K + 1))/(C0NH SURT4S10
Y+ pAsLXT) SURTYSP0
TBB (Ko Is J) = TBRTL(KG, I J) SURT#530
Ry P Pt P Pt L Tt P S e PP e S S BV R TR TI )
HAVL ALL POINTS ALONG THE CURRENT THETA GAPLINE BEEN SURT4550
«CONSIVEREDL 2 =¢YES,nO'~ SURT#560
640 CONIINUE SURTH570
P e T L T P P T PR Pt e P P b bt P e ST A TECT 3]

" hAVE ALL COLUMNS In THE PLANE BEgN CONSIDERED ? ='YES,NOv= SURT4500
650 CONTINUE SURT8600
SCE o CEmIIooSmCEESSo oSS oESEsIoSsaSnSESSsSSossoTEsssESszERsIsIsRa=SURTL610
HAVE ALL THETA UBOUNDARY TEMPERATRES BEEN CALCULATED ? =+YES,NO'= SURT4620

660 CONTINUL SURT4630
e e P P PP I P Pt P e Pt S P P b e P e e L SRR AT
RETURIN SURT4HAS0

EWND SIIRTUARAD
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C=
C=

OO0

SUBKQUTEINE PRINT PRIN
INCLULE ComMDIM " PRIN
[ S N et e e P S e R S P L P - P PR TR 4 Y
C:::::::*;::::::::::::::::::::z::::::::::::::::::..::::"::::::::::::::-—"-_pa1N
INTEGER T7 PRIN
LOGALCAL WRES PRIN
wine IS TUN To ( NQ),DTI { NQ)syAY { 6) PRIN

s AT { 18,JQeK@)» cT ( IQeJQsKQ), PRIN

3 por ( IQ,J0rKQ) PRIN
UATA (wAY(1) ,I=3,0) /6H+1,UpKe gHyd+14K, 6H,JeK+1l, 3H(I)y 3H(J), PRIN

- 3H(K)/ PRIN
EQUIVALENCE (TT P AT ), PRIN

1 (TT oCT )o(TT '»DDT Ye(ITO 'DTO Yo PRIN

< (Itl 0TI PRIN
:==::::‘-::::::::::==::::::========:==========""‘""'::"""'""""'"""2-—PRIN

e S S PR P L R Ea e P S S F S L LS )
IKET=Y PRIN

JK :a_‘oFl\Lbho PRIN
X1z=CLRT (%0040 PRIN
XEZLURT L %360040 PRIN
SeLuCl rHE TEMPERATURE DISTRIBUTION PRINT FORMAT PRIN
IF(ASTIPEQNITER) ¢O TO 190 PRIN

IF (SW(9)) 60 TU 1l9p PRIN

Ft Sttt debetidied bttt bttt et P PR P A R e S P R Y
FREFARE AND PRINT COOLANT AND NOLE TEMPERATURE DISTRIBUTION IN PRIN
INTEUAL DEGREES FANMRENHEIT PKIN

0O Tu 167 PRIN
ENTKY TeMPS PRIN
IRE1 21 PRIN

107 JHRIIE(6,110) (ZA(I)0I=1012) PRIN
110 FORMAY (LH193UX,12A64/777) PRIN
IF (lRET,EW,2) GO TO 169 PRIN
oRITL (0p211) PRIN

111 FOUmAT (49X 24HCOOLANT TEMPERATURES (F)o/y3%X»PRIN
L14HCOOLANT NUMBER e 4X o SHINLET 0 5X» oHOUTLET s 4X, 12HFLOW (LA/ZHR) 48Xy L4HPRIN
2CO00LANT NUVBER 4 X s HHINLET » 5Xe 6HOYTLET ¢ 4X) 12HFLOW (LB/HR)) PRIN
PRErARE ALL COOLANT DATA FOR PRINTING . PRIN

JO 1350 N=l,MAXFLO»2 PRIN

IF (LFLO(N) JeQ.0) 60 TO 150 PRIN
N1=/.FLO(N) PRIN
HESWFLO (N+1) PRIN
1ITL() =TI(NL)=459,5 PRIN
1T0(l)=TO(NL)=459,5 PRIN

IF (1 )= L0 (ND) PRIN

IF tiicecG.0 ,OR, N,EQs15) 6O To 120 PRIN
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10
20
30
40
50
60
70
g0

1n0
1490
120
130
140
150
140
170
10
190
200
210
270
230
240
240
260
270
2r0
290
300
310
320
330
340
350
360
370
3n0
390
4n0
440
420
430
byo
450



C=
C

c

ITH(NZ) =TI (N2)=459,5 PRIN
ITO(NZ)STO(N2)~459,5 PRIN
IF (N2 ) =FLOw (N2) PRIN
WRITE (69160) N1,ITI(NL) #ITO(NL) ,IF(NL)sN2,ITI(N2),ITO(N2),IF(N2) PRIN
140 FORMAT(8Xe12,186001110114015X012,116,1210114) PRIN
s0 1o 130 PRIN
120 wRIIE (oslt0) NL,ITI(NL)ITO(NL),IF(NY) PRIN
w0 10 150 PRIN
150 CUNIINUL : PRIN
150 IF(iKkeT,L@,0) 60 TO 153 PRIN
109 wRITE(6,15%) NITER PRIN
155 FURMAY (1HU»3aAs [4r51H ITERATIONS PERFORMED WITHOUT REACHING STEAnYPRIN
o STATE,/) PRIN
1F(IRETLEQ.2) RETURN PRIN
wV Ty 1L7 PRIN
153 4RIt (bslou) CURTI,X1+X2)NITER PRIN

1ol FURMAT (1HOs21H  THe CURRENT TIiMg 1S»F10,4,11H HOURS = »F10+4¢13PRIN

L MLIWUTES = 9F13,.5,8H SECONDS,uXsX4931H ITERATIONS HAVE BEEN PERPRIN
2FORMLDy /) PRIN
R e S A P e ZEZSES=SEazz=zZzI=I=Szz==PRIN
CONVEKT TEYPCRATURES TO INTEGRAL DEGREES FAHRENHEIT PRIN

157 0O LTV ISl IMAX PRIN
00 170 Jz=1,J4AX PRIN

WO 470 Kzl,KnAX PRIN
TH(A W Jan)ET(IrdeK) =459,5 PRIN

170 CONT InUL PRIN
SET THE meSH rRIBS In THE PRINToOUT EQUAL TO zERO PKRIN

LY Lib L 5 1,JMAX PRIN
TT(lelel) = 0 PRIN

1T CaMAXsbkel) = 0 PRIN
TI(LLekMAX) = 0 PRIN

516 1T(LsAX, LonMAK) = 0 PRIN
Ll LY L = 1, IMAX PRIN
TT(Lslyd) = ¢ PRIN
TT{,JIMaXel) = 0 PRIN
TT{LsLekMAX) = U PRIN

5¢5 TT(L JMAXIKMAX) = 0 . PRIN
DO LHI L = 1,KMAX PRIN
TT(L,iel) = 0 PRIN
TT(imAXsL1eL) = 0 PRIN
TT(apdidaXel) = 0 PRIN

553 rl(LHAX JMAX,L) = @ PRIN
= = ====PRIN

-‘::PRIN

pRINT THE 1h.PnRATURE (INTEGRAL NEGREES F) PRIN
WwRIIE (oslu0) PRIN
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460
470
480
490
500
540
520
530
540
550
560
570
5a0
590
600
610
620
630
640
650
640
670
6R0
690
0
710
720
730
740
70
760
770
TR0
790
8p0
810
8,0
830
ay0
850
860
820
8a0
890
900
210



OO0

160 FORMAT (1HO»u7X,204TEMPERATURES (F))
CALL ARKAY (TToDUM,1)
IF(LIRET.EQ,0) GO TO 159
IRET1=z2
w0 10 167
159 IF (1 KROUR(L),6T,0) WwRITE(6,185) TERROR(1)/NITER

PRIN
PRIN
PRIN
PRIN
PRIN
PRIN

185 FURMAT (1HO ¢ S1*as4*, I4o52H ERROR MESSAGES PRECEED THE RESULTS OF ITPRIN

oERALLUN NU,s o T4 e SH®x¥R*)
LASTIP=NITER
IF (0T, wP) GO TO 280

- e i e P > o OV A v S VS 2 e T e g T g U o e g O

e I o o g - S ity O s s o W -llow - -

PREFAKE AND PRINT THE COOLANT ANp NODE TEMPERATURE DISTRIBUTION

IN uiLCInAL DEGREES FAHRENHEILT
190 wRITL (6s110) (ZA(I)el=1912)
WRlie (vee00)

200 FURMAT (49X 2aHCOOLANT TEMPERATURES

PRIN

920
930
940
950
960
970
9a0
990

PRIN¢OnO
PRIN1010

=====PRIN1020

PRIN1030
PRIN1040
PRIN{OSO
PRIN10s0O

L14HCOULANT Nyt R e 5K SHINLET o 13X, 6HOUTLET» 7X4 12HFLOW (LB/HR) 44X 14PRIN103D

2HCOULANT NUMHER p5X, SHINLET 11X, 6HOUTLET 97X, 1 2HFLOW (LB/HR)) PRIN1 090

GO <3V N=1,MaAXFLOs2 PRIN11n0O

IF (IFLO(N) (EQ40) GO TO 250 PRIN11310
iz Lo (i) PRIN11,20
He=vVFLO (N+]) PRIN1130
LTI(L)=TL(N1)=460,0 PRIN1140O

IF (,TIcel) EQe 0,0) DTIINLISO0.0 PRINLL1SO
PTO(NL)=TO(NL)~460,0 PRINLL1AO

IF (pTo(nd) LEQ. 0,0) DTOI(N1I=0,p PRIN1170

IF (i@obGe0 UR. N,EQ.L5) GO TO 520 PRINt1R0

Tl (1) =TL(N2)=460,0 - PRIN{190

(F (uTl(ne) EQ, 0,0) DTI(N2)=0.0 PRINIZ200
pTO(1i2)=TO(NP ) =4eU,0 PRIN$210

It (ulo(Ne) ,E@, 0,0) DTOIN2)=040 PRIN1220
wiRLIIE (6e240) N1y UTI(NI)'DTO(NI) FLOW(NL) *N2,D TI(Na).DTO(NZ) FLOw{PRIN1230
112) PRIN1240
240 FORMAT (TXp 120 7Xo APEL13oTeIXeELI, 793X0EL3, 70112, 7X2EL34793%X+E13,7,3PRINLI2SO
LX0ELs.T) PRIN124/0

GV 10 2450 PRIN1270

220 ARITVE (60240) NL1,DTI(N1)+DTO(NL),FLOW(NL) PRIN1280
60 10 2% PRIN1290

230 CONTINUL PRIN1300
250 «KIiL (6,160) CURTI X1eX2eNITER PRIN1310
b b S F A e e e == = SRS oTRTES=Sz===PRINI3ZA0
CUNVERT THE TEMPERATURES YO DEGRFES FAHRENHEIT PRIN1330

WO a6l 1=1, InAX PRIN1340

DO 6L uzl e JIMAX PRINL350

UV <6V Rl KrrAX PRINI3a0

CpRT Lo JiKIST (L rJeK) =60, 0 PRINI 370
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200

501

526

OO0

_273
275

2u0

OO0 ﬂ.(;l g X 2]

290

IF (DLT(IvJeK) <EQ, 000) DDT(I1+J,K)=040
CONY INUE

SET THE MESH RIBS IN THE PRINTOUT EQUAL TO 2ERO
PO Ll L = 1,JMAX

LT (1eLy21)=0,0

LOTCIMAXL)1)=0,0

UDT (1oL s KMAX) =060

DUT&IMA)\'L,KMAX)=0.0

LU Leb k=1, IMAX

pDOT(Le1,1)=0.0

DUT (L e JMAX,1)2040

DT L0 1y AMAX) =040

DOT (L, JMAX P KuAX)=0,0

JO Lnl L=1aKMAX

LLTC191,L)=0,U

LOT(IMAAPLIL)I=0.0

LUT(1eJHAX L) =060

DLUTCIMAR P JNAX L) =0,0

WJRITL (6e270Q)

FORLWT (1HU e u7X, 28HDECIMAL TEMPERATURES (F))
CALL ARKAY (10UM,LQT,3)

IF (LERRUR (1) ,6T.0) WwRITE(6,185) IERROR(1) ,NITER

e P P L e o o 4 o - o= o
ettt bt pp=t ot odrditad—d o admppec )

. e T o e e e i e TP e . o O O i T Dy U B P e T P P gt—tetea-ad ot

STEADY STATE PRUBLEM,
IF(LPeANDWSH(L10)) GO TO 273

60 10 260

vHRELZ « TRUE,

LY 10 3u5

CALL RESID .
uRLJ-OFALbh .

VO wHAT IHE USCR WISHES TO DO
CALL CusTO

SHOULU 1HE SURFACE TEMPERATURES gk PRINTED’ -'NO YES'-

IF (,NOT,54(n)) GO TO 340

- - W - -
_____________ -—--————-—--.——--_—_—----— Pttt ettt

--——--—-..._—-__.....-..——___.-.-._-_.._—..__.-..—._-_——-_.._.._

PRIN13s0
PRIN1390
PRIN1400
PRIN143O
PRINS4SO
PRINL 430
PRINL44O
PRINt14s0
PRIN1U4gO
PRINLUTO
PRIN1U4AO
PRIN1490
PRIN15q0
PRIN1510
PRIN1520
PRIN1530
PRIN154O
PRIN{ 550
======PRIN1560
====PRIN1570
PRIN15a0
PRIN1590
PRIN16n0
PRIN1610
PRIN§ 620

EEsTTES=sTTT=sSsT=SPRIN1630

PRIN1640
PRIN16s0
PRIN16R0
PRIN1670
PRIN16A0
PRIN1690
PRIN1700
PRIN1710

zozs====zPRIN1720

PRIN1730
PRIN1740

z=======PRINL750

PRIN1740
PRIN1770

................................................... ==========PRIN17A0

PRILT ThE RADIAL-X SURFACE TEMPERATURES (LOW AND HIGH)

WRITE (0ed00) (2A01),I=1s12)CURTLIIX1#X2,NITER

WRITe (60290) PNAME (1), PNAME(Z)pmAY(6) PHAME (3) 1 WAY (5)
FORMAT (19X 32HSURFACE TEMPERATURES AT THE

"S46H GAP OR  COOLANT BOUNDARY GRIDPLANES

228

PRIN1790
PRIN1800
PRIN1810O
Ag»PRIN1820

(F)o//7 43X 4HTHE »PRINLB30




XAGr u3032H DIRECTION POINTS ARE HORIZONTAL/43X,4HTHE ,A6¢A3,30H DIRPRIN1840
XECT4ON POINTS ARE VERTICAL) PRIN1850

C CONVERT THE RADIAL=X SURFACE TEMPERATURES TO INTEGRAL DEGREES * PRINL8AO
o FAHKENAHEIT, &ND INSURE THAT A POINT IN THE GRIDPLANE wHICH DOEsg PRIN1870
C NOT HELUNG TO A GAP OR COOLANT SyIRFACE ApPEARS AS A BLANK IN PRIN3 8a0
o THE pPRINT QU PRIN1890
CALL OPRINT (IGR,IMsPNAME(1) pJuAx s KMAX» IGR, U@ KO )RBBTH,RABTL,G6APR)IPRIN19N0

C= poprtedf d g fode Sob bttt bt i e e e S N S L A AL TR
C PRINE TriE AXIAL=2 SUPRFACE TEMPERATURES (LOw ANDHIGH) ‘ PRIN1920
WRITE (00300) (4A(D) o 1=1912) yCURTIFX19X2,NITER PRIN$1930

WHIIL (L1R2I0) PNAME(2) ¢PNAME (L) » wAY (4) yPNAME (3) rwAY (&) PRIN1S40

c COMVERT THE AXIAL=z SURFACE TEMPERATURES TO INTEGRAL DEGREES PRIN19s0
c FAMKERNNE IT, aND INSURE THAT A POINT IN THE GRIDPLANE WHICH DOES PRIN19A0
C NOT HELUNG TO A GAP OR COOLANT S RFACE APPEARS AS A BLANK IN PRIN1970
C THE pRINT OUT PRIN19g0
CALL GPKINT (JGZyJAPNAME(2) p ILAX I KMAXeJGA)I0,KkQ,ZBBTH,ZBBTL:GAP?)PRIN1990

C= ettt b E bttt et e A S S E P b R R R L R R r R GV G T
Cc PRINT THE THETA=Y SURFACE TEMPERATURES (LOw AND HIGH) PRIN2010
JRITE (00360) (ZA(1)2121912) ,CURTI VX1 eX2,NITER PRINAO»O

WRINE (00290) PNAME(3) o PNAME (1) » wAY (4) yPNAME (2) » WAY (S) PRIND2 O30

c COMVLRT THE THETA=Y SURFACE TEMPLRATURES TO INTEGRAL DEGREES PRIN2040
(o FAHKENIR 1T, AND INSURE THAT A POINT IN THE GRIDPLANE wiiICH DOES PRINAOSO
C WOY LELONG TO A GAP OR COOLANT 5 )RFACE ApPPEARS AS A RLANK IN PRIN20/0
[ THE PRIGT oUT PRIN20T0
CALL UPRINT (KGTshityPNAME (3) o IMAXr JMAX e KGOy 1N,y JQyTBRTH, TRBTL ,GAPT)PRINSORO

C= b e e L e N R e et S e e e e A B F 8 VT T]
c SHOULD 1HE HEAT RATES AND HEAT FILLUXES BE PRINTED? ='NO,YES!= PRIN2100O
340 IF (JHOT.54(n)) GV TO 500 PRINP110
C= ::“:::::::::::“:::::=:===’:=*=:=:==========:::::::::::::::::::::-:PRINZ190
c CALLULAIE THE RADIAL=X HEAT RATES PRINP130
O auV K=l PKLAX PRINA140
NIVARVINT IR -3 BN IRTY § PRIN2150

LY 20U 1=d, [AX PRIN21,0

AV L, Iy &) =RR (LI K) KR (D oy K (T (L1 pJsK)=T(I41pJeK)) PRINR2L70

350 CUNT InuL PRIN21R0

(o pRIy THE RADIAL=4 HEAT RATES PRIN2190
355 WRITL(6.360) (ZACI)oI=1012)2CURTIIX1e X2 NITER PRINP200
300 FURmAT (1H1930Xs12A6s7792LH THE CURRENT TIME IS,F10.4,11H HOURS PRIN2210
1z JFL0,4913K MINUTES = JF13,5,8H SECONDS,4X,I4,31H ITERAT!ONS HPRIMN2220

eAVE LEEN PERFORMED,//7) PRIN2230

1IF (wiktS) 0 TO 27b PRIN2240

WRITE (00370) PNAME (L) owAY (1) PRINDP250

370 FOR~AT ¢ 19X 15HHEAT  RATYE In oA6086H DIRECTION RETWEEN PolpRIN22s0
1.7S  (I,Jdek)  AND  (I9A6014H) (BTU/HR) ) PRIN2270

CALL AKiAY (IDLUM,AT,2) PRIN22R0

C= R ordly, oot oo o enf e et f oot ed ==z=2 SZZIZIsTE==I==PRIN2290

229



OO0
"

340

390
410

4e0

430

450

LTY)
460

CALLULATE THE RADIAL=X HEAT FLUXES

HNAMLZ ISHAPE+1

UO 410 K=l ,KMAX

00 %10 J=1,JIMAX

D0 4310 I=1,Im

60 10 (380,390 yNAME

AT (L oo KIZAT (10 dsK) Z(RRIT2JrK) xR (I) #ALOG(RP(I+1)/RP(1)))
GO 1u 410

AVCL,JeK)IZAT (19dsK) /(RR(I2JeK) DELR(I)) ‘
PRINT THE RAUDIAL=X HEAT FLUXES

WRITE (60360) (ZA(D),I=1912) )CURTINX1eX2,NITER

WRIVE (60420) PNAME(L) oWAY (4) pwAY (L)

PRIN23n0
*PRIN2310
PRIN2350
PRIN2330
PRIN2340
PRIN2350
PRIN?360
PRINP?370
PRIN23R0
PRIN23g0
PRIN240O
PRIN2UH10
PRIN2U42O

FORMAT 19X 16HHEAT  FLUX IN  +A6s4gH DIRECTION BASED ON PRIN2430

1THE ARtA OF ORIDLINE pA3,/9128x933HBETYEEN POINTS (IsJiK)

{1sAB20H) (B3TU/HR=FT*%x3))
CALL ARKAY (IDUM,AT,2)

CALLULATE THE AXIAL-Z HEAT RATe

00 43U Kz=1,KuAX

0O 4350 Js=1,JMAX

w0 w30 k=l laAX

AT i, Jdyn)onZ(Lsd K)akZ (Lo pK)R(T (I K)I=T(I,J+10K))
CONT IHUE

PRINY THE AXLAL=Z HEAT RATE

aRITE (0e360) (2A(1)»I=1912),CORTIIX1eX2,NITER
wiCIVE (e 370) PNAME(2) o WAY (2)

CALL ARKAY (IWUMAT,Z)

i e i e e e R e 8 S Y T S s e S O o T Y e S e A S iy, O D e S O 0 0 S et ot o g i T T gy O D W g U O S o i O W
e L R R m e o L D e o s e i oo =y wm [0 9 0 o 0 0 e i e ™= o e e e S i 0 . = U0 T i % 00 0 n o e &0 T o T

CALLCULATE THE AxlaL~Z HEAT FLUXES

LY 410 JUzlyd

DO 40 =1,y InaX

UU 4130 KZleKeAX

GO 10 (49U, 46U) yNAME

AT (Lo s KIZATILodoK) /(RZIIvJrK) a (7P (J+1) 2P () ))
WU 10 480

AT{L e e k) ZAT (L2 U K) Z(RZ(I0JeK)%DELZ(J))

CONTY INUe

PRINT Tnt AxIAL=Zz HEAT FLUXES

ARITE (6,360) (ZA(I) oI=1,12),CURTLX1sX2,NITER
ARITE (uo20) PNAMC (2) o WAY(5) 2 WAY(2)

CALL ARKAY (IQUM,AT,2)

CALVULATE THE THETA=Y HEAT RATg
U0 1430 KZ=1,kKMAX

230

ANDPRINP4uO

PRIN2450
PRIN24KO

====PRIN2470

PRIN24A0
PRINZ2LOO
PRIN?500
PRIN2S510
PRIN»S20
PRIN?25%0
PRIN25S40
PRIN25K0
PRIN2560
PRIN2%70
=PRIN2S5p0
PRIN»590
PRIN2600
PRIN2610
PRIN?620
PRIN2630
PRINP640
PRIN2650
PRIND?6g0
PRIN2670
PRIN26A0
PRINZ6ND
PRIN27n0O
PRIN2710

==PRIN2750

PRIN2730
PRIN2740
PRIN2750



OO0

1430

1450

1460
1480

OO0
"

Su0
C=

510

Sib

530

00 1430 J=1yJUMAX

DO 14390 I=1,IMAX

AT L oo KISRT(L oo KIRKT(LodoK) % (T (Lo JoK)=T(I,JpK+1))
COrI INUE

pPRINT THE  THETA=Y HEAT RATE

WRITE (00360) (£A(X)e121+12),CURTI,XL9X2,NITER
wRITE (62370) PNAME(3)WAY(3)

CALL ARKKAY (TDUM,AT,2)

omr e oo e T L T L L P T T - o e o o -
- - - -
P Lt t=g==rfprpentepfiepei~g ol ————- -ttt L 2

CALCULATE THE THETA=Y HEAT FLuxES

DO L4oD KS1o)kM

w0 1ud0 J=1,gMAX

uO 1480 I=L,IMAX

GO 10 (1450,14%6U) P NAME

AT L doRIZAT LK) Z(RTUIPDIK) w(RP{II*(TP(K+1)=TP(K))))
60 10 1480

AT LA o dymRI=AT (L0 JdyK) Z(RT (I v J oK) 2UELT (K))

CONT UL

PRINT THE THEATA=Y HEAT FLUXES

WRITL (6e360) (LACX)eI=1412) CURTI X1 X2yNITER
W11 (60420) PNAME(3)y WAY(6) ywAY (3)

CALL ARKAY (IOUM,AT,2)

—— - = e oy et g oo - - T D . e o D g, i B g T Sl D e S gy - -
- -——— - - e - - - . o o o - o o - .
e s . L e e e e e e L o o o o =0 ™0 oy, =ttt e ol T e o T S e e i TS i ok am i vy B 4o e S T B e o s A

SHOULDY 1He EFFECTIVE THERMAL CONBHUCTIVITIES AND THERMAL

=CONVUCTANCES W& PRINTEDZ =+NO»YEQY~

IF (HOTe2u(7)) GO TO 610

HU L10 K=l pKMAX

O iU 1z=1,IvAX

KR4, L9R)I=0 0

KK{L , JAnK 1K) =0,0

DY Y1b 1=1, IwAX

DO Lib Jz=l.d AX

kR (L,Jpl)=0,0

KR{1l+JohMAX) =0, 0

O el K=1yK aAX

LV LoV U=l.d AX

KR(lI-»AX'\JlK):UoO

PRINE THE LFFECTIVE RADIAL~X THERMAL CONDUCTIVITIES
WHRITE (Led00) (ZA(I),I=1912),CRTIIX1eX2,NITER

wRITe (61530) PNAME(1) swAY (1)

FURMAT ( 19Xy 1 IHEFFECTIVE  ,Ager49H CONDUCTIVITY BETWEEN
179 (leusK) AND  (1,A6019H) (BTU/HR=FT=F))

CALL ARRAY (IDUM,Rit,2)

Ul L4U K-loKMAX

231

PRIN2760
PRINAT770

" PRIN27a0
PRIN2790
PRIN2800O
PRIN2810
PRIN2820
PRINPAZ0
===PRIN2840
PRINPBSO
PRIN28#0
PRIN2870
PRIN28R0
PRIN2890
PRIN29n0
PRIN29(O
PRIN2920
PRINPI=Q
PRINS940
FRIN2950
PRIN29K0
PRIN2970
Fz===PRIN290
PRIN29Q0
PRINYO0O
PRIN=O010
S====PRIN3020
PRIN3030
PRINIOYO
PRIN®050
PRIN3ZNAO
PRIN3070
PRIN3IORO
PRIN®090
PRIN*in0
PRIN%110
PRINI120
PRIN130
PRIN3140
PRIN3180
PRIN31/0
POINPRINS170
PRIN1A0
PRIN3190
S====PRIN3200
PRIN3210



540

545

1540
1545

1550
c

570

560

DO 5S40 I=1,ImAX

KL{d s JMLXeK) =00

v Lyb Iz=1,ImAX

DO Lyd Uzl pJdMAX

KLl dsd)=0,0

KL(LoJdrKMAX) =0,V

0 UHU Kzl KMAX

U0 LUhu J=l,JMAX

KL(lpdph)=0en !
KLULMAXyJeK)=U,0

PRILT THE EFFECTIVE AXIAL=Z THeRMAL CONDUCTIVITIES
WRITL (60300) (ZACI)I21012),CURTI)X1,X2,NITER

WRITL (69530) PNAME (2) »WAY (2)

CALL ARKAY (IDUM,KZ,2)
-------------------------------------- --"-"—--"---_:""“--3::
LU 1u40 [=1,1MAX

DO LH40 J=L1raMAR

KT(L.J'RWAX):UQO

DO AHHS KT enMAX

DO 15495 J21 ) JIMAX

KRI(LeJdsk)IZe0

KV (2 AX JrK) 00

O 1500 K=1exMAX

WO 1550 I=1.IMAX

KT(lnloA)=0.0

K] (1 0\J.'4AX"\)=U.0

PRIT Tie EFFECTIVE THETA=Y THERMAL CONDUCTIVITIES
WRItE (0r9u0) (ZAGD)yI=1912),CURTIIX1eX2,)NITER

WRINE (00930) PNAME(3) pWAY(3)

CALL ARRAY (IUUMKT,2)

o e s A = > O S o o e T e D P o e B i A g L o e S e U o S - - - ., .
e W L e ot e S e o i s s S > A T s g g O S = T G ) 0 W P Loy D By P e S s e TR Y T o s P Dy T D R s gy e G B O B S

LV U7V 121, IuAX

U L0 JzldJdniAX

U LU K=l,KirAX
CT(d,Jok)ZKR(EpJyK) kKR { LK)

COlNUe ’

prIar THE  RavIal=x THERMAL CoNpUCTANCES
WwRITL (red60) (ZA(1),I=1012),CURTI,X1rX2,NITER

WwRITE (be280) PNAME(L1) pWAY (1)

FORMAT 19XsA6,57TH  THERMAL CONDUCTANCE PRBETWEEN POINTS (
1JeK) AL (T,A6016H) (BTU/HR=F )
CALL ARKAY (10UM,Cr,2)

et e S e o S R g et Y e L S s o o S v D T s T S ot TN g, T oty s T b0 20 o s P ey - - " - -

60 L9U I=lyleAX T T T '
PO L90 Uzl ,JmAX
UV LU K=1,KuAX

’
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PRIN3220
PRIN3230
PRIN3240
PRINRY250
PRIN32g0
PRIN3270
PRIN3280
PRIN3290
PRIN3300
PRIN%310
PRIN3320
PRIN3330
PRIN3340
PRIN33%0

==PRIN3360

PRINZ370
PRIN33a0
PRINX390
PRIN3400
PRINZ410
PRINN450
PRIN3430
PRYN3ZU4O
PRIN3USD
PRINZ4A0
PRIN34T0
PRIN24A0
PRINZ490
PRIN%500
PRIN3510
==PRTNYSH0
PRINZ530
PRIN3S40
PRIN3ISR0
PRIN2S540
PRINAS70
PRIN3SR0
PRINZ590
PRIN600
T¢PRINZ610
PRIN%620
PRINZA30
==PRIN3AL0
PRIN3650
PRIN3G6C
PRIN3670



OO0 o0

c
c

1590

610

6<0

1000

CTULpJeKIZRZ(IWJIK)RKZ (LK) PRIN36AQ
CONT INUE ~ PRIN3690
PRINT THE AX1AL=Z THERMAL CONR[UCTANCES PRIN37nO
wRIIL (60360) (CAC1)21=1912)yCURTIVXL¢X2,NITER PRIN3710
WRITE (62580) PNAME(2) yWAY(2) PRIN2720
CALL ARKAY (1DUM,CT,2) PRIN3730
e R St L Lt e P P PP R L T S==zsza=sIz===PRIN3I740
LO 190 I=1,IMAX PRIN3750
LV 4990 J=1rJMAX ‘ PRIN3740
WO 1590 K=1)kMAX PRIN3770
CT(L,JokIZRT(LsdsKI kT (1oJyK) PRIN3740
con INUE PRIN3790
PRILT THE THETA=Y THERMAL COND(CTANCES PRIN38A0O
WRITL (09360) (LACI)»I1=1912) yCURTINXLrX2)NITER PRIN3810
WRIit (0e580) PNAME (3) yWAY (3) PRIN3820
CALL ARKAY (I0UM,CT1,2) PRINZ830
FE P S e P S P L L T E P PP L sSzZEsss=a=sTEssSzn==PRINZS, 0
SHOULD 1HE OuUTPUT ut. PUT ON A TApE? ='NO, YES'- PRIN38&0
1r (.4OI.$~( }) 60 TO 620 PRIN38KO
Pt SR S bl R fo b Et et b P e R R P P T E L L R L P T e o R RNE T )]
PUT THE CUlUENT TEMRZRATURE DISTRIBUTION ON TAPE PRIN3ARAO
JRITE (ULTTAP) 1HAK  JMAR P KMAX P MAXFLO+CURTI NITER, PRIN=RQ0
e lFLU (M) » 1T o TOL) W NZ1yMAXFLO), PRIN%900
s (i (2 urR) IS IMAX) 2 J=1 0 JMAXDY g k=1 KMAX) PRIN3910
KeESiglkL THe SECUID TEMPERATURE ARRAY PRIN3950
E N St P e e e R e  E e e L PP T R AN R ]
IF (.W0Te uP) GU TO 640 PRIN3S40
WRITL (00360) (ZAGT)a131012)9CURTINXL e X2, NITER PRINS9R0
wRITL (wel0on) PRIN3940
FORMAT (92X LIHHEAT BALANCE,///,29X¢15HHEAT GENERATED 25X, PRIN3970
K81 AT LOST/0ALNED HY COOLANTS, 7/, 25X,12HRLOCK NUMBER,9X, PRIN%9Aa0
XeGHS T /1H1Ke 15X, LAHCOOLANT NUMBER» 8% 0 6HBTU/HR 2 /) PRIN3O9Q
SUmzU U PRINyONO
SUMLzU,u PRIN4010
DO LU0 L=1sLMAK PRING020
LSz (L) PRIN; 030
IHS= (L) . PRIN;OuO
JLSzuL (L) PRIN4OSO
JHS-LH (L) PRINu0gO
KLSZKL (L) PRIN4O70
KHS=nH(L) PRIN4OnO
SUM=(1a0 PRIN4OOO
TeEST WHETHER A BLOCK IS A COOLANTY OR NOT PRIN41n0
AF Guo(L) ,6T. 0) GO TO 1100 PRIN4110
NElaba(m3(L)) PRINL12O
I11=1ABS(IPATI4(N)) PRING130

233



GO To (1025,1050,1010), II PRIN4 140

AXIAL=Z2 COOLANT FLOW PRIN41s50
1050 vO LoL0 JESULSeJHS e PRIN%160
BO 1065 K=KLSIKHS PRING170
IF (ILS JLE. 2) GO TO 1055 PRIN41R0
I=ILS=~1 PRINy 190
SUM 25U + RHGLyJeK) * KR(IpJok) »(T{IodyK)aT{ILSsJ2K)) PRINu2n0
1055 1IF (IHS L,0E, IM) GO TO 1065 PRIN4210
UM = SUM = RRUIHS, U K) % KRUINS,JrK) #(T(IHS»JIK) = T(IHS+1,J,K))PRINY220
1005 CUIli INUL . PRING230
U lpwus I=s ILS!IHS PRINu240
IF (vbS JLL, 2) G0 TO 1069 PRIN; 280
K=hibh=1 PRING260
SUMZGUM + RT(LedsK) x KT(I,J9pK) & (T(Iod K) « T{I,JoKLS)) PRINN27TO
1069 1IF (nHS L,6F kM) 60 TO 1068 PRINGu2A0O
QUM = SUM = KI(I,JKHS) * KT(IeJ,KHS) *(T(I,JeKHS) = T{I,JsKHS+1))IPRING290
108 CONIINUL PRIN43NO
1000 CONIINUE PRING4310
LU lu 1u7d5 . PRINy 320
KADLAL=X COOLANT FLOW PRIN4330
1025 L0 1u40 I=ILSeIHS PRINY340
uO 130 K=KLSIKHS, PRINL3S0 .
IF (JLS JLE. 2) GO 1O 1028 PRIN4 360
JEJLS=1 PRING370
SUM = SUM + R2(IsJeK) » KZ(IrJyK) ® (T(I)JdyK) = T(IoJLSeK)) PRIN43n0
1028 IF (JHS L,6E, JM) GO TO 1030 PRIN#390 -
SUM = SUM =R2(IrJHSek) * KZ(IrgHGeK) * (T{I,JHS!K)=T{I,JHS+1,K)) PRIN44nO
1030 CUNTINuUe PRIN4H10
LO 1035 J=JLSeJHS PRINMUSO
It (nbS LLE, 2) GO TO 1032 PRIN4430
K=KLS=1 ' PRING440
SUA = SUM + RT{IsJeK) % KT(IyJdyK) % (T(IsJyK) = T(IsJrkLS)) PRINGGSO
1032 IF (kHS 6L, KM) GO TO 1035 PRING44RO
QUM = SUM = RI(X,J,KHSY*KT (1) KSR (T(I,JyKHS)=T(KrJoKHS+1)) PRINWU4T0
1035 COiil InNUE PRINN4AO
1040 CONIYIWUE PRINRGGO
50 10 1075 . PRINGSA0O
THET A=Y COOLANT FLOw PRIN4510
1010 LY 1020 K=KLS! KHS PRINYSHO
LV 101% J=JLS»JHS PRINuS520
IF (1LSs LE. 2) GO TO 1012 PRIN/GS40
I=ILSs=1 PRINYSs0
SUM=GUM + RRIIrdiK) & KRII)DIK) & (T(IedyK)mT(ILSeJeK)) PRINUSH0
1012 IF (1HS,GE. IM) GO TO 1015 PRIN4570
SUM = SUM=RR{IHS s JeK) * KR(IHS»J,K) * (T(IHS,JeK)=T(IHS+1rJsK)) PRINu5SA0
101% CONJINUL PRINYS90
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10¢2
1024
10zU
1079
1080

1100

1140

1170
s 1200

1205

= ¢
640

650

OO0

+

DO loed ISILS!IHS PRING600
IF (JLS ,LE, 2) GO TO 1022 PRINY4610
NENBN )Y " PRIN4620
SUMESUM + RZ(I1JiK) % KZ(I)JeK) & (T(I+d1K)aT(IrJLSIK)) PRINK630
IF (UHS GE. JM) GO TO 1024 PRINU6LO
SUM = SUM =R7(I,JHS,K) * KZ(IeJHG,K) * (T(I,UHS!K) = T(I,JHS+1,K))PRINY650
CONT Ifiue PRIN46KO
CONI INUL PRINK670
SUMC=5SUMC + sUM ‘ PRIN46A0D
WRITE (601080) NeSUM PRINy690
FORMAT (69Xs T419X0 LPELGLT) PRIN4700
LU 10 1200 PRIN4710
00 i160 I=ILSeIHS PRING720
DY llob J=JLSedris PRINY730
DO 1100 K=KLSeKHS PRIN4740
S5UM = SuA + w(lediK) PRIN4750
CONT INUL PRINY7/0
SUMM = SUMM 4+ SUM PRIN4770
it (G QEQQ U.U) GO T0 1200 PRINQ-’HO
wlIle (00d170) MB(L))SUM PRINGT790
FORmAT (20X0I499Xe LPELH.T) PRINYROO
CUNI IntiE . PRIN;810
wRITL (6e1205) SUMM,SUMC PRINGE20
FURMAT (1HO» 39X 16H{mmemmernnam maa=) 25X, 1 6H - - /7y PRINGB30
XulXe1PE1U.2027X01PELGT) PRINUBYO
Pt bt f ettt bt ottt S e e S=s==ssSs== ====PRIN4BSO
U0 L3l uz=1lyJIMAX PRINGBRO
OV 03U KZ1eKiAX PRINUB70
bl LAY 1=l laAX PRINUS]0
AT(L,JyKI=T (I rdoK) PRIN%4890
CONI [HUE PRINGDAO
rETUKH ' PRINGO10

ol Pt et bede ettt LS bttt L S Lt b bbb S T A L T S Y e R NI LY

***¢**:*m*;***4***;;*#**#*************************************t***PRINM930
A AOh o A o oo AR A K g e o 0o o o 20 ok g 3 oK o0 Kl R o 8 e o o o0 o A e o ol R o o ok Kok KR Kok ke KPR T NG9 0
SUBhGUT IKE GPRINT (NGAPyNGRID,PLAKL ) ICROSSr IDOWNINL)N2eN3,BBTH, PRINNORQ

XuBTn, 0Ar) . PRINNI9#O
et ettt g gttt e gt ==t ettt e b b et pd et o gt t L_14 2 ¥ 1 Nu970
ImbnsIun NGAP [ 1)y BBTH(NLIN2/N3), BATL(N1,N2,N3), PRINKORO

X GAP (N1 ,Hi29N3) PRIN4990
piMension FORMR ( 12)yRPRINT( &) )FORMT ( 12)¢ITT (20) PRINSONO
UATA FORMR Z4H (T30 4H12Xe, O9%UH13Xey 1H)/ - PRINS010
UDATA RPRINT 70HI6r 1600 6HIT91690 6HIAPUX,» 6HIGWUX,/ PRINSO»0
DIMENSTON NUMBER ( 25) PRINS030
uATA NuURBER s 02030 495,6,798,9910011,12,13,14915:14¢17+18919, PRINSO4O

1 20,21022+23¢24925/ PRINSOKO
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I=0 PRIN®0/O

DO J11 M=1,NGRID » PRINS070
IF (NGAP(M),EQ.0) GO TO 311 : PRINS50R0
1=1+} PRINS0S0
WRITE (00312) PLABLWM PRINS1n0
312 FORMAT (1H0»53XeA6,2H (112,11H) GRIDPLANE/) PRINS110
1UMez0 PRINS150
292 NUMiz=NUp2+1 PRINS130
HUMe=NUM2+10 ' PRINS140
IF (1Um2.6T,1CRQSS) NUM2=ICROSS PRIN®R1SO
aklie (00293) (NUMBER(L)» LSNUML,NUM2) PRINS1RO
293 FORMAT (1HU»110/,9113) PRINS170
afIlE (be294) PRINS180
294 FUKRMAT (1HO) PRINS190
aU 21U =1y InOwN ' PRINS200
N=0 PRINS210
NCOuNT=1L PRINS220
LO Sul MM=1e12 PRINS230
3ul FORMT (MM SFORMR (MM) PRINS240
1O 90 g=NUML P NUMZ PRIN®Z20
NCOUi 1T =NCOUNT+1 PRINS260 .
IT1= BBTH{1,JrK)=459,5 PRIN=270
IF (1T1.LE,=u50) GO TO 300 PRINR2RO
1120 BITL{IrJrK)=459,5 PRINS290
IF (IT1,EQ,.IT2 JANp, GAP (IsJek),LT.0.,0) GO TO 3p2 PRINS300 -
NZN+,2 ’ PRIN=310
ITT(Nn=21)=1T2 PRINR320
ITT (=172 ' . PRIN&330
FORIY INCOUT) =RPRINT (2) PRINS340
1F (MCOUNT ,EQ,.2) FORMT(NCOUNT)=RPRINT(1) . PRINS350
GO 10 3u0 PRINS340
302 =Nty PRIN%370
ITT(W)zLTL PRINS3R0
FORMT (NCOUNT)=RPRINT (&4) PRINS390
1F (WCOUNT (Ewe2) FORNMT (NCOUNT)=RpRINT (3) PRINS40O
300 CONIINUL PRINGU1 O
IF (NsLW.0) 60 TO 309 . PRINSUS0
SRITE (6oFORMT) Ko (ITT(L) rL=19N) PRINRU4 30
GO 1y 310 ) PRINSLLO
3u9 WRIIE (62FORMT) K PRINS450
310 COUNTINUE PRINsU4RO
IF (14UMe LT, 1CROSS) 60 TO 292 PRINS4T0
311 CONYINUE PRINS4A0
RETukN PRINSH490Q
ENU PRINSSNO
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SUBKOUTINE ARRAY (IX,X¢IFY) ARRA
INCLULE COMDIM ARRA
aRssnCEsERnn s S ==ARRA

ARRA

——=nea —--—————-—--—ARRA

oo EEnrsEErsSTssTsS=s===ARRA

LIS TON NUMBER( 50) X ( IQ,JQrKQ) »IX ( 1Q,JQ,KQ) ARRA
DATA NUMBLR 71020304959697,8,9+10011, 12:13 14915016917918¢19, ARRA

- 20,21022123124,25126027128929930,31:32,33,34/935s ARRA

- 36,370 38039040,41,42,83944,45,46,47948,49,50/ ARRA
C::::::::::::::::-::-::::::===========:==:====:=::::::::::::::::::::;: ==ZARRA
c WwRITE THE PROPER HEADING ARRA
NADL=10 ARRA.

6U 10 (10020,30), NPRINT ARRA

10 wRIte (wel) PNAME(3), PNAME(2) ARRA
1 FURRMAT  (LHO, 42X, 4HTHE 2A6,27H(K) DIRECTION 1S HORIZONTAL/43Xe ARRA
=4HTHE ,AB025H(J) DIKECTION IS VERTICAL) ARRA
M= L MAX ARRA
NEKAX ARRA

WY 10 4u ARRA

20 JHlit (bec) PNAME(1),» PNAME(3) ARRA
2 FORMAT (110 ,42X,4HTHE +A6,27H(1) DIRECTION 1S HORIZONTAL/43X¢ ARRA
“4HThe snor25H(K} DIRECTION 1S VERTICAL) ARRA
MMZuAX ARRA
N=ImAX ARRA

60 10 40 ARRA

30 wRITL (6+3) PNAME(L),» PNAME(2) ARRA
3 FOHMAT  (LHO 42X ,4HTHE »AD,27H(I) DIRECTION IS HORIZONTAL/43X ARRA
“qHTHE sa6025H(MJ) DIKECTION IS VERTICAL) ARRA
VMK AX , ARRA
H=lmAX ARRA

40 0O 60 Mzl ,MMm ARRA
NUMe=U ARRA

100 tiUmiliztiume+l ' ARRA
i‘lUth.;NU;V:Z"'NAI)D ARRA

1IF UMz +6T, N) NUM2z=N . ARRA

IF (UMl JEQ. 1) WRITE (614) PNAME(NPRINT), M ARRA

4 FORMAT (1HU» /7 48X A6, 2H (o129 TH) pLANE) ARRA
IF (1FY .Eu. 1) GO TO 219 ARRA
wRITE(6,220) (MUMBER (L) oLZNUMY,NUMR) ARRA

220 FORMAT(1HO,I11,9112) ARRA
GV 10 221 ARRA

219 wRITL (69225) (NUMBER (L) rL=NUML,NUM2) ARRA
2¢5 FURmal (1H0¢5X12515) ARRA
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10
20
30
40
50
60

RO

90
100
110
150
130
140
150
1R0
170
in0
190
200
210
220
210
240
280
260
270
2a0
290
3n0
310
320
330
340
350
350
370
3a0
390
4n0
410
420
430
byo
450



o B . o = o S g et ke e B9 0 T iy U0 SO g i e B Tt D T g e 00D D s (D e T

o B - o e o i At o A S o gy o S s S i o M O S e OO
e s o s iy v o T B i sy T Y D g Y i, o S D T U S U e D I S g e [ D O s O 0

OQUTFUT PRINT IN AXIAL=Z2 DIRECTIONs, RADIAL=

wRITE (60170)
FORMAT (1HQ)
60 10 (200s300,400) yNPRINT

AXIaL=2 UIRECTION VERTICAL

LY 420 JzlpJdnAX

0 10 (421,84020423),1IFY

JRITE (6e2u3) Jo(IX(MrJdrK) yKSNUMg #NUM2)
FURMAT (I4,lxelosluls)

0O 10U 4g0

JRITE (60201) Jr (X(MpdpK) s KSNUML ,NUM2)
PURC“IAT (qulploEla.‘b)

wl o 4cl

WKITe (69202) Jo (M (MpJdpK) rKSNUML,NUM2)
FORMAT (I4,1P10E12,5)

Culli [y

1F {nuM2 LLTe N) GO TO 100

= = Sx===ARRA
OUTHUT PRINT IN RADIAL-=X DIRECTION, THETA=Y DIRECTION HORIZONTAL, ARRA

THE ) A=Y JIRECTION VERTICAL

e > e 2 iy rn ot 2o P S A o B8 T D T i g B 2t O Y T o D D D ot g, 0 S g T O P i 5 g o v fm T W 0

WO 020 K=l,KuAX
GO 10 (32193,2¢323),1FY

WhiTE (or203) Ko (IX(IeMpK)y IENUMLYNUM2)

Lo o 3c0

ARIIE (00201) Ko (X(IsMsK)e I=NymyeNUM2)
6O 10 320

eRlle (00202) Ko (X(IsMeK) e ISNUM3eNUM2)
CUN I INUE

IF QMg JLT. N) GO TO 100

Lo I¢ 600

O e e T g o e & e P T e gy S PO e i SR s o o T S e O AL Gy T T D . Y gy W A iy B e WY o 0 T B

LU sl ozlodnvAX

6O Tu (231,232,233), IFY

WRIVE (0s203) Jo (IX(I0JeM), ISNUML P NUM2)
60 10 2350

JRITE (00201) Jo( X(IeJdoM), IZNUM] o NUMR)
LU 16 230

WRIe (0e202) Jo( X(IrdeM) I=NUME o NUM2)
CONTINUE

IF (NuUM2 LT, N} GO TO 100

CONT INUE

RETURN

-
o a2 D S g W R g G A oy, D e P W0 W P
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DIRECTION HORIZONTAL, ARRA

Snm=rmTsszIaSoIEzEo=SaSz=ARRA

460
470
4no
490
5n0
510
520
530
540
550
550
570
Sa0
590
600
610
620
630
640
650
660
670
6a0
690
700
710
720
730
740
750
760
770
780
790
ano
810
820
830
840
850
860

.870

8a0
890
900
210
920
930
940
950
960




SUBROUT LINE CUSTOM ) CusT 10
INCLULE CoOMDIM CusT 20
CIsosszszazszasszaz=r=as SZEEIISSs P P LSS e R F====CyST 30
(o 0O whAT THE USER WANTS TO DO 40
Co=s=ooooozsSzoTosSzsSsoSsoESIsIRISSER 50
&0

70

a0

90

Sz Zo3ssscoTSISERRSEan oS ESREsss Rz osssnnssszns==zs==CUST 100

RETURN CusT 110

Eho CUST 120
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SUBROUTINE PyN PUN

INCLULE coMpiIm PUN

C :::::::::::::::::::_---_-:----___:::-----::::===:=:=:==========:—_PuN
g PUNGH THE FINAL TEMPERATURE DISTRIBUTION, PUN
R R e LR e e e ===Ss=TEITzIssSI==IzsssPUN
DIAt-nSTION ALABEL(4) s TPUN(1) PUN
EWULVALENCE (Tt ¢y TPUN ) PUN

VATH ALABEL /6MHEADER» SHTEMp , SHINLET, SHOUTLT/ PUN

C SomssssRmsmssSEsZssoSSSSSSoISSIZSEESSSTSEESSRIsEISREISISIRSTISSSSSPUN
C SCNLITSoIISTETZSSSSZIES E I T R g i et b e ==PUN
WRITE (602100 (ZACL),1z1,12) PUN

1F («NOT.SW(la)) 6O TO 300 PUM

CURY [=0.,0 PUN
HITLK=O PUN

300 UBlianx=ImAX PUN
BIMAASJIMAX PUN
BRMAXEKMAX PUN
UNITER=NITER PUN

WKITL (01220) CURTI,BIMAXeBUMAX)RKMAXsBNITER,ALABEL (1) PUN

PUNLH 230s CURTI,BIMAX,BJMAX)BKMAXsBNITER,ALABEL (1) PUN

nNT=u PUN

DU g0 Kz=1,KMAX PUN

LO <4l Jzl,yJmAX PUN

LUV enl I=1,I4AX PUN
NT=nT+l PUN
TPUL(NT) =T (1, JeK) PUN

240 LONT iNUE PUN
CALL PUNCHY (TPUN'NT,ALABEL(2)) PUN

CALL PUNCHY (TI,MAXFLOyALABEL(3)) PUN

CALL. PUNCHY (TO)MAXFLO,ALABEL(4)) PUN

PUNCH 290 PUN

wRIlE (60260) PUN

K TURN PUN

Cc= Fitedat et 3 Febte b f ettt bttt b =smnm z=Zz===PUN
210 FORMAT (1H1s30Xe12A00/// 140X SUHPUNCRHED TEMPERATURE DECK (R)PUN
1,77) PUM

220 FORMAT (10X,E12.604F12,1012X4A6) . PUN
250 FORmAT (E12.614F12,1012X0A6) PUN
250 FURMAT (///7) PUN
2ol FORMAT (1Hu»oUX,52H (REMOVE THE FIVE BLANK CARDS AT END OF PUNMCHER PUN
1LECK) ) PUN

C= :::::::::::::::::::::::::::::::::::;::::::::::::::::::::::::::::::PUN
CE o o K ok Ao K o KRR ORI AR A K Rk Kk o R PUN
CE ***********##**#*t******t*******************#*********t*****t***t*PUN
CE #*****#*‘*4*********#**************t**********************t******tpuN

240

220
230
240
250
260
270
2a0
290
300
310
320
330
340
350
360
370
30
390
400
410
420
430
Y]
450




9

0

100

110

1

<

0

SUBKOUTINE PUNCHY (TPsLENGTH)ANAME) PUN
Frd=rt b bt b doded bt bttt ot Pt it _PUN
PUHLH THE TEMPERATURE DISTRIBUTION DECK PUN
CEEICSCoTITRSSCIERCaIISIRSIRSSRzzRIISRSs -: _____ SZ=mzan=IszSsSSIz=Sz=PUN
S S S L e R P SEZI=SZERIISSIZ=SIRSS==RPUN
DIMESIoN T ( 1)sFORM ( 9)¢FORMT ( 9),FB (t 3 PUN
DATA FOKRIMT 764 v 6H 1Py 6x6HEL12,69¢r 6HAS»13)/ PUN
DATA Fg JOH( 10Xer 6H( v BH 12X,/ PUM
":::;::::::::::_::::::::::::"—'-"-::::::.".:'_':::=::::'—'-::::::3-:::::_---PUN
MELiNGTH/6 ' PUN
HLEF TSLENGTH=N*6 PUN
NN1=y PUN
NNE=o PUN
HO Yu [=1+9 PUN
FORM(E)=FORMT(I) PUN
CONT INUE PUN
LO 10U KKS1eN PUN
FORM({1)=FDB (1) PUN
wKITE (LrFORM) (TP (X)) ISNNL/NN2) ) ANAME KK PUM
FURM(L) =FY(2) PUN
PUNLH FORMy (TP (1), I=NN12NN2) o ANAME yKK PUN
HNLZ2+L . PUN
HN?—qNa+b PUN
CONITIN: PUN
::::_::;::::::::::::::::::::::-:::::::--:::_-::::::::::::::::-::::9UN
IF (HLEF T4EQ.0) 60 TO 120 PUN
KKZ i+ 4 PUN
JENLLFT+3 PUN
U 11V 1548 PUN
FURNM (L) =FHB(3) PUN
CONT 1L PUN
FOu(l)zFB (L) PUN
whIte (oeFORM) (TP (1) 9 I=NNL1LENGTH) ) ANAME, KK PUN
PORI(LIZFB(2) PUN
PUiNLEs FoRM, (TP{T) , 1=NN1 ' LENGTH) , ANAME ¢ KK PUN
PP ot oo ot s QD -t ottt et e dmeg gt --:....__---::::::::::::::—:PUN
RtTUI.N pUN
LNU PUN
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460
470
4n0
490
500
540
520
530
540
550
560
570
580
590
6n0
610
620
630
640
650
660
670
6n0
690
7n0
710
770
730
740
750
760
770
7a0
790
8n0
810
820
830
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