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The TAG 3D 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, so that 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 is 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, a 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. 
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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 + S = |- pcT 

where 

k is thermal conductivity, Btu/hr-ft-'F 

T is local temperature, "F 
3 

S is volumetric heat generation rate, Btu/hr-ft 
3 

p is density, lb/ft 

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. 
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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. 
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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, 0 
cylinder (0 <. 6 < 2IT) 

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 

"grid" 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" 

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

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 9 may 
extend from 0° through 360°, there is no connection between mesh points 
adjacent to the grid planes 6 = 0 ° and 6 = 360°. 
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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 

is 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 

Block 
boundaries 

Block 
points 

Coordinate 1 
Direction 

Radial 

Axial 

Theta 

Radial 

Axial 

Theta 

Low 
Boundary 

ILS 

JLS 

KLS 

ILS+1 

JLS+1 

KLS+1 

High 
Boundary 

IHS 

JHS 

KHS 

IHS 

JHS 

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 

"dummy material." The model boundary has to be approximated by using 

orthogonal grid planes. In Fig. 3, TL(k) and RL(i) label the grid 

planes in the theta and radial directions, respectively. A set of blocks 

which could be used to subdivide the envelope and specify its external 

boundary conditions is given in Tables 2 and 3. 
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TABLE 2 

INTERNAL BLOCK DEFINITION 

Block Number 

1 (Region A) 

2 (Region B) 

3 (Region B) 

4 (Region B) 

5 (Region B) 

6 (Region B) 

7 (Dummy) 

8 (Dummy) 

9 (Dummy) 

10 (Dummy) 

Block Grid Plane Boundaries 

Radial 

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) 

Theta 

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) 

Axial 

ZL(1)-ZL(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) 

ZL(1)-ZL(J) 

ZL(1)-ZL(J) 

ZL(1)-ZL(J) 

TABLE 3 

EXTERNAL BLOCK DEFINITION 

Block Number (Boundary) 

11 (low radial) 

12 (part high radial) 

13 (part high radial) 

14 (low theta) 

15 (high theta) 

16 (low axial) 

17 (high axial) 

Block Grid Plane Boundaries 

Radial 

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) 

Theta 

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) 

Axial 

ZL(1)-ZL(J) 

ZL(1)-ZL(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 planes, J, which 

include its external boundaries. 

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

blocks to set up the boimdary conditions. These external blocks are 
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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 = WC dT 
p c 

where 

q = hea t t r a n s f e r r e d t o the coolant from adjacent m a t e r i a l p o i n t s , 

Btu /hr 

W = coolant mass flow r a t e , I b / h r 

C = coolant s p e c i f i c hea t capac i ty (cons tan t p r e s s u r e ) , B t u / l b - ° F 

T = coolant t empera tu re , °F 

Coolants must flow p a r a l l e l to one of the t h r e e coord ina te axes . 

The flow d i r e c t i o n may be e i t h e r p o s i t i v e ( i n the d i r e c t i o n of i n c r e a s i n g 

coord ina te value) or n e g a t i v e . 

Pe r f ec t mixing i s assumed for a l l c o o l a n t s . There fore , a l l p o i n t s 

l y ing on the same plane pe rpend icu l a r to the flow d i r e c t i o n in an i n t e r n a l 

coolant b lock w i l l be a t t he same t empera tu re . 

Heat t r a n s f e r in coolant b locks occurs only a t the block boundar ies 

which a re p a r a l l e l t o the flow d i r e c t i o n and only i n a d i r e c t i o n perpen­

d i c u l a r to the boundary a t which hea t i s being t r a n s f e r r e d . For e x t e r n a l 

b locks the hea t t r a n s f e r i s by convection a t the e x t e r n a l boundar ies of 

the problem. For i n t e r n a l coolant b locks i t i s by convect ion a t the coolant 

b lock boimdaries and by r a d i a t i o n between oppos i te coolant block bounda r i e s . 

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 
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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 plane. 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. 
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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 value 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 k , 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. ^ 
k = 27.0 - (5.16 X 10"-̂ ) (T) 

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

input Is the arithmetic statement function: 

RCONl(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, RCONl(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 RCONl(X) is compiled into MADATA, then the value 

of RCONl(X) is sought from an external reference. The value found is 0.0 

which is contained in Function Subprogram FMATl? There are fifteen such func­

tion subprograms, FMATl 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 C00L15. 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 constants Al through A18, 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 

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

*In MADATA, any thermal conductivity of 0.0 i s reset to 10~ Btu/hr-°R so 
that the l a t t e r i s the value actually used in ca lcula t ions . 

15 



with Al and A2 defined as 27.0 and 5.16 x 10 , 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 RCONl(X). 
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4. GENERAL CODE DESCRIPTION 

4.1 PROGRAM SECTIONS 

TAC3D is composed of two principal sections. They are: 

1. Input 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 

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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APPENDIX A 

MATHEMATICAL SOLUTION 

The time dependent heat conduction differential equation is 

V • k VT + S = (pc) ^ , (A-1) 
xyz xyz xyz 3T 

where 

k = thermal conductivity in each of the 3 dimensions 

T = temperature (°R) 
3 

S = heat generation (Btu/ft -hr) 
3 

pc = volumetric specific heat (Btu/ft -°R) 

T = 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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z-axis normal 
to plane of 
paper 

• 1 

• 3 

•k 

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 
•*• •.. (T - T ) + (T - T ) + •- — (T - T •) 

AX^ ^^1 0̂-* ̂  AX2 ^2 0̂-* AX3 '•̂3 0̂-* 

K A K A 

•̂  AIT ̂ "̂A - V + A F (̂5 4 5 
T ) + •' • (T - T ) 
0̂'' AXg ^̂ 6 0̂-* 

+ ^0^0 = AT 
(A-2) 

where 

A. = average cell surface area between point 0 and 1 ( 1 = 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) 

T' = temperature of point 0 (°R) after a period of time Ax 

S- = heat generation per unit volume in cell 0 

V = corrected cell volume 

The definition of the geometrical quantities A./AX. and V. is discussed 

in Appendix B, and the derivation of the composite conductivity K. 

from the local thermal conductivities k. and k.,, is discussed in 
1 1+1 

Appendix C. In 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 6T. 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+6T, T+26T, 

and T+36T, respectively. Eq. (A-2) is rewritten in the following three 

forms: 

/(T: + T ) \ /(Tl + T ) \ 

-l\̂  2 - V " ̂ 2̂  2 - V " '3̂ ' 3 - T0> -̂  ̂ 4^^4 - ̂ 0> 

+ C^(T^ - TQ) + Cg(T^ - TQ) = C^(T^ - TQ) - W (A-3) 
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and 

and 

((T; + T ) \ /(T: + T ) \ (T" + T ) 

- V ^ - V ^ '2\̂  2 " V + S 2 - ̂0 ^̂-̂^ 

((Jl + T ) \ 
+ C^^ ^ TQJ + C3(T3 - TQ) + C^(T^ - TQ) = C^ (T|; - T^) - W 

/(T- + T ) \ /(T: + T_) \ /(T" + T_) \ 

l̂\̂  2 - V ^ ̂2\̂  2 - ̂0 j ̂ S( 2 - ̂ oj 

= C^(T^" + TQ) - W (A-5) 

where C. = K,A,/Ax,, W = S V and C, = pcV /6T. 
i i i i ' o o 7 o 

Note, in Eq. (A-3) the unknown temperatures for the time T+6T 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 ) (T" - T ) 

s \ + ĉ  2 = ŝ ŝ - î> ^̂ -̂ > 

(T'" - T.) (T'" - T,) 

S 2 + ̂ 6 2 " S<^0" - ̂0>- (̂-̂> 
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Eqs. (A-3), (A-6) and (A-7) are now written in the following form: 

C T^ C T 
-Jr-J:. - C T' + —=— 

2 ^7^0 2 
- = - ̂ 7̂ 0 - ̂ l(^ - ̂ o) - S ( ^ - ̂o) 

or 

- S^^3 - ̂ 0^ - ̂ 4̂ 4̂ - ̂ 0^ - S^^5 - ̂ 0^ - ̂ 6(̂ 6 " ̂ 0^ " " 

AT| + BT^ + CT^ = D, (A-8) 

C„T'' C.TV C.T- C.T, 

3 3 _ p rpM . 4 4 _ p rpi , 3 3 4 4 
2 ^7^0 ^ 2 " " ^7^0 ^ 2 ^ 2 

or 

and 

or 

AT" + BT" + CT^ = D (A-9) 

C T'" C T'" C T C T 

2 7̂̂ 0 2 " 7̂̂ 0 2 "̂  "T 

AT'" + BT'" + CT'" = 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 

T+6T. Eq. (A-9) is used in sweeping each row parallel to the y-axis to 

calculate the nodal temperatures at time T+26T. 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 

V i - 1 •" V i ^ ^i^i+1 = D^; i=i. N (A-ii) 

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-11), the boundary conditions are Â  = 0 and C = 0. By 

introducing the temporary quantities E, X , Y., we may write: 

E = B. - A.X, ,, X, = C./E, and Y, = (D. - A.Y. ,)/E. After calculating 
1 1 i-1 i 1 i 1 1 1-1 ° 

X. and Y. from i = 1 to i = N, we may now calculate the temperatures 

from i = N to 1 = 1 by the recursion equation T. = Y. - X.T^,,. 
•̂  ^ 1 1 1 i+1 
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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 I-l, 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, 

• ^ = RR(I-1,J,K), 

and 

^2 
= RR(I,J,K) (B-1) 

In the Axial direction, 

AX2 

A 
j ^ = RZ(1,J-1.K), 

and 

^4 
= RZ(I,J,K). (B-2) AX^ 
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In the theta direction. 

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

AX, 
= RT(1,J,K), (B-3) 

VQ = V(I,J,K). 
(B-4) 

ic romenclature to be used in the three coordinate directions is as follows; 

Radial 

Axial 

Theta 

Grid Plane 

RL 

ZL 

TL 

Point 

RP 

ZP 

TP 

Gap Thickness 

Ag. 

Ag, 
R 

Correc t ions t o account for the presence of gaps are Inc luded. For 

the a rea components, t h i s c o r r e c t i o n i s appl ied as the a r i t h m e t i c average 

of the two Ag values between p o i n t s in any one coord ina te d i r e c t i o n . When 

the se va lues are not the same and do not apply over equal d i s t a n c e s , then 

the c o r r e c t i o n i s only approximate. 

The equat ions given below define the geometry f ac to r s for both 

c y l i n d r i c a l and r e c t a n g u l a r geometr ies . For the c y l i n d r i c a l geometry. 

RR(I,J ,K) = 

f"fgf^) 
ZL(J)-ZL(J-1) -

Ag^d.K) + Ag^d+ l 

2.0 

.K)"! 

Ag^-d. j ) + Ag^^d+i. j) 
TL(K) - TL(K-l) 27o (B-5) 
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RZ(I,J,K) = RL 
Ag„(J,K) + Ag (J + 1,K)-|^ r -,2) 

a) ._J ^ .J . [RL(I-1)]2J 

TL(K) - T L ( K - I ) - \j^ [Ag^d,J) + Ag^(I,J+l)]J 

Z P ( J + 1 ) - ZP(J) 

RT(I .J,K) = 1 RL(I) - RL(I-l) -
Ag^(J,K) + Ag^(J,K+l)1 

ITo Ĵ 

X 

ZL(J) - ZL(J-l) - \j^ [Ag^d.K) + Ag^d.K+l)]} 

•_ TP(K+1) - TP(K) J 

(B-6) 

(B-7) 

and 

V(I,J,K) = |[RL(I)-Agj^(J,K)]^|-[RL(I-l)]^|[ZL(J) - ZL(J-l)-Ag2(I,K) ] 

X [TL(K) - TL(K-l)-Ag^(l ,J)](0.5) . (B-8) 

For the rectangular geometry. 

RR(I,J,K) = TL(K) - TL(K-l) -
Ag^d.J) + Ag^(I+l,J) 

275 

ZL(J) - ZL(J-l) - •[•— [Ag^d.K) + Ag2(I+l,K)]} 

RP(I+1) - RP(I) (B-9) 

RZ(I,J,K) = TL(K) - TL(K-l) -
Ag^d.J) + Ag^(I,J+l) 

2T0 

RL(I) - RL(l-l) - {270 [ ^ 8 R ( J , K ) + Ag^(J+l.K)]} 

ZP(J+1) - ZP(J) 
(B-10) 
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R T d . J . K ) = RL(I) - RL( I - l ) -
Agj^(J,K) + Ag^(J.K+l) 

2T0 

ZL(J) - ZL(J- l ) -{270 [Ag^d.K) + Ag^d .K+l ) ]} ^^_^^^ 

TP(K+1) - TP(K) 

and 

V d . J . K ) = [TL(K) - TL(K-l) - Ag^( I , J ) ] [RL(I) - RL( I - l ) - Ag^(J,K)] 

X [ZL(J) - ZL(J- l ) - A g ^ d . 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.l illustrates the logic used by TAC3D in determining what 

calculations are to be performed. 
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NO _IS THE GRID PLANE 
"A BOUNDARY? 

JIES 

ARE THE CONDUCT-
TIVITIES EQUAL? 

NO Jll 

NO IS THE GRID PLANE 
A GAP PLANE? 

YES 

IS A GAP OR 
COOLANT PRESENT 
AT THIS POINT? COOLANT r 

IS POINI 
GAP 

(2) CALCULATE THE (») THE COMPOSITE {k) EVALUATE AVERAGE (3) EVALUATE COMPOSITE 
COMPOSITE CONDUC- CONDUCTIVITY IS CONDUCTIVITY, CONDUCTIVITY WITH 
TIVITY, NO GAP EQUAL TO EITHER DEPENDING ON GAP PRESENT 
PRESENT CONDUCTIVITY VMERE COOLANT IS 

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

C.l 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 
POINT 

GRID PLANE MESH 
POINT 

(1) 

•h 

RP(I) 

ZP(J) 

TP(K) 

Ay 

t 
* i 

AX 

1 

f 
1 1 

» 1 « 
• 1 * 
1 
1 

RL(I) 
ZL(J) 

TL(K) 

,i 

A 

AX 

f 
*2 

= AX, + AX2 

(2) 

• ^ 2 

RP(1+1) 

ZP(J+1) 

TP(K+1) 

The thermal conductivities at mesh points 1 and 2, k and k. are 

known. A con^osite thermal conductivity K between mesh points 1 and 2, 

is defined by 

KA(T^ - T2) WC^i - T') k2A2(T' - T2) 

AX "" AXT " AX^ » ^^~^^ 

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 

k k ^ 1 2 A 
" • AX \ x , • "^-" 

k =• + k ~ 
h A2 ̂  ^2 A^ 

The total resistance is the sum of the individual resistances. 

Therefore, for the geometry dependent components of these resistances, 
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.y AX, AX, 

Now, the equation for K may be rewritten as 

K ^ A^ ,, V (C-4) 

2̂ v'^i" ^zA ̂ /̂̂  / 

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 1 . ^1 1 
— — and ~ — AX In {[RP(I + 1)]/[RP(I)]} '*"" AX In { [RL(I) ]/[RP(I) ] } 

(C-5) 
and, in the radial direction for rectangular geometry, 

A = A^ = A2 

AX = RP(I + 1) - RP(I) (C-6) 

AXĵ  = RL(I) - RP(I) . 

In the theta direction for cylindrical geometry, 

A = Aĵ  = A2 

AX = [TP(K + 1) - TP(K)] [RP(I)] (C-7) 

AX^ = [TL(K) - TP(K)] [RP(I)] 

and, in the theta direction for rectangular geometry, 

A = A^ = A2 

AX = TP(K + 1) - TP(K) (C-8) 

AXĵ  = TL(K) - TP(K) 
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In the axial direction for rectangular and cylindrical geometries, 

A = A, = A,, 

(C-9) 

'1 2 

AX = ZP(J + 1) - ZP(J) 

AX^ = ZL(J) - ZP(J) 

The nomenclature and definition of the geometrical constant 

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

geometry types are given in Table C.l. 

Table C.l 

GEOMETRICAL CONSTANT 

Name (Coordinate) 

RLN(I) (Radial) 

ZLN(J) (Axial) 

TLN(K) (Theta) 

(AX^/A^)/(AX/A) 

Definition 

Cylindrical Geometry 

ln{[RLd)]/[RPd)]} 
ln{[RP(l + 1)]/RP(I)} 

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

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

Rectangular Geometry 

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

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

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

C.3 A GAP BETWEEN ADJACENT MESH POINTS 

MESH 
POINT 

(1) 

•^1 

-^ 

RP(I) 
ZP(J) 
TP(K) 

-AX,-
1 

1 
1 
1 
1 

1 
1 
1 
1 

H 1 

1 

1 
1 
1 
1 , 

1 
1 
1 
1 
1̂ . 1 

Ag l-i— 
1 

RL(I) 
ZL(J) 
TL(K) 

-AX^-
2 

MESH 
POINI 

(2) 

•^2 

RP{1+1) 
ZP(J+') 
TP(K+i ) 

j . t 
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 

KA(T - T ) k.A,(T, - T") k,A,(T' - T.) k A (T" - T') 
i •4- := 1 1 1 2_2 2_. - g 8 
AX AX, AX, Ag 

4 4 
oA (T" - T'^) 

+ _ s : 
l. + i--l 
^1 ^2 

(C-10) 

-8 2 4 
where a is the Stefan-Boltzmann constant (.1713 x 10 Btu/hr-ft -°R ) 

and £̂  and e_ 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 

4x7 (^ - ^") = - I x : <̂ ' - 2̂> • (C-ll) 

When solving for T", one obtains 

k„A„AX 
T" = " k ^ ^ ^ d 2 - T') -1- T^ = B(T2 - T') -I- T^ , (C-12) 

^2^2 ^e\ 
^ ( T ' _ T 2 ) = - S ^ ( T " - T ' ) 

aAg(T"^ -I- T'^)(T" -I- T') 
1 + 

Y l '2 J 

(C-13) 

and 

k A AX-
T' - T„ = f f / (T" - T') G = H(T" - T') . (C-14) 

2 k2A2Ag 
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When substituting for T" and solving for T', one obtains 

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

and 

T (HB -f- 1) + HT 

T' = H B - H + H • (̂ -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 T and T , 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 A is assumed to be the same as A. The other inaccuracy 

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 T or T„ 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 — (A_/A 

and Ag/(A_/AX^) — were required for the equations that determine 

Three geometrical terms ~ (A^/t^X^) / (A/AK) , (A^/AX^) / (A^/AX^) 
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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 an 

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

1 
A/(AX) = ln{[RP(I -I- 1)]/[RP(I)]} 

and 

and 

A2/(AX2) - in{[Rp(i + I)]/[RL(I)]} 

^l^^^^l^ ' ln{[RL(l) - Ag^]/[R(I)]} 

A = R L ( I ) (per unit arc) 

Ag = Ag^ . (C 

In the radial direction for rectangular geometry, 

AX = R P ( I + 1) - RP(I) 

AX^ = RL(I) - RP(I) - Agj^ , 

AX2 = RP(I -•- 1) - RL(I) , 

Ag = Ag^ . (C 

In the axial direction for rectangular and cylindrical 

geometries, 

A = A^ = A2 = Ag , 

AX = ZP(J -I- 1) - ZP(J) , 
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AX^ = ZL(J) - ZP(J) - Ag^ , 

AX_ = ZP(J -H 1) - ZL(J) , (C-19) 
2 

and 

Ag = Aĝ , 

In the theta direction for cylindrical geometry, 

^ " "^1 " ^^2 " •'̂ g 

AX = [TP(K -̂  1) - T P ( K ) ] [ R P ( I ) ] 

AX^ = [TL(K) - TP(K) - A g ^ l L R P d ) ] 

AX2 = [TP(K -I- 1) - T L ( K ) ] [ R P ( I ) ] 

and 

Ag = [ R P ( I ) ] ( A g 2 ) (C-20) 

In the theta direction for rectangular geometry, 

A = A^ = A2 = A^ 

AX = TP(K -I- 1) - TP(K) , 

AX^ = TL(K) - TP(K) - Ag^ , 

AX = TP(K -t- 1) - TL(K) 
2 

and 

Ag = Ag^ . (C-21) 

The nomenclature and definition of the geometrical constants 

(A /AX )/(A/AX), (A2/AX )/(A /AX ), and A /{A^/AX^) in the coordinate 

directions for the two available geometry types are given in Tables 

C.2, C.3, and C.4. 
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Table C.2 

GEOMETRICAL CONSTANT 
(A2/AX2)/(A/AX) 

Name (Gap Plane) 

RATIOK(IG) 

ZATIOK(JG) 

TATIOK(KG) 

Grid 
Plane 

I 

J 

K 

Definition 

Cylindrical 

ln{[RP(H-l)]/[RP(I)]} 
ln{[RP(I+l)]/[RL(I)]} 

ZP(J-t-l)-ZP(J) 
ZP(J-I-1)-ZL(J) 

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

Rectangular 

RP(H-1)-RP(I) 
RP(H-1)-RL(I) 

ZP(J-I-1)-ZP(J) 
ZP(J-I-1)-ZL(J) 

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

Table C.3 

GEOMETRICAL CONSTANT 
(A2/AX2)/(Aj^/AX^) 

Name(Gap Plane) 

RATIOB(IG,J,K) 

ZATIOB(JG,I,K) 

TATIOB(KG,I,J) 

Point 
Limits 

J=JLS-JHS 
K=KLS-KHS 
Block L 

I=ILS-IHS 
K=KLS-KHS 
Block L 

I=ILS-IHS 
J=JLS-JHS 
Block L 

Definition 

^ I. . . , -, rRL(IHS)-RDG(L)'l /, pRPdHS-l-Dl 
Cylindrical ln[ RP(IHS) J/'^"L RL(IHS) J 

„ ^ , RL(IHS)-RP(IHS)-RDG(L) 
Rectangular RP(IHS+I)-RL(IHS) 

Cylindrical ZL(JHS)-ZP(JHS)-ZDG(L) 
Rectangular ZP(JHS-I-1)-ZL(JHS) 

Cylindrical TL(KHS)-TP(KHS)-TDG(L) 
Rectangular TP(KHS-H)-TL(KHS) 

Table C.4 

GEOMETRICAL CONSTANT 
AgKA^lAX^) 

Name (Gap Plane) 

RATIOH(IG) 

ZATIOH(JG) 

TATIOH(KG) 

Grid 
Plane 

I 

J 

K 

Definition 

Cylindrical 

. . r RP(H-1)"I RLd)[ln^j^^j^ J 

ZP(J+1)-ZL(J) 

TP(K+1)-TL(K) 

Rectangular 

RP(I-(-l)-RL(I) 

ZP(J-»-l)-ZL(J) 

TP(K-H)-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. 

(1) 
• 
T, 

1 

1 
1 
1 
1 

* 
[T 
1 ̂ 1 

FLUID FLUiD 

I T, 

(2) 

To 

-AX •-

t* 
-AX- u JT 

AX. 

Ax: 

<r 
RP(I) 

ZP(J) 

TP(K) 

RL(I) 

ZL(J) 

TL(K) 

RP(I-l) 

ZP(J-l) 

TP(K-1) 

RP(I) 

ZP(J) 

TP(K) 

RL(I) 

ZL(J) 

TL(K) 

RP(1+1) 

ZP(J+1) 

TP(K+1) 

"""s,- ''̂ 52 = 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 k^at mesh point 1 and 

the heat transfer coefficient at the coolant surface h-, the composite 

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

1, A* OA./T^ - T^ J 

^(..-...)-v.(..,-.).4Ht:^' 
^1 ^2 

** , 
V l ^̂ 1 - "̂ĉ  ^ ^ ^ -£- , (C-22) 

AX 

where 

Â  = area across which heat is transferred at the coolant 

surfaces 
* 

A^ = average area across which heat is transferred in the 

material 
** 

A^ = average area for heat transfer between T and T 

* 
AX^ = distance across which heat travels to reach the coolant 

surface 
-8 2 4 o = Stefan-Boltzmann constant, 0.1713 x 10 Btu/hr-ft -°R 

E^jE- = thermal emissivities. 

The term h-A-|T ~ ^ ) represents the heat transfer by convec­

tion to the fluid, and 

oA 

i-+l--l 
^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 H. is defined by 

OAVT̂  - T M 
/ \ ^V ^1 ^2/ / \ 

h A,/T - T \ + •• •• = H,A-/T - T V (C-24) 

1 i \ ^1 ^) ^ + ^ - 1 ^ \ ^ i V ^1 ^2 

Let 

V î ^ / 
^ T = RAD . (C-25) 
— + — - 1 
"l "2 

Now, the surface temperature T is calculated as 
^1 

-H(̂ l - \) - hh{\ - ̂c) (C-26) 

and 

T 
^1 

^ 1 ^ 1 

AX^ -̂  

* 
k A 

AX^ 

* , * 
1 1 ^ / ^ ^ l 
k^ c H^ A^ ^1 

1 , 1 < / ^ l 

h h h 

.(C-27) 

By substitution of T in Eq. (C-24) one may solve for Ĥ  as 
^1 ^ 

T, - T -
1 c 

1 

- l " h ^ T , . 

RAD 1 
k * * 
' ' l A^/AX^ 

^ ^ RAD\ 
c h , J 

(C-28) 

Rewriting (C-22) as 

\ " 1 ^"1 ~ "c 
Itie 

K,A, (T, - T J 
(C-29) AX 

H , A , / T - T \ 1 1(̂  ŝ  cj 
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one may solve for K. by substitution of (C-27) in (C-29): 

Kl ** **-- (C-30) 
1 ^1 /^^ 1 ^1 ^^^ 
Z * * H A 
•̂ 1 A^/AX^ ""l *1 

C.4.2 Coolant on Low Index Side of Grid Plane 

When one knows the thermal conductivity k- at mesh Point 2 and 

the heat transfer coefficient at the coolant surface h_, the composite 

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

* 
AX- ^ -, . ^ . — . -
2 z ^ t2 

K A (T - T ) 
i (C-31) 

where 

A- = area across which heat is transferred at the coolant surface 

Aj = average area across which heat is transferred in the solid 

A- = average area for heat transfer between T„ and T 

AX_ = distance across which heat travels to reach the coolant 

surface 

A composite heat transfer coefficient H_ is defined by 

V2(^S2 - "c) - l_Vi. 1 ' "2̂ 2(̂ S2 - ̂ c) (̂ -32) 
"l ^2 

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

side of the grid plane, the surface temperature T , the composite 
^2 
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heat transfer coefficient H_ and the composite thermal conductivity K_ 

are obtained as 

1 14^K 
-=• T + T 
k^ c H2 A2 2 

kj H^ A^ 

and 

^ _ ̂  ^ RAD ^1 ^2 

^ J ^ ^2-2AX 

A ' ^ ^2^2; 

(C-34) 

and 

^2 ** ** (C-35) 
^ A^ /AX ^ A^ /AX 

k * * H A 
^2 A^/AX^ 2 ^2 

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.l and C.2 of this appendix. 

For (A*/AX*)/A^, 

,, J. , 1-0 
Radial = 

Axial = 

[RP(1 + 1) - RP(I)]RLN(I) 

1.0 
ZL(J) - ZP(J) 

^^^^^ [TL(K) - TP(K)][RP(I)] (C-36) 
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For (A*/AX*)/Aj^. 

D J. 1 RATIOK(IG) 
^^^^ " RP(I + 1) - R^(I) 

A x i a l ^ 
^ ^ ^ ZP(J + 1) - ZL(J) 

^^^^^ " [TP(K + 1) - * T L ( K ) ] [ R P ( I ) ] (C-37) 

* * . . . . * * For (A^ /AX)/Aj^ and (A2 /^X)/k^, 

1 .0 
Radia l = 

RL(I) x ln[Ml|-)J 

Axial ^ ° 
ZP(J + 1) - ZP(J) 

Theta = j ^ ^ j ^ ̂  ^j - ' T P ( K ) ] [ R P ( I ) ] ^^"^^^ 

For Aj^/A2, 

Radial - ^ ( ^ L S - 1) 
Radial - RL(IHS) 

A x i a l = 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. In 

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 
12 at 1.0 x 10 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. 

2. New coolant temperatures based on the results of the above 

solution are calculated. 

3. 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. 

4. Composite thermal conductivities between the bounding material 

and the coolant (Eqs. (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. 

SOLID 

RP(I) 

ZP(J) 

TP(K) 

COOLANT 
BOUNDARY FLUID 

1 

R L ( I ) RP(I + 1) 

ZL(J ) ZP(J + 1) 

TL(K) TP(K + 1) 

COOLANT LEVEL 2 

FLOW DIRECTION 

COOLANT LEVEL 1 

FLOW RATE W (LB/HR) 

SPECIFIC HEAT Cp (BTU/LB-°R) 

COOLANT TEMPERATURE F(°R) 

SOLID TEMPERATURE T{ °R) 

I t i s assumed that there are no temperature gradients in the coolant 

normal to i t s flow di rec t ion . Therefore the d i f fe ren t i a l heat balance 

for the coolant surface may be s ta ted as 

WC ̂dF = Y. Vi^^i " ̂ ^ 
1 

dz (D-1) 

where 

dF = 

^1 = 

^1 = 
dz = 

T. = 

differential coolant temperature increment 
2 

heat transfer coefficient (Btu/ft -hr-°R) 

linear surface along coolant boundary associated with one point 

differential height of increment along flow direction 

surface temperature 

48 



Rearrangement gives 

dF = fe " i ^ ^ i - ? v̂) dx 
WC 

P 

When 

M = J" h.S.T^ and H = Y h .S . 
•V' i i i ^-^ i i 

(D-2) 

a r e d e f i n e d , t h e e q u a t i o n becomes 

j „ /M uTj\ <iz dF d z 
dF = (M - H F ) ^ j ^ o r -^^-—^ = ^ ^ 

(D-3) 

P P 

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

get 

H Z H Z 
ln(M̂  - Ĥ F̂ ) - ln(M3 - H^F^) = - ̂  + - | ^ 

P P 
(D-4) 

Because M_ + M , H = H , and Z = Z - Z ( t h e f i n i t e i n c r e m e n t of h e i g h t ) . 

I n 
M - HF„ 

M - HF. 
B. 

HZ 
WC 

-HZ/WC 
M - HF^ = (M - HFg)e 

and 

•I-(|-B) 
^ , -HZ/WC 

I - ^B^ ' (D-5) 

R e f e r r i n g t o t h e d e f i n i t i o n s of M and H and m u l t i p l y i n g by t h e 

i n c r e m e n t of h e i g h t , we g e t 

T h.S.T.Z Y, h.A^T. 
^—' i l l . i l l 

M _ MZ ^ 1 ^ 1 
H ~ HZ 

Y h.S.Z X) h.A, 
. 1 1 . 1 i 

(D-6) 

In deriving the previous equations, the T.'s were surface tempera­

tures and the S 's were surface areas. 
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In Appendix C, Section C.4, the composite thermal conductivities, K , 

between mesh points in materials and adjacent mesh points in coolants are 

derived. The composite overall thermal conductances between such sets of 

points are 

1̂ = (lx)/i (D-7) 

where the (A/AX) terms a re the geometry f a c t o r s given in Appendix B. I f 

t he T. a re now redef ined to be the tempera tures of the mesh p o i n t s ad jacent 

to the coo lan t , then C corresponds to h.A and Eqs. (D-6) and (D-5) may 

be r e s t a t e d as 

M 1 
H ?S 

(D-8) 

1 

- E ĉ /wc. 
(D-9) 

When 

E C T and R = E C , 
i i 

/ -R/WC \ -R/WC 
= -5(1 - e Pj + Fge P . (D-10) F^ = ^11 - e 

The average coolant temperature along the increment F i s def ined 

by a heat ba lance as 

WCp(F^ - F3) = E C,(T. - F^^) 

= E C.T. - Y C.F 
rr ' i i *r' x av 

= P - RF , (D-11) 
av 
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and 

P - WC (F - F ) 

F 2-1 L (D-12) 
av R 

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

F and F are computed for each level. The F for a level is the F 

of the previous level. The F 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 usin 

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 circtraivent 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. 

Ax, 1 - ^ (E-1) 

J 

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 1 and a neighboring 

point j, Btu/hr-°R 
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For an implicit method of solution such as that used in TAC3D, AT 

has been found through experience to be proportional to the right hand side 

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

C. 
AT^ = 3, - ; ^ (E-2) 

2 '^ 

where the 6. are unknown constants of proportionality. 

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

single value AT' for all mesh points. Assuming 

AT' = 1.0 hr 

and 

all 6̂  = 1.0, 

Eq. (E-2) becomes 

6 

C. = E K (E-3) 
1 j=l 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 B. which 

can vary depending on the nature of the problem. Because the K . may be 

temperature dependent, the C. are recalculated for each Iteration. However, 

in coolants and in dummy materials which simulate either constant tempera-
12 

ture source-sinks or near perfect insulators, the C. are set at 1.0 x 10 

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 AT' to be used for each iteration is found by 

trial and error. Starting with an initial value of one hour it IJ increased 

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

AT' = YQ + I (E-4) 
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N is the number of iterations which have been previously completed. The 

results of each iteration are monitored for indications of gross instability. 

If any point temperature T. falls outside the range 

0.0 < T^ < 1.0 x 10^ °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 C. 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, R., which are defined as 

C^ (T. - T!) 

"i 
1 6 I /(T^ +T.') (T.+T.')\ 

''jiV 2 2 I 
j=l 

E 
(E-5) 

W. 
1 

where W. 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 R. are calculated after 

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

all R^ < 1.0 X 10"''̂  

R. values at points where, as previously discussed, the C. have been set at 

1.0 X 10 Btu/'R are not meaningful and are therefore not included in 

testing for convergence. 

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

SAMPLE PROBLEM 

A sample p r o b l e m i s p r e s e n t e d t o compare t h e r e s u l t s from TAC3D w i t h 

an a n a l y t i c a l s o l u t i o n . The o b j e c t i v e i s t o show t h a t t h e TAC3D program 

y i e l d s t h e c o r r e c t s o l u t i o n . 

F . l PROBLEM DESCRIPTION 

The sample p r o b l e m r e q u i r e s e v a l u a t i n g t r a n s i e n t t e m p e r a t u r e d i s t r i b u ­

t i o n s i n a r e c t a n g u l a r p a r a l l e l e p i p e d of d i m e n s i o n s a , b , and c . The 

p a r a l l e l e p i p e d i s composed of one m a t e r i a l h a v i n g c o n s t a n t p r o p e r t i e s 

and no i n t e r n a l h e a t g e n e r a t i o n . The f a c e s a t x = 0 , y = 0 , and z = 0 a r e 

a d i a b a t i c . The x = a and y = b f a c e s have i n f i n i t e h e a t t r a n s f e r c o e f ­

f i c i e n t s , and t h e x = c f a c e h a s a f i n i t e , n o n - z e r o h e a t t r a n s f e r c o e f f i ­

c i e n t . The i n i t i a l t e m p e r a t u r e t h r o u g h o u t t h e p a r a l l e l e p i p e d i s T . . At 

t i m e z e r o , t h e n o n - a d i a b a t l c f a c e s a r e s u b j e c t e d t o a f l u i d s i n k a t T . 

M a t h e m a t i c a l l y , t h e p r o b l e m i s d e s c r i b e d as 

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

T ( a , y , z , t ) = T^ 

T ( x , b , z , t ) = T^ 

- k — ( x , y , c , t ) = h [ T ( x , y , c , t ) - T^] 

For the specific problem analyzed, the following numerical values were 

used: 

a = 4.2 in.; b = 3.6 in.; c = 2.4 in. 

k = 10 Btu/hr-ft-°F; pc = 50 Btu/ft-̂ -°F 
P 

T(x,y,z,0) = T^ 

|^(0,y,z,t) = 0; 

3T 

—(x,0,z,t) = 0; 

||(x.y,0,t) = 0; 

57 



h = 50 Btu/hr-ft^-'F 

T. = 600''F; T^ - lOO'F 
1 f 

F.2 ANALYTICAL SOLUTION 

The analytical solution, constructed from partial solutions given in 

Ref. 6, is 

T - T 
= 1- = X(x,t) Y(y,t) Z(z,t) 
1 " f 

where 

X(x.t) = A E ^^Ilill cos 
n=0 

P^Hr^]. 
K(2n + l)Vt 

. 4a2 J 

v^ N̂ -i V" (-I)'" r(2m + 1)TTX1 

K(2m + D^TT^t 

4b2 ] 
2 

2(hc/k) cos(a z) ~'^°'o*-
e 

Z(z,t) = E {[(hc/k)^ + (a^c)^l + hc/k)| cos(a^c) 

In the above, the thermal diffusivity K is pc /k and the eigenvalues a 
p y, 

are the roots of a c tan(a c) = hc/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(a c) = hc/k were obtained from Ref. 7. With hc/k = 1.0, the 

asymptotic expression a = (£ - 1)TT was used for the higher eigenvalues. 

This expression was fotmd 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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COOLANT 5 
h = 0 

COOLANT k 
h = 0 

COOLANT 1 
h = 50 

it.2 
COOLANT 6 

h = 0 

COOLANT 3 

h = 10^ 

COOLANT 2 
6 

Fig. F.l. 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 10 lb /hr and the standard specific heat of 
m *̂  

1.0 Btu/lb - "F . Coolants 4, 5 , and 6, which represent the adiabatic faces, 
^ —fi ? 

have the standard heat t ransfer coefficient equal to 10 Btu/hr-f t - " F . A 

portion of the TAC3D printout information. Table F.2, shows the block and 

grid plane spec i f ica t ions , as well as time his tory information to run to 
0.03 h r s . 

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 . l 

INPUT THERMAL PARAMETER FUNCTIONS 
FOR TAC3D SAMPLE PROBLEM 

C MATERIAL THERMAL PARAMETERS 

RCON1(X)=10. 

ACON1(X)=10. 

TCON1(X)=10. 

SpECl(X)=bO. 

C COOLANT THERMAL PARAMETERS 

H1A(X)=5U. 

TxNlA(X)=b60. 

H2A(X)=1.0E+6 

TlN2A{X)=560. 

H3A(X)=1.0E+6 

TlN3A(X)=b60. 
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TABLE F.2 

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

b^.OC^ 
NUMdIirx 

1 
i. 
J 
<• 

a 
t> 

«3̂  7 
N> 

• • 

L 0 « X 
( i N C h c b ) 

.UoUU 

.Uuuu 
• ouOu 

H.^OOU 
.uuuo 
.ouoo 
.OuUv< 

• « • 

H i b . i X 
( l i ^ C h L b ) 

<«.^ooo' 
•t.ajoo 
4.auuo 
4 .< :uuo 

.OUOO 
4 . 2 U U 0 
•tiifUOO 

b 

oOUNuARlES 

LOrt r 
( i N C H t b ) 

.ouuo 

.UOUu 
J . b U O o 

.OUOu 

.OUUu 

.OOOu 

.OOUu 

U G H Y 
( I N C H E S ) 

3 . & U 0 U 
3 . 6 0 0 U 
3 . 6 0 0 U 
S.bOOu 
3 . 6 0 0 0 

. 0 0 0 0 
3 . 6 0 0 0 

LOCK O E S C R I P T i O N 

. • . 

LOW Z 
( I N C H E S ) 

. 0 0 0 0 
2 . 4 0 0 0 

. 0 0 0 0 

. 0 0 0 0 

. 0 0 0 0 

. 0 0 0 0 

. 0 0 0 0 

« . • 

H I G H Z 
( i N C H i - S ) 

2 .1+000 
2 . < * 0 0 0 
2 . ' + 0 0 0 
2 . 1 0 0 0 
2 . 4 0 0 0 
2 . 4 0 0 0 

. 0 0 0 0 

f 

MATERIAL 

1 
- 1 
- 2 
- 3 
- 4 
- 5 
- 6 

• . . . . GAPS . . . . . 

X MATERIAL Y MATERIAL Z MATERIAL 
(INCHES) (INCHES) (INCHES) 



TABLE F.2 

(Continued) 

BOUNDAKY ASSIGNMENTS 

0^ 
CO 

>EuoEi>lCc 
NOilbEK 

1 

2 

i 

4 

6 

6 

7 

a 
y 

10 

i i 

u 

i 

tL 

^ 

4 

t 

o 

7 

u 

9 

l u 

11 

POiUT 
LOLAf lUN 
( I N t H t S ) 

.UoOU 

. 4 ^ 0 0 

l . i a b o 

i .7a i>0 

2 . 4 i b U 

2.9'tOO 

3.3bOo 

3 .67b0 

3.t»at>U 

4 . 0 5 3 0 

4.ibao 

4 .2u«U 

GRiU LiNfc 
L O C A I IV>N 

( lUCriEb) 

.OoOU 

. ^ 4 0 0 

1 .4700 

2 . I0OO 

2 . 7 i 0 u 

3 .1b00 

3 .5700 

3 ,7 t i00 

3.9V0O 

4 . I 1 6 U 

4 . 2 0 0 0 

COOLANT OR GAP 
aOUNDARY NUMBER 

1 

2 



TABLE F.2 

(Continued) 

SOUNDAhY ASSIGNMENTS 

CTN 

ScttuENCb 
NUKiOtK 

1 

2 

3 

4 

5 

6 

7 

tt 

9 

le 

11 

12 

1 

2 

3 

4 

t> 

6 

7 

• b 

•i 

lU 

11 

P 0 ; N T 

LOCATION 
(INCHES) 

. 0 0 0 0 

.3bO'o 

. 9 y 0 0 

l . b 3 0 U 

2 . 0 7 0 0 

2.&20U 

2 . d a 0 0 

a.ibuu 

3.3.iOU 

3 . 4 7 4 0 

3.&b40 

3 . 6 0 0 0 

GRiU LINE 
LOCATION 
( INChEi ) 

.OuOO 

.7i i00 

1.2b00 

i.aooo 

2.3H00 

2 . 7 0 0 0 

3.0&00 

3.2II0U 

3 .4200 

3 .5260 

3^6000 

COOLANT OR GAP 
dOUNDARY NUMbER 

1 
• 

• 

2 



TABLE F.2 

(Continued) 

BuUNDArtY ASSIGNMENTS 

ON 

SLuuEwCb 
NUnbtiK 

1 

2 

3 

4 

b 

6 

7 

a 
9 

10 

11 

12 

1 

£ 

3 

4 

& 

6 

7 

a 

9 

10 

11 

POiiMi 
LOCArxoiM 
(INCIHES) 

.UOUO 

.2400 

.bbOO 

1.0^00 

1.3o00 

l.bdOO 

1.9200 

2.I0OO 

2.2200 

2.3160 

2.3760 

2.4000 

GRID LINE 
i.OCA-,lON 
(INCHES) 

.0000 

.4oOU 

,ti400 

1.2000 

I.SDOO 

1.3000 

2.0H0O 

2.1b00 

2.2b00 

2.3520 

2,4000 

COOLANT OR GAP 
bOUNOARY NUMBER 

1 

2 

tNC» OF 11 ("It PtKiOD 
HOOKb 

3.0u0000-0b 
i.OoOOOo-04 
(•,000000-04 
1.0o00uO-03 
4.000000-03 
1.000000-02 
3.0o000O-0<i 

MlNurtS 

l.oOUOoO-00 
b,OOOOuO-03 
2.4oo0u0-0«i 
b.000000-02 
«:.40oOuO-Ol 
fa.000000-01 
i.aooOoo+00 

SECONDS 

I,0fl0o00-ul 
3,600000-01 
I,44oo00+u0 
3,60o000-t-00 
i,44uOOO+Ul 
3.b0u00(>-*-0l 
1.060000-^02 

TIME HISTORY 

HOURS 

3,000000-07 
1.000000-06 
3.000000-06 
1,000000-05 
2,000000-05 
3.000000-05 
4.000000-05 

TIME STEP 
MINUTES 

1,800000-05 
6.OOOO0O-O5 
1,800000-04 
6.000000-04 
1,200000-03 
1,800000-03 
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 F 

0 
0 
0 

6n 
100 
20Q 
500 



ANALYTICAL SOLUTION 

TAC3D SOLUTION 

ON 
ON 

600 

500 

400 

LU 

§ 300 
o. 
•Si 

200 

100 POINT 
LOCATIONS 

2 3 

TIME (HR) 

001 

k 
+ 

5 
+ 

6 
+ 

.1 .2 .3 .4 .5 .6 .7 

NORMALIZED DISTANCE ALONG THE MAIN DIAGONAL 

7 
+ 

.8 

8 
+ 

9 10 11 12 
+ + 4V 

1.0 

Fig. F.2. TAC3D sample problem — comparison of code solution 
with analytical solutloii 



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 main program first calls Subroutine MPl 

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 mentioned since the fimctions they perform 

are contained within the descriptions of the subroutines of which they are a 

part. 

MAIN - Main program of TAC3D 

calls MPl 

MP2 

A. Subroutine MPl - 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 MPl 

calls ERROR, FCARD 

a. Subroutine ERROR - Prints an appropriate error message when 

input data is inconsistent or specifies a problem beyond 

code limitations. 

called by all 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 boimdaries. Identifies any material, 

coolant or gas numbers which are not allowed. 

called by MPl 

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 MPl 

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 MPl. 
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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 MPl 

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 MPl 

calls ERROR, ARRAYl 

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 MPl 

calls None 

Subroutine INITEM - Reads specified initial temperature region 

description; assigns initial temperatures to all points 

according to these descriptions. 

called by MPl 

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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c a l l e d by MPl 

c a l l s FCARD, ERROR 

9 . S u b r o u t i n e TIME - R e a d s , i n d e x e s and p r i n t s t h e d a t a which 

s p e c i f y t h e s u b d i v i s i o n of t h e p r o b l e m t i m e s c a l e and t h e 

f r equency of p r i n t i n g r e s u l t s when t h e s t e a d y - s t a t e o p t i o n i s 

n o t b e i n g u s e d . 

c a l l e d by MPl 

calls FCARD, ERROR 

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

stants described in Section 3.3. 

called by MPl 

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 MPl 

c a l l s ERROR, FCARD, ARRAYl 

1 2 . S u b r o u t i n e OTCARD - P r i n t s a p p r o x i m a t e images of t h e i n p u t 

c a r d s . 

c a l l e d by MPl 

c a l l s None 

B. S u b r o u t i n e MP2 - Main p rogram of C o m p u t a t i o n a l S e c t i o n 

c a l l e d by MAIN 

c a l l s ERR0R2 

STEADY* 

BLOCK 

CONDUC 

* C a l l e d o n l y when t h e s t e a d y - s t a t e o p t i o n i s b e i n g u s e d . 

70 



STEP 

COOL 

SURT 

PRINT 

PUN 

1. Subroutine ERR0R2 - Terminates the problem and prints an 

appropriate error message when certain computational diffi­

culties are encountered. 

called by MP2, FLODAT, SURT 

calls None 

2. Subroutine STEADY - Calculates pseudo-capacitances and time 

steps and ca l l s the temperature computation subroutines to 

obtain the s teady-s ta te solution as described in Appendix E. 

called by MP2, PRINT 

calls BLOCK, CONDUC, COOL, STEP, 

SURT, PRINT, ARRAY, PUN 

3. 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 ERR0R2 
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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 237 

ARRAYl 124 

BLKTYP 187 

BLOCK 154 

BOUNDA 114 

CDE (PDP procedure element) , . 78 

CHECK 105 

CONDUC 190 

CONSTA 117 

COOL 205 

COOLl through C00L15 188 

CUSTOM 239 

DPRINT 126 

ERROR 103 

ERR0R2 147 

EXTRA 139 

FCARD 104 

FLOWCA 132 

FLODAT 171 

FMATl through FMAT15 169 

GEOMET 120 

INITEM 128 
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Element Name Page 

INPUT 92 

MADATA 157 

MAIN 81 

MPl 89 

MP2 144 

POINTS 107 

PRETEM 140 

PRINT 225 

PUN 240 

STEADY 148 

STEP 202 

SURT 215 

TAC3D (processed map) 77 

TIME 136 
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TAC3D (processed map) 

SE6 M A l N - * ( M P i » M P 2 L ) 
MP2L S£G MP2-STEADY-Pur i -ARRAY-*<LNKl»LNK2.LNK3) 
L N K i b t S CoOL-STfcP-CONOUC-BLOCK-SURT 
LNKa StG PKlNT 
L N K i StG EHH0R2 
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CDE (PDP procedure element) 

COMUIM* F C O P Y 

PARAMtTtR IQs 
C===============s== 
c COI^MON A N D 
c 

LOGiCAL 
INTLOER 

c 
LilMLNblON 

» 
• 
-
_ 

c 
COMhON /TEST 

c 
COMMON /MXXX 

c 
COMNiON /IXX 

_ 

c 
COMI..ON /JXX 

• 

c 
COMMON /KXX 

c 
COMI..ON /NXX 

• 
_ 
m 

. 

. 

c 
COMMON /I6XX 

c 
COMi-iON /J6XX 

c 
COMCiON /KGXX 

c 
COM^lCN /LXX 

M 

12>J0=l?>KQ=l2»NQ=iS>MQ=12*I<>Q=Ui 

DIMENSION 

KK 
FIRST 
OUTTAP 

,RBL ( 
ZtiL ( 
Ttit ( 
NFLO ( 
KK ( 
KT ( 

/ SW ( 

/ DTIME ( 

/ U E L R ( 

IGR I 

/ DELZ ( 
JGz ( 

/ DELT ( 
Kl»T ( 

/ FLOW ( 
IFLO ( 
IF ( 
RLIMl ( 
FLIMI ( 
TLlMl ( 
RCPC ( 

/ RATIOHI 

/ ZATIOHI 

/ TATIOHl 

/ IL 1 
KL 1 

:=s5=5====s=====s===sss: 
FOR RAT-3D 

»KZ 
»GAS 

LQ).RBH ( 
LQ)rZBH ( 
LQ)»TBH { 
NQ)iCARD ( 
lU.JQfKG), 
IQ.JO»KQ)» 

25),0UTTAP 

; 2l)»FTIME ( 

; IQ)»RP ( 
; IQ) 

: jQ)»zP ( 
: JQ) 

; KO)iTP ( 
[ KO) 

; Na)»Ti ( 
; NQ)»ITiN ( 

1 Na)»FLODFP( 
; NO),RLIMp { 
[ NGD.FLiMp { 
; N0)»TLIM? ( 
; NUfMQ) 

,J6Q=(*,K6f)=«l» 

MARCH, 1969 

»KT 
»sw 

LQ)»RDG 
LQ)>ZD6 
LQ)»TDG 
1)> 

K2 
MT 

»DP 

21)»ITER 

IQ)»RL 

JQ)»ZL 

KQ)»TL 

N Q ) » T O 
NQ)»ITI 

( 
( 
( 

( 
( 

( 

( 

( 

( 

( 
( 

N Q ) » T I N D E P < 
Na>»RLlM3 
NU)»FLIM3 
N Q ) » T L I M 3 

( 
( 
{ 

»DP 

' 
L Q ) » M 6 R 

L Q ) » M G Z 

LQ)»MGT 

IQ,JQ>KQ). 
I Q » J O » K O ) 

»NTA 

2 1 ) . I T A P E 

I Q ) » R L N 

J Q ) . Z L N 

K Q ) » T L N 

NQ)»IPATH 
NQ)»ITO 
N0)» 
NO)fRLlMu 
NQ).FLIM(| 
N0)iTLlM4 

[I6a).RATloK(IGQ).RATI0C(lGQ) 

;JGQ)»ZATIoK(JGQ) 

:KGQ)»TATIOK(KGQ) 

: LQ).iH ( 
[ LQ>rKri ( 

LQ)»JL 
L O ) * M B 

( 
( 
LQ)»JH 
LQ) 

LQ=5o 
::s=£s=-

( 
( 
( 

1 

( 

( 

< 

( 

( 
( 

( 
( 
( 

( 

LQ)* 
L0)» 
LQ>» 

21) 

IQ)» 

jQ)r 

KQ)» 

N Q ) » 
NG))> 

N Q ) » 
N Q ) » 
M Q ) » 

L0>> 

CDE 

CDE 
=CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDF 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDF: 
CDE 
CDE 
CDE 
CD^: 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 

10 

?o 
30 
UO 
50 
60 
70 
RO 

90 

ino 
no 
1?0 
130 
li«0 
IsO 
160 
170 
IflO 
190 
200 
2l0 
2?0 
230 
2(40 
250 
260 
270 
2p,0 
290 
-̂ no 
33 0 
3?0 
3-10 
3u0 
3«50 
360 
370 
3(̂ 0 
390 
••oo 
tllO 
UpO 
^30 
UuO 

<tso 
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COMKON 

COMMON 

COMMON 

COMMON 

COMMON 

COMr-.ON 

COMMON 

COMMON 

COMMON 

COMMON 

/USER / DT 
FTT 
Rt 

/XMAX / M A X F L C 
MAXTP 
MAXZG 

/XSUBS /,IM 
IGHS 
JMl 
H'li-O 
KGLS 

/MlSCxX/ CURTI 
ISHAPE 
Nl 
NC 
CSl 

/XMADAX/ ILS 
KLS 

/XTRA / Al 
A5 
A9 
Al3 
A17 

/I>?XJXK/ GApR 
RBBTL 
RtML 

1 

(I6Q, 
(1GQ( 
(IGO( 

RATI0B{IGQI 

/JGXIXK/ GApz 
ZBiiTL 
ZtML 

(JGQ( 
(JGQ, 
(JGQ| 

ZATIOB(JGQ, 

/KGXIxJ/ GAPT 
TB.ITL 
Tt^L 

(K6Q, 
(KGQ( 
(KGQ, 

TATIOB(KGGl| 

/IXJXKX/ RR ( 10, 

»OR 
>GK 
.ST 

»MMAX 
.MAXNB 
.MAXTG 

.IMl 

.NRG 

.JMAx 

.KM 

.KGHS 

.FIRST 

.NITER 

.TB 

.1ERR0R( 

.CS2 

.IHS 

.KHS 

.A2 

.A6 

.AlO 

.All* 

.A18 

pJQ.KQ), 
rJQ.KQ). 
rJQ.KQ). 
,JQiKQ) 

ilO'KO). 
,10.KQ), 
(IQ.KQ). 
,IQ.KQ) 

rlQ.JQ). 
ilQ.JQ). 
>IO.JO). 
.IQ.JO) 

iJO.KQ). 

»FTR 
.HR 
.TOUT 

»MAXRP 
.MAXMAT 

• IMAX 
»LMAX 
.JGLS 
.KMl 
.NTG 

.GAS 

.NPRINT 
fTH 

2)rZA 
.CS3 

.JLS 

.A3 

.A7 

.All 

.A15 

MATRG 
RBBTH 
REMH 

MATZG 
ZBOTH 
ZEMH 

MATTG 
TBBTH 

TEMH 

RZ 

{ 1*H 

(iGQi 
(iGQi 
(iGQi 

(JGOI 
(JGQI 
(JGQ( 

(KGQI 
(KGQI 
(KGQ, 

( IQ, 

.FT7 
»FR 
.TIN 

.MAXZP 

.MAxRG 

, 
.IGLS 

.JM 

.JGifS 

.KMAX 

.ICOUNT 

.SCALE 

.DATI 
I.PNAME ( 

.JHS 

.Al 

.AS 
• Ala 
.A16 
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, O O . K Q ) » 
I J Q . K Q ) . 

,ia.KQ). 
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.10.KQ). 

ilQ.jQ). 
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CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CUE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDF 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 

460 
470 
••flO 
U90 
5oO 
5iO 
5?0 
530 
5itO 
5«50 
560 
570 
5n0 
590 
6n0 
610 
6?0 
6.̂ 0 
6i|0 
6"=i0 
660 
670 
6fl0 
690 
7no 
7lO 
7?0 
730 
7u0 
7sO 
760 
770 
7flO 
790 
8n0 
810 
S9O 
830 
81*0 
850 
8ft0 
87O 
8p0 
8q0 
9oO 
9i0 
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tWUlVALENCE 

END 

RT ( IQ.JO.KQ). V 
W ( IQ.JO.KQ). CONR 
CON^ ( IQ.JO.KQ). CONT 
RCp ( IQ.JQ.KO). T 
TT ( IQ.JO.KQ) 

(MT »W ).(RQBTL .RBL 
(REML »RDG ).(REMH »MGR 
(ZaUTH .ZBH ).(ZEML .Zt>6 
,(Tl3BTL ,TDL ), (TBBTH .TBH 
(TEMH .MGT ).<CONR .KR 
(CONT .KT ),(C0NR .CARO 

CM-^ZS^SS^—^zxss~i:^zzz~sss:zz~s 

( IQ.JQ.KQ)' 
( IQ.JO.KQ). 
( IQ.JO.KQ). 
( IQ.JO.KQ). 

).(RBBTH .RBH 
)KZBBTL .ZBL 
)»(ZEMH .MGZ 
).(TEML .TOG 
)'(C0Nz .KZ 1 
).(FLOoEp.NFLO 

sz^»»—**^wi::z~szsS; 
I » * B " > H M Z W M ? ^ M ~ 3 M Z M S I 

; S -

;~-

CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDE 
CDF 
CDE 

sCDE 
=CDE 
CDE 

920 
930 
9uO 
9fsO 
960 
970 
9AO 
990 
lOnO 
lOiO 
10?0 
1030 
lOttO 
1050 
1060 
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=============================='=5==========-==s=======rr======-.=c=MAIN 10 
INCLuOE COMDiM ^ _MAlN 20 

MAII\ P H O O K A M OF TACJO MAIN uO 

==================================================================MAIN 60 
DEFINITIONS OF PROGRAM VARIABLES MAIN 70 

A I T T T A I M EXTRA F U N C T I O N ' V A R I A B L E S USED IN M A T E R I A L " WAIN 90 
, AND COOLANT FUNCTIONS MAIN InO 

===i.===========================================:===================MAIN llO 
COUKd.J.K) INVERSE LOCAL RADIAL THERMAL CONDUCTIVITY MAIN l20 

(HK-FT-R/BTU) MAIN l30 
CONT(I.J,K) INVERSE LOCAL jHETA THERMAL CONDUCTIVITY MAIN lî O 

(HR-FT-R/bTU) MAIN l«sO 
CONiCl.J.K) INVERSE LOCAL AXIAL THERMAL CONDUCTIVITY MAIN l60 

(tiK-FT-R/BTU) MAIN 170 
CUKII CURRENT T I M E , ( H R ) MAIN InO 
============ss================================================s===MAlN 190 
nATl TIME AT WHICH jHE T I M E D E P E N D E N T D A T A SHOULD MAIN 2nO 

Ut: CALCULATED MAIN 2l0 
OT CURRENT TIME INCREMENT,(HR) MAIN 2?0 
OTlMt(M) TXrE STEP USED IN TIME PERIOD M. HR, MAIN 230 
UiM(2) CONSTANT DIMENSION VALuES IN HEAT TRANSFER MAIN 2i»0 

COE-FFIClENT DETERMINATION MAIN 250 
ijK CONTAINS THt LOCAL T E M P E R A T U R E IN DEGREES MAIN 260 

R A N K I N E . IT IS USED IN THE DATA FUNCTIONS, MAIN 270 
UtLh(Jl) OI'JTAIMCE DETWtfTN POINTS I AND I + 1(FT) MAIN 2flO 
!jtL<:(J) D^STAI^IC£ UETWEEN POINTS J AND J + K F T ) MAIN 290 
D E L T ( K ) DISTANCE bETWLEN POINTS K AND K+1(FT) MAIN 3oO 
FTlKE(.Jl7 " " TII.,E AT WHICH TiMt PERIOD M ENDS, HR, " MAIN 3?0 
FR = F L O W ( N ) LOCAL FLOW RATE. LB/HR, USED iN DATA F U N C T I O N S MAIN 330 
FlRbi A LOGICAL P A R A M E T L R CONTROLLING CERTAIN ACTlONi; MAIN 3u0 

TRUE= SPECIAL ACTION. ONLY ONCE MAIN 3^0 
FALSE:: NORMAL ACTION, ALL OTHER TIMES MAIN 360 

H.O«>(N) FLOW RATE OF C Q O L A N T N, L U / H R MAIN 370 
=U. CURRENT COOLANT NOT USED MAIN 3p0 

FLI(.,l(N) LOW LlMlT. LOw RANGE F L O W R A T E FUNCTION M A I N 390 
FLI;-,<(N) UPHtR LiMlT. LOW RANGE FLOW RATE FUNCTION VAIN «*nO 
FLI,.i3(N) UPPER LIMIT. MluDLE RANGE FLOW RATE FUNCTION MAIN 4jO 
FLli'.i+(N) UPPER LiMlT. UpPER RANGE FLOW RATE FUNCTION MAIN "t̂ O 
y^\K - i<P(I) RADIAL LOCATION OF C U R R E N T POINT, FT MAIN î iO 
FTT = rP(K) TIILTA LOCATION uF CURRENT POINT. FT MAIN t̂ uO 
hTz -?y(J) (kXlf^L LOCATION uF THE CURRENT POINT. FT MAIN UgO 
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Csss 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c" ' 
c 

CS=5 
C 
c 
c 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
c 
c 

GAPK(lG.J«K) 

6AP^(JG.I.K) 

G A P K K G . I ' J ) 

GAS 
GK 

HK ' 

IGR(I) 
IMI 
I 
lA 
nEK(M) 

lUNiT 

IFLU{N) 

RADIAL (»Ap INDICATOR 
SPOSITIVE, LOCAL RADIAL GAP WIDTH IN QAPLINE I© 
=0.0. NO GAP OR COOLANT 
=-l,0£-10. COOLANT ON HIGH INOEX SIDE OF 

GAPLINE IG 
S-2.0E-10, COOLANT ON LQW INDEX SIDE oF 

GAPLINE IG 
S-3.0E-10, TWO COOLANTS ADJACENT AT GAPLINE IQ 

, AXIAL GAP INDICATOR 
=P0SITIVE. LOCAL AXlAL GAP WIDTH IN GAPLINE JG 
=0.0» NO GAP OR COOLANT 
=-i,OE-lO, COOLANT ON HIGH INDEX SIOE OF 

GAPLlNE JG 
=-2,0E-lO, COOLANT ON LOW INDEX SIDE oF 

GAPLINE JG 
=-3,0E-lO, TWO COOLANTS ADJACENT AT 6APHNE Js 
THETA GAP INDICATOR 
SPOSITIVE, LOCAL THETA GAP WIOTH IN GAPLINE KQ 
=0.0. NO GAP OR COOLANT 
=-1.0E-10, COOLANT ON HIGH INOEX SlOE OF 

GAPLINE KG 
=-2.0E-l0. COOLANT ON LOW INDEX SIDE oF 

GAPLlNE KG 
S-3.0E-10, TWO COOLANTS ADJACENT AT GAPLINE KG 
LOGICAL VARIABLE , TRUE IF GAS 
LOCAL GAS CONDUCTIVITY,(BTIJ/HR,FT»F) 

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

GAP INDEX OF GAP AT LIME 1 
lM-1 
RADIAL POINT OR LINE INDEX 
LOCAL HEAT TRANSFER CORRELATION RANGE 
NUMBER OF TIME STEPS BETwEEN DATA EVALUATIONS 
IN TIME PERIOD M 
COliE NUMBER iNnlCATiNG THE UNITS OF THE CURRENT 
TLlE PERIOD DATA BEING READ. 
0=SA,-|t UNITS As BEFORE 
IsSEC. 
2=KlN, 
3=HR. 
FLOW DEPENDENCE NUMBER OF COOLANT N 
=1, NO DEPENDENCE 
=2, FLOW DEPENDS ON TIME 

:MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
:MAIN 
MAIN 
MAIN 
:MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

<»60 
470 
'•no 
1*90 
5no 
510 
520 
530 
51*0 
550 
560 
570 
5̂ 0 
590 
6nO 
610 
6?0 
630 
61*0 
6'50 
660 
670 
6AO 
690 
7oO 
7lO 
720 
730 
7i*0 
750 
760 
770 
780 
790 
8n0 
810 
8?0 
830 
8t*0 
8S0 
860 
870 
8nO 
890 
9no 
9l0 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

IG 
IGLS 

IGHS 

IERROR(2) 
ICOUNT 
lTAl-u:(M) 

1L(L) 
IH(L) 
iHb s JiH(L) 
ILS = XL(L) 
IM 
I MAX 
1SHAPE 

ITIN(N) 

IT = ITIN(N) 
IFlh) 
ITI(N) 
ITO(N) 
IPAlHlN) 

J 
JG 
JMI 
JGZ(j) 
JGLS 

JGHS 

• JL(L) 

=3, FLOW DEPENDS ON COOLANT OUTLET TEMPERATURE MAIN 9?0 
=1*, FLOW DEPENDS ON COOLANT INLET TEMPERATURE MAIN 930 
RADIAL GAP INDEX MAIN 9l*0 
THE GAP NUMBER ASSOCIATED WITH THE LoW RADIAL MAIN 950 
BOUNDARY OF THE CURRENT BLOCK MAIN 960 
THt GAP NUMBER ASSOCIATED WITH THE HIGH RADIAL MAIN 970 
BOUNDARY OF THE CURRENT BLOCK MAIN 9^0 
NAN'E OF ROUTINE IN WHICH THE ERROR WAS CAUGHT MAIN 990 
NU'-lBEK OF RECORUS ON THE EXTRA OUTPUT TAPE MAIN.OQO 
tJUi-'iBCR OF TI-EsTEPS BETWEEN TEMPERATIJRE MAINlOlO 
PRINTS IN PERIOD M MAIN10?0 
INDEX OF THE LOW RADIAL POINT OF BLOCK L MAINIO3O 
INDEX OF THE HiGH RADIAL POINT OF BLOCK L MAINIO4O 
lUutX OF THE HIGH RADIAL POINT OF CURRENT BLQCK MAIN1050 
INL'EX OF THE LOW RADIAL POINT OF CURRENT BLOCK MAINIO6O 
NUtviBER OF RAnlAL GRIOLlNES MAIN1O7O 
NUvBER OF RADIAL POINTS MAINlOlO 
=1 FOR X-Y-Z GEOMETRY MAINlOqO 
=0 FOR R-T-Z GEOMETRY MAlNllnO 
COOLANT INLET TtMPERATuRE DEPENDENCE NUMBER MAINlHO 
=1, NO DEPENDENCE MAINII9O 
=2. COOLANT INLET TEMPERATURE DEPENDS ON TlMp MAINII3O 
=3, COOLANT INLET TEMPERATURE DEPENDS ON FLOW MAINJH*0 

RATE MAINII5O 
=1|, COOLANT INLET TEMPERATURE DEPENDS ON MAINII6O 

OUTLET TEMPERATURE MAINII7O 
LOCAL FLOW RATE DEPENDENCE MAINHflO 
INTEGER VALUE oF FLOW(N) MAINII9O 
INTEGER VALUE oF Tl(N) r-AlN1200 
INTEGER VALUE oF TO{N) MAlNl2iO 
FLOW DIRECTION FOR COOLANT ' MAIN1220 
=1, RADIAL DIRtCTlON MAIN123O 
=2. AXIAL DIRECTION MAIN12uO 
=3, THETA DIRECTION MAIN1250 
+=FLOtt IN DIRECTION OF INCREASING INoEX .•AIN1260 
-= FLOW IN DIRECTION OF DECREASING INOEX MAlNi270 

'AAIAL POINT OR'LINE INDEX MAlN12q0 
AXIAL GAP INDtx MAINS3oO 
JM-1 MAlNi3iO 
GAP INDEX OF GAP AT LINE J MAlN13?0 
THE GAP NUMBER ASSOCIATED WITH THE LoW AXIAL MAIN1330 
BOUNDARY OF THt CURRENT BLOCK MAIN13i+0 
THE GAP NUMBER ASSOCIATED WITH THE HiGH AXIAL MAINlSsO 
BOUNDARY OF THE CURRENT BLOCK MAIN1360 
INDEX OF THE LOW AXIAL POINT Op BLOCK L ^•AIN1370 
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C 
c 
c 
c 
c 
C=S; 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c== 
c 
c== 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

JH(L) 
JHS = JH(L) 
JLS = JL(L) 
jM 

JMAA 

s=====-s=:===== 
K 
KGT(K) 
KR(i,J.K) 

KZd.J.K) 

KT(i,J.K) 

KMI 
KG 
KGLS 

KGHS 

KH(L) 
KL(L) 
KhS = «.H(L) 
KLS = KL{L) 
KM 
KMAA 

LMAA 

MT(i,J,KT 

l>,AXhLO 
MMAA 
MAXIVP 
,.',AXi.P 
MAX 1P 
MAXKB 

Mt>R(L) 
WGZIL) 
N,GT(L) 
MAX,.,AT 
MAX^(, 

• MAX<iu 

INDEX OF THE HiGH AXIAL POINT OF BLOCK L MAINI3RO 
INDEX OF THE HIGH AXIAL POINT OF CURRENT BLOCK MAlN13qO 
INDEX OF THE LOW AXIAL POINT OF CURRENT BLOCK WAIN1I*OO 
NUMBER OF AXIAL GRIDLINES MAIN1«*10 
NUMBER OF AXIAL POINTS MA1N1'*?0 

-__- =====================5====S=============5S=3='-'AIN1'*30 
'THETA POINT OR LINE INDEX MAINl'*ttO 
GAP INDEX OF GAP AT LINE K MAIN1'*50 
AVERAGE RADIAL CONDUCTIVITY BETWEEN pOlNTS I ANDMAINitfiQ 

, i+i VAIN1U70 
(UTU/(HR.FT.F)) MAlNl'*nO 
AVERAGE AXIAL CONDUCTIVITY BETWEEN POINTS J ANO ^AINlUgO 
j+1 MAINISOO 
(dTU/(HR,FT.F)) MAINiSiO 
AVlKAGE THETA CONDUCTIVITY BETWEEN PQINTS K ANn MAIN1520 
K+l MAIN1530 
(BTU/(HR.FT.F)) MAIN15U0 
Kh-1 MAIN1550 
THETA GAP INDEx MAIN1560 
THE GAP NUMBER ASSOCIATED WITH THE LOW THETA MAINI570 
BOUNDARY OF THE CURRENT BLOCK MAlN15n0 
ThC GAP NUMBER ASSOCIATED WITH THE HJGH THETA vAlNlSgO 
BOUNDARY OF THE CURRENT BLOCK MAINl6nO 
INOEX OF THE HIGH THETA POINT OF BLOCK L MAIN1610 
INDEX OF THE LOW THETA POINT Op BLOCK L k/AlNl6?0 
InnEX OF THE HIGH THETA POINT OF CIJRRENT BLOCK MAINI63O 
IIMLEX OF THE Low THETA POINT Op CURRENT BLOCK MAIN16U0 

NU'-BER OF THpTA GRIDLI N E S MAIN165O 
NUfBER OF THETA POINTS MAIN166O 

===S=================================================MAIN1670 
NUMBER OF BLOCKS MAINl6nO 

======—=============s===============================MAIN1690 
TAULE USED TO TEST COMPLETENESS OF THE MAlNlTnO 
liLOCK ASSIGNMENTS MAlNl7iO 
MAXIMUM NUMBER OF COOLANTS ALLOWED MAlNlTpO 
MAXIMUM NUMBER OF TIME PERIODS ALLOWED MAIN1730 
:MXI-1UM NUMBER OF RADIAL POINTS ALLOWED . MAlNl7u0 
MAXIMUM NUMBER OF AXIAL POINTS ALLOWED MAIN1750 
MAXIMUM NUMBER OF THETA POINTS ALLOWED MAIN1760 
MAXIMUM NUMBER OF BLOCKS ALLOWED MAlNi770 
MATERIAL NUMBER OF THE RADIAL GAP OF BLOCK L MAIN17nO 
MATERIAL NUMBER OF THE AXIAL 6AP OF RLOCK L MAINl7qO 
,v|ATtRlAL NUMBER OF THE THETA GAP OF BLOCK L MAIN180O 
MAXIMUM NUMBER OF MATERIALS AND COOLANTS ALLQWEDMAINIftlO 
MAXIMUM NU.IBER OF RADIAL GAPS MAIN18?0 
MAXIMUM NUMBER OF AXIAL GAPS >/AINl830 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

MAX1G 
M = IPATH{N) 
MATKbdG.J.K) 

MATZ6(JG.I.K) 

MATTG(KG.I.J) 

MB(L) 

C===s=s:=====;s====s 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C==: 

N 
NRG 
NZG 
NTG 
Nl 
NiTfcR 

NPRINT 

NUMbEK(i;5) 

MAXIMUM NUMBER OF THETA GAPS MAINl8i*0 
LOCAL F̂ LOW DIRECTION MAIN185O 
1. NUMBER OF GAS IN GAP ALONG RADIAL GAPLINE 1G MAIN1860 

AT AXIAL LEVEL J.THETA LEVEL K OR, MAINI87O 
2. INDICATOR DENOTING STATUS OF RADIATION ON MAINIB^O 

RADIAL COOLANT BOUNDARY (GAPLINE) IG AT AXIAL MAINlBqO 
LEVEL J.THETA LEVEL K MAINl9nO 
=100. NO RADIATION SPECIFIED MAINl9iO 
=200. RADIATION SPECIFIED AND INCLUDED MAINi9?0 
=300. RADIATION SPECIFIED BUT TEMPORARILY MAIN193O 
EXCLUDED IN oRDER TO COMPLETE AN ITERATION MAINl9uO 

1. NUMBER OF GAS IN GAP ALONG AxIAL GAPLINE JG MAIN1950 
AT RADIAL LEvEL I.THETA LEVEL K OR, MAlNi9ftO 

2. INDICATOR DENOTING STATUS OF RADIATION ON MAIN1970 
AXIAL COOLANT BOUNDARY (GAPLINE) JG AT RADIAL MAINl9flO 
LEVEL I.THETA LEVEL K MAIN!990 
=100. NO RADIATION SPECIFIED MAlN20nO 
=200. RADIATION SPECIFIED AND INCLUDED MAIN;.0I0 
=300. RADIATION SPECIFIED RUT TEMPORARILY MAIN2O2O 
EXCLUDED IN ORDER TO COMPLETE AN ITERATION MAlN?030 

1. NUMBER OF GAS IN GAP ALONG THETA GAPLINE Kg MAlNpOijO 
AT RADIAL LEvEL I.AXIAL LEVEL J OR, MAINpOsO 

2. INDICATOR DENOTING STATUS OF RADIATION ON MAIN?060 
THETA COOLANT BOUNDARY (GAPLINE) KG AT RAOIAL MAIN2070 
LEVtL I.AXIAL LEVEL J /AIN?OnO 
=100. NO RADIATION SPECIFIED MAINPOgO 
=200, RADIATION SPtClFiLD AND INCLUDED MAIN?lnO 
=300. RADIATION SPEClFjEn BUT TEMPORARILY MAlN?llO 
EXCLUDED IN QRDER TO COMPLETE AN ITERATION MAIN3I3O 

MATERIAL NuMBtR OF BLOCK L MAINJl^O 
IF COOLANT. COoLANT NUMBER STORED AS NEGATIVE VAlN2luO 
MATERIAL NUMBLR MAIN21SO 

:=================================================MAIN?l60 
COOLANT SUBSCRIPT MAIN?l70 
NUi'BER OF RADIAL GAPS MAIN?lflO 
NUi-'BER OF AXIAL GAPS iAIN?l90 
NUMBER OF THETA GAPS . MAIN22n0 
MATERIAL SUBSCKIPT MAIN22IO 
THE CURRENT ITERATION NUMBER. ONE RAoIAL» AXIAL»MAIN^2?0 
AND THETA PASS ARE COUNTED AS ONE ITERATION, MAIN2230 
PRINTOUT DIRECTION DEPENDENCE MAIN?2i»0 
=1, PRINT IN THETA PLANES MAIN2250 
=2, PRINT IN AxIAL PLANES MAIN?260 
=3, PRINT IN RADIAL PLANES MAIN?270 

LIST OF INTEREKS FROM 1 TO ?5 USED IN PRINTOUT ̂  MAIN??A0 
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c 
c 
c 
c 
c 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c""' 
c 
c 
c 
c==< 

RDG(L) 
UBL(L) 
RBH(L) 
RL(x) 
RATXOBdG.J.K) 

RLN11) 

RATlOHdG) 

RATiOK(lG) 

RBBtH(IG.J.K) 

RBBTLdG.J.K) 

KCPd.J.K) 
RCPC(N,1) 
Rt 
RtMH(lG,J»K) 

REML(lG.J'K) 

KLIMl(N) 
RLLV(N) 
R H M 3 ( N ) 

RLIM4(N) 

RPd) 
RKd.J.K) 

RZ(i.J,K) 

RTd,J,K) 

ST 
SCALE 

RADIAL GAP THICKNESS (FT) MAIN2300 
LOW RADIAL BOUNDARY OF BLOCK L (FT) MAIN?3lO 
HIGH RADIAL BOUNDARY OF BLOCK L (FT) MAIN2320 
RADIAL OR X-GRlOLINE(FT) MAIN?330 
OtOMETRlCAL CONSTANT USED TO CALCULATE THE MAINgSuO 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNOARYMAIN2350 
GEOMETRICAL CONSTANT USEO TO CALCULATE THE MAIN2360 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAIN2370 
GtOMETRlCAL CONSTANT USED TO CALCULATE THE MAIN?3AO 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAINJ>390 
GEOMETRICAL CONSTANT USED TO CALCULATE THE •.•AlN2«*nO 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A B0UNDARYMAIN2'*1O 
LOCAL TEMPERATURE OF THE RADIAL BOUNDARY OF A MAINpfijO 
BLOCK BOUNDED oN ITS HIGH I INDEX SinE fMlN2t30 
BY GAP IG.(R) MAIN?«H*0 
LOCAL TEMPERATURE OF THE RADIAL BOUNDARY OF A MAlNgf̂ SO 
BLOCK BOUNDED QH ITS LOW I INDEX SIDE MAIN2'*60 
OY &AP IG.(R) MAIN2'*70 
SHtCIFiC HEAT oF VOLUME I.J.K(BTU/F) MAlNpi+f̂ O 
SPECIFIC HEAT COOLANT N. LEVEL I IN FLOW DIRECTIMAIN2'*90 
LOCAL REYNOLDS NUMBER. USEO IN DATA FUNCTIONS MAINJSQO 
INVERSE OF THE LOCAL E M I S S I V H Y OF THE RADIAL MAIN25i0 

' BOUNDARY OF A RLOCK BOUNDEO ON ITS HIGH I iNoEy MAIN25?0 
Slot BY GAP 16 MAIN2530 
INVERSE OF THE LOCAL EMISSIVITY OF THE RADIAL MAIN25(*0 
HOUNOARY OF A HLOCK ROUNDEO ON ITS LOW I INDEX MAIN2550 
SIDE BY GAP IG MAlN?560 
LOA LIMIT, LOW RANGE HEAT TRANSFER CORRELATION MA1N?570 
UPPER LIMIT. LOW RANGE HEAT TRANSFER C0RRELATloNMAIN?5n0 
UPPER LiMlT. MIDDLE RANGE HEAT TRANSFER 
CORRELATION 
UPPER LiMiT. UPPER RANGE HEAT TRANSFER 
CORRELATION 
RADIAL LOCATION OF POINT I.(FT) 

MAIN?5qO 
MAIN26nO 
MAIN061O 
MAIN26?0 
MAIN?630 

LjvERSE RADIAL RESISTANCE BETWEEN POINTS I AND IMAIN?6I*0 
fl(FT) MAIN965O 
INVERSE AXIAL RESISTANCE BETWEEN POINTS J AND J+MAIN?660 
,PT) MAIN2670 
INVERSE THETA RESISTANCE BETWEEN POINTS K ANo K+MAIN2680 
,,LT) MAlN?6o0 
-—=-========-=========s=======================MA I N?7n 0 
LOCAL SURFACE TEMPERATURE, R» USED IN DATA FUNCTMAIN27,0 
CONVERSION FACTOR MAIN2720 
=15.0 FOR X-Y-7 GEOMETRY MAIN2730 
= 57.a95a FOR R-Z-T GEOMETRY MAIN27uO 

=====s=====-=================================MAIN2750 
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TL(K) 
TBH(L) 
TbL(L) 
TDG(L) 
T(I,J.K) 
Tr(i,J,K) 
TbulH(KG.I.J) 

rBBIL(KG.I.J) 

TtMh(KG.I»j) 

TtML(KG,I.J) 

TLlN,l(N) 
TLIM2(N) 
TLIi.,̂ (N) 

TLlM(*(N) 

TOUT = TO(N) 

TIN = TI(N) 

TO(N) 
TI(U) 
TH 

TL 
TP(K) 

TATiOK(KG) 

TATiOH(KG) 

TLN(K) 

TATXOb(KG.I.J> 

>V (I. J. K ) 

Vd.J.K) 

=57.296 FOR R-y-Z GEOMETRY MAIN2760 
THETA OR Y-GRInLlNE(FT) MAIN2770 
HIGH THETA BOUNDARY OF BLOCK L (FT OR RAD) MAlN27flO 
LOA THETA BOUNDARY OF BLOCK L (FT OR RAD) MAIN2790 
THtTA GAP THICKNESS (FT OR RAD) MAIN28nO 
LOCAL TEMPERATURE OF PQlNT I.J.K MAlN?8iO 
INTEGER VALUE oF T(I.J,K) MAIN2820 
LOCAL TEMPERATURE OF THE THETA BOUNDARY OF A MAIN2830 
BLOCK BOUNDED oN ITS HIGH K INDEX SIT)E MAIN284O 
BY GAP KG»(R) MAIN2850 
LOCAL TEMPERATURE OF THE THETA BOUNDARY OF A MAlN2n60 
BLOCK BOUNDED ON ITS LOW K INDEX SIDE MA1N2870 
BY GAP KG.(R) MAINJORO 
INVERSE OF THt LOCAL EMISSIVITY OF THE THETA MAIN;'890 
bUUNDARY OF A RLOCK BOUNDED ON ITS HiGH K iNoEy MAIN?9oO 
SIljE BY GAP KG MAIN?9lO 
INVERSE OF THE LOCAL EMISSIVITY OF THE THETA MAIN?9?0 
BOUNDARY OF A BLOCK BOUNOEO ON ITS LOW K INDEX MAIN?930 
SIDE BY GAP KG MAIN?9(jO 
LOW LIMIT. LOW RANGE INLET TEMPERATURE FUNCTION MAIN?950 
HIGH LIMIT, LOw RANGE INLET TEMPERATURE FUNCTIONMA1N2960 

MInDLE RANGE INLET TEMPERATURE 

UPPER RANGE INLET TEMPERATURE 

HluH LIMIT, 
FUNCTION 
HIGH LIMIT. 
FUNCTION 
LOCAL COOLANT OUTLET TEMPERATURE, R, USED IN 
DATA FUNCTIONS. 
LOCAL COOLANT INLET TEMPERATURE. R. 
FUNCTIONS 
COOLANT OUTLET TEMPERATURE 
COOLANT INLET TEMPERATURE 
LOCAL WALL TEMpERATURE,(R), 
LOCAL WALL TEMPERATURE,(R). 
THtTA LOCATION OF POINT K, (FT) 

MAIN2970 
MAIN>9nO 
MAIN2990 
MAIN30n0 
MAIN3010 
MAIN30?0 

USED IN DATAMAIN30I,0 
MAIN30t*0 
MAIN30«50 
MAIN3060 
HAIN3070 
MAIN'OflO 
MAIN3090 

GEOMETRICAL CONSTANT USED TO CALCULATE THE MAlNJlnO 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAIN31IO 
GtOMETRlCAL CONSTANT USED TO CALCULATE THE . MAIN3I2O 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAINSISO 
GEOMETRICAL CONSTANT USED TO CALCULATE THE 'MiN̂ ltjO 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNDARYMAIN^ISO 
GEOMETRICAL CONSTANT USED TO CALCULATE THE MAINSlftO 

EFFECTIVE THER,.,AL CONDUCTIVITY ACROSS A BOUNDARYMAINIS170 

HtAT GENERATION OF VOLUME I,J.K(PTU/HR7 MAIN3I9O 

VOLUME ASSOCIATED WITH POINT I,J,K ~ MAlN32lO 
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:==================================================================MA1NS2?0 
XI CURRENT TIME (MINUTES) MAIN3230 
X2 CURRENT TIME (SECONDS) MAIN32i*0 

:========s==s:===============?:====MAlN3250 
<:BL(L) 
ZL(vi) 
ZBH(L) 
ZUG(L) 
iCbBTH(Ji>.I.K) 

ZBUTL(JG»I,K) 

ZtMh(JG»I.K) 

C 
C 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

LOW AXIAL BOUNDARY OF BLOCK L (FT) 
AXIAL GKIDLINE (FT) 
HIGH AXIAL B0U^4DARY OF BLOCK L (FT) 
AXIAL GAP THICKNESS (FT) 
LOCAL TEMPERATURE OF THE AXIAL 
BLOCK BOUNDED oN ITS HIGH J 
BY wAP JG.(K) 

LOCAL TEMPERATURE OF THE 
BLOCK BOUNDED oN ITS LOW 
BY GAP J6.(R) 
INVERbE OF THE LOCAL EMISSIVITY OF 

BOUNDARY OF A 
INDEX Slr>E 

AXIAL BOUNDARY OF A 
J INDEX SIDE 

THE AXIAL 
HIGH J iNoEx 

ZEML(JG,I.K) 

ZP(J) 
ZAT10K(J6) 

ZAT10H{JG) 

ZATiOB(JG.I,K) 

ZLN(J) 

MAIN3260 
MAIN3270 
MAIN32S0 
MA1N3290 
MAIN33nO 
^•AIN33lO 
MAIN3320 
MAIN3330 
MAlN33t*0 
MAIN3350 
MAIN3360 
MAIN3370 
MAlN33nO 
MA1N3390 
MAINSi+OO 
MATN^mO 
MAIN3**?0 
MAIN3'*30 

BOUNDARY OF A HLOCK BOUNDEO ON ITS 

SIDE BY GAP JG 
INVERSE OF THE LOCAL EMISSIVITY OF THE AXIAL 
BOUNDARY OF A BLOCK BOUNDED ON ITS LOW J INOEX 
SIDE BY GAP JG 
AXIAL LOCATION OF POINT J.(FT) 
GtOMETRlCAL CONSTANT USED TO CALCULATE THE 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A 30UNOARYMAIN3'+UO 
GEOMETRICAL CONSTANT USED TO CALCULATE THE cAlNS^SO 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A nOUNDARYMAlN3'*60 
GEOMETRICAL CONSTANT USED TO CALCULATE THE fMlN3'*70 
EFf-ECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNoARYMAIN3tpO 
GEOMETRICAL CONSTANT USED TO CALCULATE THE MAIN-̂ '*90 
EFFECTIVE THERMAL CONDUCTIVITY ACROSS A BOUNQARYMAINSSOO 

1===========================================̂  
RLAL'AND'PROCESrTHc'lNPUT'DATA'BF'THE NEXT"PROBLEM MAIN35i40 

CALL MPl r^I'f I^S 
HAS ANY ERROR BEEN FOUND? -'YtS.NOi- MAlN35fi0 
IF (lERROR(l).NE.O) GO TO 20 , ,̂ "*IÎ ,21'̂ S 
CALCULATE AND PRINT THE TEMPERATURE DISTRIBUTIONS MAIN35nO 
CALL MPa MAIN3590 
00 10 20 MAIN3600 
END ' " MAIN3620 
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SUBROUTINE MPl MPl 10 
INCLUUE C O M D I M MPl 20 

CB REAL ANu PROCESS THE INPUT DATA Q F ONE PROBLEM MPl 1*0 

C ASSIGN IHt FIXED CONSTANTS ypi 70 
UUTrAP=lS MPl flO 
MAXK|J=m ' MPl 90 
MAXiP=Ju I MPl loO 
wAXlP=KU MPl llO 
iMAXKG=Iua MPl I2O 
MAXt.w=JbO MPl I3O 
,.;MXIU=KOQ MPl lt*0 
MAX,-.AT = lb MPl I5O 
r<,AXfLU=NU MPl l60 
i.lAXNi)=Lu MPl 170 
i.lMAA=ao MPl IfiO 
taRIlL (0,100) M A X K P , M A X Z P » M A X T P , M A X R G » M A X Z 6 , M A X T 6 . M A X N R MPl I9O 

loo F 0 K I I A T ( I H 1 . 9 X . 1 9 H T A C 3 D C 0 U E . 5 X . 1 6 H S T A N D A R D V E R S I O N MPl 2oO 
2 ./.jUX.bHiQ = ,I2,4X.5HJQ = ,I2.'+X.5HKQ = . I2.«tX.6HIGo s ,I2.I*X, MPl 2iO 
ibHJov'j = ,l2.i*X,bHKGU = .I2,i*X.5H LQ = »I3////) MPl 220 

It.RKuK(i>= 0 ~ MPl 21*0 
ltlit\u«id)- 0 MPl 25O 
ICOU,JT=U MPl 260 

DO 10 1=1.25 MPl 270 
SW(i) = .|-ALSE. MPl 2 R 0 

10 CONdNUi- MPl 290 

C R E A L ' A M PRlNr'THt'TlTLE ANo'eEOMETRICACoATA MPl 3iO 
CALL INPUT MPl 3?0 

C CHtv,K THE GEOMETRICAL DATA MPl 33O 
CALL CHtCK MPl 3tt0 

C AbiiGN THE POINTS. BLOCKS AND GApS MPl 350 
CALL POINTS MPl 360 

C CALCULATE THE CONSTANTS USED TO CORRECT FOR SAPS AND COOLANTS- MPl 370 
CALL COl^SfA MPl 3 A 0 

C CALCuLAlE THE GEOMETRICAL PART O F THE RESISTANCES BETWEEN POlNyS MPl 3^0 
CALL GEOMtT MPl ^OO 

C PKIuT THE LOCATION OF POINTS AND BOUNDARIES MPl '•lO 
CALL UPkINT MPl M?0 

c KEA^ iHt. INITIAL TEMPERATURE DISTRIBUTION MPI '*-̂ O 

CALL iNiTtM MPl '*t»0 
C RtAb ANU PI<INT T H E COOLANT DATA MPl tSO 
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CALL FLOWCA MPl '•60 
C READ ANU P R I N T THE TIMESTEP SEQUENCE MPl '•70 

CALL TIME MPl «*ftO 
C READ AfJu PRINT THE GROUP OF SPECIAL FUNCTION PARAMETERS MPl 1*90 

CALL EXTRA MPl 5n0 
C RLAU T H E P K E V I O U S TEMPERATURE DISTRIBUTION, IF PRESENT MPl 5i0 

CALL P R L T E M MPl 520 
CALL OTCARD MPl 530 

C STOP tXtCUTIoN IF ANY ERRORS HAVE BEEN F Q U N D ' MPl 5uO 
JlFdtKRuR(l).NE,o) STOP MPl SsO 

C INIliALlZt ARRAYS ~ MPl 570 
UO fcO Ib=l,lGQ MPl 5fi0 
UO ^u J=1»JQ MPl 590 
uO cb K=1.«,0 MPl 6oO 
KtlLdo.J.K) = 0,0 MPl 6lO 
RtMi,(lo.J.K) = 0.0 MPl 6?0 

^0 CONIINUL MPl 63O 
UU oO JG=l,Jl.Q MPl 6(*0 
jO 00 1=1,IQ MPl 650 
uO 00 K=1.K0 MPl 660 
/tML(J0.1.K)=0,0 . MPl 670 
<:tMti(JG,I.K)=0,0 MPl 6ftO 

JO CONlINUE MPl 690 
UO HO KGSl.KoQ MPl 7oO 
jO '•u lil.IO MPl 7lO 
VO 40 J=1.J0 MPl 7?0 
Tti.1L(KG.l.J)=0,0 MPl 730 
TtMli(KO.I.J)=0,0 MPl 7/iO 

**0 CONIINUL MPl 75O 

C bHOuLU THE OUTPUT BE PUT ON A TApE? -'NOiYESt- MPl 770 
It-(.N0T.Sw(3))RtTURN MPl 7flO 

C I'UT THE INITIAL RECORD (TiTLE.GRlD INFORMATION) ON THE TAPE MPl 790 
1LEIM=1 MPl 80O 
A H I I L (OUTTAP) ISHAPE.ILEN.IMAX.JMAX.KMAX.LMAX.MAXFLO.NR6»NZG»NTfi»MPl 81O 

l(^A(i).l=l,l2),(RLd).I=l.IMAX)»(ZL(J)»J=l.JMAX).(TL(K)»K=l»KM[AX).MPl 82O 
-llGK(I),I=1.IMAX).(JfiZ(J)»J=1.JMAX).(KGT(K),K=1»KMAX). MP! 83O 
- ( I L ( L ) . i H ( L ) . J L ( L ) , J H ( L ) . K L ( L ) . K H { L ) . M B ( L ) , L = 1 , L M A X ) MPl 8uO 

RETURN MPl 860 
C« ****** *****.********^************t*****************************i^*4L*fAPi 67O 

C* ••••;»,•*••••»••*•»•*****»*•*«***** ••*****************»«****«***«**»MP1 8nO 
C* ***'t-**44.**4i*4.*********************************»l***Dc***************f.'Pi 890 

SUuKoUTiNt OTCARD MPl 9oO 
• ulMLNblON F O R M T ( 8),FORM ( 8).FB ( 2) MPl 9iO 
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CARDS. / / . lox . 
5 5 6 

MPl 
MPl 
MPl 

80HMPI 
6 MPl 
80HMPI 
5 MPl 
80HMPI 

DATA FORMT / 6 H ( l O X r . 6*6H 12X»» 6 H A 6 . A 2 ) / 
DATA FB / 6 H F 1 2 , 5 . » 6 H E 1 2 . 5 . / 
WRITE ( b . 9 0 ) ( Z A { I ) . I = l , 1 2 ) 

90 F O R H A T d H 1 . 3 o X . 1 2 A 6 , / / / . ' * O X . 2 l H P R O B L E M INPUT 
1 0 l l 2 2 3 3 * * « * 
2 7 7 8 . / . I O X . 
3 5 0 5 0 5 0 5 0 5 
' • 0 5 O./.loX. 
bXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXxXMPl 
6XXXAXXXXXXXXXX.//) MPl 
IC=0 MPl 

100 IC=iC+l MPl 
IF dC.GT.NC) RETURN MPl 
lTYH=CARDdC)+0,l MPl 
IF (lTYP.EQ,o) GO TO 150 MPl 
IF dTYP,tQ.7) GO TO 160 MPl 
UO 120 1=1.8 MPl 
F0Rh{l)=FORMT(I) MPl 

li:0 CONTlNUt MPl 
uO 130 I=1,ITYP MPl 
FOKw(l+i)=FB{l) MPl 
J=IC+I MPl 
It- (CARu{J),NE,0,b) GO TO 125 MPl 
CARu.(J)=0.0 MPl 
GO to 130 MPl 

125 1F(LARU(J) .LT, O.OOOl .OR, CARO(J) .GT, 9999,9999)F0RM(I+1)=FB<?)MP1 
130 CONTiNUt MPl 
l̂ tO I1 = 1C + 1 MPl 

Iii=iC + ITYP+2 MPl 
V.KIIL (U.FORM) (CARD(I)»I=I1»I2) MPl 
uu To loO MPl 

IbO <vKnt {6.1b5) MPl 
Ibb f-0RhAT(b2X.5HBLANK) MP! 

GO TO lUO MPl 
loO I 1 = 1 C + 1 MPl 

usic+m MPl 
WRITE ( 6 . 1 7 0 ) ( C A R 0 ( I ) . I = I l » I 2 ) MPl 

170 FORISAT ( 1 0 X . 1 3 A 6 . A 2 ) MPl 
l l iO l C = i 2 MPl 

GO TO 100 MPl 
RtTURN MPl 

Qm ********************^i*********t,***^*********0*ir*******:********,t*i^*Mpl 
C« ****-m***m*********************************************************t^Pi. 

tNU MPl 
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c= 
c 
c= 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c= 

SUBROUTINE INPUT 
INCLUDE COMDiM 

REAu THt GEOMETRY DATA, 

ERROR STOPSs 
ANPuri 
1NPUT2 

1NPUT3 

INPUTS 

INPUTS 

iNPur6 

INPUT? 

THE GEOMETRY TYPE DESIRED HAS BEEN MISSPELLED, 
THE LOW RAUIAL-X BLflCK BOUNDARY OF SOME BLOCK OOES 
NOT COINCIDE WITH A RADIAL-X GRID LINE 
THE HIGH RADlAL-X DLOCK BOUNDARY OF SOME BUOCK DOES 
NOT COINCIDE («ITH A RAOIAL-X GRID LINE 
THE LOW AXIAL-Z BLOCK BOUNDARY OF SOME BLOCK 
DOES NOT COINCIDE WITH A AXIAL-Z GRID LINE 
THt HIGH AXIAL-Z BLOCK BOUNDARY OF SOME BLOCK 
UOLS NUT COINCIDE WiTH AN AXlAL-Z GRiO LINE 
THE LOW THtTA-Y BLOCK BOUNDARY OF SOME BLOCK 
DOES NOT COINCIDE WiTH A THETA-Y GRID LINE 
THt HIGH THETA-Y BLoCK BOUNDARY OF SOME BLOCK 
DOES NOT COINCIDE WITH A THETA-Y GRID LINE 

iNTtGtR 
DlMcNSION 
I 
EQUIVALENCE 
DATA (GPRINT( 
L 
DATA (FORM(I) 

BLANKS ,OPT ( 20).OPTION( 14) 
FOMM ( 11),FORMT { 11).TYPE ( 10)»GpRINT( 

3).BTABLE(IQ.JQ.KQ) 
2) 

DATA (OPTd), I 

1 
2 
t 
1 
2 
3 
<• 

DATA (TYPE(I) 

DATA BLANKS 
DATA BLANK 
U A T A STAR 
DATA GAP 
DATA DOT 

M A T G A P ( 3 ) , 0 I M G A P ( 
( B T A H L E .RCP ) 

I ) * I = 1 . ? ) 

/bH,FlO,4» '•H.I6,/ 
» 1=1,11) 

/1H(. 6HI«^,2X,, ^ndFlLi^. 6H,I6»3X, ••H.lOX. 3H,6y 
'•H,iaX. 3H.6X, ttH.lOX, 3H,6X. IH)/ 

/"•HUUMP. 5HPUNCH, (•HTAPE, 6HRESlST, 6 H A L L H E . 
bHALL SU» 6HALL CO, 6 H T I M E S T . 6HALL D E , 6 H S T E A D Y , 
6HHEAT F, 6 H S U R F A C , 6 H C 0 N D U C , 6HRECTAN, 6 H C Y L I N D , 
6HCIRCUL. 6HRA0IAL. 5HAXIAL, 5 H T H E T A , 6 H D E C I M A / 

»1=1.10) 
/6HKADIAL. 5HAXIAL, 5HTHETA, «*H X. HH Y. . 
bHdNCHt. 2HS). 6 H ( D E 6 R E , 3HES)» '•H 7/ 
/ 6 H / 
/ 6 H / 
/bH» / 
/bHu / 
/ 5 H , / 

PNAML(4) = T Y P E ( 6 ) 

INPU 
INPU 

siNPU 
INPU 

=INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
iNPU 
INPU 
INPU 
INPU 

!=INPU 
IS INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 

:.INPU 
INPU 
INPU 
INPU 

, INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
INPU 
IMPU 
INPU 
iNPU 

:=INPU 
INPU 

10 
?0 
30 
UO 
50 
60 
70 

no 
90 

ino 
no 
120 
130 
11*0 
150 
160 
170 
IqO 
190 
200 
2l0 
220 
230 
2i*0 
250 
260 
270 
2A0 
290 
3n0 
310 
3?0 
330 
31*0 
350 
360 
370 
3«i0 
390 
<*oo 
«»lO 
«*?0 
«*30 
'*i*0 
••SO 
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PNA|.,E(5) = TYPE(7) INPU H60 
PNAr-,H6) = TYPE(6) iNPU "+70 
PNAMt;(7) = T Y P E ( 7 ) iNPU I+AO 
NC = lJ I N P U «t90 

C KtAb AND PRINT THE TITLE INPU 5l0 
CALL TITLE iNPU 5?0 

C f<LAu THL NEXT OPTION ' INPU 5^0 
1 HEAu (5a03) (OHTlON(I)»I=l»m) INPU 550 

103 F0Ki<,A'Kl3A6»A«i) iNPU 5fiO 
.jKIlh. (b»100) (0PTI0N(I)» 1= 1,1?) INPU 570 

lUO ^ORnAr (1H0,19X,12A6) INPU 5fi0 
C HAVt ALL OPTlONb b£tN READ? -'YESfNO'- IfiPU 5gO 

1F(UP1 IuN(2).EQ,dLANKS)eO TO «t iNpU 6oO 
CALL ACAI<U(OPTION) INPU 6lO 

C/ AbbioN IHL OPTION -toK,ERROR*- INPU 6?0 
IjO c 1^1,20 INPU 630 
II-(UpfIuN(2).NE.0PT(I>)li0 TO 2 IMPU 64O 
brt<i)=.TKUE, INPU 650 
L,U 10 1 INPU 6f,0 

2 COl,|ilNUc IliPU 670 
CE ••••*•»*•**«********»«*»*#****»**««**»«*i|i*4i(nt»i(i<i#*»**#«i|i»**#««^,*»*lNPU 6RO 
C OPTION LOULD NOT bE t-OUND» PRINT A WARNINS INPU 6gO 

-;KnL(t.,99)0pTI0N(?l iNPU 7oO 
99 POR,.,AT(tiH10PTlON fA6,l8H COULU NQT BE READ) INPU 7jO 

uO 1u 1 INPU 7?0 

<+ , I L = H C + 1 " INPU 7«0 
CAi<u(i>lC)=0.0 INPU 750 

C SPfccIf-Y THE PRINT FORMAT INPU 7^0 
N P K i ; J = i INPU 770 
X^ ( : . . ( ( ! / ) ) NPKINT=1 iNPU 7no 
I t - ( b . „ l l , i ) JNPRINT=2 INPU 7qO 
I K b i , ( 1 9 ) ) N P K I I M T = J INPU 8nO 

C l b 11 A H L C T A N G U L A K G E O M E T R Y ? - ' Y E S i N O t - . INPU fi?0 
i»-(bv(m))oo ro b INPU R'^O 

C ib IT A CrLliJORICAL GEOMETRY? -tYEBrNOi- INPU BttO 
If-(j.-(l;>)*oO TO 3 INPU BSD 

C THE TITPL OF OEOMETKY IS NOT SPECIFIED CORRECTLY iNPU flftO 
CALL LkK0R(6HXNPuTi) iNPU a70 

C bET IHC PKjijLLM UP hOR A CYLINDRICAL GEOMETRY" ~ ~ iNPU 890 
3 bLALL = b/.a9'j7795 INPU 9oO 
• IbM/.J'L=0 INPU 9iO 

93 



PNAhE(l) = TYPE(I) INPU 9?0 
PNA.v,E(2) = TYPE (2) INPU 930 
PNA.'.IEOJSTYPEO) iNPU 9uO 
pNAMt(«*)=TYPt(0) INPU 950 
PNAME(5)=rYPE(9) INPU 9ftO 
GO 10 lU INPU 970 

c SET THE'PHOBLEM'UP'FOR'A RECTANGULAR GEOMETRY "~ INPU 990 
5 SLA(.t.=12.U • INPU1O0O 

ibHAPE=l , INPUIOIO 
PIMAIMLCI) = TYPE(«*) INPUIO2O 
PNA,.,tl2) = TYPE(5) INPU1O3O 
PNAwE(3)=TYPt.(10) iNPUlOuO 

CB KEAU AND PROCESS THE ORlD DESCRlpTlONS INPUlOfiO 
10 1M=(V,AXRP-X INPUJ.O7O 

C RLAu THL I'iPuT DESCRIBING THE RAnlAL-X GRID LINES iNPUlOflO 
CALL ORID (Ri.»lM) INPUIO9O 
JM= r.AX<:P-i iNPUllnO 

C KLAb FHt IfjPijf UEbCRlBING THE AXlAL-Z GRID LINES INPUIUO 
CALu GRID (2L»JM) lNPUll?0 
KM= MAXIP-1 INPUII3O 

C KEAu iHt iNPuT DESCRIBING THE THETA-Y GRID LINES INPU11<*0 
CALL GRID {TL»KM) iNPUllSO 

C " ASSIGN THE'cKiD LIMITS - - - - - - 1NPUU70 
IMAA=1M+1 INPUUftO 
JMAX=Ji.i+l INPU 1190 
KMAX=KM+1 INPU1?00 
IMUlM-i INPU1210 
JMlioM-l lNPUl2pO 
KM1=KW-I INPU123O 

C CHAUGE A ZERO INNER'RADIUS TO A sMALL BUT FINITE ONE INPUl2sO 
If- (KL(1) .Lt. 0.0) RL(l) = l.OE-5 INPU12AO 

C CHAi-oE THL RAOIAL-X GRID LINE DATA TO THE CORRECT UNITS INPUI27O 
00 tO I=1»IM INPUl2nO 
l<LtX)=RL(I)/l2,0 INPU1290 

kO CONIINIJL INPU1300 

C CHANGE THE AXIAL-Z'SRIO U N E DATA TO THE CORRECT UNITS " iNPUlSjO 
UO io J-1»JM INPUI33O 
ZL(J)=ZL(J)/12.0 INPU13H0 

iO CONIINUL INPU135O 

C • CriAWoE'THE'THETA-Y'GRlD LINE 0ATA"TO THE CORRECT UNlTs" INPU1370 
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DO HO K=1.KM INPUlSflO 
TL(K)=TL(K)/SCALE ? M J ^ S 

C' " PKIi.T THt HEADING OF THE BLOCK P R I N T INPUl'tpO 
• J K K L (6 ,105) ( Z A ( I ) , 1= 1»12) . PNAME(l), PNAME( D , • P N A M E ( 2 ) , INPUltsO 

-PNAi-,u{^). PNAME(3), PNAME(3). P N A M E ( I ) , PNAME(2). PNAME(3)» INPUI^^O 
-PNAKLO) . PNAME(5), PNAME(i+), P N A M E ( 5 ) , PNAME(t), PNAME(5) iNPUlHsO 

lob FOKN.Al (lHl,30X,12A6r///»50X,leHRLOCK DESCRIPTION,//,?X,5HBL0CK, lNPUltt60 
-iX,UoH BOUNDARIES INPU3t70 
- . .,yX,4<+H GAPS /IX, lNPUl«+«0 
-(,Hnu.,i>fc.K/aX,uHLOv,/ .A8»6H HIGH ,Af.,5H LOW »A6,5HHI6H ,Aft,UHL0W , INPUH90 
-AD.bUHiGH ,Ao,uHMATt.RlAL#tX»A6,liH MATERIAL ,A6,IOHMATERIAL ,Aft,INPUl5n0 
-HHMAtk.tUAL/9X.8H(lNCHES).3x»8ri( INCHES),'•X»PH( INCHES),2X»flH( INCHES) INPUISIO 
-, JX. Ab. A3,1X, A6, A4,13X^am INCHEb) iSX^BH aNCHES)_r^8X^A6^A3//)^ SKPU}s'^O 

CB KtAu'ANu'pRlNriHt'i'iloCK DCSCRIPTIONS INPUlSuO 
^-Q INPUlbsO 

C RLAL THt MATERIAL NUMBER INPUlSnO 
KtAu (5,101) X»Y,FLAG1»FLA62 I['!^[^.}!''2 

101 F0R|.,AT(2E12.<*.'*tlX,A6,A2) IM^MJA n 
C HAVt ALL IHE tlLOCK CARDS BEEN READ? - • Y E S » N O I - INPUI61O 

I K A . L ^ . O . O ) toO TO 60 INPU16?0 
CALL FCARD<2.0,X,Y,PLAG1»FLAG2,DI)M,DUM,DUM,DUM) INPU)630 

C IS IT A COOLANT? -iNOrYLS'- r^^M^!'*n 
IF (X.61.0.0) GO To 55 L T M ^ ^ ^ O 

C ASSioN rHt FLOW DIRECTION OF THE COOLANT INpUl6f,0 
IPAIHTNU'Y ' INPU16<,0 

C AbbiGN THE COOLANT OR MATERIAL NuMBER INPUI69O 

C REAu THL BLOCK DIMENSIONS ^1^^^^!''° 
REAL ib.Hiii) RbL(K) ,RBH(K) ,ZBL(K) »ZBH(K) ,TBL(K) »TBH(K) ,FLAGl,FLAfi2lNPUl730 

10«* FORMAT (oEl^..U,Ao,A2) , • lNPUl7uO 
CALL FCARU(6.0,KOL(K),RBH(K).2BL(K),ZBH(K)»TflL{K),TBH(K».FLAGl, INPUl7sO 

XFLA02) INPU1760 
C RtA"rHt"6Ap"PR0PERTlEi ' ' ' . , , ̂  Jl̂ CHĴ Sn 

RLAl. (b.lOH) RDo(K),x»ZDG(K)»Y,Tn6(K)»Z.FUGl,FLAG2 i'̂ P'̂ !̂̂ " 
CALL FCARU(6.0,KDG(K)fX.ZDG(K),Y.T06(K).Z»FLA61.FLAG2) INPU580O 
MGZ(K)-Y INPU182O 

• STIKI:! INPU,830 
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C====: 
C 

2H0 

3 U l 

3U2 

303 

30b 

30t i 

311 

C===== 
C 

bO 

C/ 

PRINT ThE BLOCK DEFIN IT ION 
IND=0 
DO cJiO 1 = 1 , 1 1 
F 0 K | V , T ( I ) = F 0 R M { I ) 
COUUNUL 
DO Jua 1 = 1 , 3 
oO 10 ( ^ 0 1 , 3 0 2 , 3 0 3 ) , I 
IF ( X . L L . 0 . 0 ) 60 To 308 
KG=huR(K) , 
G G = K U G ( K ) 

GO 1u 305 
I F ( Y . L E . O.O) GO TO 306 
^G=i>,b<C(K) 
OG=iOt>(K) 
oO 10 3Ub 
If- ( / . L E . 0 . 0 ) GO TO 308 
; . iO=i,or(K) 
GG=luG(K) 
IND; . INu + l 
, V I A T 0 A P ( I N D ) = M 6 

( / i i ' luAP( iNO)=GG 
I l - l + ii 
F U K r . T ( I l + 3 ) = G P R l N T ( l ) 
F O K . M ( I l + t ) = G P R l N T ( 2 ) 
C0N1 I N U L . 
II- ( i N o . E U . 0 ) GO TO 3 1 1 
/ . R I l L (o . l 'OR.v iT )K ,RBL(K) ,RBH(K) .ZBL(K)»ZBH{K) ,TBL |K) fTBH(K) .MR 
(U I I . , oAP( I ) .MATGAPd) , I = 1 , I N D ) } 
viO 10 5u 
rtKIIt. ( O , F O K M T ) K , R B L ( K ) . R 8 H ( K ) . Z B U ( K > ' Z B H C K ) . T B L ( K ) » T B H ( K ) » M B 
bO To 'JO 

( K ) . 

(K) 

AbSloN 
rjC=uc+l 
CAKu(HC 
L M A A S K -

CONVCKf 
tjO fa K 
IF (KUL 
r<bL(N) 
I F (KbH 
k b H l K ) 
/ o L l K ) 
Z b H ( K ) = 
T b L ( K ) = 

IHE NUMBER OF BLOCKS 

:0.0 

THE HLOCK AND GAP DIMENSIONS TO THEIR CORRECT UNITS 
=I»LMAX 
(K) .LE. 0.0) 
I<BL(K)/12.0 
(K) .LE. 0*0) 
:KHM(K)/12.0 
/HL(K)/12.0 
<.bri(K)/12.0 
rbL(K)/SCALE 

RBL(K) = l.OE-5 

RdH(K) = l.oE-5 

:INPU18U0 
INPU1850 
INPU1860 
INPU1870 
iNPUlSnO 
iNPUlBgO 
lNPUl9oO 
lNPUl9iO 
INPU19?0 
INPU1930 
INPU19U0 
lNPUl9sO 
lNPU19ftO 
INPU1970 
lNPUl9flO 
INPU1990 
INPU?000 
INPUgOiO 
INPU?0?0 
INPU2030 
iNPUSOuO 
INPUSOSO 
iNPUPOftO 
INPU2070 
INPUSO.IO 
iNPU^OgO 
lNPU21nO 
lNPU21lO 
INPU21?0 
INPU?130 
lNPU21(+0 
INPU2150 

:INPU2l60 
INPU2I7O 
iNPUalftO 
INPU2190 
INPU2200 
lNPU?2lO 
INPU22?0 
INPU223O 
INPU22U0 
INPU2250 
INPU2260 
INPU'>270 
lNPU?2nO 
INPU2290 
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TBH(K)=TBH(K)/SCALE INPU^SOO 
RDG(K)=R0G(K)/12.0 lNPU23lO 
^DGIK)=ZDG(K)/12.0 1NPU?3?0 
TDG(K)=TUG(K)/SCALE INPU2330 

70 CONllNuL INPU?3I|0 
CE ***^>t-*************************ti***********«*******m***t*****0***ti*lHPOZ7>fi(i 
C I EST THMr ULOCK BOUNDARIES COINCIDE WITH G R I Q L I N E S INPU2360 

DO <;t,l 1=I,IMAX INPU2370 
uo doi J=X,JMAX ' iNpurSno 
IJO tlol K = i,KvAX, INPU?390 
OTAuLE{i,J,K)= ULANK lNPU2'*n0 

2fal COUJINiJL iNPUpi+lO 
uO 41)0 L=1,LMMX iNPU^UpO 

UO i.70 lLfa=l,lM INPU?«I30 
IF (HUL(L).GC.0.99999*RL(lLG),ANn.R8L(L).LE.l,0000l*RL{lLS)) Go TOINPUS'^UO 

1 2tJU INPUS'ttiO 
270 CONIINUL lNPU2'+f,0 

CALL LRKOR („H1IMPUT2) INPU2'+70 
260 uO <:90 1HG=1,IM lNPU2'+n0 

IF (KaH(L),GE.0.99999*RL(lH6).AND.RBH(L).LE.l.00001*RL(lHG)) GO TOlNPU?t90 
1 30U lNPU?SoO 

290 CONllNUt lNPU25t0 
CALL LRKOR (.,HINPUT3) INPU.?5?0 

300 jO JlO JL(J=1,JM INPUJS^O 
IF (/LJL(L).GE.0.99999*ZL(JL6).ANn.ZBL(L).LE.1.0000l*ZL(JLG)) 60 TOlNPU?5a0 

1 32U lNPU?5s0 
310 CONIINUL lNPU?5fi0 

CALL LRKOR (ftHlNPUTi*) INPU2570 
3c0 uO JjiO jHG=l,dM INPU25RO 

IF izun(L).GE.0.99999*ZL(JHG>.ANn.ZBH(L),LE.1.0000l*ZL(dHG)) Go TOINPU?590 
1 Mi) , ' lNPU26nO 

3i0 CONilNIIL INPU?610 
CALL LHKOR (6HINPUT5) INPU?6?0 

3H0 UO J'.>0 ̂ Ltl=l,KM INPU2630 
IF ITbLCL) .G£. 0.99999*TL(KLe) .AND. TBL(L) .LE. 1,00001*TL(KL6))INPU?6HO 

Xi,0 lu 3o0 INPU26C.0 
3bO CONllNUL INPU?660 

CALL LRKOR (feHlNPUTb) INPU?670 
3o0 ijO J7U KHGSI.KM lNPU?6fl0 

IF (TUM(L) .sE. 0.99999*TL(KH6) .AND. TBH(L) .LE, 1.00001*TL<KHe))INPU?690 
XoO 10 3.il lNPU?7oO 

370 COiMiiNUL INPU2710 
CALL LRKOR (6HINPUT7) INPU?7?0 

331 IF (Mb(L).6T.O) 60 TO 335 INPU2730 
.jO jid o=JLG,OHG lNPU27(tO 

• bU o:li; K=KLG,KH6 INPU2750 
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BTAbLE{lL&,J,K)=STAR 
bTAuLE(lHG,d,K)=STAR 

342 CONIINUL 
UO 033 ISILG.IHG 
DO 033 K=KLG,KHG 
blAl.LE(l,JLG,K)=STAR 
UTAbLE(l,dHG,K)=STAR 

3J3 CONIINUC 
UO 03H 1=ILG,IH6 
uO o;̂H j=JLG,JHg 
uTAuLL(i,J,KLG)=STAR 
tiTAULL(I,J,KHG)=STAR 

33t CONllNUt 
GO 10 too 

335 kHSLLuT 
ZHS=uOT 
THS=DOT 
IF (KUG(K).GT.O.O) RHSSGAP 
IF (i.UG{K).GT.0.0) ZHSsGAP 
IF (TUG(K) .GT. 0.0) THSsOOT 
uO u30 j=dLG,JHG 
jO J30 KsKLG.KHo 
IF (UlAbLL(lH6,d,K).NE,STAR 

XIJTAL,LL(IHG,J,K)=RHS 
336 CONIINUL 

cjO J37 1 = 1LG,IHG 
DO ^j7 K=KLG,KHG 
IF lhTAiiLt(I,dHo,K).NE.STAR 

XnTALLE(l,JHG,K)=ZHS 
337 CONUNUi-

UO 036 i s lLG. lHG 
DO 336 o=JLG.JH6 
IF (uTAi iLLd.d iKHG) .NE. STAR 

XuTAuLE(l,d,Khto)=THS 
336 CONllNUt 
"•OO CONIINUL 

MRIIL (b,3ftO) (ZA(I)»I=1»12) 
360 FOR,..AT (IHI, 30X. 12A6, ///»50X. 17nB0UN0ARY 

IC CooLAuTS ARE PRESENT,/»55X,25Hn WHERE 
2K. WHCKE GAPS OR COOLANTS NOT PRESENT,/) 
CALL OAKRAY 

INPU2760 
INPU2770 
INPU27nO 
INPU2790 
lNPU?8nO 
INPU?B10 
lNPU?e?0 
INPU?8:̂ 0 
lNPU?fl40 
iNPu?e«iO 
INPU2860 
INPU2870 
lNPU?8n0 
INPU?890 
INPU2900 
INPU?9j0 
INPU?920 
INPU?930 
INPU29U0 
INPU?9S0 
lNPU29(i0 
INPU2970 
INPU?9ft0 
INPU9990 
INPU3000 
INPU.-̂ OIO 
INPU10?0 
INPU3O3O 
INPU30(iO 
INPU3O5O 
INPU:̂ 060 
INPU3O7O 
lNPU30pO 
INPUSngO 
INPU3100 
iNPUSllO 
INPU31?0 

OVERLAY,//I55X»29H* wHeRlNPUSl^O 
GAPS ARE PRESENT»/,55X»371NPU'^luO 

INPU3150 
INPUaiftO 

.AKIO. BTABLE(IHG,J.K).NE.GAP) 

.AND. BTABLE(I,JHG,K),NE.GAP) 

.AND. BTABLE(I,J,KHS) ,NE. GAP) 

RETUKN ' "_ '" ̂  _" "_ _lNPU3lnO 

CE Z***'**************************************************************lf^^'P^^ZOO 
CE • ^••••••*»***»«******»*****»***«***»*******************************INPU32lO 
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«««*««*«*«««««4<««>i>*«****»*»*»««»««>i>««******«*«»>i<«****4i«*«*«*«*«4i4i*INPU3220 
SUbKOUTlNE TITLE INPU3230 

RLAo AlJu PRINT riTLE CARDS UNTIL A BLANK CARD " INPU32B;0 
lb LNCOUNTEKEU. PRESERVE THE FIRST LINE INPU32(S0 

INTLGER ~ l " (It) ~ ~ lNPU32flO 
f<LAu, RtCORU ANU PRINT THE FIRST TITLE CARD INPU''290 
REAU (5,lt0) (ZA(I),I=l»lt) . INPU3300 
CALL ACAKU(ZA) , INPU3310 
„HIlh (u.lbO) (2A(I),I=l.l2) INPU33?0 
KEAO IHL NEXT TITLE CARU INPU?330 
KLAU (b.l'tO) (Z<:(1),1 = 1»1'+) INPU33I+0 
iiAVt. ALL TITLE CARub BEEN READ? -•NO»YES»- iNPUlSSO 
ijO H O 1 = 1,1^ lNPU33fO 
IF i/Z(l).NC.BLANKS) GO TO 130 INPU3370 
CONIINUL iNPUlSfiO 
IMCZUC + I INPU3390 
CAKu(N(,)=0.0 iNPUJtOO 
V.HIIL (O,l20) iNPUai^lO 
FOP.iAl (lM0,lbX,7HOPTlONS) iNPU?"*?© 
4* tfi*.!*^* * lf****1t*****1ftf******-^***it*tf1f*1t****1**-^1Ht*******************-t^*\UP\S-^.^-SQ 
t<LTuHN l N P U 3 t l O 

P K l u i r i tb r i T L E CARD iNPUJi+fiO 
• , K l i L ( 0 , 1 5 0 ) ( Z Z ( I ) . I = l » l 2 ) INPU3«»70 
CALL A C A R U ( Z 7 ) I N P U 3 ' * J H 0 
00 10 100 I N P U J ' I ' D O 

FOK,«.rtT (10Ab,A2) INPU3510 
FUK(.,AT (10X,l2Ab) INPU3550 

•*•••••••*•••••**•**•*•****•***•**•**•****•*•••*•*•****«***•*****•INPU35u0 
•••••*••••*»•«••*•••••*•*•*****•***•**•***•*•********•*••**•***•***INPU355O 
••*»••••*•»•****••«••*••*•*****»*•***********••*•********•**•*•***lNPU35ftO 
bUuKOUTlNt GRlD(RLl,IMl) INPU3570 

RLAL Oi(L SLT OF G R I D DATA CARDS IrjPU35qO 

tRRuK ilOPS= " ' INPU361O 
OK I n THLRE ARE MORE GRIDLI N E S THEN ALLOWED IN ONE OF INPU36?0 

THE DIMENSIONS. A uLANK CARD HAS BEEN LEFT OUT. lNPU36iO 

INTLOLR IM INPU36fiO 

UlMuubloN RL ( 8),RL1 ( 1) INPU367O 
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ILS= 1 INPU3690 
IHS= o INPU3700 

C kEAu THE NEXT GRID DATA CARD lNPU37i0 
100 REAo (S.lî O) (RL(I),I=1,8) INPU3720 

C HAVE ALL GRID DATA CARDS BEEN REAO? -'YESfNOt- INPU3730 
IF (KL(l).E^1.0.0.ANU.RL(2).ECI.O.o) GO TO 120 INPU37uO 
CALL FCARLI(6.0»KL(1),RL{2),RL<3),RL(«»).RLC5),RL(6),RL(7)»RL(B)) INPU375O 
IM=~INO(1HS,IMI) " " - - - ĵ p̂ jĵ ĵj 

C AKL THLRE TOO MANY ORID DATA CARnS ? -'YES.NO'- lNPU37nO 
C PRIKT EKROR oRlU 1 INPU379O 

If- (iLS.GT.I.'i) CALL ERR0R(6H GRlnl) iNPU-̂ SnO 
C Kt-CoKD THE CONTLNTS OF THE CURRENT GRlO DATA CARO INPU^SlO 

UO 110 1= ILS»IM INPU382O 
J= i+l-ILS INPU383O 
RL1(1)= RL(J) INPU?8(|0 

110 OONTlNut IHPU^SSO 
C PHEFAKE FOR THE READING OF THE NEXT GRID DATA CARD INPU386O 

1L5- lHb+1 INPU3B70 
IHbi lHS+6 INPUBARO 
OO lO 100 lNPU38q0 

C/ i.LTLKî 'iIuE THE NUMBER OF GRiDLINEs READ " INPU39iO 
1<:0 ijC=i.c+l INPU39?0 

CAKL(HC)=0.00 lNPU?9iO 
1M=1LS INPU39H0 

130 IM=i,V|-l INPU39S0 
IF (KLl(IM).LE.O.O) GO TO 130 INPU5960 
IM1= iM INPU397O 

CE ******m***********************m***********************************lHPVli'inO 
KLTOKN INPU1S990 

m o FOKKAT (6E12.H,A6>A2) iNPUuOiO 

CL ****4*,t.*****4i*****:t.***********************************************ltiP[JllOiO 
CE ****:^*it::ti***********:¥************4i*****************************.****lHPUH0tt0 
CE 4i***4L*7t.***********4i*************m*********************************itiPUfi0t^0 

SUbKOUTlNL bARRAY iNPUilOftO 

lilMLNSloN FORMNK 
1 FORMN ( 

tj lMLubloN NUMbER( 
UATA ( F U R M N 1 ( I ) , I = 1 , 3 ) 
DATA (FoRMN2( I )» I= l ,3 ) 

• uATA ( F o R M A l ( I ) , I = l , 3 ) 

3 ) , F 0 R M N 2 ( 3 ) I F 0 R M A 1 ( 3 ) , F 0 R M A 2 ( 
3),FORMA ( 3) 

50) 
/ 5H (1H0 , , 3H6X,, 5H?5 I5 ) / 
/5H(1H0,» 3H1X», 5H26 I5 ) / 
/ H H d i * , , 3H7X,, 5H2<*A5>/ 

3 ) , INPUI *0A0 
iNPUtogo 
INPUUIOO 
iNPU'i l lO 
INPUm20 
INPU4130 
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c 

10 
1 

20 
2 

30 
3 

UO 

210 

IbO 

170 

C 
C 

200 
H20 

DATA (F0RMA2(l)iI=1.3) /HHIU,, 3H2X,» 5H25A5)/ 
UATA NUMBER /l,2i3,4)5,6f7,8,9,10»ll,l2,13,li»,15,lAil7,ia»l9, 

20,21»22»23,2t,25f26,27,28,29,30,3l,32»33,3tf,35, 
36,37f36f39,10,4i,t2it3rif'*,it5»«t6,«t7,i*8,l9,50/ 

wRIiL THE PROPER HEADING 
00 "10 (10.20,30), UPRINT 
wKIlt; (l>,l) PNAMt(3). PNAME(2) 
FOKN.AT (lH0,'+2X,'*HrHE ,A6,27H(K) DIRECTION IS H0RIZ0NTAL/«»3X» 
-ijHTttt ,A6.25H(dJ DIRECTION IS VERTICAL) 

ri=Kw 
00 10 <to 
wHIlL (faf2) PNAME(I), PNAME(3) 
FURN,AT (1H0,42X,«*HTHE ,A6,27H(I) DIRECTION IS H0RIZ0NTAL/'*3X» 
-i*HTht: ,A6.25H(K) DIRECTION IS VERTICAL) 
KM=KJM 
N=Xh 
OO lo 40 
wKIlt (6,3) PNAME(l), PNAME(2) 
FOK|.,AT (lH0.t2X,«tHTHE ,A6,27H,1) DIRECTION IS H0RIZ0NTAL/43X. 
-<*HTt.L ,A6.25H(d) DIRECTION IS VERTICAL) 
l̂M=̂ M 

N=Iivi 
DO ooO .'.1=1,MM 
IJU.-llrl 
IF iuO\A^ . O E . N) NuM2=N 
D02x0 I=l»3 
FOKr,N(l)=F0RMNl(I) 
FORhiA(I)=FORMAl(l) 
CONIINUL 
.̂ KIIE (b,^) PNAME(NPRINT),M 
FOHi'iAT(lH0,/,'+8X,A6,2H (»I2»7H) pLANE) 
rtKIlt. (b.FORi.iN) {NUMHER(L),L=NUMl»NUM2) 
..KIIL (o»170) 
FORf.,Ar (IHO) 
00 10 (k00,3o0,400),NPR1NT 

" 0 U T F U T " P R I N T " I N RADIAL-X DIRECTION, THETA-Y"DIRECTION HORIZONTALT 
AXIAL-? DIRECTION VERTICAL 

DO 4^0 J=1,JM 
uRIlL (o^FOR^'A) J, (dTABLE (M, JrK) ,K=NUM1 ,NUM2) 
lF(UuWi2 . L T . IM) GO TO lOO 
GO 10 600 

lNPU«»li*0 
INPU«H50 
INPUU160 
INPUU170 
;INPUU1R0 

iNPUuigo 
INPUU200 
l N P U 4 2 i 0 
INPUU2?0 
INPUU230 
INPUI42(*0 
INPU'>250 
INPU4260 
INPUU270 
I N P U ( + ? A 0 
INPUi*?P0 
lNPUi*3nO 
I N P U U 3 I 0 
INPU'43?0 
INPUU330 
INPU4 3U0 
lNPUt»350 
lNPUu3ft0 
INPUU370 
I N P U U 3 A O 
INPUU390 
INPUUtnO 
iNPUi+t lO 
INPUHtpO 
INPU/443O 
INPUUHI+O 
INPU4'*S0 
iNPUiitfsO 
INPUI1470 
I N P U U ^ R O 
INPU't^gO 
iMPUuBnO 
iNPUUSlO 

: INPUU5?0 
INPUI+53O 
lNPUi+5ijO 

:INPUU5S0 
INPUubftO 
TNPUH570 
iNPUijSpO 
iNPUUSqO 
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C============s==s================s===============s=====s============s=sslNPUa6oO 
C OUTPUT PRINT IN AXlAL-Z DIRECTION* RADIAL-X DIRECTION HORIZONTAL, lNPUu6lO 
C THEIA-Y DIRECTION VERTICAL INPU462O 

300 DO 320 K=1,KM INPU4640 
320 ARITE (O,F0RMA) K,(dTABLE(I,M,K) , I=NUM1,NUM2) INPU4650 

lF(NuM2 .LT. N) GO TO lOO lNPU46f,0 
GO 10 faOO lNPU(t670 

c" " OUrPuT~PRlNT"lN"THiTA-Y DIRECTION."RADiAL-x""DlRECTioN"HORl20NTAL7 lNPU(*6qO 
C AXIAL-? DIRECTION VERTICAL INPUn7oO 

400 tjO t3U 0=1,Ji.; INPU47?0 
230 ARIIE (t,,FOR[.iA) J. (BTAbLE(I ,d,M), I=NUM1,NUM2) INPU4730 

lF(i,uM2 .LT. N) GO TO 100 INPU4740 
oO 10 600 INPU'|750 

loO UUMi-NUMii+l lNPU47ftO 
NUMt.=NUr.i2 + ?b INPU477O 
IF (flUMi; .GE. N) NuM2=N IflPU«7nO 
ijO 110 1=1,3 INPU4790 
FORi.,ri( I) =FORMN2 (I) INPU'iBOO 
FOKhA (I) =F0RivA2 (I) INPUdfllO 

110 COIMIINUL INPU«fl3i0 
00 10 IbO lNPU't830 

600 CONIINUL INPUuSi+O 
KLTUKW iNPUtiflsO 

bUUhOUTlNE ACARD(AC) ' ~ INPU4870 
C= =====i========================r=s=======================r===s=====iNPUii8i^0 

jlMLNbloN At ( 14) INPUJjBgO 

txt=ut + l INPU491.0 
CARb(NC)=7.0 INPU49?0 
uO 11,0 1=1,14 INPU493O 
NC=I,C+1 INPU49(+0 
CARu(lJC)=AC(l) lNPU49'iO 

100 COrJUNUt . INPU4960 
RErUxN INPU497O 

CE ****4.**4nif*4i*********ii***********«*****************************i^*^*lUP\Jn9(\0 
CE ***if**4.*4(*************************************»*******************lUPUH990 

LNu INPU5000 
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SUBROUTINE ERROR(iB) 
INCLUDE COMOlM 

blclLNbloN 16(2). N0CNT(2) 
DATA (NoCNT(l).I=l,2) / 5HTIME1, 5HTIME2 / 
DATA NUMUER/S/ 

ILRKOK(l) = I b ( l ) 
I L H K O R ( 2 ) = I b ( 2 ) 
i F ( ( l L R K 0 R ( l ) . E Q . N 0 C N T ( l ) . 0 R . l E R R O R ( l ) . E Q . N O C N T ( 2 ) ) . A N D . 

1 b W ( l O ) ) Go TO 90 
r jUMuLK-i .UMliEK-l 

c KLCOKD I HE ERROR 

90 1,RIIL(6,1U0) IEKROR 
loo FOKNATdoH ERROR AT ,2A6) 

IF luUMuER .Lt. 0) STOP 
RLTUKU 

LNU 

ERRO 
ERRO 

!=====ERRO 
;=====ERRO 
;=====ERRO 
;=====ERRO 

ERRO 
ERRO 
ERRO 

;=====ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
FRRO 

;=====ERR0 
ERRO 

10 
20 
30 
40 
50 
ftO 
70 
80 
90 
loo 
no 
1?0 
130 
140 
150 
IftO 
170 
lr,0 
190 
2oO 
210 
220 
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SUBROUTINE FCARO (ANUM,C1,C2.C3,C4,C5»C6,C7,C8) PCAR lO 
INCLUDE COMOlM FCAR ?0 
=========================S==============S=====S===S=====S=S==S==S=FCAR 30 

UlMLNblON C ( 8) FCAR "jO 
===:.Z=============================================================FCAR ftO 

C(l)iCl FCAR 70 
C(2)=C2 FCAR flO 
C(3J=C3 • FCAR go 
C(4)=C4 , FCAR loo 
t(5)=tb PCAR llO 
C(6);:C0 PCAR 1?0 
C(7)=C7 FCAR 130 
C(oJ=Cn FCAR m o 
i,(C=,.Ci-l FCAR IsO 
CAKUONIOSANUM PCAR IfeO 

11=A,4UM+0.1 ' PCAR 170 
11=11+2 FCAR ino 
,jO 100 1=1,11 FCAR 190 
NC=l4C + l f^CAR 2n0 
C A R L ( N C ) = C ( I ) FCAR 2l0 

100 C O N H I M U E FCAR 2^0 
R L T U K N FCAR 230 
tND FCAR 240 

104 



C=: 
C 
C=: 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C=s 
c 
c 

c 
c 

c 
c 

C=: 
C/ 

c 

SUBROUTINE CHECK CHEC 

INCLUDE COMDIM CHEC 
=========5=====================================CHEC 
OATA CHEC 

=====--==============================================CHFC 
CHFC 

THERE ARt TOO MANY RADIAL-X POINTS AND GRID LINES CHEC 
THLRE ARE 100 MANY AXIAL-Z POINTS AND GRiD LINES CHEC 
fHERE ARE TOO MANY THETA-Y pOlNTS AND GRiO 'LINES CHEC 
THE RAUIAL-X GRID DATA IS OuT OF ORDER CHEC 
[HE AxiAL-2 GRID DATA IS OUT OF ORDER CHEC 
THt THLTA-Y GRID DATA IS OUT OF ORDER CHEC 
THLRE ARE TOO MANY bLOCKS. CHEC 
THE Lou RADIAL-X BOiiNDARY Is LARGER THAN THE HIGH CHEC 
RAuIAL-X DOUNDARY FoR SOME BLOCK CHEC 
THE LOti AXIAL-Z BQUNUARY IS GREATER THAN THE CHEC 
HloH AXIAL-Z BOUNDARY FOR SOME RLOCK CHEC 
THE LOW THLTA-Y BOUNDARY IS GREATER THAN THE CHEC 
HloH THETA-Y BOUNDARY FOR SoME "LOCK CHEC 
IHE MATERIAL NUMBER FOR A BLOCK IS LARGER THAN THE CHEC 
MAXIMUM NUMBER OF MATERIALS AND COOLANTS AtLOWED. CHEC 
A RADIAL-X GAP MATERIAL NIJMRER IS TOO HIGH CHFC 
AN AXIAL-Z GAP MATERIAL NUMBER IS TOO HIGH CHFlC 
AN THETA-Y GAP MATEHIAL NUMRER IS TOO HIGH CHEC 

CHECK THE GEOMETRY 

LKROK STOPS: 
LiiECKl 
CI.CCN2 
CHLCK3 
|.llEĈ 4 
LHECKb 
CHLCK6 
LHtCK7 
LriLCKb 

CHLCK9 

CHECKIO 

C H L C M I 

CHLCK12 
V,MECK13 
LliLCM4 

ARE IHLKE TOO MANY 
PRIKT EnROR CHECKl 
IF (iMAX.GT.vAXKP) 
ARE iHtKL TOO MANY 
PRIHT EKRUR CHECK2 
IF IJMAA.GT.-.,AXZP) 
ARE THLKL TOO MANY 
PRIuT ERROR CHECK3 
IF (KMAA.GT.>«AXTP) 

KADIAL-X GRIDLINES? -IYES,N0'-

CALL ERROR(6HCHECK1) 
AXlAL-Z GRIDLINES? -•YES,NO»-

CALL ERR0R(6HCHECK2) 
THETA-Y GRIDLINES? -'YES.NO'-

CALL ERROR(6HCHECK3) 

CHEC 
CHEC 
CHEC 
CHEC 
ChEC 
CHEC 
CHEC 
CHEC 

CE 
C/ 

10 

CHEC 

7HEcrTo"sErTHArTHE~RADlAL-x"6HlD~LINis ARE"IN"AN ASCENDINS " " CHEC 
-ORDLK ^HEC 
DO 10 1=2.IM ^HEO 
IF(KL(I).LE.RL(I-1)) CALL ERROR(ftHCHECK4) CHEC 
CONIIINUL ^HEC 
••••••••••••••••••••***1>************************«*************«***CHEC 
CHLLK TO SEE THAT THE AXIAL-Z GRIDLINES ARE IN AN ASCENDING ORDER CHEC 
DO «iO J=2»JM CHEC 
IF lzL(j).LE.ZL(J-l)) CALL ERROR(6HCHECK5) CHEC 

10 
20 
30 
40 
50 
ftO 
70 
AO 
90 
ino 
no 
120 
130 
1^0 
150 
160 
170 
1^0 
190 
200 
2l0 
2?0 
230 
2i+0 
250 
2ft0 
270 
2(̂ 0 
290 
300 
3i0 
3?0 
330 
3i*0 
350 
360 
370 
3n0 
390 
4o0 
4t0 
4?0 
430 
440 

tso 
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20 CONTINUE C H E C ffiO 
CE itm**,t:**i^**********iti***********************************************CnEC 470 
C/ CHECK TO SEE THAT THE THETA-Y GRJDLINES ARE IN AN ASCENDING OROER CHEC 4n0 

DO 30 KS2.KM CHEC 490 
IF (TL(K).LE.TL(K-l)) CALL ERROR(6HCHECK6) CHEC 5oO 

30 CONllNUt CHEC 5i0 
CE ***»»***#**»«»*»*»****«*»**«**»»*»«*«******»Ki*****«***»*«*«*«*«***CHEC 520 
C ARL THtKE TOO MANY dLOCKS? -iYES,NO»- CHEC 530 
C pRIhT LKROR CHECK7 ' CHEC 540 

IF lL̂ 'AX.G1.̂ ,AXr,B) CALL ERROR (6HCHECK7) CHEC 550 
C========^======================================================s===s===CHEC 5f,0 
CB CHECK THE BLOCK GEOMETRY FoR INTEKNAL CONSISTENCY CHEC 570 
C CHECK EvERY t,LOCK IN TURN CHEC 5n0 

(jO 40 L=1»LMAX CHEC 5g0 
C ARE THE RADlAL-X BOUNDARIES IN ORDER? -'NO.YESI- CHEC 6n0 
C pRIwT EKROR CHECKS CHEC 6IO 

IF (KbL(L).GT.RBH(L)) CALL ERRoR(6HCHECK8) CHEC 6?0 
C ARE THE AXIAL-Z BOUNDARIES IN ORnER? -iNO.YES'- CHEC 63O 
C PRII.T ERROR CHECK9 CHEC 64O 

IF (^BL(L).GT.ZBH(L)) CALL ERROR{6HCHECK9) CHEC 6r,0 
C ARE THu THLTA-Y fjOuNDARlES IN ORnER? -'NO.YES'- CHEC 660 
c pRiur LKROR CHECKIO CHEC 670 

IF (rBL(L).GT.TilH(L)) CALL ERROR(7HCHECKlO) CHEC 6nO 
C XS IHE MATERIAL NU'VIJER A VALID ONE? -•NO,YESI- CHEC 6gO 
C pRIUT ERROR CHECKll CHEC 7OO 

IF (lAbb(M;j(L)).GT.MAXMAT) CALL ERROR(7HCHECK11) CHEC 7iO 
C IS (Ht ̂ ,A1ERIAL NUvibtR OF THE RAnlAL-X GAP A VALID ONE? -'NO.YESI-CHEC 7pO 
C pRIUr ERROR CHLCKI2 CHEC 7isO 

IF IMGRcD.GT.MAXMAT) CALL ERROR (7HCHECKl2) CHEC 7(I0 

C IS lilt MATERIAL NUMOER OF THE AXIAL-Z GAP A VAL^D ONE? -INO.YES*- CHEC 75O 
C PRII.T EKROR CHECKl3 

IF (MG/(L).GT.MAXMAT) CALL ERR0R(7HCHECKl3) 
C IS nit ̂ ,AILR1AL NU-KJRR OF THE THfTA-Y GAp A 
C PKIi.r EkROR CHECKi4 

IF (iibT(L).GT.MAXMAT) CALL ERROR(7HCHECK14) 
C HAVL ALL BLOCKS BEEN CHECKED ? -lYES.NO'-

40 CONllNUc 
CE 4i***-A*************************************************************CHEC 830 

RETURN CHEC 940 
END CHEC 860 

CHFC 760 
CHEC 770 

VAL^D ONE? -INO,YES»- CHFC 7P0 
CHFC 790 

CHEC 6n0 
CHEC 810 
CHEC 8?0 
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SUBROUTINE POINTS 
INCLUDE COMOIM 

c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
I"" 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ASSlfaN THL 1 

ERROR STOPS: 
POlNTSl 
PolNTSa 
P01NTS3 
(• 0lNrS4 
PolNTSb 

POlNTSb 
P01NTS7 

P0IN1S8 

P0INTS9 

POlNTSlO 

POlNTSll 

P01NTS12 

P0INTS13 

P0lNrSl4 

POlNTSlb 

A PART OF THE SYSTEM WAS NOT DESCRIBED BY ANY BLOCK 
THERE ARE TOO MANY RAnlAL-X GAPS. 
THERE ARE TOO MANY AXIAL-Z GAPS. 
THtRE ARE TOO MANY THETA-Y GAPS. 
A PART oF THE SYSTEM HAS BEEN DESCRIBED BY MORE THAN 
ONE BLOCK. 
NO FLOW DIRECTION HAS BEEN ASSIGNED FOR SOME COOLANT 
1. AN EXTERNAL COOLANT IS FLOWING INTO A RAQIAL-X 

BOUNDARY,OR 
2. AN INTERNAL RADIAE-X FLOW COOLANT BLOCK IS NOT 

TRAVERSED BY AT LEAST ONE RADIAL-X GRID LINE. 
1. AN tXTEKNAL COOLANT IS FLOWING INTO AN AXIAL-Z 

BOUNDARY.OR 
2. AN INTERNAL AXIAL-Z FLOW COOLANT BLOCK IS NOT 

TRAVERStD BY AT (.EAST ONE AXIAL-Z GRID LINE. 
1. AN EXTERNAL COOLANT IS FLOWING INTO A THETA-Y 

BOUNDARY.OR 
2. AN INTERNAL THETA-Y FLOW COOLANT BLOCK IS NOT 

TRAVERSED BY AT LEAST ONE THETA-Y GRID LINE. 
A GAP HAS uEEN SPECIFIED ON THE HIGH RADIAE-X 
BOUNDARY OF A COOLAtjT. 
A OAP HAS BEEN SPECIFIED ON THE LOW RADIAL-X 
BOUNOARY OF A COOLANT. 
A GAP HAS BEEN SPECjFlED ON THE HIGH AXIAL-Z 
BOUNDARY OF A COOLANT. 
A GAP HAS BEEN SPECIFIED ON THE LOW AXIAL-Z 
BOUNDARY OF A COOLAMT. 
A GAP HAS BEEN SPECIFIED ON THE HIGH THETA-Y 
BOUNDARY OF A COOLANT. 
A GAP HAS BEEN SPECIFIED ON THE LOW THETA-Y 
BOUNDARY OF A COOLAijT. 

ERAbE THE BLOCK COMPLETENESS TABLE 
DO b I=1,1MAX 
DO b JSI.JMAX 
DO b K=l,KMAX 
MT{i,J,K)=0 
CON!iNUt 

POIN 
POIN 

;=POIN 
POIN 

=POIN 
POIN 
.POIN 
POIN 
POIN 
POIN 

1 POIN 
POIN 
.POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POlN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 

SPOIN 
=POIN 
POIN 
POIN 
POIN 
POIN 
POIN 
POIN 

10 
20 
30 
40 
50 
60 
70 
flO 
90 
loo 
llO 
1?0 
130 
UO 
150 
160 
170 
IftO 
190 
2n0 
2i0 
2,o0 
230 
240 
250 
260 
270 
2A0 

290 
3nO 
3i0 
3?0 
330 
3(i0 
350 
360 
370 
3fl0 
390 
»too 
4l0 
4?0 
4̂ 0 
440 
450 
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C SET THE M E S H R I B S EQUAL TO 1 POIN 460 
DO boO LSI.JMAX POIN 470 
'•'T«l'E,l)=l POIN 4RO 
MT(if.,AX,L,l)=l POJN 490 
MTd.L.KMAX)=l POJN 5oO 

5U0 MT(1,.,AX,L,KMAX)=1 POjN 5lO 
uO b2b L=1,I,..AX POIN 5?0 

MT(L,J-l«X,l)=l ' POIN 5.|0 
MT(L.1.K.,AX)=1 . PO N 550 

5i;5 wl(L,J/,AX,KMAX)=l POJN 560 
uO b:,0 L=1,KN,AX POIN 570 

MT(1..,AX.1.L)=1 POJN 590 
MT(l.JrAX,L)=i POIN 600 

bbO Ml(l,,AX.JMAX.L)=l ; - _ - P O ! N 6 ? 0 
C=-==-=---=.-==----------=-----~^ pQj^ ^^Q 

CALL bOuNDA(KL,RP.IM,l3R.RBL.RBH,RDG.IL.lH,NRG,l) POIN 64O 
C ARt THEKE TOO MANY RADIAL-X GAPS POIN 65O 

iF(UKG.bT.,iAxR6) CALL E««°«1I*_^POINTS2^ — - P O I N 670 
€=======-^-==---------2------------—-^^ POIN 6RO 

CALL U0oNUA(/L.ZP.JM.JGZ.ZBL.ZBH,Z0G.JL.jH,NZG,2) POIN 6gO 
C AKL IHEKE TOO MANY AXIAL-Z GAPS POIN 7nO 

iF(h/i».or.MAxzG) CALL E><«OR(^7HPOINTS3)^ — - - P S I K 7J0 

C ASSiuTTHL'THtTAlY'tiLOCKS AND FIND THE THETA-V GAPS POIN 730 
CALL B0uN0A(TL,TP.KM,KGT.TnL.TliH,T0G,KL.KH,NTG,3) POIN 740 

C ARE THLKt TOO MANY THETA-Y GAPS POIN 750 
IF(„TG.0T.MAXTG) CALL ERROR{7HP0lNTS4) _ POlN 760 

C INITlAUZrAKRATsT " ' POIN 7^0 
DO o 1C=1.MAXRG POIN 790 
DO b J=1,MAX?P POIN 800 
DO b K=1,MAXTP POIN "lO 
RUB.L(l6.O.K)=0.0 POIN flpO 
Rl:.blH(Ib,J.K)=0.0 POIN 830 
OAPK(IG,J.K)=0.0 PO N 8u0 
MATKo(lG.d,K)=0 POIN 850 

6 CONllNUt POIN 860 
UO 7 JC=1.MAXZG POIN 87O 
DO 7 Irl.MAXRP PO N 8.0 
DO 7 K=1,MAXTP POIN 890 
ZbBIL(Jb,l.K)=0.0 PO N 900 

• Z8BTH(JG.I,K)=0.0 POIN 9lO 

108 



GAPZ(JG.I.K)=0.0 
MAT<:G(JG.J:,K)=O 
CONIINUL 

UO b KC=l,MAxTG 
UO b 1=1,MAXRP 
DO 0 J=1,MAXZP 
TUblL(KO,l,J)=0.0 
Tt>BIH(Ko,I,J)=0.0 
GAPi(K&,I,J)=0.0 
MATlO(KO,l,J)=01 
CON!INUL 
:==i:-.^—=:;=—========z=======-
L00^ AT EVERY DLOCK 
l;0 1?0 L=l,Li.iAX 

m^Zm^^^^Zi^mm^^^^~^S^»*iml1mmt^'*^^'^'^ 

AbSloN THt CORNERS OF THE CURRENT BLOCK 
ILS:-1L(L) 
IHS=IH(L) 
JLS=jL(L) 
JHS=JH(L) 
KLb-KL(L) 
KHb-KH(L) 
lb iMlb BLOCK A COOLANT OR 
IF t .,b{L.).LE.0> 60 TO 115 

A SOLID MATERIAL? -»COOL. 

i»^^-.^——;;::^:i«zc—^x*^r;:;xzrz«^zz«Zv::*;isz'*s>«~——SZXSMS;;S~SS 
lb « KAulAL-X GAP PRESENT? 
lF(K,jv*(L).LE.0.)GO TO 30 

Abbiuî  IHE RAUlAL-X cAP 
IO=ioH(iHb) 
DO ^u J=JLS,jHS 
uO 10 K=KLS,KHS 
HAS A COOLANT BEEN DEFINED 
IF (uAI'Kdo.J.K) .GE, 0.0) 
CALL LKK0R(8HP0INTS11) 
OO 10 luo 
oAPf\(lo.J.K)=RDG(L) 
^,Arl^o(IO.J,K)=MGR(L) 
UbtilL(lb.J,K)=4bO.O 
RUUl,i(Ib,U,K)=4bO.O 
CONlIUut 
CONIINut 

-'NO.YESI-

AOJACENT TO THE GAP? 
GO TO 15 

:===^==============================s=-'—-==—~=sz:ss=:= 
IS „N AXIAL-? GAP PRESENT? 
lF(iDO(L).LE.0.0)Go TO bO 

Abbl&N THE AXIAL-Z GAP 

-•N0,YES«-

' 

'====—====—==s 

,SOLID*-

:SZ*SSSSZSSsSS 

—= =_= 

s===s=s=:s:=; 

POIN 920 
POIN 930 
POIN 9«iO 
POIN 950 
POIN 960 
POIN 970 
POIN 9R0 
POIN 990 
POIN,OoO 
POINlOlO 
POINlOpO 

;=POIN10iO 
POINlOi+0 
POINIO5O 
POIN1060 
POINIO7O 
POINIORO 
POINIO9O 
POINUoO 
POlNlllO 
POINllpO 
POINH'^O 
POlNlluO 

:=POINll50 
POIN1160 
POIN1170 

;=POINllpO 
POlNllQO 
POINl2nO 
POIN1210 
POIN12?0 
POIN1230 
POIN12H0 
POIN1250 
POIN1?60 
POIN1270 
POlNl2fiO 
POIN129O 
POlNl3nO 
POlNl3lO 
POIN13?0 

:=POIN1330 
POINl3uO 
POIN1350 

;=POIN1360 
POIN1370 
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45 

40 
50 

C 
60 

C==;i=; 
C 

75 

70 
bO 

C====: 
C/ 
loo 

110 

CE 

c' ' 
115 

C 

JG=JGZ(UHS) 
DO bO I=ILS,1HS 
DO 40 K=KLS.KHS 
KAS A COOLANT BEEN DEFINED AD^ACENT TO THE GAP? 
IF l0AP/(wl3.I.K) .GE. 0.0) GO TO 45 
CALL LRKOR(8HP0INTS13) 
GO 10 loO 
OAPt{Jo,l»K)=Z0G<L) 
•;AT*.0(JG,i,K)=MGZ(L) 
ZBi)lL(Jo,I,K)=4t>0.0 
?OblH(JO,l,K)=460.0 
CON IiNut 
CON! INUL __ ____̂  

"IS'A'THLTA-Y'GAP'PRESENT? -'NOTYESI-
IF(lub(L).LE.0.0)60 TO 100 

ASSibN THE THETA-Y 6AP 
KG= KGT(KHS) 
uO bO I=1LS,IHS 
DO Vu JiJLS.jHS 
HAS A COOLANT BEEN DEFINED ADJACENT TO TH E GAP? 
IF (uAFI(KG.I.J) .GE. 0.0) 60 TO 75 
CALL LRKOR («HP0INTSl5) 
GO 10 100 
OAPI{K0,1.J)=TD6(L) 
'ATlG(Kb,I,J)=MGT(L) 
TbblL(Ko,I,J)=460.0 
lbb7h(Ko,I,J)=4b0.0 
CONllNUt 
CONllNUt 

'KLCOK^'ALL'POINTS'BLLONGING'TO'THE'CURRENT BLOCK -.iMPoi,.OKi-
u^ U U IslLS.lHS 
DO AiO j=JLS,JHS 
uO 110 K=KLS,KHS ^ , 
IKN.T(I,J.K).NE.O) CALL ERROR (7HP0INTS5) 
. . I T ( I , J , K ) = 1 
CONIINUL 
OO 10 l<lO 
• * • • • • • • • • • * • * • * * * « * • * * • • * * » * * « * • • * • * • « * * * • * « * « * * * * * • * * * * * * * * * * * 

ASSibN"THt COOLANT NUMBER 

J= iAbS(KU(L)) 
ASSibN THL FLOW DIRECTION 

IP=iAbSdPATH(d)) 

P01Nl3flO 
POIN1390 
POIN1400 
POlNi4iO 
POIN1420 
POIN1430 
P0IN1440 
P01N1450 
POIN1460 
POIN1470 
POINi4flO 
POIN1490 
POINlSnO 

;s=POINl5lO 
POIN15?0 
POINr530 

S=POINl5/t0 
POIN1550 
POIN1560 
POIN1570 
POINt5fiO 
POIN1590 
POlNl6n0 
P0IN1610 
POIN16?0 
POIN1610 
POIN1640 
POIN16s0 
POIN1660 
POIN1670 
POlNl6a0 

==P0INl690 
POlNl7n0 
POINl7l0 
POINl7?0 
POIN1730 
POlNl7uO 
POIN1750 
POIN1760 
POIN1770 

**POINl7fiO 
SSPOIN1790 

POIN1800 
POIN1810 
POIN18?0 
POINi8:^0 
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C IS IT A VALin DIRECTION? -iYES,No»-
IF (IP.GT.0.AND.IP.LT.4) GO TO 2n0 

c iMPcbbibLt FLOW DIRECTION NUMBER 
CALL ERROR(7HP0INTS6) 

C lb AN ExrtRNAL COOLANT FLOWING INTO A BOUNDARY ? 
C DOEb AN imtRNAL COOLANT FLOW THROUGH ONLY ONE LEVEL OF POINTS ? 
200 lF(iHb.t.<J.ILS.ANO.IP.E(S.l) CALL ERROR(7Hp0lNTS7) 

lF(oHb.LQ.JLS.ANQ.IP.EQ.2) CALL ERR0R(7HP0INTS8) 
lF(K,ib.Lu,KLS.ANu.IP.EQ.3) CALL ERROR(7Hp0lNTS9) 

C is luL t-LOw IN THE RADIAL-X DIRECTION? -IYES7NO'- ""' 
IF (iP.Lii.l) GO TO 2?0 

C bLT Two SWITCHES To INDICATE ON wHICH SInE OF iTS RADIAL-X 
C .BOUuLARltb THL COOLANT LIES 

IG1= ivpK(lHS) 
l^^~ iGKdLS-l) 
IF (ILS.LL.I) IG2=0 
DO tlUJj: JLS,JHb 
DO tlUKz KLS.KHS 
IF (lOr.LL.O)GO TO ifiO 

C IS IHLRL A GAP ADJACENT TO COOUANTIS LOW BOUNDARY? 
IF (GAPKdG2,J.K). .LE. 0.0) 60 TO 175 
CALL ti<K0R(«HPOlNTSll) 
00 10 luO 

175 GAPK( io i ' , J .K)=-1 .0E-10+6APR{16?, j ,K) 
KUb lL l lG2 . J .K )=460 .0 
KbUIH(lL-2.J,i')=460.0 

160 IF at>l.Lt.O) GO To 210 
C IS IHLKL A GAP ADJACENT TO COOLANT HIGH BOHNOARY? 

IF (GAPK(101,J,K) .Lt. 0.0) GO TO 184 
CALL Li<i<OR{8HP01NTsiO) 
bO 10 luO 

lb4 O A P K ( l o i , J , K ) = - 2 . O E - l 0 + G A P R ( I 6 i , j , K ) 
K b b l L d b l . J,K)=4faO.O 
R b b l H d o l . J , K ) = 4 6 0 , 0 

210 C0I,I1 lUu t 
C========-==;:r========================s====5sr=ssss==5=====s-====s-s==, 
C lb IML ̂ LOw IN THL AXlAL-Z DIRECTION? 
2«:0 IF (lP.t.0,2) GO TO 240 

C SET TWO SWITCHEb To INDICATE ON VI/HICH 
C .uOUUDARitS THE COOLANT LIES 

JG1= JOZ(JHS) 
JG2= JGZ(JLb-l) 
IF (jLS.LL.l) JG2=0 
DO £:30 i = lLS,lHb 

• uO ..30 h= KLS.KHS 

-»YES,NO»-

SIOE OF ITS AXIAL-Z 

P0IN1840 
POIN1850 
POIN1860 
POINJ870 
POINiBflO 
POIN1890 
POINi9nO 
POINl9iO 
POINigoO 

:=POIN1930 
POIN19(|0 
POIN1950 
POIN1960 
POIN1970 
POlN19nO 
POIN1990 
POIN2000 
P0IN2010 
POIN?0?0 
POIN2030 
POIN.-'OuO 
POIN2050 
POIN?060 
POIN?070 
POlN20q0 
POIN20P0 
POIN2lnO 
POIN2U0 
POIN?1?0 
P0IN?130 
POINplnO 
POIN^lsO 
POIN?l60 
P0IN2170 
POlNplnO 
POIN?l90 

=POIN?200 
POIN32iO 
POIN22?0 
POIN?230 
P0IN2240 
POIN2250 
POIN2260 
POIN2270 
POIN22flO 
POIN2290 
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IF {J6X.LE.0) GO To 215 
C IS THERL A GAP ADJACENT TO COOLANT HIGH BOUNDARY? 

IF IGAP2(JG1,I,K) .LE. 0.0) GO To 213 
CALL LRK0R(aHP01NTsi2) 
60 10 100 

213 GAPt(JGl,l,K)=-2.0E-10+GAPZ<d6l,I,K) 
/;bBrL(JGl.I,K)=460.0 
ZBBIH(JO1.I>K)=460.0 

215 IF (jb2.LE.O) GO To 230 
C IS ItlERt. A GAP ADJACENT TO COOLANT»S LOW BOUNDARY? 

IF (oAP/:{Jb2,X.K) .LE. 0.0) 60 TO 218 
CALL LKH0R(aHP0lNTS13) 
oO lo luU 

218 GAH*.(JG2,1.K)=-1.0E-10+6AP2(JG2,I,K) 
/bblL(Jb2.I»K)=460.0 
?.bi3lH(Jo2.I.K)=460.0 

230 CON! Il̂ Ut 

C ls'THL'FLO~lN'THt~THETA-v"DlRECTl0N?"-tYEi7N0 
240 IF (IP.LQ.3) GO TO loO 

C bLT rwo SWITCHES TO INDICATE ON WHICH SIQE OF iTS THETA-Y 
C .(jOUNiiARltb THt COOLANT LIES 

KG1=. KUI (KMS) 
KG2i Kol(KLS-1) 
IF (KLS.LE.D KG2=0 

-bO 1= ILS.IHS 
cbU j= JLS.JHS 
(KGI.LE.O) GO TO 255 

DO 
uO 
IF 
lb 
IF 

253 

2b5 
C 

257 

250 

C===i: 

IHERL A GAP ADJACENT TO COOLANT HIGH BOUNDARY? 
(bAPr(Kol,I.J) .LE. 0.0) GO To 253 

CALL tRKOR (AHP0INTS14) 
bO 10 100 
OAPI(K01.I.J)=-2.0E-10+GAPT(KGi,i,J) 
TbblLlKbl.lij)=460.0 
TbbiH(Kbl.I.j)=460,0 
IF (K^2.LE.U) 60 To ?50 
IS IHLRL A GAP ADJACENT TO COOLANTIS LOW BOUNDARY? 
IF (uAPT(Ko2,l,J) .LE. 0.0) 60 TO 257 
CALL ERROR (hHPoINTSlb) 
GO io loo 
oApr(KO2,l,J)=-1.0E-l0+6APT(K6?,l,J) 
ToBlL(Kb2.I.j)=460.0 
TBiUM(Kb2.I.j)=460.0 
CON I IHUE 
00 Io luo 

POIN23nO 
POIN2310 
POIN2320 
POIN?330 
POlN?3t»0 
POIN93tiO 
POIN2360 
POIN2370 
POlN?3nO 
POIN>390 
POIN2400 
POlN?4lO 
POIN?4?0 
POIN?430 
POIN?4a0 
POIN?450 
POlN?4ft0 

=====POIN2470 
POIN?4n0 
POIN?490 
POIN^SnO 
POIN2510 
P0IN95?0 
POIN?530 
POlN25t»0 
POIN?550 
POIN3560 
POIN?570 
POIN?5^0 
POIN2590 
POIN.-56nO 
POIN?6iO 
POlNp6?0 
POIN263O 
POIN26a0 
POIN2650 
POIN?660 
P01N2670 
POIN26R0 
POIN2690 
POIN?700 
POIN?7iO 
POINp7?0 
POIN27.10 
POIN2740 

:==s=POlN?7t,0 
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C HAVE ALL BLOCKS BEEN CHECKED? -•YES.NOTYETI- POINJt760 
120 CONIINUE P0IN2770 

C========-======================s=======================================POIN27n0 
C INITIALIZE THE MATR6,MATZ6 AND MATTG VALUES WHICH ARE ON GAPLINES POIN2790 
C ilOUl.DlNb COOLANTS, POINJBQO 

DO 260 1=1,NRG POIN2aiO 
00 tbO J=1.J,>AX P0IN?8?0 
DO ^60 K=i.KMAX POIN2fl30 

2bO 1F(OAPR(1.J.K).LT.-.5E-10) MATR6(I,J,K)=l00 • POIN2n40 
DO t70 I=1,IMAX, POIN?850 
oO ^70 J=1,N?6 POIN?860 
DO t70 K=i,KN.AX POIN2870 

270 lF(o«P?d,J,K).LT.-.5E-lO) MATzGd , J,K)si00 POIN?8AO 
DO ^HV 1=1,IMAX POIN9B90 
DO *:hO u=l.J;.lAX POIN2900 
1)0 *.„0 K=1,NTG POIN?9JO 

2fa0 lF(OAPTd.J.K).LT.-.5E-lO) MATTGd . J.K)=lOO POIN29?0 
C=================================================================s=====POIN29.iO 
C/ HAVL ALL POINTS BEEN ASSIONEO TO A BLOCK? -INO.YES.- POIN29U0 

DO IbO 1=1,IMAX POIN?9SO 
DO 140 j=l,Ji.,AX POIN2960 
DO 130 K = l,Kl.,AX POIN2970 
1F(KT(I,J.K).L£.0) CALL ERROR(7Hp0INTSl) POIN?9RO 

130 CONllHUti POIN2990 
140 CONIIUUL POINiOnO 
IbO CONIIUUt POIN3010 

Ct •*****»*******.*»******«**********«*»********************«*«***«***POIN3n20 
RtTURN POIN5030 

C========-==============================================================POIN3040 
tND POIN3050 
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C: 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C: 

SUBKOUTINE B0UN0A(AL.AP,M»IGA.ABLIABH»ADG.ILA,IHA.NAG,iP) 

INCLUDE COMDIM 

'ASSiON~THE"BLOCK''ANu"GAP LOCATIONS FOR ONE DIMENSION 

ERROR SrOPS= 
LOUNDAl THE LOJ BOUNDARY FOR A BLOCK IS TOO LARGE OR 

LARGER THAN THE LARGEST BOUNDARY DEF I N E D IN THAT 
DIMENSION. 

bOUNbiAi THt HloH BOUNDARY OF A BLOCK IS LAR6ER THAN THE 
LAKGtST BOUNDARY DEFINED IN THAT DIMENSION. 

bOUfJDA3 AN INTERNAL COOLANT BLOCK HAS BEEN SPECIFIED IN 
H O L A T I O N OF CODL L I M I T A T I O N S . MOST LIKELY ERRORS ARE 

1. A NORMAL COOLANT HAS BEEN SPECIFIED FQR A 
PROBLEM IN CYLINDRICAL COORDINATES. 
<i. A,s| INTERNAL COOLANT HAS TwO BOUNDARIES WHICH 
ARE COINCIDENT. 

10 
20 
30 
40 
50 
60 
70 
80 
90 

UlMLNblbN AL 
ABH 

D.AP 
D . A D G 

( 1).I6A 
( D.ILA 

D.ABL 
D.IHA 

1). 
1) 

10 

C=s 
C 

CALCULATE THE POINT LOCATIONS 
AP(I)=AL(1) 

QO 10 1=2.M 
AP(i)=(AL(I)+AL(I-l))*0.5 
CONl INUL. 
AP((-.+i)=AL{M) 

LOCATION ARRAY 

ttO 

C=: 
C 

C 

C 

C 
CB 
C 

ERAJL THE GAP 
jO tU I=1»M 
16A(l)=u 
CONlIHUt 
l',l=IM+l 

7lN3~lHt"BLOCK"BOUNDARY'lNDlcis'lN'THE CURRENT DIMENSION 
,FOR LACn BLOCK 
ijO 70 L=1.LMAX 
lb iT A COOLANT OR A SOLID MATERIAL BLOCK? -fSOLlD.COOL.• 
IF(N,„(L).6T.O)GO To 25 
lb IT AiM EXTERNAL OR INTERNAL COOLANT? -iINTERN.EXTERN,-
IF(ABL(L).NE.ABH(L))60 TO 25 
AbSioN THE EXTERNAL COOLANT BLOCK 
lb iT oi>i Tut LOW INDEX O U T S I D E - , Y E S . N O » -

lF(/,uL(L).Ey.AP(l))60 TO lOb 

BOUN 
BOUN 
:B0UN 
DOUN 
:BOuN 
BOUN 
BOUN 
BOuN 
BOUN 
BOUN ino 
BOUN n o 
BOuN 1?0 
BOUN 130 
BOtjN 140 
BOUN 150 
ROuN l60 
ROljN 170 
:nouN IpO 
:[)0UN 190 
BOUN 200 
ROUN 210 
:R0UN 2?0 
nouN 230 
BOuN 240 
BOuN 250 
ROuN 260 
BOUN 270 
BOUN 2ft0 
:nouN 290 
ROUN 3n0 
BOUN 3l0 
BOUN 3?0 
BOUN 330 
POlJN 340 
:ROUN 35O 
BOuN 360 
BOuN 370 
BOuN 3n0 
BOUN 3q0 
POUN 4(10 
BOUN 410 
BOUN 4?0 
BOUN 430 
BOUN 4H0 
BOUN 450 
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C IS IT ON THE Him INDEX OUTSIDE «tYES9N0i» BOuN«»60 
lF(rttiL(L).EQ.APCMinGO TO 110 BOuN i»?0 

C ILLtGAL INTERNAL COOLANT CHANNEL BOuN i*nO 
CALU E R K O R I7HB0UNDA3) BOUN s»90 

C AbSibN THL LO«i INUEX O U T S I Q E C O O L A N T LIMITS BOUN 5oO 
105 ILAlL»=l BOUN 510 

IHAlL)=i ROUN 5?0 
IOA(l)=-i BOUN 5^0 
GO 10 7u ' BOUN 5uO 

C ASbifaN THE HI6H jNutX OUTSIDE COoLANl L I M U S P O U N 550 
iiO 1UA1L>=M1 BOuN 560 

1HAIL)=M1 BOt-'N ^̂ 70 
IbA4M)=-i BOUN 5RO 
bU JO 70 BOUN 590 

CE ******«**«4«********«*«********«***«********««***«******«*««******P0UN 600 
CB AbSiui^ THE SOLIU MATERIAL OR INTgRNAL COOLANT B L O C K BOUN 6iO 
C/ fLHu THE LOW BLOCK B O U H U A R Y I N D E X - « O K » N O N E « - BOiiN 6?0 

2b DO ̂ 0 1=2.M BOUN 63O 
lKM,iL<L).LT.AF{I))eO TO 'iQ POuN 6u0 

^0 CONilNUc BOUN 650 
Ct **«*«******«**«*******4!************«***«*****«***«**«*««****«*«***B0UN 660 
C THE LUl^ ULOCK H O U N U A R Y L I E S O U T S I D E THE SYSTEM BOUN 670 

CALt. cRH0K(7Ht$0UNUAl) BOUN 6pO 
c " " Abb i3M~?Ht LOW tJLOCK bOUNOARY ROtiN 7oO 

hi) ILAiU-l '̂ 0>-'N 7 i 0 
C/ hiiii, r i l t . HIGH BLOCK t-.OUNDARY INDEX - ' O K s N O N E t - BOuN 7?0 

1=111 BOUN 7^0 
DO t.0 J = I . . . l l BOUN 7u0 
I K « i i H { u ) . L E . A P ( d ) ) b O TO 60 , BOUN 7qO 

i>0 C O N U N U L ' ' O U N 760 

CE ««**>i,«*«*«****«*«**«**«***«****************«****»«****************BOUN 770 
C THE MlUH BLOCK uOUiWARY LlES OuTsiDE THE SYSTEM OOUN 7pO 

CALL. trtKOKc7HtiOUNUA2) POijN 7gO 
C ASSio.4 iHt. HIGH BLOCK BOUNDARY I^DEX HOuN BoO 

bO 1HA^L)=U-1 __ _ BOW 810 
C ~.tT'THL'GAp"b^i?CH"wHEN"NictSSARY BOUN 830 

XF(MOG{L).GT.0.U)lGA(>J-l)=-i BOUN 8iiO 
C IS il A COOLANT BLOCK -»NO,YES!- POuN 8s0 

lFCr.idL).t.T.0)GO TO 70 BOuN 860 
!4-",.ni(L) BOUN 870 

C uOLb rUt. COOLANT fLOtt IN THE C U R R E N T DIRECTION -tYESsNOt- BOUN 8^0 
IF lXH.i.j,lA,iS(IPATHCN))» 60 TO 7O BOuN B Q O 

C AbSiGN A GAP dOUNUAHY ON U O T H S I O E S OF T H E C O O L A N T O O U N 9 O O 
• lbA(J-l)=-i BOuN 9iO 
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ieA(I"2)s-l BOUN'fgO 
Z HAVE ALL BLOCKS B^EN CHECKED? -»YESrNO»« BOUN 930 

70 CONilNut BOUN 9nQ 
Cs:===5=======s======s=s=sss====s=sss==s=ssSssssssssssssssssssssssssssSs=B0uN 950 
C/ INSPECT THE ^AP INDICES ANQ ASSIN© THE NyMBER OF BOUNDARIES BOUN 960 

J=0 BOuN 970 
DO OO 1=1»M BOUN 9gO 
lF(iGA(l).EQ.O}eO TO 80 BOUN 990 
J=J+1 ' BOUNjOOO 
IGA<1)=J . BOUNlOiO 

dO CONilNut BOUN.tO?o 
NAG~d BOUN1030 

CE «******«************«***********«*«***********«*********«*********BOUNlOtiO 
CE *«#«**4,*****************«***«****»*«**************************j|«***E'OuNS0s0 

HtruflN __ BOUNlOftO 

END BOUNIORO 
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SUUHOUTINE CONSTA 
INCLuOt COMDiM 

C/ 
C 

CONS 
CONS 

isr=sssss=s~ssCONS 
IRLN TABLE CI) CONS 

;==sss=CONS 

b 
10 

ZQ 

CALCULATE RAnlAL-X GEOMETRIC CORRECTION FACTOR 1 

UtLH(I)=;HP«I-l-l)-RP{I) 
iFCishAHE.EQ.l'teO TO 5 
KL(i I i ) CALOG { KL ( U /RP (I > ) /ALOG (RP f I+i) /RP CI)) 
GO 10 10 
!<LN (1) = (RL (I) -RP (I) > /OELR (IJ 
CU(J!lNut 
CALCULATE AXIAL-Z GEOMETRIC CORRECTION FACTOR 1 CELN TABLE CV 
uO cO U=1»JM 
UtL^tJ)=ZP(J+l)-2P(J) 
^LNCu)=(ZL(J)-2P{J))/0EL2(J) 
CONlll>iUt. 

CORRECTION FACTOR 1 CTLN TABLE CI? 

CE 
€/ 
C 

40 

CALCULAIE THtTA-Y GEOMETRIC 
UO wu K~1»KM 
Ut'L! (K)=TP(K-»-l>-TP(K) 
TLNlK)=tTL{K)"TPCK))/OELTCK) 
CUNIINUL 

CONS 
CONS 
COhjS 
CONS 
COMS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 

^ 5 

«+0 

«*5 

» * * * * * * * * * * * * * * * * * * « * * * * * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * C O N S 
CALCULATE HAUiAL-X GEOMETRIC SAP CORRECTION FACTORS 2 AND 3 CONS 

, ( K A I I O K . R A T I O H S TAtjLLS C2»C4) CONS 
PO Hit I = l t I M t CONS 
I F ( I G H ( I ) , L E , 0 ) G O TO «i0 CONS 
l 6 = A b K ( l ) CONS 
I F C i b H A H E . t Q . l > f a O TO 35 CQf̂ lS 
f<ATA0K( iG>=ALa6 (RP( I - » -3 .» /RP( I J ) /AL06CRPCl - l - l ) /RLC l ) ) CONS 
R A r i 0 H < i G ) = R L i I ) * A L 0 6 ( R P C U l ) / R L | I H ConS 
K A T i u t ( i G ) = l . 0 / ( R L ( | ) * A L O e { R P C I * i ) / R P C I ) J l CONS 
60 ifj liO CONS 
R A T A u K ( l G ) = D t L R ( I ) / C R P ( I * 3 . ) - H L ( I j J CONS 
RAT i u H ( I G ) =RP ( I - t - l ) - K L CI ) CONS 
k A T i o C ( A G ) s l , 0 / U E L R { I > • CONS 
CUNtXNUt CONS 
KATiOts{HRG>=o.O CONS 
kAT iG i i (N f«s )=n .O CONS 
IF 11 SHAPE. EQ. I ) 60 TO W C O N S 
KAfAOCd.RG) = 3 . , 0 / f K L a M ) * A L O ® c R P C I N I * 3 . V R P C I M n ? CONS 
GO lO lib CONS 
R A T I o C ! N R < i ) s i . O / D E t R ( l M ) CONS 
CONilNUc. CONS 

10 
?0 
30 
l«0 
50 
60 
70 
no 
90 

loo 
no 
1?0 
130 
ls>0 
ISO 
160 
170 
ino 
iqo 
?.oo 
210 
2?0 
230 
ZHO 
250 
260 
270 
2p0 
290 
300 
330 
3?0 
330 
3it0 
350 
360 
370 
3R0 
390 
iJOO 

!|-10 
^?0 
<*30 
HHO 
<450 
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CE n<«««**«***«******«*«**************«*****«*********«***************CONS <i60 
C/ CALCULATE AXIAL-2 GEOMETRIC GAP CORRECTION FACTORS 2 AND 3 CONS «f70 
C .UATlOK.^ATIoHj TABLES C2.C<*) CONS HHO 

UO 60 JslsJMl CONS 4gO 
lF(w6<:tJ).LE.0)60 TO 50 CONS 5oO 
JG=JU/(J) CONS 5iO 
/ATA0K<ub)=DtL2(J)/J7P(vJ*i)-2L(J}) CONS 5?0 
/ATiOH(JG)rZP{J+l)-/L(J) CONS 530 

bO CUi\!l INUL ' CONS 5(̂ 0 
ZATioK(>ĝ fc.)=0.0 . COMS 550 
ÂliuH(N̂ fc,)=0.0 CONS 5ft0 

CE ********************«****************«**********************«««***C0NS 570 
C/ CALCULAiL THtfA-Y GEOMETRIC GAP CORRECTION FACTORS 2 AND 3 CONS 5RO 
C .(TATlUKfTATIOH, TABLES C2»C«*) CONb 590 

UO uii K=1»KM3 CONS 6OO 
lK^cTtK).LE.0>GO TO 60 CONS 6i0 
f̂aSKCTCK.) CONS 6?0 
TATiOK(KO)=Dfc-LT{K)/(TP(K*i)-TL(K)) CONS 63O 
TATioH(KG) = TP(K+l)~TLCK) CONS 64̂ 0 

bO CONUHUfc. CONS oSO 
rATiu^(^rw.)=O.0 CONS 660 
TATAOH(rMTG)=0.0 CONS 67O 

CE *•*»*** ***«*****«*«***i(i****«****<,*ij,*«*«***«jK«!4i***Ki**«***«*********C0f IS 6flO 
CB PAba IriKOUi,.! ALL ULOCKS TO CALCULATE THE 6AP CORRECTION FACTORS CONS 6qO 

UO A20 L=1.L IAX 
C uLFif.c THt COHNERS OF THE CURRENT BLOCK 

ILb_ 1L(L) 
IHS- IH{L) 
jLb- JL(L) 
JhS= JH(L) 
KLb= KLtL) 
KHb- KH(L) 

C lb AT A COOLANT OR A SOLID MATERIAL BLOCK? »fC00L.|S0L|D«» 
IF(HbtL).Lt.O)GO TO liO 

C/ ' CALCULATC HAnlAL-X GEOMETRIC GAP CORRECTION FACTQR H 
C .jKAilOB, lAliLt C3) 

lF(huCi«L>.LE,0.0)eo TO 90 
lesluKdH^) 
IFabHAPE.LQ.l>t«0 TO 70 
X=ALCt>((KL(lHb>"RU3(Ln/RP(lHS))/AL06«RP«lHS+J>/RL(lHS)) 
GO lu 7t> 

70 X=(KL« lHS) -Rp i lHS>-RU6{L) ) / (RP( lHS* lJ -RL« lHS) ) 
75 uO 00 J=JLbf jHS 

UO tjO K=KLbsKriS 
kATiuUa6»J»K)=X 

CONS 7n0 
CONS 710 
CONS 7?0 
CONS 730 
CONS 7(tO 
CONS 7S0 
CONS 760 
CONS 770 
CON'i 7n0 
CONS 7c?0 

S=S=S=CONS aoo 
CONS BIO 
CONS 8?0 
CONS 830 
CONS fl(*o 
COfjS 850 
CONS 860 
CONS 870 
CONS 8a0 
CONS 890 
CONS 900 
CONS 910 
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CE 
C/ 

c 

bO 

CE 
C/ 
C 

bO 

CE 
CB 

^*^4**************************************************************^0f^S 460 
CALCULATE AXIAL-Z GEOMETRIC GAP CORRECTION FACTORS 2 AND 3 CONS 470 
.(ZAIIOK.ZATIOH, TABLES C2.C4) CONS 4R0 
DO bO J=1.JM1 CONS 490 
lF(uGZ(J).LE.O)GO TO 50 CONS 5n0 
JG=uoZ(o) CONS 5iO 
/'ATiOK(vJO)=DtLZ(J)/(7P(J*l)-ZE(J)) CONS 5?0 
/AT10H(u6)=ZP(J+l)-ZL(J) CONS 530 
CONliNuL ' CONS 540 
ZATluK(wZG)=0.0 . COMS 550 
/A1IOH(N^:G)=0.0 CONS 560 
4,*4.*»^*4c***********************************************************C0t'lS 570 
CALCilLAiL THtfA-Y GEOMETRIC GAP CORRECTION FACTORS 2 AND 3 CONS 5<i0 
.(lAllUK.rATloH, TABLES C2.C4) CONS 590 
uO 00 K=1.KMI CONS 6OO 
lF(Nor(K).LE.O)GO TO 60 CONS 6iO 
KG=NoT(K) CONS 6?0 
TATiOK(KO)=Dt-LT(K)/(TP{K*l)-TL(K)) CONS 63O 
TATloH(KG)=TP(K*l)-TL(K) CONS 64O 
CONllNUt CONS 650 
rATio-<>(Nru)=0.0 CONS 660 
TATIOH(NTG)=O.O CONS 670 
:^*:4:t.4*t***********************************************************^0ftS 
PAS.. iHKOUbH ALL BLOCKS TO CALCULATE THE GAP CORRECTION FACTORS CONS 
DO x20 L=1,L.IAX 
DEFlr.t IHt CORNERS OF THE CURRENT B L O C K 
ILbi 1L(L) 
IHbi 1H(L) 
JLS- JL(L) 
JHS= JH(L) 
KLb= KL(L) 
KHSi KH(L) 
lb iT A COOLANT OR 
IF(iib(L) .Lt.C)GO To 

A SOLID MATERIAL BLOCK? -ICOOL.fSOLlDt-
110 

CONS 
CONS 
CONS 
CONS 
CONS 
CONS 
CONS 760 
CONS 770 
CON'i 
CONS 

6flO 
6qO 
7no 
710 
7?0 
730 
luo 
750 

C/ CALCDLAiE RAr,IAL-X GEOMETRIC GAP CORRECTION FACTOR 4 
C .(RAIlOb, IABLE C3) 

IF(KUG(L).LE.O.O)GO TO 90 
IG=luK(IHb) 
IFdbHAP£.EQ.l>faO TO 70 
X=ALCO((RL(lHb)-RUS(L))/RPdHS))/AL0G{RP(lHS*l>/RL<lHS)) 
GO 10 7b 

70 X=(KL(lHS)-RpdHS)-RDG(L))/(RP(lHS*l)-RL(lHS)) 
75 D O OO J=JLb,jHS 

DO OO K=KLb.KHS 
• RATloB(lG.J.K)=X 

CONS 
C O N S 
CONS 
CONS 
CONS 
COhiS 
CONS 
CONS 
COMS 
CONS 
CONS 

7n0 
7qO 
800 
310 
8?0 
830 
8^0 
850 
860 
870 
8nO 
890 
900 
910 
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aO CONTINUE CONS 920 

C CALCULATE AXIAL-Z GEOMETRIC GAP CORRECTION FACTOR 4 " CONS 9"uO 
C .(ZAllOb, TABLE C3) CONS 950 

90 lF(tDG(L).LE.0.0)60 TO 100 CONS 960 
jG=ooi(jHS) CONS 970 
X=(<:L(JHS)-ZP(JHS)-2D6(L))/(ZP(JHS+1)-ZL{JHS)) CONS 9fl0 
')0 Vb l:ilLS.lHS CONS 990 
DO S-i, KZKLS.KHS • CONSIOOO 
ZATi0B(jG.I,K)=X CONSlOlO 

95 CONIINUL CONSIO2O 

C CALCULATE"THETA-Y GEOMETRIC GAP'CORRECTION'FACTOR""!* CONSlOuO 
C .(TAllOt), TABLE C3) CONSIO5O 
100 IF(I|,G{L).LE.0.0)60 TO 120 CONSIO6O 

KO=KuT(KHb) CONSIO7O 
X=(IL(KHS)-rP(KHS)-TD6{L))/(TP(KHS+l)-TL(KHS)) CoNStOflO 
DO lob 1=ILS,IHS CONS1090 
uO inb J=JLS,JHS C O N S U O O 
TATlob(KG.I.j)=X CONSlllO 

105 CONllNUt CONSllpO 
bU 10 120 CONSH30 

CE *******^ *********** 4i***********»***************tL*******0*******,fi*^*COHSili^O 
C/ CALCjLAIt THE RAD1AL-X CORRECTION FOR RAplATION ACROSS A COOLANT CONSU5O 
C AVOii, OUTSIDE RADlAL-X COOLANTS CONS1160 

110 IF (Its.to. 1 .OR. IHS .EQ. IMAX) 60 TO 2l2 CONSU7O 
iF(ibHAPE.EU.l) 60 TO 214 CONSllpO 
X=l<LdLb-l)/RLdHS) CONSllgO 
GO 10 216 CONS120O 

212 X=O.U CONS121O 
60 10 216 CONS12?0 

214 X=1.0 CONSJ230 
216 lG=iOKdHS) CONSl2aO 

DO lib j=JLS,JHS CONS1250 
DO lib K=KLS,KHS CONS1260 
RATiOUd6,J,K)=X CONS1270 

l l 5 CONllNUt . CONSl2fiO 
CE **-**************************7ii*m***********************************CONSi290 
C HAVE. ALL BLOCKS BEEN CHECKED? -'YES.NO*- CONS1300 
120 CONIINUL C0NS13i0 

RLTORN CONSl3?0 
END CONS1330 
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SUBKOUTINE GEOMET 6E0M lO 
INCLUDE COMDIM GEOM ?0 

C-s-==-==--=—s=-=-=s===r========s=================s==============='====GE0M 3O 
cli CALCULATE THE GEOMETRICAL FACTOR AND CELL VOLUMES FOR NOQAL POINTSGEOM HQ 

c" LHHJH STOPS " GEOM fiO 
C ULO.'lLTl bOME POINT HAS A NEGATIVE CALCULATED VOLUME _ _ GEOM 70 

[oGiCrtL TiGAP ^JSAP TKGAP " GEOM loO 
C=======================================================================^E0M 110 
c" " PASI'THKOUGH ALL PLANES IN THE RADIAL-X DIRECTION GEOM I?O 

uO HOU 1= 1,IM 6E0M I3O 
C lb A KAUIAL-X GAP ADJACENT? -mO.YES'- GEOM litO 

1 K 1 G K ( I ) , E Q . 0 > GO TO 10 _ __ '5E0M IBO 
C Abbi3u'7HE"RADlAL-x"GAP INDEX GEOM 170 

10= xhRil) 6ECM IflO 
IGAPz .TRUE. GEOM igo 
00 10 20 _SEOM 200 

C bLT~TriL"RAdlAL-x"6Ap"AVERAGES To'zERO GEOM 220 
10 l(iM= .FALSE. GEOM 230 

uGJK= O.U GEOM 240 
UGK0= 0.0 GEOM 2^0 
U6K- U.U GEOM 260 

Q _ :__ ss-ss—5===ss==ss=s==s=s=s========5==========s=====s=GE0M 270 
C* ' FOK A GIVEN RADlAL-x PLANE, PASS THROUGH THE AXMl—Z COLUMNS GEOM 2q0 

20 UO iuO J= 1,JM ^ GEOM 290 
C IS AN AxIAL-2 GAP ADJACENT? -'NO.YES*- GEOM 3n0 

IH (JG^(J).EQ.O) 60 TO 30 _ GEOM 3l0 
C Absir,N'THE"AXlAL-z'6Ap'lN0EX ' 6E0M 330 

jfa= JG2(J) GEOM 3u0 
jGAf= .TKUE. GEOM 350 
(,0 TO <4 0 GEOM 360 

C========:.==============================~===========~=================GEOM S70 
C btT~THE'AXIAL-2'GAp'AVERAGES TO 7ERO GEOM 3fl0 

AO JGAt = .FALSE. GEOM 390 
UGIK= 0.0 GEOM UOO 
DGK1= 0.0 GEOM U^O 
aJl^ 0.0 __ _ _̂ GEOM J?0 

C rot<"lHE"GlvEN'AXIALlz"coLUMNS, PASS'THROUGH ALL THETA-Y POINTS GEOM '+4O 
HO 00 ̂ 00 K= I,KM GEOM 450 
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IS A THETA-Y SAP ADJACENT? -tNQjYES'- GEOM «»60 
IF (KGT(K).Eo,0) Go TO 50 6E0M 170 

ASSI3N~THE THLTA-Y"GAP INDEX ' ~ * """""GEOM 190 
K6= KGT(K) GEOM 5OO 
KGAP= .IRUE. GEOM 5IO 
GO 10 7U GEOM 520 

SET THL"THLTA-Y'GAP"AVEKA6ES TO 7ERO " "" ' 'GEOM 5(*0 
bO K«JAP= .FALSE. , GEOM 550 

OGIkJs 0.0 GEOM 560 
ljGJi= 0.0 GEOM 570 
DGT- O.U GEOM 5n0 

lb H HAblAL-X GAP ADJACENT? -tNO.YES*- ' GEOM 60O 
70 lF(.(jOT.IGAP) GO TO fiO GEOM 61O 

AbbiuN THE RADlAL-X GAP AVERAGES GEOM 63O 
ijGĴ .= (OAPR(I6,J,K)+GAPR(IG,J+1,K))*0.5 GEOM 6uO 
t.OKo= (GAPH(IG,J,K)+GAPK(I6,J»K+I))*0.5 GEOM65O 
uOKi OAHK(IC>.J,K) GEOM 660 

lb .̂ij AxlAL-/ GAP ADJACENT? -'NO,YES'- GEoM 6(\0 
oo I F ( . N O T . J C I A P ) GO TO 90 GEOM 6 Q 0 

AbbiclM iHL A X I A L - 2 GAP AVERAGES " GEOM 7 ) 0 
l ,o l r .= ( i ^ A ( ' 2 ( J ( , , l » K ) + 0 A P Z ( J G , l + l , K ) ) * 0 . 5 GEOM 7?0 
L ) b K i - ( f „ . M / i ( J < , , I , K » + o « P Z ( J G , I , K + l ) ) * 0 . 5 GEOM 730 
OG/l^-bAH; ( J I J , I , K ) GEOM 7 U 0 

l b h FHtTA-Y GAP AOJACENT? - ' N C y E S ' - " GEOM 760 
S»0 IF ( . t i o r . h G A P ) 60 To lOO GEOM 770 

A^bJLLli I He. T u t T A - Y GAP Z V E R A G E S " GEOM 790 
. j f a I u = ( G A P T ( K t , , I , J ) 4 - G A P T { K G , l + l , J ) ) 4 , 0 , 5 GEOM 8p0 
D O J X = ( G « P r ( K G » I i j ) + G A P T ( K 6 , l , J + l ) ) * 0 . 5 GEOM 8 l O 
uGT;;oAm ( K O . I , J ) . GEOM a?0 

l b l , i t t>EOiETRY CYLINDRICAL OR R E C T A N G U L A R ? " - » R E C T , , C Y L I N . » - GEOM flt»0 
100 R L X - , < L ( i - i ) GEOM flsO 

IF ( I . C u . l ) HLXsO.O GEOM SfiO 
i : L X i . / L ( J - l ) GEOM 070 
I F ( J .C.O. 1) Z L X = 0 . 0 GEOM AAO 
T L X = T u l K - l ) GEOM 89O 
IF i K . E o . i ) T L X S O . O GEOM 9oO 

' l F ( l i , H A P E . N E . 0 ) G O TO 150 GEOM 9 i O 
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C CALCULATE'THE'GEOMETRY'FACTOR AND"N0DE VOLUME'FOR A " " GEOM 930 
C .CYLINDRICAL GEOMETRY ^ , . , , GEOM 9^0 

RR(i,J,K)=(ZL(J»-ZLX-D6IK)«(TL(K)-TLX -DsU )/AL06{RP(I+1)/RP(I)) GEOM 950 
(U(i.J.K)=((HL{l)-DGJK)**2-RLX**?)*(TL(K)-TLX-DGjI)/(ZP(J+l)-ZP(j)GE0M 960 
X)*0.b GEOM 970 
I<T{1,J,K)=(RL(I)-RLX-DGKJ)*(ZL(J)-2LX-DGKI)/(RP(I)*(TP(K+1)-TP(K))GE0M 9n0 

X) GEOM 990 
V(1»J»K)=((RL(I)-0GR)**2-RLX*»2)*(ZL(J)-ZLX-0GZ)*(TL(K)-TLX-D6T) GEOM,OOO 

X*0.j . GEOMlOiO 
00 iO 199 GEOMlOpO 

C CALCULATE THE GEOMETRY FACTOR AND NODE VOLUME FOR A 6E0M1030 
C .KECIANOULAK GEOMETRY GEOMiOuO 

IbO KK(i,J,K)=(TL(K)-lLX-DGlJ)*(ZL(J)-ZLX-DGIK)/OELR<I) GE0MIO5O 
K2(J,.J,K) = (TL(K)-TLX-D3Jl>*(RL(I)-RLX-DGjK)/r)ELZ(J) GEOM1O6O 
KT(i,J,K)=(KL(I)-RLX-DGKJ)*{ZL(J)-ZLX-D6Kl)/0ELT(K) GEOM]070 
V(i.J,K)=(TL(K)-TLX-nGT)*(RL(I)-HLX-DGR)*(ZL(J)-ZLX-OGz) GEOMJOftO 

ly9 IF (V(I.JrK) .LT. 0.0) CALL ERROR (7HGE0MET1) GEOMIO9O 
2U0 CONIlUUt. GEOMIIOO 

CE • * • » • * • . • • • • • • * * * * « * * * * * * » * * * * * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 6 F 0 M l I l O 
«tUO CONtiNt jL GEOMUlO 

J. —===—==========s==s====s=====================s=====GEOMtU0 
C" ~ CLE».w-UP CALCULATED ARRAYS SO THAT ONLY PHYSICALLY MEANINGFUL G E O K U S O 

C UATM IS PRESENTEU GEOM1160 
ijU ioOO I = lrlMAX GtOMll70 
DU iljUO K = lrKMAX G E O M U A O 
|<^(j.,Jv'AXrK)=0.0 GEOM1190 
«K(i.l,K)=0.n 6EOM1200 
«i<(i,JfuX,K)=O.Q GEOM1210 
RT(l,l,^)=0.0 GEOM1220 
t<l(i,J-AX,K)=0.0 GEOM1230 
V(i,i,K)=U.O GE0M124D 
V(IfjMAA,K)=n.O ^^°^J?^2 

1000 COlJllNut. GF0M1260 
DO lijOO J=l,jMAX GEOM1270 
uO ihOO K=1,KMAX • OEOM12n0 
K/(AN«X.J,K)=0.0 GEOM1290 
RZ(l.J,K)=0.n GEOM1300 
H^ (1MAA.J.K)=0.0 GEOM310 
f<r(i,J.^)^U.O GEOM1320 
RK(lMAX,JfK)=0.0 GEOM1330 
v(i,j»K)=o.o ! : " ^ J ^ ° 
V<IhAX.J,K)=0.0 ^l^'llV^l 
uO ^000 1=1»IMAX 6EOM1370 
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DO tOOO J=1,JMAX GEOMlSflO 
RT(1,J,KMAX)=0,0 6EOM1390 
KK(1,J,1)=0.0 ' GEOMlUoO 
RR(A,J.KMAX)=0.0 GEOMlliO 
RZ(l,J,l)=0.0 6EOMl<f20 
H/(l,J,KMAX)sO,0 6EOM1430 
V(I,J,1)=0.0 GEOMlHiiO 
V (I, J,KMAX)=ii,0 GEOM1U50 

2000 CONllNut ' GEOM1160 

C SHOULD IHt NODE VOLUMES AND GEOMETRY FACTORs'Si PRINTED?~-"No'YEi»GEOMm(<0 
lF(.,jOT.SW(4)) RETURN GEOMlUgO 

î KIIt (6,103) (ZA(I), I=l»12) GEOM1510 
'AKIlL(b,10't) 6EOMi5?0 

loU FUK^AI (i+7X,2hhN0DE VOLUMES (FT»*3)/ ) GE0Mi530 
C oKlhT THE VOLUMES 6EOMi540 

CALL ARIVAYI (10UM,V,2) GEOMlSsO 
rtRIlL (b,103) (^Al^), I=l»12) GEOMt570 
..KIlL (0,101) PNAviE(l), PNAME(I) 6EOMl5n0 

lUl FOKI-,AT (lbX,Ab»3bH GEOMETRY FACTOR (HEAT FLOW AREA/A6,52H DISTANGEOMISQO 
-Ct) bElwEtN POINTS (1,J,K) AND (I+l,J,K),5X,«tH(FT)/) GEOM1600 

C PKIl.T THE «AnlAL-X OEOMCTRICAL FACTORS GFOM1610 
CALL AI<KAY1 (1DUM,RR,2) GEOMI62O 
wKIlE (h,l03) (2A(IJ, 1=1,12) " GEOM16HO 
rtWIlt (0,102) PNAit.(2), PNAME(2) GEOMI65O 

102 FOKI'AT (lbX,Ab,35H GEOI^ILTRY FACTOR (HEAT FLOW AREA/A6,52H DISTANGEOM1660 
-CE) bETWEEN POINTS (1,J,K) AND (I,J+l,K),5X,'»H(FT)/) GEOMI67O 

C PK1I,T THE AXlAL-2 GtOMETRlCAL FACTORS GEOMl6fl0 
CALL ARKAYl (lDUv,rt2,2) 6EOM169O 

C pKluT THE THETA-Y GEOMETRICAL FACTORS " GEOM1710 
«H1IE (6,103) (/lAd), 1 = 1,12) GEOM17?0 
AHITE (6,107) PNAME(3), PNAM£(3) GEOMJ730 

107 FORHAT (lbX,Ao,35H GEOMLTRY FACJOR (HEAT FLOW AREA/A6»52H DI5TANGEOMI7UO 
-CE) bEfhLEN POINTS (I,J,K) AND (I,J,K+i),5X,i*H(FT)/) GEOM175O 

CALi. ARKAYl (IDUM,RT,2) GEOMl760 

RETURN " 6EOMl7n0 

103 FORNAT (1H1,30X,12A6,//) " GEOMiaoO 

END GEOM1820 
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SUBROUTINE ARRAYI (IX.X.IPY) 

INCuUDE COMOIM 

C=: 
ca 
C=: 
C=: 

C=: 
C 

PKINT"A'THREE-D1MENS10NAL_ARRAY s=-====5S=================== 

========================-=-~~-~~ "7"Tn".l«.I/i?iTTTX ( tQiJQ»KQ) { IQ,JQ»KQ),IX ( 1Q,JQ»KQ) 

10 
1 

QlMLNblON 
DATA NUMBER 

,,RlIt THE PROPER HEADING 
NAUU=10 
IF (IFY.EO.I) NADD=ii5 
GO lu (10,20,30), i>lt"«̂ NT 

-'HTMC .Ai'abMCJ) DIRECTION IS VERTICAL) 

inM=i;.,AX 
^^=Kl•,AX 

r:,'.;.l'°;tH<,:"«!iiiHE™;""?mn D.;KTIO„ ,S HORTZON,.L/«X. 
,.S,r,l,6.2bHlKl UIKECTION IS »t«TICAL) 

N,1^ = J M A X 

Ti.lIWAX 

-1.MT1.L , A 6 , 2 5 H ( J ) DIRECTION I S VERTICAL! 

•.,M.:K,-iAX 
ii=lNAA 
LJO uliU M=1,M^ 
r4UMi-::0 
NUl-U=NUH?+l 
^UM<.=I^ 'JW2+NADD 

; r ' ( r ;Si -"o.^ l ) 'S <-.) PNAME(NP«INT), M 
^ KOKi . .Ar ( lHU, / , ' t aX ,A6 ,2H ( , I 2 , 7 H ) PLANE) 

I F l l F Y . t ( j . 1) GO TO 219 
: R I 1 E 1 6 . 2 2 0 ) ( N U M B E K ( L ) . L = N U M I , N U M 2 ) 

2ilO F O R r t A T ( x H 0 , I l l » 9 I l 2 ) 

% \ i ( 0 I 2 2 5 ) ( N U M F J E R ( L ) » L = N U M 1 , N U M 2 ) 

FORI«IAT ( l H 0 , b X , 2 b I b ) 

10 
20 
30 
IVO 
50 
60 
70 
flO 
90 

^0 
2 

30 
3 

HO 

100 

219 
2i:5 

ARRA 
ARRA 

sARRA 
ARRA 
:ARRA 
:ARRA 
ARRA 
ARRA 
ARRA 
ARRA loo 

5=ARKA n o 
ARRA I2O 
ARRA 130 
ARRA m o 
ARRA l50 
ARRA 160 
ARRA 170 
ARRA IAO 
ARRA 190 
ARRA 200 
ARRA 210 
ARRA 220 
ARRA 230 
ARRA 2it0 
ARRA 250 
ARRA 260 
ARRA 270 
ARRA 2R0 
ARRA 290 
ARRA 3n0 
ARRA 3l0 
ARRA 320 
ARRA 33O 
ARRA 3U0 
ARRA 350 
ARRA 360 
ARRA 370 
ARRA 3RO 
ARRA 390 
ARRA 400 
ARRA 'ilO 
ARRA '•20 
ARRA t30 
ARRA iHtO 
ARRA 450 
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221 WRIIE (6,170) ^^R* ^*° 
170 ffORhAT (IHO) , *RR* I I I 

GO 10 (;i00,300,«t00),NPRINT Z-=_=ARRA ^90 

C 0UTHUT"PR1NT'IN"RAD1AL-X DIRECTION.'THETA-Y'DIRECTION HORIZONTAL, ARRA 5oO 

C AXI/.L-Z D1HECTI0N_VERTICAL _ARRA 5lO 

'2o"r)o"u^o'j=l7j^AX " ARf̂ A 530 
oO l u ( < * 2 1 , « f 2 2 , ' l 2 3 ) . l F Y ^ A«R^ 5(|0 

Hci wHIT i . ( o , a 0 3 ) J , ( I X ( M , J , K ) , K = N u M l , N U M 2 ) ARRA 550 
203 FOk^.Ar ( I 4 . 1 X , I 6 , 2 ( + I 5 ) ARHA ^fiO 

G" TO 1+20 , 7^R^ ?/^ 
i*cZ ^ K l l i ( 0 , ^ 0 1 ) J , ( X ( M , J , K ) » K = N U M 1 . N U M 2 ) ARRA SRO 
2 0 1 FOHi-Af I I t , l P l O E l 2 . i t ) ARR^ 590 

1+23 w H l l t ( 6 , 2 0 2 ) J , ( X ( M , J , K ) , K = N U M 1 . N U M 2 ) ARPA 610 
202 FORMAT ( I ' + , 1 P 1 0 E 1 2 . 5 ) *R" '^ ° ? " 
U^O C O N I l N u t AR«^ ^;^0 

IF(MJM2 . L T . N) 60 TO 100 ARRA 6(*0 
,11 1., . Ml) ARRA 650 

C tHAtJit'i - =-======-======:=r================~==~*z===ARRA 660 
C uUTruT~PHlNT"lN"AXlAL-Z DIRECTION* RADIAL-X DIRECTION HORIZONTAL, ARRA 670 
C THEIA-Y ulRECTION_VERTICAL = - = - = J R R J 69O 

'"300""o"jau"K=l7K'.AX " ARRA ^nO 
GO lo (321,392,323),IFY ARRA 7lO 

3«:1 ̂ HIU (6,203) K, (IX( I ,M,K) , I=NUM1,NUM2) ARRA 720 

3 i i2 w H l l E ( 6 , 2 0 1 ) K , ( X ( l , M , K ) » I=NUMl ,NUM2) ARRA 71+0 
t.O 10 0,^0 ARRA 750 

3^3 , . K I I E ( 0 , 2 0 2 ) K , ( X ( I , M , K ) » I=NUMl,NUM2) ARRA 760 
320 COUIINUL ARRA 770 

l F ( i n j M 2 . L T . N) GO TO 100 AP<RA 7 A O 
oO (0 600 ARRA 790 

C ^ _ _ ' _ _ _ _ - s= -==—======s=====s=====r= r=========================ARRA 80O 
C G U T K J T ' P K I N T ' I N ~ T H £ T A - Y DIRECTION, RADIAL-X DIRECTION HORIZONTAL, ARRA 810 
C A X I A L - / UIRECTI0N_VERT1CAL = - = - = J R R J 83O 

'^''JornB":^o^]=i:3MAx " ARRA a^o 
GO 10 (231,232,233), IFY ARRA 85O 

231 wHIlE (t.,203) J,(lX(I,J,Mi,I=NuMi,NUM2) ARRA 860 
GO To 230 ARRA 870 

232 WRITE (6,201) J,( X(I»J*M),I=NUMl,NUM2) ARRA 8R0 
,0 10 2^0 ARRA 890 

233 wHIlL (6,202) J,( X(I.JrM),I=NUMl,NuM2) ARRA 9 D 0 
2JO CONTINUE *Ŝ ft Q^n 

IF(UUM2 .LT, N) GO TO 100 ARRA ^20 

r - _"!'*_ r==5=-=-==s=======s===========ARRA 950 

END '̂ "̂'̂  ̂ ^° 
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SUBKOUTINE OPKINT DPRi iO 
INCLUDE C O M D I M O P R I 20 

C========>====================5========S===S=======================S====DPRI 30 
CU PKINT THE POINT ANo BOUNDARY ASSIGNMENTS DPRI 14O 
C=====================================================s=r====s=sr=s=====nPRI 50 

C/ PRINT THE KAuIAL-x'pOiNT, G R I D L I N E , ANO BOUNDARY ASSIGNMENTS DPRi 70 
V.HI1E (o,lDJ) (/A(I), 1=1,12), P N A M E ( I ) , P N A M E ( 6 ) , P N A M E ( 7 ) , D P R I flO 

-PNAi-.t.(6), P N A I « I E ( 7 ) DPRI 90 
100 F O K N , A T ( l H l , 3 0 X , 1 2 A 6 , / / / , 2 f X , A 6 , 2 3 H BOUNDARY A S S I G N M E N T S , / / , 3 X , D P R I lOO 

-MhSL(iUFiMCt,9x,bHP0lNT,9X,9HGRlD L I N E , 6 X , I I ^ H C O O L A N T OR GAP/itX, DPRI I t O 
-c.H,JU,..lJi:K,oX,MHL0CATI0N,ttX,pHL0CATl0N,7X,l5HB0UNDARY NU'iBER/ OPRI I2O 
- l t i X , 2 A o . t X , 2 A 6 / ) DPRI 130 

uO t.0 I = l , iMAX D P R I li+O 
l E M - f < P ( I ) * l 2 . 0 DPRi 150 
wKlIu (o,107)I,TEM DPRI 160 
IF (i.Li-.lMAx) GO TO 20 DPRI l70 
TtMi«L(l)«12.0 DPRI IflO 
llr ( i o R ( l ) . G T . O ) GO TO 10 DPRI 190 
t ,H I iE ( t > , l 0 6 ) I , T E M DPRI 2oO 
GO 10 2.U D P R I 210 

10 I G = i C K ( i ) DPRi 220 
, . H l i L < 6 , 1 0 b ) I , T E M , I G DPRI 230 

«;0 CUNl INUL DPRI 21+0 
CE • * • • • • • * 4 * * « * * » * » * * « * * » * * « » * * » « * * * » * # « * * * « * * * * * * * « * * * * « * * « * « « « * * * » * D P R I 250 
C pRli.T THE AXlAL-2 POINT, GRID L I N E S AND BOUNDARY ASSIGNMENTS DPRI 2fi0 

rtKIlt ( o , l n O ) ( Z A ( I ) . I = l » 1 2 ) , PNAME(2) , PNAviE(6) , P N A M E ( 7 ) , OPRI 270 
-PNAi. , i . {u) , PNAME(7) DPRI 2aO 

uU HiiJz 1 , J M A X nPRi 290 
T t M - ^ P ( J ) * l 2 . 0 DPRI 3nO 
AHIlt (o,iu7) J,TtM DPRI 3iO 
IF iJ.EO.Ji-Ax) GO TO to OPRI 320 
ltM= ^L(J»*1^.0 DPRI 330 
IF (JO/(J) .GT.O) GO TO 30 DPRi 3i*0 
WRIIE (6,106) J . T E M DPRI 35O 
oO lo UO DPRI 360 

30 JG= JG2(J) . DPRI 370 
uKIlt {6,l05)J,TEM,JG DPRI SRC 

HO CONIlNUt DPRI 390 
CE • • » • • • » • • • • • • • * » « * « * * * * * * * * * « « « * * * * * * « * * » * * * « * * * * » « « * * « * » * * * * » * « « * D P R I '•00 

C/ P K I N T THE THEfA-Y POINT AND BOUNDARY ASSIGNMENTS DPRI '•lO 
wKIiL (0,100) ( / A ( I ) , I = 1 , 1 2 ) , P N A M E ( 3 ) » P N A M E ( ' * ) , P N A M E ( 5 ) » P N A M E ( « » ) , D P R I '•2O 

-PiM^LCb) DPRI '•SO 
DO OO K - 1 , K M A X O P R I '•'•0 
TtM= TP(K)»bCALE DPRI '•50 
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WRITE (b»107) K,TEM OPRI Hf>0 
IF (K.E(i.KMAx) GO TO 60 DPRl '•70 
TtM= TL(K)*SCALE DPRI '•flO 
IF (KGT(K).GT.O) G Q T O 50 DPRI '•90 
«KI1E (6,106) K,TLM DPRI 500 
00 10 60 DPRI 5l0 

no KG= KtoT(K) DPRI 520 
iiHUt (6,105)K,TEM,K6 DPRi 530 

60 CONIlNUt ' DPRI 5(iO 
•••••••••••****4*********««*»**»***«**«*********************»*«***DPRI 550 
KtTDKN _ _ _ DPRI 560 

10b"FOf<MAr"'l3xTl6»16X,F16.'+,Il6) OPRI 5n0 
106 FORiv.Af (3X,l6,lbX,F16.'^) DPRI 590 
107 FORKAT 13X,I3, 3X,F16.'+) DPRI 6oO 
=-=====i==—===================================S5:=====================DPR1610 

ENu DPRI 620 
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SUBROUTINE I N I T E M INIT' 10 
INCLUDE C O M O I M I N I T 20 

CB ASSIGN"THE~TN1TIAL"TEMPERATURE"DISTRliuTION " """"INIT U 0 

C iNlTtMl THt TEMPERATURE BLOCK'S LOWER RAOlAL-X BOIJNDARY D O E S I N I T 60 
c .̂oi COINCIDE WITH ANY OF THE RAOIAL-X GRID ROUNDARIESINIT 70 
C iNiTtM2 THE TEMPERATURE BLOCK'S UPPER RADIAL-X BOUNDARY DOE? INIT 80 
c NOr COINCIDE WITH ANY OF THE RADIAL-X GRIQ ROUNDARIESINIT 90 
C 1N1TEM3 THE TEMPERATURE BLOCKIS LOWER AXlAL-2 BOUNDARY DOES INIT loO 
c NOT COINCIDE WITH ANY OF THE AXIAL-Z GRIO BOUNDARIES.INIT iio 
C ANlTEM'̂  THt TEMPtRATURE BLOCK'S UPPER AXIAL-Z BOUNDARY DOES INIT I2O 
c NOi COINCIDE WITH ANY OF THE AXIAL-Z GRID BOUNDARIES,INIT 130 
C XNlTtMb THE TEMPERATURE BLOCK'S LOWER THETA-Y BOUNDARY DOES INIT luO 
C NOT CoiNCOt WITH ANY OF THE THETA-Y GRID nOuNDARlES. INIT 150 
C INlTEMb THE TEN.PERATURE BLOCK'S UPPER THETA-Y DOUIIOARY DOES INIT 160 
c NOT COINCIDE VJITH ANY OF THE THETA-Y GRID BOUNDARIES,INIT 170 
C 1N1TC.M7 AN INITIAL TEMPERATURE HAS NOT REEN ASSIGNED TO SOME INIT IAO 
C INTERNAL POINT. INIT 190 

C SET ALL INTERNAL TEMPERATURES TO ZERO ABSOLUTE INIT 220 
DO 10 1=2,IM INIT 230 
DO 10 J=2,JM INIT 21*0 
DO 10 K=2,KM INIT 250 
TT(1,J,K)=0.0 INIT 260 

10 CONFINUL INIT 270 

C "" S E T ' A L L ' E X T E R N A L ' R A D I A L - X COOLANT'TEMPERATUREs"To"HRo"FAHRiNHilT'lNlT 290 
DO tu J=1,JMAX INIT 3oO 
uO LO K = 1 , K M A X iNlT 310 
TT(l,J,K)=46o.O INIT 320 
TT(IMAX,J,K)='^60,0 INIT 3,30 

20 CONIlNUt INIT 3H0 

C SET ALL EXTERNAL AXIAL-Z C O O L A N T ' T E M P E R A T U R E S T O ZERO FAHRENHEIT' INIT SfiO 
DO Ju I=1,IMAX INIT 370 
UO OO K = 1 , K M A X INIT 3nO 
rT(i,l,K)=46o.O INIT 390 
TT(1,J.1AX,K)='^60.0 INIT UoO 

30 CONUNUL INIT '•lO 

C " SET ALL EXTERNAL T H E T A - Y C O O L A N T ' T E M P E R A T U R E S ' T O ZERO F A H R E N H E I T ' INIT i+sO 
DO no I=1,IMAX INIT UUO 
DO îO J=1,JMAX INIT f+SO 
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T T ( I , J , 1 ) = 4 6 0 . 0 INIT HfeO 

TT(l,J,KMAX)=«t60.0 INIT '•70 
HO CONIlNUt _ _ __ '*'^ 
: i i : : i : : r : :-r : i i i iz i i i r i i=i==ss====i==s==s===~ INIT SOO 
'" U E A D ' A N ^ C O N V E R T Tut GEOMETRIC D A T A OF A TEMPERATURE BLOCK INIT 5l0 

i+b KtAU(b,100)R.ilN,RMAX,ZMlN,ZMAX,TMlN,TMAX,FLASl,FLAG2 INIT 520 
l lAVt ALL INITIAL TEMPERATURES BEEN READ? - ' Y E S , N O ' - INIT 530 
IF ( ,<NIIIJ+HMAX+ZMIN+;;MAX+TM1N+TMAX.EQ,0.0) GO TO 1000 INIT 5uO 
CALL FCAHU ( 6 . 0 » R M I N , R M A X , Z M I N , Z M A X , T M I N , T M A X , F L A G 1 , F L A G 2 ) ^ _ _ INIT 550 
CONvFKT'THE'rtMPERATUKE'BLoCK [JATA TO THE CORRECT UNITS INIT 570 
IF (K,«ilN . L E . 0.0) R.1IN = 1.0F--S iN lT 5A0 
UMIUiKfUN/12.0 INIT 590 
IF (UMAX . L E . 0.0) RMAX = l , 0 E - 5 JNIT 6oO 
KMAA=K i A X / i 2 . 0 INIT blO 
/M l l , i : ^ f , lN /12 .0 INIT 6?0 
/MAA=/^.AX/1^.0 INIT 63O 
TMl„=r i IN /bCALE INIT 6U0 
(MAArT'.AX/bCALE INIT 65O 

s ==-======-=-===s===s=======sss=========S=====lNlT 660 
AbblorrTriE'upPER'ANu'LOwER RADIAL-X LIMITS OF THE TEMPERATURE BLOCINIT 670 
Huu IHC. l.JDEX OF THF LOW RADlAL-X TEMPERATURE BLOCK BOUNDARY iNlT 6nO 
,jU ,̂U I = i,lM INIT 690 
XF(K,IN.LE.1.00001*RL(I).AND.RMIN.GE.O,99999«RL(I))60 TO 60 INIT 7oO 

bO CuUU,>IUc INIT 7i0 
•******»***«*»*«**««**********************************************INIT 720 
THt LO,i KAUIAL-X BOUNDARY LIES OUT S I D E THE SYSTEM INIT 730 
CALL t.RK0«(7HlNITEMl) _ _ INIT 7it0 

'""AbbIoN"THrrjUEro"THE"LOw~RADlAL-rTEMpERATUR^ ' INIT 7̂ 0 
00 IMI = i n INIT 770 

11-^ IMIT 7nO 
FlNu iMt iNDhX OF THE HIGH RADlAL-X TEMPERATURE BLOCK nOuNOARY INIT 7q0 
uU 70 1=11,IM INIT 800 
IF(u|viAX.Lt.l.O000l*RL(I).AND.RMAx.GE.0.99999*RL(I))GO TO 80 INIT 81O 

70 CONIINUU • INIT 820 
•»•*»•••••••»****••*•*•*••****••**•*****•*****•******************•INIT 830 
rHE HIGH KAUIAL-X BOUNDARY LIES OUTSIDE THE SYSTEM INIT 81+O 

CALL tRK0K(7iUNITEM2) _ __ INIT 8'>0 

AbbI3~THL'lNDEx"0F'THE"Hl6H"RADlAL-x'TEMPiR BLOCK BOUNDARY INIT 87O 

ttO IMA- I INIT 8'̂ 0 

ADJcsl IHt APPROPRIATE INDEX IF T H E B L O C K DESCRIBES AN EXTERNAL INIT 89O 

.COOLANT INIT ̂ 00 

• IF (IMA.tU.l) IMI=1 INIT 910 

129 



IF (IMI.EQ.lMAX) iMAslMAX INiT 920 
CE ****^,*******n,***f**************rini*****^nfm**»**********m***********lun 93O 
CB AbSloN THE UPPER AND LOWER AXIAL-Z LIMITS OF THE TEMPERATURE BLOCKINIT 9«tO 
C/ FlNu THE INDEX OF THE LOW AXIAL-7 TEMPERATURE BLQCK BODNDARY INIT 95O 

uO liO 0=1,JM INIT 960 
IF(<.M1N.LE.1.00001*ZL(J).AND.ZMIN.GE,0.99999*ZL(J))60 TO 120 INIT 970 

110 CONUNUL INIT 9B0 
CE *****.*******************************************)ii**************i***lHlT 990 
C THE uO'n AXIAL-Z BOUNDARY LIES OUTSIOE THE SYSTEM lNlT,OnO 

CALL tRK0K(7HlNITEMJ) iNlTlOlO 

C ' AbSlG.riHt INDEX OF"THE LOW AXIAL-Z TEMPERATURE BLOCK BOUNDARY" " INIT1030 
l̂iO jMUj+1 INITIOUO 

Jl=u INITJO5O 
C/ FlNu THt INDEX OF THE HIGH AXlAL-Z TEMPERATURE BLOCK BOUNDARY iNITlOfiO 

IJO 130 d=Jl,jM INIT1O7O 
lF(tMAX.LL.1.0000l*ZL(J).AND.ZMAx.fiE.0,99999*2L(J))GO TO mo INITIOAO 

UO CONUNUL INITIO9O 
CE *************************************************************i*i,*^*iunnoo 
C THE HIGH AXIAL-Z BOUNDARY LIES OuTSIDE THE SYSTEM INITUIO 

CALt. tKK0K(7aINiTt,Jm) INITJI2O 
C AbSioN THt INDEX OF THE HIGH AXIAL-Z TEMPERATURE BLOCK BOUNDARY INITII3O 

IHO JMA_J INITHUO 
C ADJUST THE APPROPRIATE INDEX IF THE BLOCK DESCRIBES AN EXTERNAL INITII5O 
C ,COOLANT INIT1I6O 

IF IJMA.EQ.I) JMI=1 INIT1170 
IF (JMI.EU.Jt.'AX) J;IA=JMAX INITUAO 

CE ••••••»*****«******»****«*#*«*****«**»«#ni*i|[*«»ii,»#*Hi«*****«*«**«*<,*lNITll90 
CB AbbiuN IHt UPPEK AND LOWER THETA..Y LIMITS OF THE TEMPERATURE BLOCKINIT1200 
C/ FiNu iHt ligDEX OF THE LOW THETA-y TEMPERATURE BLOCK BOUNDARY INlT12iO 

DO ibU K=1,KM INIT122O 
IF(lMlN.Lt.l.oaoOl«TL(K).AND.TMlN.GE.0.99999*TL(K))GO TO 160 INIT323O 

IbO CONllNuL INTT12H0 
CE •••»•*•••••••••••••••*«***Ki**««***##****«*#*****«»*«****«***««****lNlT1250 
C THE LOA THETA-Y BOUNDARY LIES OUTSIUE THE SYSTEM INIT1260 

CALL tRl<0K(7HlNITEMb) INIT)270 

C AbbifaN Tnt iHuix OF THE LOw THETA-Y TEMPERATURE BLOCK ROUNDARY" " INIT1290 
IbO KMI=K+1 lNITl3oO 

M=K INIT1310 
c/ FlNu THE INDEX OF THE HIGH THETA-Y TEMPERATURE BLOCK BOUNDARY INITI320 

uO 170 K=K1,KM INIT1330 
1F(1MAX.L£.1.00001*TL(K).AND,TMAX.GE.O,99999«TL(K))GO TO 180 iNlTlSuO 

170 CONUNut INITJ 350 
CE ****** ******4'*************************************************m***lHn\3f,0 
C • IHE HIGH THETA-Y bOUNUARY LIES OuTSIDE THE SYSTEM INIT1370 
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CALL tRR0R(7HlNlTEM6) lNlTl3flO 
C ASSIGN THE INDEX OF THE HIGH THETA-Y TEMPERATURE BLOCK BOUNDARY lNlTi3g0 

IttO KMA=K INITII^OO 
C ADJUST THE APPROPRIATE INDEX IF THE BLOCK DESCRIBES AN EXTERNAL INlTli^lO 
C .COOLANT INlTl'+20 

IF (KMA.EU.l) KMI=1 lNlTl'+30 
IF (KMI.LO.KN.AX) KMASKMAX INITI'^HO 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 

1NIT1530 
UO (̂;0 K=KMI,KMA iNlTlSivO 
lT(i,J,^)=^EM INIT1550 

200 CONIlNUt INIT1560 
GO lo HO INIT1570 

C/ ~ MAb~A TZMPEHATURE UZEN ASSIGNED TO EACH INTERNAL POINT? -'NO,YES7-INITI6OO 
1000 NC=(.C + 1 iNlTiGlO 

CARU(IMC)=0.0 INIT162O 
uO lOlO I=^,IM lNIT16-nO 
uO *ijiO J=?,jM INlTl6(tO 
UO iolO K=?,KM INITI65O 
lF(IT(I,J,K).t(a,0.0) GO TO llOo INITI66O 

1010 CONIlNUt INIT1670 
CE •«•»**+•••••***•••*«•***••»*«*••»*«»«***•**»«*•*«*****#*•*****«*#*INIT16AO 
C PUT THE INTIAL TEMPERATURES IN BoTH TEMPERATURE ARRAYS INITI60O 

uO iii2o I = l,lMAX INIT1700 
uO 1020 J=l,jMAX INIT1710 
DO iC20 K=1,KMAX INIT1720 
l(I,u,K)=TT(I,J,K) INIT\730 

lOiiO CONUNUL INlTl7uO 
KLTUKU lNITl7c;0 

C SOI1Z"INTLHNAL POINT"WAS"NOT ASSIGNED AN'INITIAL TEMPERATURE INIT1770 

llOO CALL tKt<0R(7HlNITtM7) INIT17AO 

100 FURI.AT(otl2.U»A6,A^) iNITlSfiO 
101 FOr(NAT(Ll2.'+,60X,A6,A2) INIT1810 

• END INIT1830 
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SUBROUTINE FLOWCA FLOW 10 
INCLUDE COMDIM FLOW 20 

C REAb AND PRINT THE COOLANT DATA CARDS " FLOW uO 

C ERRUK SrOPb= " " FLOW 60 
c hLo/cAi THE REYNOLDS NUMBER LIMITS ARE NOT IN SEQUENCE FLOW 70 
C FLOACA*: THt Fuav»RATE LiMlTS ARE NOT IN SEQUENCE FLOW flO 
c FLO,VLA3 THt INLET TEMPERATURE LIMITS ARE NOT IN SEQUENCE FLOW 90 

DlMLNbloN CDIKCT( 2) FLOW 120 
DATA LNIRLT /OflPOSITI* 6HNE6ATI/ FLOW I3O 

/.KIU 7b,l;'0) (ZA(l77"l = 1,12) " " " "" FLOW I5O 
l«:0 FOH,.,Af (1H1,30X,12AO,///»50X,23HC00LANT SPECIFICATIONS) FLOW IfiO 

C MAKt. ALL COOLANTS NON-EXISTING FLOW 170 
uO b 1=1,MAXFL0 FLOW InO 
FL0,.{1)= 0.0 FLOW 190 

b CONIlNUt FLOW 2oO 
C KcAu iHt COOLANT INFORMATION FLOW 2l0 

10 RLAL, (e--,100) DA,Dl,D2»Di,0i<,FLA6i,FLAG2 FLOW 220 
w-UA+O.l FLOW 23O 

c HAVU ALL COOLANT DATA CARDS BEEN R E A D ? - » Y E S , N O ' - FLOW 21*0 
JKu.Lf.O) GO TO 291 FLOW 250 
CALu FCARD ('>.0,DA,Dl,D2»03,D't,FLAGl»FLAS2,DUM) FLOW 260 

C HtC^ho IHE EXISTENCE OF THp CURRENT COOLANT FLOW 270 
FLO.,(N)= 1.0 FLOW 2A0 
AHIIL (o,lOl) N FLOW 290 

101 FOR.MMI (///,27H SPECIFICATIONS FOR COOLANT,13,/) FLOW 3oO 
IP i 1 A U S ( I P A T H ( N ) ) FLOW 3lO 
DIHLCT = CDIHCT(I) FLOW 320 
IF UPAIH(N) .GT, 0) GO TO 300 FLOW 330 
DiKLCi = C D I R C T ( 2 ) FLOW 2,HO 

300 V.KITL (I.,3U2) DlRtCT. PNAME(IP) FLOIV 350 
3u2 l-0H,.,„T(jlH Tut COOLANT IS FLOWINfi iN THE »A6,3HVE ,A6,10H OIRECTTOFLOW 360 

-N) FLOW 370 
C ****************************************************************t,*f[^Ovi 3flO 
C HEAU THL HEMAlNiNG SPECIFICATIONS OF THIS COOLANT FLOW 3qO 

HLI,.il(N)=Dl FLOW '•nO 
KLIw;>(N)=D2 FLOW '•lO 
RLX|v^(f4)=D3 FLOW '•20 
r(LlMt(N)=DU FLOW '•SO 

C/ CHLLK To bCE THAT THE REYNOLDS NUMBER L I M I T S ARE IN SEQUENCE FLOW '•uO 
iF(ivLi,vii'(N).Lr,RLifn{N)) CALL ERROR CTHFLOWCAI) FLOW '•50 
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CE 

C/ 

CE 

C/ 

CE 

CB 
C 

IF(KLIM3(N).LT.RL1M2(N)) CALL ERROR {7HFL0WCA1) FLOW 
IF(KLIMI+(N),LT.RLIM3(N)) CALL ERROR (THFLOWCAI) FLOW 
******************************************************************fi.OV 
WRIlL(6.106)Dl,D2,D3.Di^ FLOW 
Rt.Au (S,l00)FLODtP(N),FLlMl(N),FLlM2(N),FLIM3(N), FLIM«^(N) FLOW 
CALL FCAKD (5.0,FLODEP(N),FLIMl(N),FLlM2(N),FLlM3(N),FLlM'»(N)» FLOW 

XFLAui,FLAGii,l)UM) FLOW 
CHECK TO bEE THAT THE FLOWRATE LIMITS ARE IN SEQUENCE FLOW 
IF(FLlM2(N).LT,FLlMl(N))CALL ERRQR (7HFL0WCA2) • FLOW 
IF(FL1H3{N).LT,RLIM2(N))CALL ERROR (7HFL0WCA2) FLOW 
lF(FLlMi*{N).LT,FLlM3(N))CALL ERRQR (7HFL0WCA2) FLOW 
************************************************************m*****f\_OV 
ktAu (b,100)TINoEp(|,),TLlMl(N),TLlM2(N),TLlM3(N), TLIM'^(N) FLOW 
CALL FCAHU (S.D,TlI^IDEP(N)»TLIMl(^J),TLIM2(N) ,TLlM3(N),TLlM*^(N)» FLOW 

X|-LAul,FLAG2,l.)UM) FLOW 
CHELK Tu btE THAT THE INLET TEMPEKATURE L I M I T S ARE IN SEQUENCE FLOW 
1F(IL1M2(N).LT.TL1,^1(N))CALL ER R O R ( 7 H F L O W C A 3 ) FLOW 
IFilLlM^(N).LT,TLlM2(N))CALL ER R O R { 7 H F L O W C A 3 ) FLOW 
iF(lLlKi«(N).LT.TLlMj(N))CALL ERRoR(7HFL0wCA3) FLOW 
******************************************************************fl,OV 
IFLO(N)=FLODEP(N)+1.0l FLOW 
niH(U)^TlNDtP(N)+1.0l FLOW 
I=IFLO(W) FLOW 
PHIHT ThE FLOWRATE AND INLET TEMpERATURE DEPENDENCES FLOW 
rjLlLKMIi„£ THE DEPENDENCE OF THE pLOwRATE -• N O N E , T I M E , O U T L E T , INLET'FLOW 

C 

c 

c 
c 

c/ 
c 

CE 
C 

GO 10 (.;0,?1,22,23) ,1 FLOW 
pHiui THAT THERE ARE NO STEPCHANGES IN FLOWRATE FLOW 

20 ftHiit(6,ioo) FLOW 
6U lo 30 FLOW 
pKlhT THAT TIME DEFINES THE STEPCHANGES IN FLOWRATE FLOW 

iJl k.HIlE(6,107)FLlMl(N),FLIM2(N),FHM3{N),FLlMi*(N) FLOW 
GU lo 30 FLOW 
PHIHT THAT THt OUTLET TEMPERATURE DEFINES THE STEPCHANSES IN FLOW 
,FLO»,RATL FLOW 

.:2 k,HnL(6,10a)FLIMl(N),FLIM2(N),FHM3(N),FLlMH(N) FLOW 
GO 10 30 FLOW 
PRINT THAT T H E INLET TEMPERATURE DEFINES THE STEPCHANGES IN FLOW 
.FLOi.RATt FLOW 

23 ;<KIlt-(6.109)FLlMl{N) ,FLlM2(N),FLiM3(N),FLlMit(N) FLOW 
I j t T u k h l N E THE DEPENDENCE OF THE iNLET TEMPERATURE FLOW 

, - ' N u r j t , T I M E , FLOW, O U T L E T ' - FLOW 
30 1 = 1 1 i N ( u ) FLOW 

GO l u ( 3 i , 3 2 , 3 3 , 3 » » ) , i FLOW 
******** **********************************************************Fl.QV 
PKINT THAT TMERL ARE NO STEPCHANGES IN THE INLET TEMPERATURE FLOW 

31 ftHIlL(6.110) FLOW 

••60 
••70 
tAO 
'•90 
5nO 
5iO 
520 
530 
5u0 
550 
560 
570 
5no 
590 
600 
6i0 
62O 
630 
61+0 
650 
660 
670 
6AO 
690 
700 
7l0 
720 
730 
714O 
750 
760 
770 
7^0 
790 
8no 
8tO 
8?0 
830 
flUO 
850 
860 
870 
8AO 
890 
9o0 
9i0 
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GO 10 50 FLOW 920 
C PRIUT THAT TIME DEFINES THE STEPCHANGES IN THE iNLET TEMPERATURE FLOW 930 

32 wHIIE(fa,lll)TLlMl(N),TLIM2(N),THM3(N),TLlM^(N) FLOW 940 
GO lu 50 FLOW 9^0 

C PHIHI THAT THE FLOWRATE DEFINES THE STEPCHANGES IN THE INLET FLOW 960 
C ,T£i1f'LKATURE FLOW 970 

33 WR1U(6,112)TLIM1(N),TLIM2(N),TL1M3(N),TLIM1»(N) FLOW 9^0 
GO 10 bO FLOW 990 

C PKII.T THAT THE OUTLET TEMPERATURE DEFINES THE STEPCHANQES IN FLOW,OoO 
C .THE INLLT TEMPERATURE FLOWlOlO 

AH A«Ilt(6.1iJ)tLlMl(N).TLIM2(N),TLlM3(N),TLlMH(N) FLOWIO2O 
CE **************************************************************^**,*f\_0<tilO^O 
C DOE:. T\tu INLLT OR OUTLET TEMPERATURE DEFINE THF STEPCHANGES FLOWlOlO 
C ,IN I-L''..RATE? -»NO,YtS»- FL0W)050 
C/ utTui<i1I,.<E THE DEPENDENCE OF THE iNLET TEMPERATURE FLOWlOfeO 
C .-'NuNL,rlME,FLOW,OUTLET'- FLOWIO7O 
CE •••••••••••••••••*********«*****«***«***«***********»*«***I|I*****III*FL0W1 OpO 

bO IF(> LUi;cP(.M)-2.0)b2.5l,bl FLOWJ090 
C CDNvLHT THE STEpCHANGt LIMITS TO DEGREES RANKINE F L O W H O O 

bl FLll<a(N)=FLI,/,l(N)+4oO.O F L O W U I O 
FLI.-, (N)=FLlM2(N)+460.0 FLOWtl20 
FLli..j(N)=FLI .(3(N)+i»6n.O FLOW] I3O 

C iiOti. fflL OUTLtT TtMPERATURE DEFINE THE STEPC H A N G E S IN INLET FLOWIUO 
C .TtHhuKAlUKc? -»NO,YtS'- FLOWII5O 

b2 lF(llUutP(u).NE.3.0) GO TO 10 FLOWII6O 
C COh^tJir THE STEPCHANGE LIMITS TO DEGREES RANKINE FLOWII7O 

b3 THi«.l(N)=TLlMl(N)+UbO.O FLOWllflO 
lLII.,2(N) = rLIfl2(N)+460.0 FLOWII9O 
TL1,-<I3(N) = 1LIM3(N)+!*60.0 FLOWJ,2OO 
TLI|.,4(N) = TLIM'+(N)+1*60.0 FLOW1210 
GO 10 lu FLOWI22O 

291 NC=NC+1 FLOWI23O 
CAKu(NC)=0,0 FLOW121+0 
UO c92 1=1,MAXFLO FLOW125O 

292 NFLU(1)=0 FLOW1260 
N=0 FLOW1270 
LiO t90 1=1,MAXFL0 . FLOW12flO 

• IF (FLOW(I) .fc.Q. 0.0) 60 TO 29^ FLOW1290 
N=N+l FLOWlSoO 
NFLO(N)=I FLOW1310 

293 COi,ilINUt FL0W1320 
RETURN FLOW1330 

loo FOHI'IAT (bEl2.'+,12X,A6»A2) FLOW1350 
lob FUKI'.AT (31H THE REYNOLDS NUMBER LIMITS ARE, IpifE^.'^) FLOWl3f,0 
106 FOKI-,AT (2'^H NO STEP CHANGES IN FLOW) FLOW1370 
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107 FORMAT (H2H TlME(HR) DEFINES THE STEP CHANGES IN FLOW ,XP«»Eli».4) FLOWlSflO 
108 FORMAT (bbH OUTLET TEMPERATURE(F) DEFINES THE STEP CHANGES IN FLoWFLOWtSgO 

X,lP4tl'^.*^) FLOW1«^00 
109 |.OHMAT(bbH INLET TEMPERATURE(F) O E F I N E S THE STEP CHANGES IN FLOW, FLOWl'^lO 

XlP<+Li'*.i*) FLOWl'^20 
110 FUHI.AT (J7H NO STEP CHANGES IN INLET TEMPERATURE) FLOWl'^30 
111 POHI-.AT (bbH TlMt(HR) OEFINES THE STEP CHANGES IN INLET TEMPERATUREFLOWIU^O 

X,lPi,LlH.'4) FL0W)'»50 
U 2 FOK,.,AT (02H FL0WRATE(L8/HR) DEFINES THE STEP CHANGES IN INLET TEMPFLOW1'+60 

XuHAlut<L.lP4ElH,H) FLOW1U7O 
113 FORMAT (6ttH OUTLET TEMPERATURE(F) DEFINES THE STEP CHANGES IN INLEFLOWI'^AO 

XT Tt,.iPERAlURE,lP«^tn*.'^) FLOW1'+90 

END FLOWlSiO 
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c 
c 
c 
c 
c 
c c 
c 
c== 

ERROR STOPSs 
llMEl 

1 IME^i 
1 IMEi 

SUBROUTINE TIME TIME lO 

INCLUDE COMDIM TIME gO 

C " RLAU'ANC PRINT THE'TIME STEPS " " ~ "*"" "" " ~ jjf̂ E ^0 

TI^•E 60 
THE FIRST TIME CARD DOES NOT SPECIFY TIME UNITS, TIME 70 
THt P R O H L E M I S N O T AFFECTED IF THE STEADY STATE T I M E AO 
OPTION IS BEING UsEn. TIME 90 
TOO MANY TIME H I S T O R Y CARDS HAVE BEEN R E A Q . T I M E loO 
THE INPUT CONTAINS NO TIME HISTORY CARDS AND THE TIME H O 
STtADY STATE OPTION IS NOT flElNG USED. TIME I2O 

DlMLNbloN PTIME ( 20,4) " TIVE I5O 
EOUlwALLNCE (RCP ,PTIME ) TIME l60 

vi=0 TlyE 190 
C REAL THE NEXT T I M E S T E P T I M E 2n0 

2 K-A-¥i TIME 2l0 
KtAu(:j,100)FTlME(M),DTlME(M),ST,FT,FLASl,FLAG2 TIWE 220 

loo FURI-,AT ('•tl2.<+,2i+X,A6,A2) TIME 23O 
IF (,jllMt(M) .Lt. 0.0) GO TO 1 B 5 TIME 2u0 
CALL FCARD ((•.0,FTIM£(M)»DTIME(M),ST»FT,FLASl,FLA62,DUM,DUM) T I V E 250 
lTAPLCM)=bT TI,vE 260 
IUN1T=FT TIME 270 

C/ ARE THE UNITS THE SAME AS ON THE LAST CARD? - ' N O , Y E S , W R O N G ' - T I M E 2 A 0 
H lF(iuNir)b,5,7 TI'iE 290 
5 IF(t-,-l)6,b,fal TI««E 300 

CE **************************************************************^*^*J1\AE 3I0 
C THE ̂ iRbT T I H E C A R D HAS NO UNITS T I M E 320 

6 CALL L R K O K (bHTIMEl) TIrE 330 
C/ CUN^LHT IHE TiMLS TO THE PROPER i)NITS TIME 3U0 

7 lF(iuiMll-2)a,9,bO TI-JiE 35O 
0 U=3uoO.O TIME 360 

uO 10 61 • TIME 370 
9 U=60.0 TIME 3p0 

CE ******************************************************************71MZ 390 
C CONVERT FTlME AND DTIME TO HOURS. T I M E '•00 

bl bTIiv,L(M)=DTlME(w)/D T I M E HlO 
FTII- . E ( M ) = F T I M E ( M ) / D TIME '•20 

C COMFbWSATt FoK THt ROUNDOFF ERROR IN D T I M E . TIME '•3O 
oO ulIi-.t(M)=DTlv;£(M)+TIf.'iERR(DTlME(M)) TI"E i+i+O 

C HAVt ALL TiMECARub H E £ N READ? - ' N O , Y E S ' - T I M E I+50 
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GO TO 2 TIME HeO 
la5 IF(.NOT.SW(10).ANO.M.EQ.1) CALL E R R 0 R ( 5 H T I M E 3 ) T I M E '•70 

UC=NC+1 TIME UflO 
CARU(NC)=0.0 TIME 490 
M M A A = M - 1 T I M E 500 

C A K E T H L K E TOO MANY T I M E C A R D S -,NO,YESt- TIME 5i0 
IF (,.,MAX-20)6U,64,63 TIME 520 

C TOO ;,ANY DIFFERENT TIMESTEPS ARE USED TIwE 530 
63 CALL L R K 0 R ( 5 H T I M E 2 ) ' TIME 5u0 
bî  lF(i.w(lo).ANu.MMAX.£Q.O) GO TO 250 T I M E 550 

g _ _ _ _ - _ _ _ . - - _ _ = : : - = - = = = = = = S S = = = = = = = = = S = = = = = = = S = = S S S = S = = = = = S = = = = = = = = = = = = S = T I M E 560 
C pKIUr THE Tl.it bTtPS AND iTtRATIoN PARAMETERS TIME 570 

uO Ub M=1,M,/,AX TIME SflO 
PTINL'..',1) = FTIML(M) * 60,0 TIME 590 
PlIhElf',2) = FTlMt(M) * 3600,0 TI^'E 6nO 
pTIi..L(,l,3) = U T 1 M £ ( M ) * 60,0 TIME 6l0 

bb PTIM l.A.H) = U T I M E ( M ) * 3600,0 TIME 620 
A H I I L (O.102) (<iA(I), I = 1 » 1 2 ) TIf-E 63O 

102 F0KI»,A1 (lHl,30X,l^Ab,///»50X,13HTlME HlsTORY,//, lOX, IflHENO OF T J M T I M E 64O 
-L PLRlOu, 33X,9HTIML STEP,23X,15HPRINT F R E Q U E N C Y / 7 X , 5 H H 0 U R S , 6 X , T I M E 65O 
-/HMlhUTtS,6X.7HbEC0N0S,l5X,5HH0URS,6X,7HMlNUTES»6X,7HSEC0NDS//) TIME 660 
,.Kl1t. (b,l01) (FTl,.lL(M),PTlME(M,i),PTlME(M,2),DTlME(M),PTlME(M,3),TU'E 67O 

-pTIi.,E(M,4),lTAPt(M), M = l.MMAX) TIf.E 6p0 
101 FUR,.,AT (IH ,iP3Ll3.b.7X,3Ei3.b,Ii'^) TIME 69O 

lF(.uOT.brt(ln)) RETURN TirE 7oO 
M><l\t{b,^H0) T I M E 7r0 

2H0 FUK.-.Al (IHO, .,dH THE ABOVE T I M E HISTORY WILL BE IGNORED BECAUSE T T M E 720 
.Ht U T L A U Y bTATE OPTION IS BEING iiSED.) T I M E 730 

2bO uD ̂ hO M=l,2l TIN'E 7u0 
ljTItnb(M)=0.0 TI-E 750 
FTIhu(M)=0.0 TIME 760 

2b0 1TA>L(;!)=0 TIME 770 
rsMAx=l TIME 7fl0 
RtlUKH TIME 790 

C • • • • ^ • • • • • • • • • * * * * * « * » * * * * « * * * I I I * « * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * T I M E 8nO 

c • • • • ^ ^ • • • • • • • • • • • * * » » * * * * * * * * * * * * * * * * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * T I M E 810 

C • • • • • • * * * * * * * * « * » * * * * * * « * * * * * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * T I M E 82O 

FUNLliON TIMtHR(TlM) TIME fl-^0 
C - = = - - = ~ = = = = - = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S = = = = = = = = = = = = = = = = = = = = = T 1 M E 8t*0 
C DtTtKWiNE MAXIMUM ROUNDOFF ERROR INCURRED IN CONvRTiNG TIME S C A L F T I V E 850 
C uAT« TO HOURS. TI-^E 860 
(. _ = ======s====-======s====r=s===================TlME 870 

R E A Z M A G " " TIME 8A0 

C = = = : . = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = T I M E 890 

CiMuf'blON MAG(3l) ^ TIME 9nO 
• uATA(MAu(l),l=l»31) / 1.0E-15'l.nE-l'+,1.0E-13,1.0E-12,l.0E-ll, T I M E 9I0 
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. 1.0E-10»l.oE-9,l.OE-a»l.OE-7,l,OE-6»l,oE-5, TIME 9?0 
« 1.0E-if,l,0E-3,1.0E-2,l,0E-l»l,0,1.0El,1.0E2»TlME 930 
. 1.0E3,1.0Eu»1.0E5,1.0E6,1.0E7»l,oEfl,l.oE9, TIME 9ii0 
• __ _ _ _ 1.0£l0,l,0Ell»l.OEi2,1.0El3,1.0Ei'^,l,0E15 / TIME 950 

TiMLRRsO. TIME 970 
IF (T IM.LT .MAG( I ) ,OR,T IM.LT ,O , ) RETURN TIME 9ao 
I b U h = - 1 6 T I v E 990 
DO luO 1 = 1 , 3 0 . TIMEiOnO 
lSU.<i=lSUM+l , T IMElOiO 
I F ( ) I M . & T . M A G ( I ) , A N D . T I M , L T , M A G ( 1 + 1 ) ) GO TO 110 TI^,E1020 

0 CO(<i ^NUL T l f ' E l 0 3 0 
RtTU.yN T I M E 1 0 « 0 

0 KX=i i ,US-7 TIME1050 
TlMLKK= MAG(16+KX) T I t iE1060 

Ht-TUKN " T I M E I O A O 
END T I M E I O O O 
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Cs 
C 
C: 
C: 

SUBKOUTINE EXTRA 

INCLUDE C O M D I M 

"RtAu~THL"tXTRA"FuNCTlON"cOEFFIClENTs'ANO"PRiN^ 

Dll-lL.̂ blUN 
tOUAVALLNCE 

C========;^=: 

A (18) 
(A(1),A1) 

110 

C====: 
100 
lul 

• 
102 

C====: 

RLAD (S.IOU) Al.Aii,A3,A'+,A5,A6,FLAGl,FLA62 
CALL FCARU (6.0,Al,A?,A3,Ait,A5,Ah,FLAGl,FLAQ2) 
RLAU e^.lOO) A7,Afa,A9,A10»All,Al2,FLAGl,FLAG2 
CALL FCARU (6.0,A7,AH,A9,AIO,A11,A12,FLAG1,FLAG2) 
RtAu (b.lOO) Alj,Am,Alb,Al6,Al7,A18,FLAGl,FLAG2 
CMLL FCARD (6.0,Al3,Al'^,Al5,Al6,Al7,Alfl,FLAGl,FLAG2) 
uO ilO 1=1,1ft 
IF IA(I) .EQ. 0.0) A(1)=0.0 
CONTINUL 
//HIIE(b,l01) (ZA(I), I = 1,12) 
//RIlE (b,102) (I,A(1), 1=1,18) 
bPALE OVER BLANK CARD 
RtAu (b,100) X 
NC-I.C + 1 
CARulNC)=0,0 

FURI.AT (6tl2.'^,A6,A2) 
FORi.,AT(lHl,3oX,12Ab,///,50X,28HFuNCTlON 

-ibHCONSTANT NUMBER, l^-X.bHVALUE/) 
FORI'IAT ( 1 H 0 , I 1 ' ^ , 1 < : X , 1 P E 1 ' ^ . 6 ) 

RLTUUU 
LNU 

CONTROL CONSTANTS, 

E X T R lO 

EXTR 20 

;======EXTR 30 
EXTR t»0 

S=====EXTR 50 
====s=EXTR 60 

EXTR 70 
EXTR BO 

s=====EXTR 90 
EXTR 100 
EXTR llO 
EXTR 120 
EXTR 130 
EXTR mo 
EXTR 150 
EXTR 160 
EXTR 170 
EXTR 180 
EXTR 190 
EXTR 200 
EXTR 2l0 
EXTR 220 
EXTR 230 
EXTR 240 

====r=FXTR 250 
EXTR 260 

//,6X,FXTR 270 
EXTR 2n0 
EXTR 290 

s=r===ExTR 300 
EXTR 310 
EXTR 320 
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Cs=== 
C====: 
c» 
c* 
c* 
C====; 

SUBROUTINE PRETEM 
INCLUDE COMDIM 
:r===.===x:-=s£z:3£=sr=s==: 

tRRLK STOP: 
PREltMl THt PROBLEM SIZE DOFS NOT MATCH THE INITIAL 

TEMPERATURE DISTRIBUTION DATA 

EQUi\/ALtNCE 
I N T L - G L R 
UUicNb lON 
UATA NUMBER 

,W ) 

l l O b 

C====: 
C 

(TEMP 
TT 
NU:obER( 5 0 ) , TEMP ( 1 ) 
/ l , 2 , 3 , ' ^ , 5 , 6 , 7 , 8 , 9 , 1 0 , l l , l 2 , l 3 , H t , 1 5 , l 6 » l 7 , 1 8 » l 9 , 
2 0 , a l » 2 2 » 2 3 , 2 ' ^ , 2 5 , 2 6 » 2 7 , 2 8 , 2 9 , 3 0 , 3 l , 3 2 , 3 3 , 3 ' ^ , 3 5 » 
36 ,37 ,38 ,39 , '+0 , i | i , '^2» '^3H^ ' * , '^5 ,«^6 ,«^7 ,«^8 , '^9 ,50 / 

y.HlTE ( 6 , 1 1 0 5 ) ( Z A ( I ) , I = 1 , 1 2 ) 
FORN.rtl ( 1 H 1 , 3 0 X , 1 2 A 6 , / / / , ' ^ 6 X , 3 2 H I N P U T TEMPERATURE DISTRIBUTION) 

C U K I 1 = 0 . 0 
N iTLR=0 

KtAu~THfc"FIRST"cAHo"wITH"THE GRIn~ilzE 
RtAu (b,260) CURTi, BlMAX,nJMAX,HKMAX,BNlTER,FLAGl,FLA62 
lAMAA=biMAX +0.1 
jAMAx=t'.JMAX +0,1 
KAMAX-bAl'lAx +0,1 
NlTtR = UNITCR +0.1 
lb A PRcVlOUSLY C A L C I / L A T E D TEMPERATURE DISTRIBUTION PROVIDED? 
i-'NU,YEb'-
IF ( I A M A X . N E . 0) GO TO 105 
NC=I>C + 1 
CARu(NC)=0,0 
OO lu 30 

lb iMt faRlD SIZE CORRECT? - » N O , Y E S ' -

IF (IAMAX.NE.IMAX) GO TO H 
IF (JAtlAX.NE.JMAX) GO TO ll 
IF ( K A M A X . E Q . K M A X ) 60 TO 21 
***************************************************************** 
THE TEKPfRAfUHE INpuT DOES NOT MATCH THE PROBLEM 
CALL ERROR (7HPRETEM1) 

READ THt INITIAL T E M P E R A T U R E DISTRIBUTION 
CALL F C A R D ( S . 0 , C U R T 1 , 8 I M A X , B J M A X , B K M A X , B N I T E R , F L A G 1 , F L A S 2 , D U M ) 
NT=lf-,AX*JMAX*KMAX 

c 
c 

C====: 
C/ 

lob 

CE 
C 

11 

C 

21 

PRET 
PRET 

:=PRPT 
:=PRET 
PRET 
PRET 
PRET 

:-PHt 1 
PRET 
pRr-:T 
PRET 
PRET 
PRPT 
PRFT 

:=PRrT 
PRET 
PRET 

:=PRET 
PRET 
PRZT 

:=PRr:T 
PRHT 
PRET 
PRET 
PRET 
PRET 
PRET 
PRET 
PRFT 
PRET 
PRFT 
PRET 
PRET 

;=PRET 
PRET 
PRET 
PRFT 
PRET 

.*PRET 
PRET 
PRET 

;=PRET 
PRET 
PRET 
PRET 

dO 
P.O 
30 
ijO 
50 
60 
70 
ftO 
90 
ioo 
HO 
IPO 
130 
li;0 
150 
160 
170 
inO 
190 
2n0 
2l0 
220 
230 
2a0 
250 
260 
270 
?P0 
290 
300 
3l0 
3?0 
330 
3a0 
350 
360 
370 
3.̂ 0 
390 
••00 
'•10 
'•20 
'•30 
HHQ 
'•SO 
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c= 
c 

CALL RCARD (TEMP,NT) 
NT=O 
DO 12b K=1,KMAX 
DO i g b J = 1 , J M A X 
DO 12b 1 = 1 , I M A X 
N T = I M T + 1 
T ( I . J , K ) = T E M P ( N T ) 

l i : 5 C O N i i r j u t 
CALL KCARD(TI,MAXFLO) 
CALL KCARD (rO,MAXFLO) 
RtAu PAbT BLANK CARD 
RtAu (b.2bO) X 
NC=UC+I 
CAKu(NC)=O,0 

108 

PHEPAKE ALL COOLANT DATA FOR PRINTING 
wRIlt (6,108) 
FORMAT (lH0,i|9X,2dHCOOLANT TEfPERATURES (F)/17X, 
lnLR,i*X.bHlNLET,bX,6HOUTLET,10X,luHCOOLANT NUMBER,'•X, 
2UTLLT) 
00 xbu N=l,iv|AXFL0,2 
IF lNFLO(iM).E(J.O) GO TO 180 
ta=U(-LO(N) 
N^=1.FL0(!J+1) 
iTI(Ul)=Tl(Nl)-'^b9.5 
IT0(Nl)=T0(Nl)-H59.5 
IF (uii.t-u.U .OR. N.EO.IS) 60 To \H0 
lTIl;4t)=Ti(N?)-'+b9.b 
IT0l,J^)=TU(N?)-^b9.b 
v.Hrit (o.loO) Nl,lri{Nl),lT0(Nl),N2,ITl(N2),IT0(N2) 
FORi-.AT l^.2X,12,llo,Ul»lbX,I2»ll6»Ill) 
GO 10 IbO 
/jRIlu (0,160) N1,1TI(N1),IT0(N1) 
CONliNUt 
lF(,NOr.SW(lo)) GO TO 185 
CUKI1=0.0 
|-.lTk..H = 0 
Xi=LuHTi + b,i.O 
Xt;=LUHTl*3600.0 
wHllL (t.,2bO) C U R T I , X 1 , X 2 , N I T E R 
FORi-iAl { 1 H 0 , ? 1 H T H E CURRENT TIME I S , F l 0 . ' ^ , H H HOURS 

I H M l i jUT tS = , F l 3 . S , 8 H SECONDS,HX,I'^»31H ITERATIONS 
2FURISLD. / / ) 

C CuNVLKT~ltMPEHATUHES TO I N T E G R A L " 0 U T P U T U N I T S " 
38 DO lb I::1»IMAX 

IbO 

mo 
IbO 
160 

lub 

2bO 

PRET 460 
PRET '•70 
PRET '•AO 
PRET 190 
PRFT 5nO 
PRET 5iO 
PRET 520 
PRET 530 
PRET 5^0 
PRET 550 
PRET 560 
PRET 570 
PRET 5 A O 
PRET 590 

=========x====PRET 6oO 
PRET 610 
PRET 620 

II^HCOOLANT N U M P R F T 630 
5HlNLET,5X,6H0PRrT 6^0 

PRET 65O 
PRET 660 
PRFT 670 
PRET e>nO 
PRET 69O 
PRET 700 
PRET 7lO 
PRET 7?0 
PRET 730 
PRET 7uO 
PRET 750 
PRf:T 760 
PRET 770 
PRET 7A0 
PRET 790 
PRFT ano 
PRET eto 
PRET a?o 
PRET B^0 
PRFT auo 
PRET 650 

s J F I O . I ^ M S P K E T 860 
HAVE BEEN PERPRET 87O 

PRET BHO 
=r============PRET 890 

PRET 9oO 
PRET 9iD 
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1)0 15 K=1,KMAX PR£T 920 
uO lb J=1,JMAX PRET 930 
TT(A,J,K) = T(I,J,K) - '•59,5 PRFT 9/i0 

15 CONllNijt. PRIT q^o 
C StT ,,LSH KIBS EUUAL TO ZERO PRpT 960 

UO boo L = l.JMAX PRET 970 
11 (l,L,i) = I) PRE;T 9„O 
TT(i,,AX,L,l) = 0 PRry ggQ 
rT(i,L,K-.iAx) = 0 . PRrTiOnO 

500 lT(i;.iAX,L,KMAX) .= 0 PRETlOlO 
liO b^b L - l.lî AX PRETIO2O 
TT(L.i,l) = 0 PRETIO3O 
TT(L,JMAX,1) = 0 PRFTIOljO 
TT(L,1,KNIAX) = 0 PRFTIO5O 

5c;b TT(L,JMAX,KMAX) = Q PRFTlOftO 
uO UbO d = l.KMAX PRiT1070 
TT(1,1,L) = !) PRETinoO 
Tl(i,.AX,l,L) = 0 PRET10Q0 
ir(i.j..,AX,L) = 0 P R I T U O S 

bbO 1T(1,.,AX,JMAX,L) = Q P R E T J I I O 

i .HI l t (u,<iul) " ~ ' PpETn30 
?ul .'URKAT (lHo,i*7X,i;0HTEMPERATUREs (F)) PRETiHO 

CALL ARnAYl (TT,UU,-IM,1) PRFTII5O 

C=?^=====z==-=z—== PHFTU60 

110 1 OR,.,AT(ci0.o,'^IloT PRETllpO 
2b0 FUKi.Al tiLl;!.(,,1Fl2.l,l2X,A6,A2) PRETII90 
1̂ :2 FOR|.,AT(////) PRETl2nO 

C* *********** ****************************************i***********^*^,*P{^£J ^2^0 

C* ******* *****************************************************:^*^*^,*pf^^T^2oO 

jUHruiUTiNt KCARD (TR,LENGTH) PRET1230 

:jMLfjbIuN TR ( 1),TC" " { " 6)~ '"pRETi250 

N=Lt.NGTH/o " ~PRETl270 

. ,LE| 'T-LLNGTH-IM*6 PRETI2AO 
fi2=0 PRET129O 
uO 100 1=1,N PRFTt3nO 
W1=NS+1 PRFT13J0 
l-ld-i.-.'-^t, P R E T 1 3 ? 0 
KtAu (SaiO) (TR(J),j=Nl,N2),FLA(il,FLA62 PRKTI330 
CALu FCAKD (6.0,TR(Nl),TR(Nl+l),TR(Nl+2),TR(Nl+3),TR(Ni+U),TR(Nl+5PRt-Tl3uO 

1), FLAG I, FLAG?) PRETI3«;0 
100 CONUNUL PRFTUfiO 

' IF (NLEFT.tQ.O) 60 TO 130 PRET1370 
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HEAu (5 ,110) (TC( l ) , I = l , 6 ) ,FLAGl ,FLAG2 PRETISAO 
CALL F C A R D ( 6 . 0 , T C ( 1 ) , T C ( 2 ) , T C ( 3 ) , T C ( 4 ) , T C ( 5 ) , T C ( 6 ) , F L A G 1 , F L A 6 2 ) PRETJ390 
uO i20 l = i ,NLtFT PRFTli^OO 
j=Ni. + l PRETl l iO 
T K ( u ) = T t ( l ) PRETli^pO 

120 CONIlNUt. PRETl'+30 
130 RtTtKH PRETli+aO 
110 (-OR.-CAT (bE l2 . ' ^ ,A6,A2) PRETK+50 

tiMD ' PRETl'+60 
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c 

c= 

SUBROUTINE MP2 MP2 lO 
INCLUDE COMDIM MP2 20 

CB CALCULATE IHe TLMPERATURE DISTRIHUTION AS"A"FUNCTION"OF"TIME"""~""MP2 UO 

C EKRuR sToPSs MPI ftO 
c i.,p;i 1 THE CURRENT TIME OF THE PREVIOUSLY PUNCHED MP2 70 
C TEMPERATURE DISTRIBUTION IS GREATER THAN THE ENDING MP2 flO 
C TIME OF ANY GIVEN TiMESTEP, MP2 90 

LOGICAL N O T C S T " MP2 llO 
DlMLI^ibluN IMP2 ( 2) MP2 l20 
U A T A 1 M P 2 /6HMP2 1, 6H / MP2 130 

Cbl-o.O " ' MP2 150 
Cba=.u.0 MP2 160 
DP=.FALbE. MP2 170 
lWNi.i-10 MP2 IflO 
F 1 K J T = . T R U E , MP2 190 

NbTuRL^J Mpj> 200 

C IiMliX/v l^E THE CAPACITANCES? " ~ " " M P 2 220 
uO ilO K = l,Ki„AX MP2 230 
00 iiU J=l,Jk|AX MP2 240 
ijU iiu l = i,Iu,AX MP2 250 
K C P I I , J , K ) = 1 . 0 E 1 2 MP2 260 

110 CONIINUL MP2 270 

C THE CUL/L C O M H L E 1 E S " O N E ENTIRE SET OF CALCULATlONs'wITH"A"TIME"iTEPMP2 290 
C OF i.OE-10 SECOi^uS TO INITIALIZE THE PROBLEM. THE RESuLTS OF T H T S M P 2 3n0 
C IlEKAlIuN ARE NOT PRINTED OR IS T H E ITERATION COUNTED. THEN THE MRj 3l0 
C ubE.x bCuClFItU ITERATIONS ARE PERFORMED. MP2 3?0 
C 1N1.UU1 IHE INITIALIZATION ITERATION IN T H E PROPER P L A C F IN T H E >^P? 330 
C obtiv bPtCIFlKD ITERATIONS MP2 3t*0 

IF (CUhll.EQ.O.O) GO TO 130 MP2 350 
uO X/U i = l,M;.,AX MP2 3^0 
IF l u u n l . L T . F T l M t d ) ) GO TO I4O MP2 370 

l«iO COdllUIJU ypg. • 3no 
I t i < K u H ( i ) = I M p 2 ( l ) MP2 390 
J tR.<0R(2)=I .MP2(2) MP2 '•OO 
CMLL i_(a<0i<2 Mpp nio 

l 3 0 1 = 1 (^P2 UpO 
l 4 0 N l T L H : : i J l T t R - l viP2 1+3O 

M = l - 1 MP2 '•'•0 
K.-I1.'IAA ^ip2 (450 

C 
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lt»0 F T I I . . E ( K + 1 ) = F T I M E ( K ) MP2 UeO 
OTllviE(K*l)=DTlM£(K) MP2 . '•70 
ITAm(K + l)=lTAPE(K) MP2 'tftO 
K=K-1 MP2 '•90 
IF IK.Gt.I) GO TO 150 MP2 500 
FTIht(I)=CURTl-»-1.0E-lO/3600tO MP2 5lO 
u/TIixL(I)=1.0t-lU/.J600tO MP2 5?0 
1TAI-L(I)=0 MP2 530 
IVMAA=MMAX+1 • MP2 51*0 
GU 10 lob . MP2 550 

loO fXKbii.HAuSE. " " ~ MP2 570 
XK.iJOT.Swdo)) GO TO 165 MP2 5nO 
IF(Csi.LT.l,0) GO TO X62 VP2 590 
00 10 lo5 MP? 600 

lb2 CALu S T L A U Y MP? 6l0 
lwNij=UITLK+i9 MP2 6?0 

C S F A K T THE NEXT TIME PERIOD MPS 63O 
lb& M=M+l MP2 6(tO 

CII=tUrtn MP2 6sO 
lC=i. Mpp 660 

C MAVc ALL THE TIME PERIODS BEEN FINISHED MP? 67O 
If- lNi.t>r,M,v|Ax) GO TO 20U MP2 6RO 
L N D T I = F T I M £ ( M ) MP2 6q0 
urS1Ai>i=uTlME(M) MP2 7n0 
.nSlAN=lTApE(M) MP2 7i0 
Ul=urSrAN MP2 7?0 
NfA-.jrblAN MP2 730 
IF (NISlAN.EutO) NTAslOOOO MP2 7uO 

CB CALLuLAlE THt TEMPERATURES DURING ONE SERIES OF TlMisTEPS ' MP? 7^0 
C ,-'El.u»NtXTi- MP2 770 
C HAS tOMH-UlER TIME ALMOST RUN OUT? - I N O I Y E S I - M P 2 7RO 

170 IH l„HKN(I)) lol, 2 0 0 » 200 MP2 790 
C HAS r,U!.-,bLR OF PRINTED PAGES SPECIFIED ALMOST RUN OUT? -•NO»YESt- MP2 flOO 

Ittl CALL HAl»LlM(-i.ii01.5) MP2 81O 
C uEFliit THt TIME IN THE MIDDLE OF THE T I M E S T E P MP2 a?0 

IbO UATl=CUKTl+UrbTAN/?.0 MP? fl30 
C S A V L rtMPLRATURE RESULTS OF NEjrT TO LAST SMOOTHING ITERATION F Q R M P 2 8I«0, 
C CALLuLAlINii H E S I O U A L S ( S T E A O Y S T A T E OPTION ONLY)t MP2 85O 

lH(.MOT.SW(ln)) eO TO ltt2 MP2 860 
IFdNirtK.iMi .IWNS) SO TO 182 MP2 87O 
HE.VIIJU IJSTORL MP? 8nO 
WRIIL (NSrOKE)(((T(I,J,K)»I=l»lQ)»J=l»JQ)»K=l,KQ) MP2 890 

C CALcuLAIt THE MATERIAL PROPERTIES MP2 9oO 
162 CALL ULuCK MP? 9lO 

145 



C CALCULATE THE AVERAGE CONDUCTIVITIES BETWEEN POINTS MP2 920 
CALL COIMUUC MP2 930 

C CALCULATE THt NEXT TEMPERATURE DISTRIBUTION MP2 9nO 
NOTL.t,l = .TKUE. MP2 950 
CALL STLP($lfl4iN0TEST) MP2 960 

C CALctjLATE THfc- COOLANT TEMPERATURES MP2 970 
HJ3 CALL COoL MP2 9nO 

C CALCULATE THE BOUNDARY TEMPERATURES. MP? 990 
CALL bUKT ' MP2 ,000 

C= =r=;i===========:;=====s===s====sss=============s===ss===sss====s=s=MP2 10 lO 
Nirul<-NlTt« + l MP2 10?0 
CUini^Crl+U^OTSTAN MP2 1030 
i4lA_uTA-l MP? 10'40 

C bHOuLU THE RESULTS OF THIS TIME STEP BE PRINTED ? MP? lOSO 
C IF liuS lb THE LAST TIME STEP FOR THE CURRENT TIME PERIOD AND MP? lOfiO 
C If thilnilNb HAS BEEN REtiUESTEO WiTHIN ANY TIME PERIOD oF THE MP2 1070 
C t'KOL.L.LM,THEN THE RESULTS OF THIS TIME PERIOD WILL BE PRINTED, MP2 lOfiO 

iF(Ci.«Tl.t.E.tNDTI.ANi).NTSTAN.NE.o) GO TO 185 MP2 1090 
IKNTA.OT.O) GO TO 190 MP2 UOO 
NlAi-uTSlAW MP? m o 

C HKIUT THE RESULTS OF THIS TIMESTEP MP2 ll?0 
lb5 CALL PRINT MP2 1130 

C= =====================================s=======================S====MP2 1luO 
C MAS IHIi, bCRIES OF TiMESTEPS SEEN COMPLETED? -•YES,N0»- MP2 II5O 

ISO IF ICUHTI.GE.ENDTI) GO TO I60 MP2 1160 
XC = iC + 1 MP2 1170 
(,0 To 170 MP2 llflO 

CE ••*+**+**********«*4.**********************************************MP2 5190 
C • SET THt SWITCHES To FORCE PRINT oF DEBUG INFORMATION AT THE MP? 1200 
C .ENU OF THt HijN ONLY MP2 l2lO 
200 IF (Srt(il») SW{b)=.TRUE. MP2 1220 

IF (SW(12)) SW(o)=.TRUE. MP2 1230 
IF lbri(l3)> SW(7)=.TRUE. MP2 I2u0 
UH=.TRUE, MP2 I25O 

C PRINT THE CURRENT TEMPERATURE DISTRIBUTION MP2 1?60 
CALL PFUNT MP? 1?70 
IF (SW(;i)) END FILE"OUTTAP " __ _MP? 1290 

c" lb M"HUNCHED"TEMPERATURE DISTRIBUTION DEslREO? -»NO»YES»- MP2 13lO 
IF i.N01,Srt(?)) RETURN _ _ "P? 13?0 

C f'uNCH"TME~TE"pERATURE DISTRIBUTION ~ " ' MP2 l3uO 
C ==============================z==============s==================s=MP2 1350 
201 CALL Puii MP2 13f,0 

• RETURN MP? 1370 
END MP2 1380 
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10 T Z) 
:===::=====s=s=s—:::ssr= 
; Ib(l) 
; Ib(4:) 
ERROR 

.vRIlEdwlOO) I ERROR 
FOR;.,AT(10H 

IS lilE UUMP 
uXVt A DUMP 
IF <brt(l)) 
srop 

ERROR AT ,2A6) 
' SWITCH ON? -'YES,NO' 
1 

CALL DDMP 

END 

ERRO 
ERRO 

;ss==ss==s======ssERRO 
;===s========s==s=ERRO 
;=======r=======s=ERRO 
;=================ERRO 

ERRO 
;===r=s======r====ERRO 

ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 
ERRO 

;============»====ERRO 
ERRO 

10 
?o 
30 
ao 
50 
60 
70 
no 
90 
ino 
no 
1?0 
130 
140 
150 
160 
170 
ino 
190 
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SUBROUTINE STEADY STEA lO 

iNCuUUE COMDI M __ _ __ STEA 20 

C CALCULATE THE STEADY STATE TEMPERATURES. " " ~ " STEA HO 

C ===;.==r===============s=========s====s==r====================s==r=STEA "sO 
LOGICAL ENDSW* LREADf WRES» NOTEgT, FIR2 STEA 60 
ui^i-USIoN XT(IQ»ja.KQ), STEADY(I«»JQiKQ) STEA 70 
E(iUn/«LENCE (XT.TT)r (RCP.STEADY) STEA RO 

C =~=Z===========a================s=================s^ lOO 
C SET CUNSTAfjTS AND INUICMTORS, STEA H O 

i)ATl = -l.OE+a STEA I3O 
TOL-l.OE-4 STEA 1(*0 
RlFAC=l.bU STEA I5O 
UTMAA=3.0 STEA 160 
1T4/»X=1UOO STEA I7O 
IHSi.1=lU STFA IflO 
,\iSToHt=a STEA I9O 
NSr^Ktr^ STEA 200 
LSrCRL=i+ STEA 2l0 

C SET AN INDICATOR TO SuPRESS ANY FURTHER CALCULATION OF REAL STEA 220 
C CAPACITANCE TERMS. STEA 23O 

CSii=;',0 STEA 2n0 

C INliiALIZATIOi^S " ' STEA 260 
C ===:.=i:i:=======================s=================zr================5TEA 270 

CUR 11=0.0 STEA 2«0 
uXluR=0 STEA 290 
IUT-1 STf̂ A 3oO 
NStlT=0 STEA 3rO 
'J=U STEA 3?0 
r,l=o STFA 330 
,jrF*,C=1.0 STEA 3i»0 
FIK^=.FALSE, STEA 350 
tihU^si STFA 360 
LRE A U = . 1 R U E , • STEA 370 
t,NO--.,;=.FALSE. STEA 3fl0 
/;Htj=,f^ALSE. STEA 390 

C pREt AKE"TO DO A SET"OF ITERATIONS, ' " ' ~ STEA HiO 

C ===::-=============s====:============s========s===========r=::=======STCA '•?0 
C [icTuKi'iIuE THt PARAMETERS WHICH CONTROL THE TIME STEP MAGNITUDE STFA '•SO 
C AUU HATE OF INCREASE DURING THF CURRENT ITERATION SET, STEA '•uO 

2J0 IFdDl.tJ.?) GO TO 250 STEA '•sO 
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2bO 

C 
C 
C 

2b0 

C 
C 

C 
C 
c 

c 
c 

270 

3U0 

NADVsl 
IF(FlR2) NAOV=0 
oO lo 270 
N A U V = 0 
O T F M C = D T F A C / R I F A C 
FlR^c.TRUt. 
If INSTABILITIES OCCURRED 
T H I J XS NOT THE FIRST ITERATION 
renttKATURE RESULTS OF THE NEXT 
lSrURt=MSTORE . 
iF(LRtAU) I S T O R E S L S T O R E 
CALL bTGRE(ISTORE»l) 
t>0 To î/o 
l j rF , \C-OTFAC/RlFAC 
IjAJVzU 
I I - i r j b T A H l L l T Y OCCURS DURING T H E 
i N l l i A L TEMPERATURES FROM DRUM, 
CALL STuRE(MSTOKE»l) 

PERI-ORM A SET OF ITERATIONS. 

DURING THE PRECEEDING I T E R A T I 0 N » A N D IF 
SET,RECOVER FROM DRUM THE 
TO LAST SUCCESSFUL SET. 

FIRST ITERATION SET,RECOVER T H E 

M=1,IPSET. 
.t THt TIME STEP FOR 
EACEED UTMAX HOURS. 

EACH ITERATION,DO N O T A L L O W THE T I M E 
bO i i jUO 
UtrLRMI l - . 
STtP TO 
XN=N 
b l S l A N = U T F A C * ( . 1 0 * X N + 1 . 0 ) 
XF(LTbTAN.GT.UTMAX ) U T S T A N S O T M A X 
bT::uibTAN 
uETLRMluE THE CONDUCTANCES AND PsEUDO CAPACITANCES FOR THE 
CURr>tNT ITERATION, 
CALL ULOCK 
CALL COl.DUC 
CALL STACAp 
il- I HIS IS T H E FIRST ITERATION Op A PROBLEM,SAVE THE I N I T I A L 
TEMPERATURES ON DRUM. 
XFjiNT.'JE.O) 60 TO 300 
CALL STuRt(MST0RE»2) 
AUVA.jCE THE ITERATION COUNTERS, 
N=I^I+NAL)V 
NT=HT+I 
CALCULATE TEMPERATURES FOR THE CIIRRENT ITERATION. 
1 F ( W A K N ( I ) . L T . 0 . 0 . A N D . N T , L T , I T M A X ) G O TO '•00 
tNuS.>. = .TRUE. 
tJUTEST=.TRuE. 
CALL SrtP(4Hl0»NOTEST) 
tiO 10 410 

STEA '•60 
STEA '•70 
STEA UnO 
STEA '•go 
STEA 5nO 
STEA 510 
STEA 520 
STEA 530 
STEA 5uO 
STEA 550 
STEA 5(S0 
STEA 570 
STEA 5sO 
STEA 590 
STEA 6oO 
STFA 6lO 
STEA 6?0 
STEA 630 
sSTEA 6(»0 
STEA 650 
=STEA 660 
STEA 670 
STEA 6nO 
STFA 690 
STEA 7nO 
STEA 710 
STEA 7?0 
STEA 730 
STEA 7u0 
STEA 750 
STFA 7fiO 
STEA 770 
STEA 7pO 
STEA 790 
STEA 800 
STEA 810 
STEA 8?0 
STEA 830 
STEA 8u0 
STEA 850 
STEA 8ftO 
STEA 870 
STEA 8a0 
STEA 890 
STEA 9oO 
STEA 9iO 
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••UO NOTLST=.FALSE. 
CALL STtP(42?0,NOTEST) 

••lO CALL COUL 
CALL SUrtT 
IF(LUOSW) GO TO HZO 

C IF UlXS IS THE NEXT TO LAST IT^RATION OF THE SET,WRITE THE 
C icii EKAIURE RESULTS ON ORUM FOR uSE IN CHECKING CONVERSENCE 
C ANj blAulLITY, 

IF (,...r4L.XPSET-l) GO TO 1000 
HEWIISIL; IMSTORE I 
/iRIlECNSTORE) (((T(I,J,K)»I = 1,IQ),J=1,JQ)»K=1,K«) 

lOUO COUllNUL 
C AUVAiJCE THE SET COUNTER. 

NSEIr=NSETT+l 

C .tfRIlt TEMPERATURE RESULTS ON TWO"DIFFERENT DRUM UNITS IN 
C ALTLRWArlNo SEQUENCE AS THE SETS ARE COMPLETED.SET AN INDICATOR 
C lO UtHJt. WHICH URUI'i UrjIT CONTAINS THE OLDEST TEMPERATURFS.DO NOT 
C .vRIlt ON URU-i UNITS IF THE TIME sTEP HAS'REACHED 1000 HOURS.THE 
C oLUi-bT OF THE TwO AVAILABLE SETS OF TEMPERAT'IRES ARE USED TO 
C REPLACE ANY SET OF RESULTS WHICH CONTAINS EITHER NEGATIVE OR 
c LATivt NIELY L A R G E T E M P E R A T U R E S , 

XF(LkEAu) oO TO 3Ut) 
IbToRLrr-ibTORn 
L R E > I U - . I R U E , 

00 l o 310 
30b I S T O M L ^ L S T O R E 

I .REAU=.FALSE. 
310 CALL S T O R E ( 1 S T O R E » 2 ) 

CO l o .i^O 

LHTI.R fivOM SiiUROuTlNE PRINT T O " E V A L U A T E RESIDUALS FOR^THE F I N A L 
bMOoThlNC ITERATION. 

tNfiNY R t S l D 
A R L J = . 1 K U E . 

l<ECv;UEi{ THE TtMPERATURES WHICH WERE STORED ON DRUM FOR USE IN 
C H E C K I N O CONVERGENCE AND S T A C J I L I T Y . F O R THE ENTRY THROUGH RESID," 
T H E i t TL IV .HERATURES WERE STORED ON DRUM IN SUBROUTINE MP2, 

3.:0 k tvv i / iU uSTORe 
kEAU(IMSIORE) ( ( ( X T ( I , J , K ) » I = 1 , I Q ) , J = 1 , J Q ) , K = 1 , K Q ) 

tVAi . , iATL THt 'PROXlM lTY TO S T E A D Y " S T A T E A N D D E T E R M I N E ' T H E C U R R E N T 
V A L U E Of TtlE bTAU lL ITY PARAMETER. 

920 
930 
9nO 
9sO 
960 
970 
9pO 
990 

C 
C 
C 
C 

C 
C 
C 

STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STEA 
STFA 
STEA,0n0 
STEAlOiO 
STEA10?0 
STEA1030 
STEAjOuO 
STEA5O5O 

==STEA1060 
STEAIO7O 
STEAlO«0 
STEA1090 
STEAlloO 
STEAUlO 
5TEA1120 
STEA1I3O 

i=STEAilttO 
STEAII5O 
STrAllfiO 
STEA1I7O 
STEAllftO 
STFA1190 
STEAI20O 
STEA121O 
STEAl2?0 

==STFA1230 
5TEA12(|0 
5TF.A1250 

s=STEAl260 
STEAI27O 
STEAt2flO 
STEA1290 
STEA1300 
STEA1310 
STEAi3?0 
STEAI33O 

:=STEAl3uO 
STEA13S0 
STEA1360 

:=STEA1370 
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C 
c 
c 
c 
c 

••20 DO 1500 1=2, IM 
UO IbOO J = 2»JM 
IjO ibOO K=2»KM 
IF (RCP(I,J,K) ,6T, I.OEIO) 60 To 1500 
CAP = (RCP(I,J,K) * (T{I,J,K) - XT(I,J,K)))/DTSTAN 
TCEUT = ( T(I,J,K) + XT(I»J,K))/?,0 
AAl:; TCENT -((T(I+1,J,K) + XT( I + i, J,K) )/2.0) 
AAiJi( (T(I-1,J,K) + XT(I-l»J,K))/?.0) - TCENT 
AAJ= TCLNT -((T(I,J+1,K) + XT(I,j+1,K))/2.0) 
AA4:.( (T(IrJ-i,K)> + XT (I»J'l »K) )/?. 0) - TCENT 
AAb-TCEUT - ((T(I,J,K+1) + XT(I,J»K+1))/2.0) 
AAo-((T(I,J,K-l) + XT<I»J»K-l))/?.0) - TCENT 
Hl=-HR(X»J.K)*KR(I,J,K)*AAi 
Hii=i,R(I-l,J,K)*KR(I-lr J,K)*AA2 
Hi=-(«1(1.U.K)*K^(X,J,K)*AA3 
H'+=tv/(I,J-l,K)*KZ(I»J-l»K)*AA'̂  
Hb=-,<' (i»U,K)*KT(l,J,K)*AA5 
Nb=hT(l.J,K-l)*KT(I,J,K-1)*AA6 
VERo = HI + H2 + H3 * m + H5 + 
AVEi<(.= Ab:s(Hl) + ABS(H2) • AaS(h3> + 
, + A|lb(A{X,J,K) ) 
ACAI- = AbS(CAP) 
CALcut-ATt THE CONVERGENCE PARAMETER AT EVERY MATERIAL pOiNT jN 
THE pRObLEM. 
STL/A.JY(1,J,K) = ACAP/AVERG 

1500 COivillNUL 
IF(u,MUSw.OR.'.jRES) GO TO 360 
COMI-ARE THE CONVERGENCE PARAMETER AT EVERY MATERIAL POINT 
AGAiiJbT A SPECIFIED MAXIMUM ALLOWABLE VALUE TO TEST WHETHER QR 
r.Or THE STEAUY STATE SOLUTION HAS BEEN ATTAINED. 

H6 • W(I,J»K) 
ABS(H'^) + ABS(H5) • ABS(H6) 

3iO 

C 
C 
C 
c 

2U0 

1,0 i;.i)o xsaiif' 
1)0 coU J=2,JN, 
uu <;uO K=2,KM 
lF{jrEAuY(I»J,K),GT,1.0ElO) GO 
lF(brEAljY(l,j,K).GE,TOL) Go TO 
coiniNuc 

To 200 
2lO 

2ub 

pREf'rtKE TO RETURN TO SUBROUTINE MP2 AND PERFORM THE SMOOTHING 
iTEtuJIONS. 

CALL STACAP 
U T I i ' , L ( 2 ) - a T S T A N / 1 0 . 0 
F T I , . I C { 2 ) = U T I M E ( 2 ) * 2 0 . 9 

l T A i ' u t 2 ) = 7 

STEA13A0 
STEA1390 
STEAli+oO 
STEAit^ lO 
STEAi'+?0 
STEAlJtSO 
STEAl t i jO 
STEAlf^sO 
STEAli+fiO 
STEAl«t70 
STEAlf+^O 
STEAl '^90 
STEAjSnO 
STEA1510 
STEA15?0 
STEA1530 
STFAlSuO 
STEA15S0 
STFA1560 
STEA1570 
STEAlSqO 
STEA1590 
STEA'6nO 
STEAJ610 
STEAt6?0 
STEA163O 
STEAI61+O 

-=STEA1650 
STEA1660 
STEA1670 
STEA160O 

:=STEA1690 
STEA1700 
STEA1710 
STEAi7?0 
STEA1730 
5TEA1740 
STEA1750 

r=STEA1760 
STEA177O 
STEAl7nO 

:=STEAt790 
STEAlSnO 
STFAJ810 
STEA.in?0 
STEAI83O 
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c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
210 

NiTtRsNT 
PRIiMT THE STfc-AOY STATE TCMPERATURE RESULTS BEFORE RETURNING 
TO N,P2. 
CALL PRINT 
SET AN INDICATOR TO SHOW THAT THE STEADY STATE ITERATIONS HAVE 
UEEU COMPLETED. 
CSl^S.O 

RETURN TO MP2 AND PERFORM THE SMOOTHING ITERATIONS, 

RLTCKN 

SLT IHE'INLJICATOR IOT TO SHOW THE MODE OF DETERMINING THE NEyT 
VALoE OF THE TIME STEP AND START THE NEXT SET OF ITERATIONS. 

lUTil 
(yO 10 ?30 
iF ANSTABILITIES OCCURRED IN SOLvlNG FOR TEMPERATURES,THE RETURN 
FROc, SUBROUTINE STEP WILL BE TO THE FOLLOWING STATEMENT. 

3DO 

C 
C 

2<:0 1UT=^ 
IF(NSETT.NE.O) GO TO 230 
lUT-j 
GO lu ̂ bO 

HRI..T TEMPERATURES AND/OR RESIDUALS AT THE END OF THE PROBLEM. 

pRErZRi"THE~ARRAY'oF'cONVERGENCE'PARAMETERs"AT"THi END"OF THE 
pR0LLtM{I.E.RESl0UALS)F0R PRINTING. 
uO wbO X = l,iv,AX 
L-0 JbQ o=l.J.,AX 
[jO ^bO K=1,KMAX 
lF(bTEAuY{XrJ,K).GT.1.0ElO) STEAnY(I,J,K)=0.0 
CONIINUL 
pRIl.T ThE LAST AVAILABLE TEMPERATURE RESULTS IF THE PROBLEM IS To 
TERr.lNATE IN THIS SUBROUTINE. 
IF(,.RES) GO TO <+3b 
NiTcR=(jr 
CALL TEMPS 
MRlui THE RESIDUALS AT THE END OF THE PROBLEM. 
ARIIE(fa.4'+0) 
F ORi.,A T ( iHO, 5ftX. 9HRESIDUALS) 
CALL ARRAY(LOUM,STEADY,2) 
IF(..RLS) RETURN 
PUNLH THE LAST AVAILABLE TEMPERATURE RESULTS IF THE PROBLEM IS To 
TEK.JNAIE IN THIS SUBROUTINE. 
CALL PUN 

3b0 

••Ob 
'•'•O 

STEAlfti+O 
STEA1850 
STEA1860 
STEAia70 
STEAlSnO 
STEA1890 
STEA1900 
:STEA19l0 
STEA19?0 
:STEA1930 
STEAl9i»0 
:STEAl9sO 
STEA1960 
STEA1970 
:STEA19n0 
STEA1990 
STFApOoO 
STEA?OlO 
STEA.iOpO 
STEApOlO 
STEA?0<*0 
STFA2050 
STEA?060 
:STEA2070 
STEA20BO 

:STEA?090 
STEA21n0 
STEA?IIO 
STEA2120 
STFA?l30 
STEA^luO 
STEA2150 
STEA2160 
STEA?170 
STEA2lnO 
STEA2190 
STFA22nO 
STeA22lO 
STEA?2?0 
STEA2230 
STEA22i*0 
STEA2250 
STEA??60 
STEA?270 
5TFA?2qO 
STEA2290 
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c 

c 

CALL MERR STEA2300 
- =======================:===================s=s=s=========s=s=====5=STEA2310 

C * * • * • * » • * • • • * • * * * * • • • * * « * * * * * * * « * * * * * * * * * * * * * * * * * # * * * * * : » * * * * i | t * * ^ * ^ , * S T E A 2 3 3 0 
C • • • * » * » * * * # * * » * » * » « * » * * * « * * » * * # * * * * * * * * * * * * * * * i i t * * * * * « * * * « * * * * * * * * * S T E A 2 3 i » 0 
C ==========================================================s=======STEA?350 

SUtJKoUTINE STACAp STEA2360 

C SET CMf'AClTArjCE TERMS FOR MAXlf'Uw S T A B I L I T Y T • STEA23n0 

1)0 LU 1 = 2 , IM STEAgi^oO 
liO bi j J = 2 , J M STEAai+lO 
uO ou K = 2,KM 5TEA?'+?0 
l F ( K C P ( i , J , K ) . 6 T . 1 . 0 E 1 0 ) GO TO 8n STEA?<+^0 
R C P I I , J , K ) = R R ( I - l , j , K ) * K R ( I - i , j , K ) + R R ( I , J , K ) * K R ( I , J , K ) + STEAitH^O 

R Z { I » J - 1 , K ) * K Z ( I » J - 1 , K ) + R Z < I , J , K ) * K Z < I » J » K ) + STFA?'+s0 
R T ( I , J ; K - 1 ) * K T ( I , J , K - 1 ) + R T ( I , J , K ) * K T ( I , J , K ) STEA?'ifsO 

bO CONl iUuE 5TEA2't70 
RLTuKN _ _ ^ _ STEAptl^O 

C «««4.%«;|<**««*i|i«4'«*>l<«;«c4<«4<4:>l<««««*«*«'l<l|ii|i>|i4c4i4'4c*4ii|<l|i«4>4i4i««*'**4>«*«4<*4i*«**»STEA?500 

C * * * » * * * » * * * * * » * * * * * * * * * * > i i * * * * « * * ^ < * * * * * * * * * * * # * * * * * * * * * * * * * 4 , * * * ^ * ^ * 5 1 - E A ? 5 i O 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » * * * * * * * * * * * * * * * * » * » * * * S 7 g - A , ' > 5 9 0 

bUiitvoUTiNE SToRE<lSTORE,NRwT ~ "~5TFA?5i»0 
C ===-i==j:==========================================================ST':A?'SsO 
C rtRXiE AKRAYS ON URUI^ OR READ ARRAYS FROM DRUM. STEA?5ftO 

HLfixuu iSTORE STEA?S.̂ O 
uO Ij (lOO.aoO), l̂lRw STEA?5gO 

100 REAL (iSToRE) (TI(N), N = 1,N0), (TO(N), N = 1>NQ),STFA?6oO 
X(<(l(l,j,K), 1=1,IG), J=1»JQ), K=1,KQ), (((R«UTL(I,J,K), 1=1,IGQ)»STEA?6i0 
Xj=i,ju). K=1,K.Q), (t(RaBTH(I,J,K), 1=1,IGO), J=1,JQ), K=1,K0), STEA26?0 
A{ ( (<:,.ulL(If J,K), 1 = 1,JGQ), J=l,Xo), K = lrK<3), ( ( (ZBflTH (I, J,K ) , STEA2630 
Xi = i,jOo). J=i,la), K=1,KQ), ( ((ThdTLd'-JjK) , 1 = 1,KGQ), J=1,IQ), STEA?6u0 
XK=1»OU). (((TBblH(l»J»K), 1=1,KGo), J=1,IQ), K=1,JQ) STEA56=-,0 
^̂ _l_u_̂ O0 . STEA?660 

200 ivRIlE (ISTORE) (TI(N), N = 1,N0), (T0(N)7 N = l»NQT7sTFA?6nO 
X{((i(X,j,K), 1=1,IQ), J=1,J0), K=1,KQ), (((RBHTL(I,J,K), 1=1,loQ)»STEA?690 
XJ=1,JU), K=1,KQ), (((RbBTH(I,J,k), 1=1,IGQ), J=1,JQ), K=1,KQ), STrA?7oO 
X( ((t,,iiTL(X,J,K), 1=1,JGQ), J=l,I(i), K=1,KQ), ( ( (ZBBTHCI, J,K) , STEA?7iO 
Xi = l,JO(j), J=Vrm), K = 1,KQ), ( ((TnUTL(I,J,K) , 1 = 1,KGQ), J=1,IQ), STEA27?0 
XK=1,JO). (((TUfJTH(I,J,K), I=l,KGn), J=1,I0), K=1,JQ) STEAPT^O 

300 KLIUHN STFA?7/»0 

END ' ' ~~STEAg760 

C 
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SUBROUTINE BLOCK 
INCLUDE C O M O I M 

BLOC 
BLOC 

======== ============s====s=====s=ss=s==r===s=sss===s=r===ss==s===BLOC 
EVALUATE T H E M A T E R I A L PROPERTIES OF EACH BLOCK 

===-============================s===============rss======: 
TUR.M T H E G A S CONDUCTIVITY SWITCH OFF 
6AS= .FALi>£, 
EVALUATE THE PROPERTIES OF ALL B L O C K S 
UO tU L = 1 , L M A X , 

Nl= h,b(L) 
CALCuLAlE THE L I M I T S OF BLOCK L 
===i===================r========r5=sSsars=sssrr=ss====s==: 
pOllMT LIMITS 
IHSi lH(L) 
ILS= IL(L) 
JhS- JH(L) 
JLS- JL(L) 
K H S = Kli(L) 
K L S = K L ( L ) 

tiOUi4,)lNO G A P L I N E S 
icLSs loR(ILS-l) 
I O H J = I G K ( X H S ) 

JGLL.;; JoZtJLS-l) 
jUHL.i JoZ(jHS) 
i<OLb= KGT(KLS-l) 
Kbl)t̂ = KoTtKriS) 

BLOC 
: = = = = = = = = R L 0 C 
: = = = = = = = = B L 0 C 

BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 

: = S = = S = = = B L O C 
BLOC 
DLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 

==============================s===================================BLOC 
IS iiixs ULOCK A COOLANT - • Y E S , N O « -
IF (la.LL.O) GO TO 10 
CALCULATE THI, PROPERTIES OF THE MATERIAL IN BLOCK L. 
CALL MAUATA 
00 10 i:u 

C0RrtLCT"THE~GAPHNE~ASS16NMENT"0F THE EXTERNAL"CoOLANTi ' 
lF(ii(i.EO.IMAX) IGHSslGLS 
IF U L S ,tO. 1) 1GLS=13HS 
il- tJHS .E.J. J M A X ) J G H S = J G L S 
iF lULS . E Q . 1 ) J G L S = J G H S 
IF IKHS .LQ. KMAX) K(-.HS=KGLS 
IF IKLS .to. 1) K G L S = K G H S 
CALLULAIt T H K P R O P E R T I E S OF THp COOLANT IN SLOCK L 
CALu FLOUAT(L) 
ARE ALL bLOCKb EVALUATED - ' Y E S J N O I -
CONTIWUE 

BLOC 
BLOC 
BLOC 
nLOC 
BLOC 

: = = = 5 = = - = D L 0 C 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 
BLOC 

10 
20 
30 
'•O 
50 
60 
70 
fiO 
90 
loo 
no 
1?0 
130 
IttO 
150 
160 
170 
InO 
190 
200 
2lO 
220 
230 
240 
250 
260 
270 
2P0 
290 
3nO 
310 
3?0 
i%0 
3M 0 
350 
3f,0 
370 
3nO 
390 
"•no 
H)0 
"•20 
'•30 
tuo 
••50 
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==================================================================nLOC '•60 
C ISOLATE THE CONDUCTIVITIES OF POINTS A D J A C E N T C O O L A N T BOUNDARIES. BLoC '•70 
C .SlOKL THEM IN THE R E M - R B B T , ZEM-7BBT, TEy-TBBT LOCATIONS FOR BLOC '•flO 
C .COOLANT BLOCK SURFACES, BLOC '•90 
C ===i==============================================================BLOC 5oO 
C LoCArL THE RADlAL-X COOLANT BOUNDARIES, BLOC 5lO 

r30 .20 1 = 1. IM BLOC 5?0 
lo=ioK(l) BLOC 530 

C EXCLUDE THt. N O N - G A P L I N E S , • BLoC 5^0 
lF(xb.Eu.0)GO TO «i20 BLOC 550 
L)0 .iU J=2,Ji.< BLOC 560 
uO ^lU K=2,K«/' BLOC 570 

C EACUULIE THE POINTS WHERE A SAP IS ADJACENT TO THE GAPLINE. BLOC 5n0 
IF(UAHR(IG,J,K).Gt.o.O)GO TO 2i0 BLOC SgO 

C EXCLUDE THt POINTS WHERE TwO COOLANTS ARE ADJACENT ON THE G A P L I N E . B L O C 60O 
IF(LAPR(IG,J.K).LT.(-2.5E-10))GO TO 210 PLOC 61O 

C IS IHL COOLANT ON THE HIGH INDEX SIoE OF THE G A P L I N E ? -'NO,YES,- BLOC 6?0 
lF(bAPR(lG,J,K).LT.{-l.bE-10))GO TO 200 BLOC 63O 
RE,V|L(XG,J,K)=CONR(I,J,K) BLOC 6n0 
RbUlL(10,J.K)=CUNR(I+l,J,K) BLOC 6s0 
00 To ^iO BLOC 660 

2U0 Kt KKlGfJ,K)=CONR(I + l,J,K) BLoC 670 
RbL(IHlltt.J.K)=CONR{I,J,K) BLOC 6ft0 

210 CON! IIIUL BLOC 69O 
2t;0 CUNIiUUL BLOC 7oO 

C LUC^.iE THL AxXAL-Z COOLANT BOUNDARIES. OLOC 7?0 
uO ubO JZX,J:A BLOC 730 
jo=uoZ(J) BL.OC 7i|0 

c L X C L J U E THE N O N - G A P L I N E S . BLOC 7RO 
lF(oo.EQ,U)60 TO 250 BLOC 760 
1)0 ^^0 1=2, Iv BLOC 770 
1,0 L^\) K=2,Kwi BLOC 7.̂ 0 

C tXCLUUE THE POINTS WHERE A SAP IS ADJACENT TO THE GAPLlNE, BLOC 79O 
I F ( L A H Z ( J O , I , K ) . G E . O . O ) G O TO 2UO BLOC 80O 

C LXCLUUF THE P O I N T S WHERE TwO C O Q L A N T S ARE ADJACENT ON T H E GAPLlNp.RLOC 81O 
lF(CAPZ(J<'.I.K).Ll.(-2.bE-10))60 TO 2'̂ 0 BLOCfl?Q 

C IS Hit- COOLANT ON THE HIGH INDEX SIDE OF THE GAPLINE? -'NO,YES,- BLOC 830 
iF(OAP/(JU,I,K).LT.(-l.bE-iO))GO TO 230 BLOC 8^0 
/EML(JG.IrK)=CONZ(I,J»K) BLOC 850 
/ U U T L ( J O . 1 . K ) = C O N Z ( 1 , J + 1 , K ) BLOC 860 
GO 10 dkO BLOC 870 

2i0 /tMh(Ja,I,K)=CONZ(I,J+l»K) BLOC OaO 
/btnH(Jo,I.K)=CONZ{I,J,K) BLOC 890 

2<+0 CONliNUE BLOC 9oO 
2bO CONliNUE BLOC 9iO 
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C LOCATE THE THETA-Y COOLANT BOUNDARIES. 
LiO JUU K=1,KM 
KG=^OT(K) 

C EXCLUUE THE NON-SAPLINES, 
IF (K^J.EQ.O) 60 TO 300 
DO ^9U 1=2,IM 
UU c90 J=a,JM 

C EXCLUUE THE POINTS WHERE A GAP IS ADJACENT 
IF IG«PT(KG,I,J)I .6£. 0.0) SO TO 290 

C EXCLUDE THE POINTS wHERE TOO COOLANTS ARE ADJACENT 
IF loAPI(KG,I,J) .LT. (-2,5E-10))GO TO 290 

C lb IHE LOOLANT ON THE HIGH INDEX SIDE OF THE GAPLINE? -'NO 
IF lbAPT{KG,I,J) ,LT. (-1.5E-10)) GO TO 280 
TtML (KG, I, J) =COIMT (I, J, K ) 
TbuiL(KG,I,J)=CONT(l,J,K*l) 
oO ID ?yo 

2bO TLMII(K0,I,J)=C0NT(I,J»K+1) 
TbUlM(K(),l,J)=CONT(I,J,K) 

290 CONliNUE 
300 COuiluUL 

TO THE GAPLINE. 

ON THE GApLlNe 

,YES,-

RETORN 
END 

=BLOC 920 
BLOC 930 
BLOC 9uO 
BLOC 9sO 
BLOC 960 
BLOC 970 
BLOC 9fl0 
BLOC 990 
BLoC,OoO 
PLOClOiO 
.BLOCiO?0 
nLOCl030 
BLOClOuO 
BLOC)050 
BLOC1060 
BLOCIO7O 
BLOClOflO 
BLOCIO9O 
BLOClloO 
BLOCUlO 
DLOCllpO 
SBLOC1130 
BLOCIIUO 
BLOCH5O 
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SUBROUTINE MADATA 
INCLUDE COMDIM 

C bUPHLY THE MATERIAL THERMAL PHYSICAL PROPERTIES 

C IS )nE MATERIAL SOUU OR GAS IN A GAP? -• GAS.SOLID'-
9a IF (GAS) OO TO 1300 

CB CALLULATE THt SOLXU~MATERIAL PRORERTIES 

C/ CALCULATE THE HEATGENERATION RATE FOR EACH POINT IN THE BLOCK 

100 HK=UATI 

uO ibO K = KLS, KHS 
FTT = TP(K) 
iiO j.;,0 J=JLS.JHS 
FTZ = /-HCJ) 
uO iSjO i = lLS,IHS 
f'TK=HH(i) 
UK :. T(i,J,K) 
W.0 TO ( 101, 102. 103, lO'̂ , 105, 106» 107, 108, 109, H O , 111, 
1 112, H i , ll'̂ , 115),Nl 

lUl X=HLA1 1(Y) 
60 To lUO 

102 X=MuAt 2(Y) 
oO lu lî O 

1U3 X=IILAT 3(Y) 
GO lo ItO 

lu** X=Hi-AT '•(Y) 
GO lu m o 

lUb X=HL.Ar b(Y) 
oO Tu m o 

1U6 X=IILAT t>{Y) 
00 10 l ' *0 

107 X = H U A T y ( Y ) 
00 10 It+O 

lUB X = H L A T »> (Y ) 
00 i j m o 

l u 9 x= i l LA r y ( Y ) 

MADA 
MADA 

:==MADA 
MADA 

:==MADA 
:==MADA 
:==MADA 
==MADA 
:==MADA 
:==MAOA 
:==MADA 
;==MADA 

MADA 
MADA 

:==MADA 
MADA 
MADA 

:==MADA 
MADA 
M A D A 
MADA 
MADA 
MADA 
MAr.A 
MADA 
MADA 
MADA 
MApA 
MADA 
MAOA 
MAnA 
MAoA 
MADA 
MAC A 
MADA 
MADA 
MAnA 
MADA 
MADA 
MADA 
MApA 
MADA 
MAOA 
MAPA 
MAnA 

10 
?o 
30 
'•0 
50 
60 
70 
no 
90 
loo 
iio 
1?0 
130 
luo 
150 
160 
170 
IftO 
190 
200 
210 
2?0 
230 
2U0 
250 
260 
270 
?no 
290 
3no 
310 
3?0 
330 
3u0 
350 
360 
370 
3r.O 
390 
'•nO 
••lO 
UpO 
«»30 
'•UO 
••50 
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60 To lî O 
XIO X=HLAT10(Y) 

GO Tu lUO 
lil X=HLAT11(Y) 

oO To li+O 
112 X=HLAT1^(Y) 

GO 10 mo 
113 X=HLA113(Y) 

GO 10 I'tO 
ii'^ x=HLAriu(y) . 

GO lo luO 
lib X=HLAllb(Y) 
ll̂ O h.(I,J.K)=X«V(I,J, 
IbO CONIINUL 

MADA U60 
MADA H70 
MADA '•80 
MADA 490 
MADA 5oO 
MAnA 510 
MAOA 5?0 
MAnA 530 
MAOA 5ttO 
MAOA 55O 
MApA 560 
MAoA 570 

K) MADA 5n0 
MAnA 590 

ili*4.4-m*m*.**4i**********i*********m*»*******************************»*f'\f<0^ 600 
CALCULATE THE RADIAL CONDUCTIVITY MAOA 6lO 

===================== =================:=:===s===szs=====s=r=====:=====MADA 62O 
200 i,0 thO K = KLS, KHs MADA 63O 

FTT-TP(^) 
UO ^bU I=ILS,1HS 
FTR=RP(i) 
UO <.bU J=JLS,JHS 
FTZ=/P(J) 
UR = T(1,J,K) 
GO TO ( 201, 202, 
1 212, 213, 

201 X=RCoN 1(Y) 
GO 10 2H7 

202 X=RC0N 2(Y) 
GO To 2'*7 

203 X=RC0N ^(Y) 
GO lu 2'̂ 7 

20'* X=RCoN (+(Y) 
GO 10 2'̂ 7 

20b /=RC0N b(Y) 
GO 10 2U7 

2U6 X=RCON t.(Y) 
bO 10 2'+7 

2U7 X=RCuN 7{Y) 
GO 10 2'+7 

208 X=RC0N o(Y) 
GO lo 2*̂ 7 

209 X=RcoN 9(Y) 
OO To 2U7 

210 X=RcjUlu(Y) 
• oO To 2'+7 

MADA 6u0 
MADA 65O 
MAOA 660 
MADA 67O 
MADA 680 
MADA 690 

203» 20*̂ 1 205» 206* 207, 208» 209, 210, 211* MAr)A 7oO 
2m» 215),Nl MADA 7lO 

N-ADA 7?0 
MADA 730 
MADA 7(|0 
MADA 750 
MAoA 760 
MAnA 770 
MAnA 7fl0 
MADA 790 
MADA 8nO 
MAOA 810 
MApA 8?0 
MAOA 83O 
MADA 8u0 
MAOA 850 
MADA 860 
MADA 870 
MAOA 8n0 
MADA 890 
MApA 9oO 
MADA 9iO 
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211 

212 

213 

2i'^ 

215 
217 

2b0 

X=RC0N11(Y) 
GO 10 2U7 
X=Rc0N12{Y) 
00 To 2U7 
X=RCuN13(Y) 
GO lo 2U7 
X=RCO(n'*(Y) 
60 lu 2U7 
X=RC0r41b(Y) 
iF{A.Eu.0,0)X=l,0E-6 
COiJu(l.j,K)=i,0/X 
CONlINUE 

MADA 
MADA 
MAoA 
MAoA 
MAnA 
MAUA 
MADA 
MADA 
MApA|OoO 
MADAlOlO 
MADAtO^O 
MAnA1030 

920 
930 
9i»0 
95O 
960 
970 
9n0 
990 

• ***»*»*****»*****************«***********************************MAnAJ OuO 
CALcul-AfE THE AXIAL CONDUCTIVITY MA0AIO5O 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = M A D A I 0 6 0 
300 iiO ̂  >0 K = KLS, KHs 

FTT-TH(K) 
uO ouO i=XLS,IHS 
FTR-RH(i) 
DO J ,U J=JLS,JHS 
FT/=/P(j) 
ijR = T(i,J,K) 
GO 10 ( 301, 302, 303, 
1 il2, 313, 31'^, 

301 X=AC0N 1(Y) 
00 To 3'+7 

302 X=AcuN ^{t) 
GO 10 3U7 

303 X=ACON J(Y) 
GO lo 3<+7 

30't X=ACON (•(Y) 
bO TO 3'+7 

30b X=ACON b(T) 
OO lo 34? 

306 X=ACuN o(Y) 
GO 10 3'+7 

3U7 X=AC0N 7(Y) 
GO 10 3U7 

3U8 X=AC0N h(Y) 
GO 10 i^7 

309 X=AC0N y(Y) 
GO To 3H7 

310 X=AcoNlu(Y) 
00 lo 34V 

311 X=AC0N11(Y) 
• GO 10 3U7 

SO'̂ , 305» 
315),NI 

306, 307» 308, 309, 3i0, 3ll» 

MADAIO7O 
MAoAlO^O 
MADAIOPO 
MAPAllnO 
MADAJ 110 
MADAllpO 
MADAll^O 
MAnAUuO 
MADAII50 
MADA1I6O 
MADAII7O 
MADAUftO 
MADA1190 
MADA32nO 
MADAI21O 
MADA12?0 
MADAI23O 
MAOA12U0 
MADAI25O 
MADA1260 
MAOA1270 
MADAl2pO 
MAnAl290 
MADA1300 
MAnAl3lO 
MADA1320 
MAOAI33O 
MADA13UO 
MADA1350 
MADA1360 
MADA1370 
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1505* 
Nl 

1506* 1507f 1508> 1509 

312 X=AC0N12(Y) 
GO TO 3'+7 

313 X=AC0N13(Y) 
GO To 3'̂ 7 

31'̂  X=AC0Nm(Y) 
60 10 3u7 

3ib X=ACuNlb<Y) 
3 H 7 IF(A.EQ.0,0)X=1.0E-6 

CON..(I,J,K)=1,0/X 
3b0 CONIH^UE t 

CE ******* *****rt***i****;t»t.***m***»**************m****m******** 
C/ CALcuLAlt THt THETA CONDUCTIVITY 

1500 uO isbo K = K L S , K H S 
FlTiVPCK) 
uO iS.bO I = ILS, IHS 
H1R=RP(I) 
uO I'.bO J = jLS, Jus 
FTZ-/rP(J) 
uR - 1(1,J,K) 
60 lu (IbOl, 1502» 1503» 1504* 
llblx, ibl2, i513,,lbl'+, 1515)» 

1501 X=TC0N 1(Y) 
GO 10 lb'+7 

1502 X=TC0H 2(Y) 
GO 10 lb'+7 

1503 X=TCoN J(Y) 
oO To lb«*7 

IbO** X=TCJN î CY) 
60 lo lb't7 

1505 X=TCuN b{Y) 
GO TO lb'̂ 7 

1506 X=TC0N t<(Y) 
GO It. l;ii+7 

1507 X=TCON 7(Y) 
faO 10 1517 

1508 X=TcON ,i(Y) 
GO lo Ibit? 

Ibu9 X=TCuN y(Y) 
00 To Ib'tV 

1510 X=TCON10(Y) 
00 lo ltii*'f 

1511 X=TC0N11(Y) 
GO To Ib'̂ i' 

1512 x=TCoNli;(Y) 
' GO 10 lb'+7 

MADA13a0 
MADA1390 
MAOAti^OO 
MAoAl'^lO 
MAnAl'^?0 
MADAm30 
MADAI'^'+O 
MADAl'^50 
MADA1'+60 
MADA1'*70 

*******MA0A1'^»^0 
MADAm90 

==S====MADAl5oO 
MADA1510 
MADA1520 
MADA1530 
MAPAlbUO 
MADA1550 
M A O A 1 5 6 0 
MADA1570 

» l5ln»MADAl5nO 
MAOA1590 
MAnA1600 
MAnAl6lO 
MAnAl6?0 
MADAI63O 
MAnA16uO 
MADA1650 
MADA1660 
MArA1670 
MAnA16qO 
MADA1690 
MADAl7nO 
MAnAl7iO 
MADA1720 
MAOA1730 
MADAl7uO 
rADAl750 
MAr)Al760 
MAnAl770 
MADAl7flO 
MADAt790 
MADAlSoO 
MAnA1810 
MAt!A18?0 
MAnA1830 
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1513 X=TC0N13(Y) 
60 TO 15'^7 

I b l i ^ X=TC0N14(Y) 
GO TO l b ' * 7 

1515 X=TCONlb(Y) 
151+7 l F ( X . c u . O . O ) X 

C O N l ( I . J , K ) = 1 
15b0 CONliNUE 
;E ****^******** 
/ CALCULATE THE 

IF ( C l , 2 . t i T . 1 . 0 

= l , 0 E - 6 
, 0 / X 

MADA18I+0 
MADA1850 
MADA1860 
MADA1870 
MADAlBflO 
MAOAin90 
MADAl9oO 
MAOA19J0 

*******if*******m*^*tn*********m*i***i*w:>ir****it*}H**i*i*i*if*m*t/f\,p 1^19^0 
SPECIFIC 

) 6 0 

HEAT MADAl'^30 

TO ' •99 " " ' " ~ MADAI^SO 
UUO L,0 UbU ^ = KLS . KHS 

ijO U-̂ O i = l L S , 
uO ubO j = J L S , 
UR = 1 ( i . J . K ) 
uO l o ( i f O l . 

1 ' • 1 2 , 
••01 * = S P E C I ( Y ) 

60 l o UUO 
'•02 X=b^ EC £:(Y) 

oO 10 U40 
103 X=StLC JCY) 

GO l u 410 
' •Ut X=SI t-C <•(>) 

GO 10 UUU 
i^ijb X=SI EC t . (Y) 

GO 10 440 
406 X = S l t C L,(Y) 

GO l u 440 
••07 X=Sh'EC 7 ( Y ) 

GO 10 U40 
••08 X=SHtC (,(Y) 

GO 10 '•40 
'+09 X = S I ^ E C V(Y) 

oO 10 440 
J+IO X=SI- ' tC lu(Y> 

uO l o 44U 
' •11 X ^ S f E C l K Y ) 

60 10 <+40 
m 2 X=SI 'EC l i ' (Y ) 

GO TO 44U 
Hii X = SI I.ClCrCY) 

i>0 l u 440 
'•1'+ X = S t E C l 4 ( Y ) 

' 60 l o 440 

IHS 
JHS 

• •02 , 

•• iJ. 
<+03f 
'•l '+. 

•1AOA1960 
MA[)Al970 
MAnAl9 f l0 
MADA1990 

'•O*^, '•05» '•06» ' •07* ' • 0 8 , ' • 0 9 , t+lO, ' • l H MAt,A2000 
' • 1 5 ) , N I MADApOlO 

MADA?0?0 
•1APA2O3O 
MA')A?040 
MAnA?n50 
'^AnA;^060 
MAf A?n70 
MAPA?0;50 
MAPA2090 
r iAOA?ino 
MAnA? n o 
MAnA21?0 
MADA0130 
MADApluO 
MADA2I5O 
MAPA2160 
MAOA2170 
MApAplnO 
M A D A ? 1 9 0 

MAPA2200 
MADA'5210 
MAnA?2?0 
MADA223O 
MADA2240 
MADAP250 
••AI.A2260 
MAOA227O 
MAOA22q0 
MADA2290 
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'•15 
41+0 

4b0 

i+y9 
500 

X=SPEClb{V) 
RCP(I,J,K)=X4<V(I,J,K) 
I F ( , N O T . S W ( 1 O ) ) GO T O *»50 
lF(X.GT.9.999tb) RCP(I,J»K)=l.nEt2 
CONliNUE 
****:f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

CALcuLAlL THt RADlAL THERMAL EMIsSIVlTY ON THE LOW INDEX 
,SXDL 01̂  THE BLOCK 

IF liOLb , LE ,.0) GO TO 599 
UO bbU K = K L S , KHS 
UO y!,0 J=JLS,JHS 
IF (t,APR(lGLS»J,K) . E Q 
FTT-I»^(N) 
FTZ-/P(j) 
uR=iMiBTL(l6LS»J,K) 
uU 10 ( bOl, b02, 503* 50f, 50^, 

bl3, Sl'+r 515),NI 

0.0) 60 TO 550 

5o6» 507, 508, 509, 5lO, 5ll» 

501 

502 

bU3 

50'+ 

5ob 

506 

507 

508 

509 

510 

511 

512 

513 

SI** 

I bl2, 
X=EhRL 1(Y) 
GO 10 547 
X=EKRL 2(Y) 
GO 10 b47 
X=Et.,RL i(Y) 
00 To b47 
X=tr-,RL 4(Y) 
GO lo 547 
X=ENRL b(Y) 
GO 10 b'+7 
X=Ei',RL o(Y) 
GO lo b'+7 
X=El'iRL 7(Y) 
GO 10 5H7 
XStMRL b(Y) 
GO To 547 
X=EML 9(Y) 
GO lu 547 
X=EN.RLlu<Y) 
oO 10 547 
X=EMRL11(Y) 
00 10 b47 
X=EN.RL12(Y) 
GO 10 547 
X=£N.RL1^(Y) 
GO To 547 
X=ENiRLl4(Y) 
GO 10 547 

MADA2300 
M A D A ? 3 I O 
MADA?3?0 
MADA2330 
MADA23U0 

*MADA2350 
MADA2360 
MADA?370 

=MAnA23nO 
MADA?390 
MA[^A2UnO 
MAnA?i+lO 
MAOA2'+?0 
MADAr>'+30 
MAOA2'+U0 
MAnA?450 
MAnA?'+60 
MADA2'+70 
MADA?'+nO 
MADA?'+90 
MAnA?5oO 
MADAr>5lO 
M A D A ? 5 ? 0 
MADA2530 
MAr,A?5i+0 
MAOA?550 
MADA2560 
MADA2570 
MADA?5nO 
MADA2590 
MADA?600 
MADA?6lO 
MADA?6?0 
MADA963O 
MADA?6a0 
MADA2OS0 
MAnA?660 
MADA2670 
MADA?6;^0 
MAnA?690 
MAnA27oO 
MADA2710 
M A O A 2 7 ? 0 
MAOA'3730 
M A D A ? 7 4 0 
MADA2750 
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515 X=EMRLlb(Y) MADA2760 
547 IF{A.EQ.0,0)X=1.0E-6 MADA2770 

REML(XGLS,J,K)=1.0/X MADA27nO 

5bO CONliNut MADA2790 
CE ******* *********l****^,*^l***^l***^4'$i*********'*^^**il^:***m***t^*******i^*,^*»^Of^Zfir)0 
C/ CALCULATE THE RADlAL THERMAL EMlsSlVlTY ON THE HI6H INDEX MAbA28i0 
C .SXDi. OF THE BLOCK MAnA98?0 

bV9 IF liGHb , LE , 0) GO TO 699 " MADApBuO 
600 oO ci,0 K = K L S . ,KHS MAnA?ft50 

DO c;,0 J=JLS,JHS MA0A9860 
IF (OAPK(16HS»J,K) . EQ . O.O) GO TO 650 MArA2fl70 
FTT=TP(K>) MApA?flRO 
KTZ=/P(J) MAnA?8oO 
uR=KliUTH(iGHS»J,K) MAriA?9oO 
GO 10 ( 001, 602. 603» 60'+, 60s, 606» 607, 608, 609, 6lO, 6H» MAnA?9iO 

1 612. 613. 61'+» 615),NI MApA?9?0 
601 X=EI-,RH i(Y) MAnA?930 

oO lo 647 MAnA?9u0 
602 X=Er-,<H <;(V) MAPA?950 

00 lo 647 MAPA?960 
603 X=EI-.KH J ( Y ) MAl'!A?970 

GO To b47 ^^o^?9(\o 
OOtt X=Ei'.Hh 4(Y) MAOA59qO 

oO 10 647 MApAaOnO 
60b X=EI'.RH b(Y) MAnA30l0 

GO lo 647 MADA^noO 
606 X=EI.IRM U ( Y ) MAOA3030 

OU To t><+7 MAt-A3040 
607 X=EKRH 7 ( Y ) MACA3050 

'jO 10 647 • MADA3060 
608 X=EKRH ti(Y) MAnA-«070 

00 10 6'k7 MAnA30p0 
609 x-EhRh y(Y) »lAnA3090 

GO 10 647 MAOA3I0O 
610 X=Ei-,KtilU(Y) MADASllO 

oO lu b47 . MAPA31?0 
611 X=Ei»KHli(Y) 'MnA3l30 

GO lu o47 MAnA3l40 
612 X=£MtHl^(Y) MAnA3l50 

yO TO 647 MADA3I6O 
613 X=Ei',klllJ(Y) MAnA3170 

GO 10 b47 MADA31A0 
611+ X=E(-,I<H14(Y) MAnA3l90 

oO lu L.4V MADA-^2OO 
615 X=Eiv,Rril'j(Y) MA0A321O 
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6'+7 lF(X.E(i).0,0)X=l,0£-6 MADA3220 
RtMH(l6HS»J,K)=l.0/X MADA3230 

6b0 CONUNUL MADA32I+0 
CE ****** *******m******.t.*ii*******^*ti**m***4^***mm*m**m**«*tf*******0*^*MHOf<'^ZsO 
C/ CALCULATE THE AXIAL THERMAL EMISslVITY ON THE LOW INDEX MADA3260 
C .L,iUL 0^ THE HLOCK MADA3270 

6^9 IF (JOLb . LE , 0) GO TO 799 MADA3290 
700 uO VbO K = KLS, KHS • MAr.A3300 

1,0 /SU I = ILS, ,IHS MADA3310 
If (oAh/(JGLS,I,K) , EQ . 0.0) SO TO 750 MADA33?0 
f.TT-lP(K) MADA3330 
FTR-Rp(i) •iAnA33i+0 
JR = Z1)UTL(JGLS,I,K) MADA-^350 
60 10 { 701,' 702, 7u3» 70'*, 705» 706* 707» 708, 709, 7lO, 711, MApAS^ftO 
1 712, 713, 71'+, 715),NI MAnA3370 

701 X=E^.AL 1(Y) MADA33ft0 
GO lo 747 MAnA3390 

702 X=ENAL i;(Y) MAOA3I0O 
60 To 747 PADAJUlO 

7U3 X=tl-AL 3<Y) MADA.-"4?0 
oO To 747 MAnA3t30 

70«+ X=EhAL 4(Y) wAf,A?'+40 
GO lu 747 MADASi+SO 

70b X=Ei',AL b(Y) MADA3'+60 
GO 10 747 MADA3'+70 

706 X=Ei«.AL b(Y) MAnA3'«nO 
(.0 10 747 MADA3'+90 

707 x=El-AL 7(Y) MA0A35n0 
60 lo 747 MAPA'^SlO 

708 X=El«iAL ti(Y) MAnAjSpO 
GO TO 747 MArjA3530 

7u9 x=EhAL y(Y) MADA354O 
GO 10 747 MAOA3550 

710 X=EKAL1U(Y) MADA3560 
GO Tu 747 MADA3570 

711 X=EI.IAL1I(Y) MAPASSnO 
uO 10 747 MAPA35Q0 

712 X=Ei'ALl<;(Y) MAnA36oO 
oO To 747 MADA3610 

713 X=Li'iALl^(Y) VAnA36?0 
oO lu 747 MAOA3630 

71'+ X=E^AL14(Y) MADA361+0 
GO To 747 MA(jA3650 

7 l 5 X=E.'>ALlb(Y) MA()A3660 
7'+7 l F ( A . t Q . O , 0 ) X = l , O E - 6 MADA3670 
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7bO 
Ct 
C/ 
c 

799 
600 

/EML(JGLS,I,K)=1.0/X 
CONliNUE 
••••»*••*******•*•*•*»****•**** 
CALCULATE THt AXIAL THERMAL EMI 
,SlUL OF THE HLOCK 

GO TO 899 

MADA36R0 
MADA3690 

* » * * * * * * * * * * * * « # * * » * * * * H t * * * * * * * * * * * M A p A 3 7 f ) 0 
SsXVITY ON THE HlSH INDEX MADA3710 

MADA37?0 

MADA37U0 

EQ , 0 , 0 ) GO TO 850 

801 

802 

803 

eoit 

80b 

806 

807 

808 

8U9 

810 

8 1 1 

812 

813 

81'+ 

81b 
e'+7 

I F iJGHb . LE . 0 ) 
U^ uuO 1̂  = K L S , KHS 
oO o'>U i = i L i i IHS 
i F ( G ' \ P / : ( J G H S » i , K ) 
FTT: .Te(K) 
t I R - k P C l ) 
,jl< i. / b b T H (JGHS, I , K ) 
GO l u ( H O l , aOi ; , tt03, 80 '+, 805» 8 0 6 , «07» 8 0 8 , 8 0 9 , 8 l O , B l l » 

I a l 2 . 6 1 3 . s m , 8 1 5 ) , N I 
X=EIMAH 1<Y) 
GO 10 S47 
X=El-,AH t ( Y ) 
OO l u fi47 
X=El-,»ai J ( V ) 
t)0 10 ft47 
X=Ei AH 4 ( Y ) 
OO l u «47 
X=Ei'.At< b(Y» 
faO l o 847 
X^EliAH o ( Y ) 
GO To H47 
X=E;MAH 7 ( Y ) 
oO To 647 
X = EiViAH H(Y> 
GO l o 847 
X=EI»,AH y ( Y ) 
oO 10 847 
X = E K A H 1 U ( Y ) 
GO I U H47 
X = E I . . A H 1 I ( Y ) 
oO l o (147 
X=Ei-.AHia(Y) 
uO l o H47 
X = E , " A H l i ( Y ) 
GO 10 i i47 
X=Eiv.AH14(Y) 
GO To 847 
X=El-,AHlb(Y) 
l F ( X . t u . 0 . 0 ) X = 1 . 0 E - 6 
^EMri( J G h S , I , K ) = l , 0 / X 

MADA3750 
MADA ",760 
MAOA377O 
MA[>A37r(0 
MADA379O 
MADA-«an0 
MAnA38i0 
MAnA3a,'>0 
MADA383O 
MAnA3fli|0 
MAnA3O'S0 
MADA3fl60 
MADA3B70 
MADATI8<^0 
MADA3rtQ0 
MADA39nO 
MAnA39iO 
MADAi9?0 
MAnA3930 
MADA394O 
MAnA3950 
MArA3960 
MADA397O 
MA[)A39ftO 
MAnA3990 
MADA(+OnO 
MAnAiiOlO 
MADAU0?0 
MAPA'+030 
MADAUO4O 
MAnAl+050 
MAr^Ai+OftO 
MAnAU070 
MAOAuOftO 
MADAI+O9O 
MApAUlOO 
MAPAUllO 
MADA4120 
MApAulSO 
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SbO 
CE 
C/ 

c 

CONl lNUt MADA<+lt+0 
***************i***i*i,*,t,*0*******^*^******m*inm****0********i**m**m***f^Mf^'ii.'iO 
CALCULATE THE THETA THERMAL EMISs lV ITY ON 

,S1DL OF THE BLOCK 
C====================; 

899 
900 

9ul 

902 

903 

90'+ 

90b 

9U6 

907 

908 

9o9 

910 

911 

912 

913 

91"+ 

9 i b 
94 7 

9i,0 

I F ( K 6 L S . LE , 
1,0 VhO 1 = I L S , 
DO VtjO J = J L S , 
I F ( G A P T ( K G L S , I 

FTR=RP( i ) 
r T i : = / P ( o ) 
jR = l i) i>TL(KGLS 
uO l u ( y O l . 902 

I V 1 2 , 9 1 3 , 914» ' 
X=£i iTL 1 ( Y ) 
GO l u 947 
X=L,iTL 2 ( i r ) 
oO l u 947 
X=EiiTL 3 ( Y ) 
GO l o 947 
X = L I M L 4 ( Y ) 

{,<J l o 947 
X=E;-.tL b ( Y ) 
GO 10 947 
X=Ei>TL t , (Y) 
GO 10 947 
X=£ i i rL 71 Y) 
GO l o 947 
X = E M L is(Y) 

GO l o 947 
X=EhTL 9 { Y ) 
uO 10 91+7 
x r - L i . r L l o ( Y ) 
GO l u 947 
X = E i M L l l ( Y ) 
uO l o 94 7 
X=L i - . | i . l i ' (Y ) 
GO l u 947 
X = E K T L l i ( Y ) 
uO l u 947 
X = E r , I L l 4 ( Y ) 
00 l u 94 7 
X = E n T L l a ( Y ) 
1 F ( X . E , , . 0 , 0 ) X = 1 
T L M L ( K G I . S . 1 » J ) = , 

CONliNUE 

0 )GC 
IHS 
JHS 

, J ) . 
t 

, I , J ) 
, 904, 
i» lb ) . 

,0E-6 
1,0/X 

:=========: 
1 TO 999 

EQ . 0 . 0 ) 

90<»» 9 0 5 , 
N I 

:=s==s: 

GO TO 

, 9 0 6 , 

sssss: 

950 

9 0 7 , 

THE 

- s = s : 

90fli 

LOW 

, 909 

INDEX 

:s===s=zss=s=s=: 

' 

I, 9 l 0 » 9 1 1 , 

• 

MAOA1160 
MADAttlTO 

:=MADAiilaO 
MADA«a90 
MAnAtt2nO 
MADA(i2lO 
M A D A 4 ? ? 0 
MAnA4230 
MADA'+240 
MADAii250 
MADA'*260 
MAnA4270 
MADAu2«0 
MAnAt+290 
MADA(i3oO 
MADAu3lO 
MADAU3?0 
M A D A I I 3 3 0 
MADA43uO 
•J'APA43e)0 
MA':)Ai+360 
M A D A < I 3 7 0 

MAnAu3nO 
MAnA4390 
MAnAulOO 
MADAu4iO 
MADAntpO 
MADAl+i+30 
MAnAl+440 
MADA4'+50 
MAPA4'+60 
MAr;A4470 
MAnA<+4n0 
MAPA449O 
MADA'+5n0 
HADA'iSlO 
MAnA45?0 
MADA'i530 
MApAUSuO 
MADA455O 
MAnA4560 
MADA457O 
MAnAUSnO 
MADA459O 
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CE • • • • * * * * * * * * * * * * * * * « * * * * * * * * « * * * * « * * « * * * * * * * « » « * * * * * * * « * * * * * * * * * * * M A D A U 6 0 0 
C/ CALCULATE THE THETA THERMAL EMISslVITY ON THE HiGH INDEX MADAI+610 
C .SIDE OF THE BLOCK MADAu6?0 

999 IF IKOHS , LE , 0) GO TO 1299 MADAU64O 
1000 uO lobo I = ILS, IHS MAoA'46'sO 

uO lObO J = JLS, JHS MAnA4660 
IF IGAPT(KGHS»I,J) . EQ . 0.0) 60 TO 1299 MAnA(|670 
FTR- R P { I ) MAnA46nO 
FTZ = /H(^) , N'ACA4690 
OR = 11U.TH(KGHS,I,J) MAnAU7nO 
GO 10 (1001, 1002, 1003, 100'+, lo05, 1006, 1007» 1008, 1009, MADAU7IO 
nolo, loll. 1012, 1013, lOlt+j ,0i5), NI MA'-A47?0 

1001 X=E|.,TH l(Y) MAi,A4730 
(iO lu 104/ MArA4740 

1002 X=Er.TH i;{Y) MADAt|7t;0 
GO lu 104/ MAijA«+760 

1003 X=EN.rH J{r) MADA(+770 
GO lo lOi+V MAnA47o,0 

100'+ X=tf..TH 4(1) ^^AnA4790 
oO lu 1047 MADAuBoO 

lOOb X=Er'ari b(Y) 1̂A'•)Â 8lO 
oO lo 104/ WAnA»;8?0 

1006 X=Eî ,TH o(ir) MAnA4830 
GO 10 lu47 MAnA4840 

1007 x=E..lH 7(Y) wApAuasO 
uO 10 lo**? MADA.in60 

1006 X=E;.1M a(Y) MADAI+a70 
ijO IU 1047 MADAUBnO 

1009 X = EI-TH y(Y) MAOAuaoO 
uO To lUU/ MAOA49nO 

1010 X=Ei>iTMlo(Y) MAnA«9iO 
GO 10 10'+7 MADAli930 

1011 X=E,«,TH11{Y) MAnAi+930 
GO 10 10t7 MAPAU940 

1012 X=Ei-.iMl<;(Y) MAnA'l950 
oO lu LU'+7 . MADA'+960 

1013 X=LI-.Thl3(Y) MADA'I970 
00 lo 104/ MADAi+^nO 

101'+ X=E,.ilHmtY) MADA'+990 
GO lu lU'+7 MADA'SOnO 

lOib X=EN,IH1:J(Y) MAuASOlO 
1047 jF(A.Ev^.0,O)X=l.OE-6 MADAsO?0 

rLMh(^GMS,I,J)=l,0/X MADA503O 
lObO CONIiNUL MADA50U0 

Ct • ••••*••••••••»*********«*******»****************************«*****MACA5050 
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CE 
1299 

C====: 
C/ 
C====: 
1300 

1301 

13o2 

1303 

130'+ 

130b 

1306 

13o7 

1306 

1309 

1310 

1311 

1312 

1313 

131«+ 

1315 
13bO 

CE 

«««»4<'l<«*i|>4<i|<4i>l<««*4i«««««««*«««««i|<i|c«*««**4i«**«***««4t»**«4i«4>**«4>*«**«*MADA5060 
RETURN MADA5070 
:===^========================s===s==sssssssssssr=s=s=s=sz=sr=s=s=s=MADA50R0 
CALCULATE THE CONDUCTIVITY OF THE GAS IN THE GAP MADA5090 

:======================================s=======s===r===============MADA5l00 
oR=(TH+-rb)*0.b MADASllO 
faO 10 (1301,1302,I303»130'+,1305»l306»1307,1308,1309,1310,1311* MADAsl^O 
I A312.1313,131«+»1315),NI MAnA5l30 
GK=OCON1(X) ' MApAti.lliO 
GO To iJbO , MAnA5l50 
GK=0C0N2(X) MADAM60 
GO Tu 13b0 MADA«,170 
UK=OCONJ(X) MADAsmO 
GO lu iJbO MAnA5l90 
GK=0C0N4(X) MAnA5200 
GO lu IJbO MADA5210 
GK=OCONI>(X) M A D A 5 2 ? 0 
oO lo IJbO MAOA5230 
GK=oCOlJb(X) MAnA5240 
GO 10 libO MADA«:250 
yK=ccOr,/(X) MAOA5260 
GO lu l.i'- J MAnA5270 
û =ccor\l(l(x) MA&A^2<»0 
GO fu iJbO MAIJA5290 
GK = ̂CO'jy(X) MADA53nO 
£0 10 1^50 MADA'̂ ,310 
UK=CCON10(X) MAPAS320 

oO lu iJbU MAnA"i.'̂ 50 
GK, = uC0f.i2(X) MAnA5360 
uO lu tj'iU M A D A S 3 7 0 
GK = V.CO(UJ(X) WApAS3oO 
GO To l-ibO MA'-'A5390 
fc>K=oCOI;i'+(X) MAnA5'+nO 
^0 10 iJbO MADAt̂ ,'ilO 
bK=uCONlb(X) • ••«ADA5'+?0 
CONUWUt MApASUiO 
• **•»*»**•*•«*«•*****••»*«•***.*«***«***«*«««#******»*****«**»«***MAnA<-,440 
RtTURN MAPASi+SO 
END MADA5«»60 
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FUNCTION F M A T I (X) 
ENTKY 
FMATl 
GO To 
ENTRY 
FMAli 
oO lo 
ENTRY 
FMA 11 
«0 lu 
ENTKY 
FNAl 1 
GO lo 
EMTKY 
KMAll 
GO lo 
ENTKY 
FMA 11 
oO lu 
ENTRY 
(-MA11 
GO 10 
tNTKY 
FMA 11 
oO 10 
EI>ITKY 
FMAll 
00 (U 
C-Nlt.Y 
FMA 11 
GO 10 
LNlixY 
f-i^All 

00 lu 
t-NTKY 
FMAli 

HEAT 1(X) 
= 0.0 
10 
RCON 1(X) 
= 0.0 
10 
ACON 1(X) 
= 0,0 
lo 
TCON 1(X) 
= 0.0 
10 
SPEC 1(X) 
= 1.0 
10 
Ei.iRL 1(X) 
= 0,n 
10 
EMRH 1{X) 
= 0,U 
10 
Er.iAL 1(X) 
= 0,ri 
10 
EMAH 1(X) 
= 0,0 
lo 
EMTL 1(X) 
= 0,0 
10 
EhTH 1(X) 
= 0,0 
10 
GcON 1(X) 
= 0,0 

D RETURN 
ENJ 

FMAT 10 
FMAT 20 
FMAT 30 
FMAT 40 
FMAT 50 
FMAT 60 
FMAT 70 
FMAT nO 
FMAT 90 
FMAT InO 
FMAT n o 
FMAT 120 
FMAT 130 
FMAT luo 
FMAT 150 
FMAT 160 
FMAT 170 
FMAT IflO 
FMAT 190 
FMAT 2nO 
FMAT 210 
FMAT 220 
FMAT 230 
FMAT 2uO 
FMAT 250 
FMAT 260 
FMAT 270 
FMAT 2n0 
FMAT 290 
FMAT 3n0 
FMAT 3l0 
FMAT 3?0 
FMAT 330 
FMAT 3u0 
FMAT 350 
FMAT 360 
FMAT 370 
FMAT 3p,0 
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FUNCriON FMAT2 (X) 
tNThY 
FMAl^ 
(jO 10 
t: 1^1 Kir 
PHA12 
bO 10 

t-NTKY 
hMAli! 
ô ^ lu 
tNT.xY 
FMAl^ 
GO lu 
LNfi-Y 
FHAl,' 
bO (0 
LiMlivr 
t-MAl^ 
GO 10 
LUTnY 
t-MAU' 

b<J 10 
L N T K Y 
(-MAlî  

GO lO 
h.lMTnY 
FMAi? 

bU 10 
tHTKY 
Fl'iA 1 ̂  
bO ro 
LNTINY 
FMAI;. 
bO lu 
LÎ ITkY 
FMAI^. 

HtAT 2(X) 

= 0.0 
10 
KCON £!(X) 
= 0.0 
lu 
ACON 2(X) 
= U.O 
lu 
ICON 2tX) 

= 0.0 
lu 
bHLC 2tX) 
= 1.0 
lu 
E M R U 2 { X ) 
= 0.0 
10 
UI.,f<H 2(X) 

= 0.0 
10 
CMAL 2(X) 

= 0.0 
10 
E M A H 2 ( X ) 

= 0.0 
lU 
tMTL 2 ( X ) 
= 0.0 
10 
E H T H 2 ( X ) 
= 0.0 
IJ 
GCON 2{X) 
= 0.0 

Kt.Tbl<N 
ENu 

FHAT 10 
FMAT 20 
F M A T 30 
FMAT HQ 
FMAT 50 
FMAT 60 
FMAT 70 
FMAT flO 

. FtlAT 90 
FMAT InO 
FMAT n o 
FMAT 1?0 
FMAT 130 
FMAT I'tU 
FMAT I5O 
FMAT IftO 
FMAT I7O 
FM,^T JnO 
FMAT 190 
FMAT 2no 
FMAT 210 
FMAT 2?0 
FMAT 230 
FMAT 2H0 
FMAT 2S0 
FMAT 2ft0 
FMAT 270 
FMAT ?TO 
FMAT 290 
FMAT 3n0 
FMAT 310 
FMAT 3?0 
FMAT 330 
FMAT 3u0 
FMAT 3^0 
FMAT 360 
FMAT 370 
FMAT 3q0 

NOTE: 

The functions FMAT3 through FMAT15 are omitted since they are all 
of the form illustrated in the preceding listings of FMATl and 
FMAT2. 
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SUUKOUTINE FLODAT (L) FLOD lO 
I N C L U U E C O M D I M FLOD 20 

C SUHfLt THt COOLANT THERMAL PHYSICAL PROPERTIES FLOD uO 

OlML-i.blON I F L 0 D A ( «f).STA ( 2) " FLOD 70 
LATA (lFL00A(I).I = l,it) / O H F L O O A T * IHI. 1H2. 1H3 / F L O O no 
JNTtbti? SELtCr, T Y R E R * TvPEZf T Y P E T • FLOD 90 

C LHKtK sToPS= " ~ " ~ " FLOD I3O 
c I L O D A T I THt INDEPENDENT VALUE L I E S O U T S I D E THE FLOW RATE FLOD I I*O 
C FUNCTION RANGES. FLOD I5O 
C l-LODAT«i THE I.JDEPENDENT VAL I IE LIES OUTSIDE THE INLET FLOO l 6 0 
C TEMPERATURE FUNCTION RAN&ES, FLOD 170 
C fLOuATJ THt KEYf.OLDS NU,4liER LIES OUTSIDE THE SPECIFIED RANGESFLOD IflO 

c i,up>LY iMt. FLOW PROPERTIES ~ FLOD 2Q0 

C LOOL.,\Nr NUIMULR STOREU AS N E G A T I V E M A T E R I A L NUMBER ~ FLOD 2?0 

1 ,j=iMt,ij(M3(L)) FLOD 230 

C lb iMlS COOLANT IN uSE? -'NO,YESt- ' FLOD 2«s0 
li-{( LO,v(N) .e>g.0.0) RETURN F L O D 260 

c AbSioU THE CURRENT TIMEIINLET AN,, OUTLET TEMPERATURE " FLOD 2n0 
HK - UAiI FLOD 290 
11N=T1(IM) FLOD 3n0 
T0UI=I0(N) FLOD 3l0 

C/ uLruuMlNE THE RAN6E OF THE FLOW FUNCTION TO BE USED FLOD 330 
C .-•Lo'jv.ERROR,,.iIDuLE,HlSH'- FLOD 3i*0 

lP=i(-LO(N) FLOD 350 
bO 10 (D00,52»53»t)4).IP FLOD 360 

£.2 X=Hr< FLOD 370 
bO ro 5b FLOD 3pO 

b3 X=TbuT FLOD 390 
bO (0 bb FLOD too 

b«* X=TlN FLOD "+10 

C bECluL wHiCH FLOW FUNCTION TO U S E ' FLOO '•3O 
bb IF(X.LT.FLIM1(N)) GO TO 56 FLOD i+aO 

IH t X . LT . FLIM2(N)) GO TO 6O0 FLOD '+50 
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IF (X . LT . FL1M3{N)) GO TO 700 PLOD «»60 
IF CX . LE . FL1M«*(N)) GO TO 800 FLOD 470 

C£ ••••******«***«*****************«***«******»*«****************«***FLOD toO 
C THE INULPENDENT VALUE LIES OUTSIijE ALL RANGES FLOP tOO 

bb ItRKoK(l)=IFLOUA(l) FLOD bnO 
ILRKOK{^) = 1FLOUA(<:) FLOO 5iO 
CALu LR,<OK? FLOD 5?0 

( .________ . - : :__==s=_s===- -sr=s=ssr==s=sss=s=====s=s==s=S=s====s====s=====FLOD 530 
C / ' EVAuijATL THE FLOivKATE UbiNe THE LOW R A N G E FLOW FUNCTION. F L O D '^UO 

6uO bO l u ( b l . 6 2 f 6 3 » o U » 6 b . 6 6 * 6 7 , 6 8 » 6 9 , 7 0 . 7 1 1 . 7 1 2 » 7 1 3 » 7 1 ' * » 7 1 5 > . N FLOD 550 
C [ o I Z K ' K A N b t ' p L O w ' R A T E FUNCTION " FLOD 570 

u l FL0 . . ( 1 ) = FLOIACX) ^ L O P 5 P O 
00 10 9uO ^l-OD 590 

t>2 FLO.. ( . i ) = FLO^A(X) FLOO 6nO 
CO 10 9uo p to t ; ^10 

fa3 FLOfti^i) = FL03A(X) "^l-OD 6?0 
bO To 900 ^^^° ^•'̂ ° 

u1 f-LO».(t) = FLCtACX) FLOD 6n0 
00 10 9u0 ^LOD 6S0 

bb K L O „ ( a ) = FLobA(X) f^LOD feftO 
uO 10 9uO ""l-OD 670 

bb FLO^.(b) = FL06A(X) f^LOD 6nO 
OO 10 9U0 '"LOO ^90 

o7 F L 0 . . ( 7 ) = hL07A(X) ' ' L O D 7n0 
GO 10 9U0 '"'-00 710 

oO FLO,.(b) = FLOaA(X) ''LOO 7?0 
oO TO 9U0 f̂ LOD 7̂ 0 

t,9 HLO,.(y) = FLOVACX) ''LOU 7y0 
oO 10 9U0 PLOO 7r,0 

70 FLO., (lu) = FLOloA(X) l̂-OD 7̂ 0 
bO 10 OUO fLOp 770 

7ii F-LO..(H)=f-L0llA(X) FLOD 7p0 
00 10 9u0 PLOD 790 

712 FL0.V(1«?)=KL012A(X) FLOO SOO 
^o 10 9uo ""LOO eio 

713 FL0..{i3)=FL0l3A(X) f̂ LOD flpO 
oO 10 yuo ''LOO '^^0 

7i't ̂ LO..(̂ «̂ )=̂ LOl'̂ Alx) f'LOO BI«O 
oO 10 9U0 ''LOO 850 

71b fLO„(lb)=F, OlbA(X) ''LOO 860 
bO lu 9uU Z'-OO 870 

ct •••»••*••••••••»***««,#««**»*«**«**#****«*****««*»*****«*****«*«***FLOO flno 

C/ LVALiiATL Tut FLo.̂ RATfc UblNr, THE MIODLE RANGE FLOW FUNCTION FLOD 690 
7uO oO 1^171,/2.73i7H.7b.76.77,78.79,80.811.8l2.fll3»8l«f.fll5>.N FLOD 9OO 

71 FL0A(1) = f-LOllUX) FLOD 9lO 
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GO TO 900 FLOD 920 
72 FL0h(2) = FL02B(X) FLOO 930 

GO lo 9uO FLOD 9uO 
73 FLOv, (3) = FL03B(X) FLOD 950 

bO To 9U0 FLOD 960 
m FLOk. (1) = FLO'tB(X) FLOO 970 

bO 10 9U0 FLOO 9nO 
75 FLO,, (b) = FLObB(X) FLOD 990 

oO To 900 ' FLOO,000 
76 KLO„(b) = FLOoBtX) FLODlOiO 

(.0 10 900 FLODlOp.O 
77 FL0„(7) = FL07b(X) FLODIO3O 

bb lo 9uO FLOD10(40 
'fa FLO„(a) = FL08B(X) FLODIO5O 

bO io 9u0 FLODlOftO 
/9 FL0v.(9) = FLoyb(X) FLODIO7O 

uO 10 9uO FLODIORO 
t)0 ̂ LOl,(10) = FLOIOB(X> F L O D I 0 9 0 

bO tO 9UU FLODllOO 
811 FLO,.(1I)=FL011B(X) F L O D H I O 

GO 10 900 FLOD11?0 
812 FL0V,(1,?)=FL012B(X) FLODII3O 

bO lo 9U0 FL0D1luO 
813 FL0.M13)=FL0I3U(X) FLODII50 

bO lu 9uO FLOD1160 
811 FL0,.(l(+)=FL0l4b(X) F L O D H T O 

GO lo 900 FLODllnO 
aib KLOh(15)-FL0lbB(X) FLOD1190 

(..0 10 900 FLODl2nO 
CE •••••••••»*****#*********»******«******»**********«***«*****»*«***FLOOl2l0 
C/ tVAuiATL THE FLOWRATE USING THE HIGH RANGE FLOW FUNCTION FLOOl2?0 
800 bO lo(ai.B2.«3»8it.a5.86.87,88»89,90,9H.9l2.913»911»915>.N FLOD1230 
01 FL0,.(1) = FLOiC(X) FLOD12(*0 

GO 10 9uO FLODl2sO 
82 FL0iv(2) = FL02C(X) FLOD1260 

GO lb 900 FLOOI27O 
03 FLO».(i) = FL03C(X) FLODI2AO 

uO To 900 FLOD1290 
OU FLOk. (<+) = FLOICCX) FLOD13OO 

1,0 10 9uO FL0D1310 
Ob FL0»(b) = FLObC(X) FLOD13?0 

oO 10 900 FLOD133O 
Ob FLOrt{o) = FLOoC(X) FLOD1340 

,̂0 10 900 FLOD3 350 
07 FLO,<(/) = FL07C(X) FLOD1360 
• 1,0 10 9uO FLODI370 
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08 FLO,, (b) i= FL08C(X) FLOD1380 
GO To 9U0 FL0D1390 

09 FL0.K9) = FL09C(X) FLODHoO 
GO lb 9uO FLODlUlO 

90 FLO»,(iO) = FLOIOC(X) FLOD3t20 
bO 10 9U0 FLODI^SO 

911 FLO„{llJ=FL0llC{X) F L O D H U O 
bO 10 9U0 FLOD1150 

9i2 FLOir, (1;>)=FL0I2C(X) ' FLOOltftO 
bO lo 900 . FLOD1'+70 

913 FL0rt(lj)=FL0i3C(X) FLOOHnO 
bO lo 900 FLODligO 

g H FL0„(14)=FL0I1C(X) FLOD15OO 

bO 10 900 FLODlSiO 
915 FLO„(lS)=FLOlbC(X) FLODl5?0 

uO lu 900 FLOD1530 
CE •••••••>t-**«***********#*****«*»*«**»****«***«»****«***ni*******«***FLOD15(iO 
C UO ,JuT ALLOW A ZERO FLOWRATE FLODt550 
9U0 IF (FLOA(N).EV=I.U.O) FL0W(N)=l.nE-6 FLOD1560 

Fi-<=tLb;, (N) FLOD1570 
C/ utTcxMIuE THK RANbs'oF THE INLET TEMPERATURE FUNCTION T O BE U S E D " FLOD1590 
C .-•Li...,,Lt<HOU,MlUULE,HlGH»- FLODl6nO 

n = lTil-J(N) FLODI61O 
100 bO 10 (200,11.12,13). IT FLOD16?0 
11 X = HK FLOOI63O 

oO 10 11 FLOO16IJO 
12 X = M< FLOD16B0 

60 lb m FLODI66O 
13 X = TOUT FLOD1670 

bO 10 m __ _ _ _ _ _ _ FLODl6fiO 

11 1F(X.LT.TLIM1(N)) GO TO 15 FLOLl7oO 
IF (X . LT . TLiM2(N)) GO TO 2n0 FL0017iO 
IF (X . LT . TLIM3(N)) 60 TO 300 FLODi7?0 
IF ( X . LE . TLlMi*(N)) GO TO IO0 FLOD1730 

CE *•*•*** •••«+**«**********************************«*****«***«***.«***FLOD 1740 
C THE INULPENDENT VALuE L I L S OUTSICJE ALL RANGES FLODt7ti0 

l b I tKr(OK(l)=lFLODA{l> FLOD1760 
I tKK0R(^)=IFL0DA(3) FL001770 
CALi. ERKOK2 FLODl7ftO 

C/ "' EVALUATL TMi~INLET~TEMPERATURE"uslN6 THE'LOW'RANGE FUNCTION FLOOlflpO 

200 «0 10(21,<i2.?3,21.25,26,27,28.29,30.311.312.313.311.315),N FLODlOiO 
tLi TKl) = TlNlA(X) FLODia?0 
• bO lo 500 FLOD183O 
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*:2 TKa) 
bO 10 

23 ri(o) 
GO 10 

i:1 Tl(l) 
bO lo 

2b \Hi>) 
GO 10 

^b ri(o) 
bO 10 

^7 run 
bO lu 

tB ri(b) 
bO 10 

«;9 Tl(9) 
to 10 

oO TKlui 
bO 10 

311 iKlll 
bO lb 

312 ll(l.>J 
bO 10 

3l3 Tl(x3] 
bO lu 

311 T K A I J 

bO 10 
3lb lUi',) 

uO lb 

= TIN2A(X) 

500 
= TlN3A(X) 
500 
= TINIA(X) 
5u0 
= T1N5A(X) 
5UU 
= TlNfaA(X) 
5u0 t 
= T1N7A(X) 
bUO 
= TlrjaA(X) 
bUU 
= rirj9A(X) 
500 
1 = TINlOAlX) 
5U0 
I=TIN11A(X) 

5U0 
•=T1N12A(X) 

5oJ 
I=T1N13A(X) 
boo 
I=1XN11A(X) 
boU 
I=I1N15A(X) 
bUii 

^4^«<»«4^«4ct««iK«1"tl*«**««*>l<**'<<**«'«: 
t-^AUuATL THE INLET TEMPERATURE 

3u0 uO loi 
Ol Tl(l) 

bO lo 
32 ri(^) 

GO 10 
33 11(3) 

GO 10 

Jl T I ( 1 ) 
bO 10 

^5 Tl(b) 
GO 10 

36 TKb) 
GO ro 

37 Tl(V) 
GO 10 

38 Tl(tj) 

LU ,32,33.31.35,36,37,38,: 
= TlMliUX) 

boO 
= Tlrj2H(X) 
boo 
= Tl,J3H(X) 
buO 

= TlNlH(X) 
50 0 
= T1N5H(X) 
boo 
= TlNOfHX) 

bUU 
= Ti.Nl7H(X) 
bUO 
= TlNah(X) 

1 

FLOD1810 

FLODlSsO 
FLOD1860 
FLOD1070 
FLODlBfiO 
FLODiaqo 
FLOD1900 
FLOD1910 
FL001^?0 
FLOD 19.10 
FLODl9i+0 
FLODi9>50 
FLOD]960 
FL0D1970 
FLODJ9^0 
FLOLI1990 
FLOD?OnO 
FLOD?OiO 
FLOD?030 

FLOD?030 
FLODPOuO 
FLOo;>n«^o 
FLOD?060 
FLOD2070 
FLOD?OftO 
FLOD20Q0 
FLODSlnO 
FLOD2110 

^•^•••****#**««#«*#*«*«*#»******;„**»FLOD?1?0 
USING THE 
39,10,111. 

MIDDLE 
Il2,113i 

RANGE FUNCTION 
PIII.IIS'.N 

FLOD2130 
FL0D?l(i0 
FLCD?l50 
FL0D?160 
FLOD3170 
FL002lnO 
FLOD2190 
FLOD?2nO 

FLOD2210 
F L O D 2 2 ? 0 
FLOD2230 
FL0D'>2U0 
FLOD?2sO 

FLOD??60 
FLOU?270 
FLOD?2r,0 
FL0D2290 
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00 To 500 FLOO2300 
39 Tl(9) = TIN9B(X) FLOD?3i0 

bO 10 buO FLOD?3?0 
10 TKIO) s TINlOB(X) FLOD2330 

GO lo 500 FLOO?3aO 
111 Tl(ll)=TINllH(X) FLOD23tiO 

GO 10 buO FLOD2360 
112 rI(l2) = rlNl2Fi(X) FLOD?370 

GO 10 bUU ' FL0023,TO 
113 Tl(ij) = rINl3u(X)i FLOD?390 

GO lo bUO FLOD?1oO 
111 Tl(il)=IINllH(X) FLOD^IlO 

GO ro buU FLOO?1?0 
lib ri(Jib)=lINlbrt(X) FLOD2110 

GO 10 5UU FLOD?1uO 
• •*••*;• •»***«*»***»*«*«********»****«*********«*****************«*FLOD?150 
EVALijMTL THc INLET TEMPERATURE USING THE HIGH RANGE FUNCTION FLOU2160 

100 GO iul11,l2,»43,m.«t5,16,l7,18.19,50.511.5l2.513.511.5l5>.N FLOD2170 
11 Ti(A) = T1N1C{X) FL0D21;̂ 0 

GO 10 bJO FL002190 
12 TKc) = TlN2C(X) FLOD?5nO 

GO 10 500 FLOD2510 
13 U(-) = TlN3C(X) FL00?5o0 

GO 10 500 FL0D2530 
41 TKl) = TINIC(X) FLOD2510 

GO 10 500 FLOD2550 
15 Tl(b) = TlllbCCX) FLOD2560 

GO 10 500 FLOD?570 
lb Tl(u) = riNfaC(X) FLOD?5«0 

uO lo bUO FLOD?590 
47 Tl(7) = T1N7C(X) FLOD56OO 

GO 10 500 FLOD?6lO 
18 TKb) = TIN8C(X) FLOD,̂ 6?0 

GO 10 5U0 FLOD?630 
49 Tl(V») = TlN9C(X) FLOD26U0 

1,0 10 bUO FLOO?6sO 
bO TKio) = TlNlOC(X) • FL0D?660 

GO 10 buO FLOD2670 
511 11(H)=1IN11C(X) FLOD?6pO 

60 10 500 FLOD?690 
512 ll(i2)=TlN12C(X) FLOD27nO 

GO 10 500 FLOD?7iO 
513 Tl(i.\) = UN13C(X) FLOD?7?0 

GO 10 buO FLOD2730 
511 T1(11)=1IN11C(X) FLOD27U0 

• GO 10 buO FLOD2750 
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CE 
C 
C 
C 
c 
c 

515 Tl(lb)=TlNi5C(X) 
••»•**•*••**••*****••*••»*****•*•**************************•**•** 

CALC"LATt"HEAr~TRANSFER"cOEFFICliNTS AND SPECIFIC HEATS FOR 
THE COOLANTS. 

bLT"ALL~C00LANT"cON3uCTIVlTlEs"To ZERO 
500 UO biu K = KL^.KHS 

uO DXO J = JLb.JHb 
uO blU 1 = ILS.IHS 
C0NK{l.o,K)=l.E6 
C0..J1 (l,ori<)=i.E8 
COlu (i,J,K)=).Eu 

510 CONl iNUt. 
h=Innb(IPATH(N)) 
UtlL,;!llNL THE DIRECTION OF THE FLOW -'RAQIAL,AXIAL,THETA»-
bO ludOOO,2000,3000) .M 
»*••••*••**•••••••••**•****************•***********•******•****** 
KAUIAL COOLAljT FLOW ^ ̂  

UErL.K.iI,.L THc ULOCK TYPE IN THE THETA DIRECTION. 
CALc ul MYP(-;HS,KLG,KliHS,KGLS,NTG,TYPET) 
l E T u u l l u t THE ULOt-K TYPE I N THE AXIAL DIRECTION. 
CALL bL^^rP(JHb,JLS,J<iHS,JGLS,NZG,TYPEZ) , _ 
CALwuLAlL THE COOLANT PROPERTIES AT ALL LEVELS ALONG THE COOLANT 
uO ibUO I=lLS,lH5 
SET THE LEVEL AUQ LOCAL COOLANT TEMPERATURE 
FTRiKP(l) 
UK = 1 (X.oLb.Kl b) _ ̂  

: CALbiiLAlE T.lf: SPECIFIC HEAT AT THIS LEVEL 
KbPt(N,i)=SPEC(X) 

: EXCLUUE CALCDLATIOU OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS 
AliKi, EATEND OVLR THE ENTIRE THETA DISTANCE OF THE PROBLEM. 
iFiKOHS.tU.NTb.AND.KGLS.Ea.l) 60 TO 1210 
CALcl,LAlE THE HLATTRANSFER COEFFICIENTS TO THE THETA WALLS 
UO l;'OU J=JLS,JH5 
50 10(1211,1212,1214,1216),TYPET 

; CALCuLAfL iH AVERAGE HEAT TRANSFfcR COEFFICIENT FQR BOTH 
: THE I A fluUNuAlUEb OF THE COOLANT nLOCK. 
1212 SlA(l)=IHbTH(KGLS,I,J) 

bTA(;') = IbiJTL(KGHS,I, j) 
CONl(l,j,KLS)=l./HC((STA(l)+STA(?))*,5) 
GO 10 l̂t-OO 

: CALcuLAIt bEPARATt HEAT TRANSFER COEFFICIENTS FOR THE 
: rhElA huUNDAlUEb OF THE COOLANT RLOCK. 
1211 blAlp)=rbbTL(KGHS.I,j) 

C 
CB 
C 
C 
1000 

c 

c 

c 

FLOD?7fi0 
*FL0D2770 
=FLOD?7n0 
FLOD?7q0 
FLODPfioO 
=FLOD?8iO 
FLOD?a?0 
FLOD2830 
FL0D2840 
FLOD?fis0 
FLOOrO^O 
FLOD?870 
FLOD?3flO 
FLOOr-SqO 
FLOU?9nO 
FLOD?9iO 
FLOU?^?0 

*FLOD99^0 
FLOD?9aO 
*FLOD?950 
FLOD2960 
FLOD?970 
FLOD?9A0 
FLOD?^90 
FLOD30nO 
FLOO^OlO 
FLOD:'0?O 
FLOQ3030 
FLOD3010 
FLOD3050 
FLOD->nf,0 
FLOD3070 
FLOD30(̂ 0 
FLCO3O9O 
FLOD-^IOO 
FLOD3IIO 
FLOD3lpO 
FLOD3I3O 
FL0D3110 
FLOD31R0 
FLOD3160 
FL0D3170 
FLODSlf̂ O 
FLOD3190 
FLOD32nO 
FLOD3210 
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C0NT{I,J,KHS)=1./HC{STA(2)) 
iF(TYPET.NE.l) 60 TO 1200 

1216 bTA(l)=Tt»blH(KGLS.I,J) 
CONl(I,J,KLS)=1./HC(STA(1)) 
HAVL. ALL HEAT TRANSFER COEFFICIENTS 
I-'YL',.NO»-

c 
c 

c 
c 

FLODS220 
FLODS230 
FLOD32U0 
FL003250 

AT THIS LEVEL BEEN CALCULATEn?FL0D3260 
FLOD3270 

1200 LOUIlNUE FLOD^2RO 
LXCLUUE CALCULAIION OF HEAT TRANSFER C O E F F I C I E N T S FOR COOL A N T S FLOD>\2qO 
,jHiLH LxTENU OVER THE ENTIRE AXIAL DISTANCE OF THE PROqLEM, FLOD33nO 

1210 lKuoHb.EU.N/6,AND.J6LS.EQ.l) GO TO 1500 FLODn3lO 
C CALbuLAlE THE HtAFTRANSFER COEFFICIENTS TO THE AxlAL WALLS FLOD3320 

uO IJOl K=KLb.KHS FLOD3330 
GO lo(l<i2l,l;-22,1221,1226),TYPE2 FLOD-»,310 

C CALbuLAIt AN AVERAGE HEAT TRANSFER COEFFICIENT FQR BOTH FLOO3350 
C AXI«L BOUNDARiEb Op THE COOLANT HLOCK, FL0D3360 
12c2 bTA(i)=/ourH(JGLS.I,K) FL003370 

bTAl^)=/tlL>TL(JbHS.I,K) FLOD33a0 
CONi.(i,oLb,K)=l./HC<(STA(l)+STA(p))*,5) FLOD3390 
uO IG 1301 FLOD3lnO 

C CALLlLAlE SEPARATE HEAT TRANSFER COEFFICIENTS FOR THE FLOD3ljO 
C AA1«L (ibUNUA.aEb OF THE COOLANT f)LOCK. FLODjIpO 
12<i1 !blA(;')=^L,UrL(JGMS,I,K) FL0D3130 

CON^ ( X , Jtib,K) = 1./He (STA(2)) FL0D3110 
IF(lYPEZ.NL.l) GO TO 1301 FLOD'ISO 

12<:6 bTAn)=/'«UTfl(J6LS,I,K) FLOD3160 
CO'i. (l,uLb.K)=l./HC(STA(l)) FLOD3170 

C MAVL ALI. HF;AT TRANSFER C0EFFICIENT<; AT THiS LEVEL BEEN CALCULATEn?FLOO3lci0 
C .-'YL'J.IIOI- FLOU3I9O 
13U1 CONllNUL. FLOD3500 

C ilAVt. THE COOLANT PROPERTIES BEEN CALCULATED AT ALL LEV E L S ? FLODTSIO 
C .-»YtS,NO«- FLOD'^bpO 

IbuO C O i l i i . i i j i . FLOD7530 
CL • • • » » • • • • • • • • • • • • • * j ( i » * « * * * * « * * * » ^ * « * i | i * « * * » « ^ i « * H e * K i * * * « * ^ * * * # * « i « ^ * ^ * P L O D 3 ' ^ 4 0 

R L T G K N FLOD35tsO 

CB AXXAL COOLANT FLOW FLO03570 

C IJETLIO^IIIME THE BLOCK TYPE IN THE THETA DIRECTION. FLOD7590 

2000 CALi. ULKTYP(KHS,KLS,K6HS,KGLS,NT(i,TYPET) FLOD36n0 
C uElLRMXiiE THE fiLOCK TYPE IN THE RADIAL DIRECTION, FLOD'^biO 

CALi. ULi<.TYP(IHS,ILS,lSHS,lGLS,NRfi,TYP£R) FLOD36?0 
C CALCULAIE TH( COOLANT PROPERTIES AT ALL LEVELS ALONG THE COOLANT FLOD363O 

UO cbUO J-JLS.JHb FL0D;^640 
C SET THE LEVEL AND LOCAL COOLANT TEMPERATURE FLOD365O 

FlZ-/P(o) FLOD3660 
• UR=I(XLb,J.KLb) FLOD367O 
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2212 

2211 

2216 

^2200 

2210 

'22ii2 

2221 

2226 

C 
C 

C 
C 

CALCULATE THE SPECIFIC HEAT AT T H I S LEVEL FLOD36s0 
KCPL(N,J)=SPEC(X) FLOD3690 
EXCLUDE CALCULATIO.J OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS FLOD37oO 
^HICH ExTt-ND OVER THE ENTIRE THETA DISTANCE OF THE PROBLEM, FLOD37iO 
xF(NGHS.Eu.NTb.AND.KGLS.EQ.l) GO TO 2210 FL0D37?0 
CALbuLATE THE HEATTRANSFER COEFFICIENTS TO THE THETA W A L L S FLOD377(0 
LjO tr-UU I = ILS,IHS FLOD3714O 
bO 10(2211,2212,?2l4,2216),TYPET FLOD^7<sO 
CALbiiuAlE AN AVERAGE HEAT TRANSFER COEFFICIENT FQR BOTH • FLOD3760 
THtlA fioUNjARXtb OF THE COOLANT BLOCK. FLOO3770 
bTAii)=lBLiTH(KfaLS.I,j) FLOD37AO 
bTA(;>) = lUtiTL(KGHS,I.J) FLOD3790 
CONl(X,j,l\LS)=l,/HC((bTA(l)+STA(?))*.5) FLOD3800 
bO lo ?<iOO FLOD381O 
CALCULAIE bEf'ARATE HEAT TRANSFER COEFFICIENTS FOR THE FLOD38?0 
IhElA uoUNUAKlEb OF THE COOLANT RLOCK. FLODIOSO 
brA(^)=TburL(KbhS.I,j) FLOD38UO 
CONl (I,u.»\HS)=l./HC(STA(2)) FLOD38sO 
1F(lyPLl.Nt.l) GO TO 2200 FLOD3860 
blA(1) = fBdTH(KGLS.I,j) FLOD387O 
CONI(l,u,K.LS)=l./HC(STA(l)) FLOD3flpO 
HAVu ALL HEAT ThAi^lbFtK COEFFICIENTS AT T H I S L E V E L BEEN CALCULATEn?FLOU38gO 
- • Y t . S , f i b » - FLOD-^900 
COiJ l lNUt 
FXCLUUL CALCULATIOINI OF HEAT TRANSFER COEFFICIENTS FOR QO O L A N T S 
^JHICH CXTEIJD OVER THE ENTIRE RADIAL DISTANCE OF THE PRQBLEM. 

lF{XbHS.E0,Nn6.ANU.lGLS.EQ.l) GO TO 2500 
CALCULATE THE HEATTRANSFER COEFFICIENTS TO THE RADIAL WALLS 
iiO c^OO K=KLS,KhS 
GO l o ( . ? 2 2 1 , 2 ? 2 2 , ? 2 2 1 , 2 2 2 6 > , T Y P F R 
CALC.jLAlE AH A V E R A G E HEAT TRANSFER COEFFICIENT FOR BOTH 
K A J A A L H O U I J O A R I L S O F THE COOLANT BLOCK, 
b l A ( i ) = i < H U T H ( X G L S . J . K ) 
bT A (,>) =ut id TL (1GHS. J , K ) 
C 0 . J K ( l L b , J , K ) = l . / H C ( ( b T A ( l ) + S T A ( ? ) ) * , 5 ) 
bO iG 2 J U 0 

COEFFICIENTS FOR THE 
BLOCK. 

CALCULAIL SEPARATE HEAT TRANSFER 
i<AUiAL oOUi^UARlLb OF THt COOLANT 
blA(?)=Kt3BTL(lbHS.J,K> 
C0Nt\(lHb,J,K)=l,/HClSTA(2)) 
iFdYPEH.NE.l) 60 TO 2300 
bTA(i)=KbtlTH{IGLS,J,K) 
CON^(iLb,J,K)=l./HC(STA(l)) 

FLOD3910 
FL0D39?0 
FLOO39i0 
FLOD39(i0 
FLOD39s0 
FLOD3960 
F L O D T 9 7 0 
FLOD^9nO 
FLOD399O 
FLODlOnO 
FLODuOlO 
FLODlOpO 
FL0Da030 
FLOD'»040 
FLODlOt^O 
FLODIO6O 
FLOD4070 
FLODlOfiO 
FLODMOQO 
FLODiilnO 

C HAVL A LL HEAT TRANSFER CO E F F I C I E M T S AT THiS LEVEL BEEN CALCuLATEn?FLOD'4ll0 
C .-»YLb»M0f- FLODIlpO 
23u0 CONliNUt FLOD4130 
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c 
c 
2500 

ct 

C 
CB 
C 
C 
30uO 

C 

HAVE THE COOLANT 
>-»Yt.S»NO»-
COfll INUE 

c 
c 

PROPERTIES BEEN CALCULATED AT ALL LEVELS? FLODlllO 
FLOD/tlsO 

COriliNUE FL0D1160 
».»**•• ••*****»**»*********************************************<***FL0Dti 170 
RETURN ' FLODIlnO 
• • • • • • • • • * * * # * * * * * * * * * * * * * * * * * * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * F L O D 1 1 9 0 

THElM COOLANT FLOW FLODl2oO 
••••••••••••••••••••**********************************************FLOOu2lO 
uEfLKMIuE THE BLOCK TYPE IN THE RAOIAL DIRECTION. . FLO D I 2 ? 0 
CALL t)LKTYP(IHS,,lLS,l6Hb,lGLS.NRt,,TYPER) FLOD!i230 
utfi-Ki'UNE THE ULOCK TYPE IN THE AXIAL DIRECTION. 
CALu ULNTYP(JHS,JLS,JGHS,JGLS,NZG.TYPE?) 
CALLULATE THF: COOLANT PROPERTIES AT ALL LEVELS ALONG THE COOLANT 
uO JbUO K=KLb.KHS 
SET THE LL\,EL AND LOCAL COOLANT TEMPERATURE 
Fn-T^'(^) 
»,K=1 (ILb.JLb.K) 
CALv-uLAfE THE SHECIFIC HEAT AT TH I S LEVEL 
(<CHi,(N,K)=bPEC(X) 

3212 

FOR THE 

t<bt''l,{N,K^=bl'E>-VA) 

EXCLUUE CALCiiLAriON OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS 
v,HItH EXTEND OVER THE ENTIRE RADIAL DISTANCE OF THE PROBLEM. 
lFliGllb.E0.NK6.ANP.lGLS.Ea.l) GO TO 3210 
CALCULATE THE HtAlTRANSFER COEFFICIENTS TO THE RADIAL rfALLS 
1)0 O2U0 J=JLb,JHS 
uO 10(3211,3212,3214,3216),TYPER 
CALbuLAlE AN AVERAGE HEAT TRANSFER COEFFICIENT FOR BOTH 
KAUXAL uOUJDARlL-b OF THt COOLANT BLOCK. 
b1 Ad )=)vbbTH(lbLS.J,K) 
b IA (.r-) =KbUTL (1 GhS, J, K) 
C0Nh(XLb,J.K)-l./HC((STA(l)+STA(p))*,5) 
GO lo 3200 
CALLULATE bEPARAlt HEAT TRANSFER 
HAUXAL UOUNUARIES OF THE COOLANT 

3211 blAl?)=t-(BbTL(IGHS.J,K) 
C0NK(lHb,J.K)=l./HC(STA(2)) 
IF ( 1 YPEK.NE.D 60 TO 3200 

32l6 bTA() )=UUi3TH(IGLS.J,K) 
CONK(XLb,J.K)=l./HClSTA(l)) 
HAVt. ALL HEAT TRANSFER COEFFICIENTS AT THIS LEVEL BEEN 
-•Yt.b»Nb>-

EXCLUUE'^CALCULATION OF HEAT TRANSFER COEFFICIENTS FOR COOLANTS 
v-HICh EXTEND OVER THE ENTIRE AXIAL DISTANCE OF THE PRORLEM, 
XF(JGHS.Eu.,>l7b.ANU.JGLS,EU.l) GO TO 3500 
CALCULATE THE HtAlTRANSFER COEFFICIENTS TO THE AxlAL WALLS 
bO j^OU I = ILS.IHS 

COEFFICIENTS 
BLOCK. 

3200 

3210 

FLOD'42?0 
FLOD!4230 
FLOD12aO 
FLOD'i250 
FLOD1260 
FLOD1270 
FLOD42fi0 
FLODU?qO 
FLODl3oO 
FLOO-»3lO 
FLOD13?0 
FL0D4330 
FLO0'|340 
FLODf.3isO 
FLOD4360 
FLOO'i370 
FLODUSRO 
FLOD1390 
FLODulOO 
FLOD'tllO 
FLOD(|1?0 
FLOUII3O 
FLOOII4O 
FLODitlsO 
FLODllfiO 
FLODII7O 
FLODIIflO 
FL0D4190 
FLOD45nO 
FLOD'v5iO 

CALCuLATEnPFLODlSpO 
FLOD453O 
FLOOlSuO 
FL001550 
FLOD1560 
FLOD1570 
FLOD4580 
FLOD1590 
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GO 10(3221,3?22,3221.3226).TYPEZ ^ FLODI60O 
C CALCULAIE AN AVERAGE HEAT TRANSFER COEFFICIENT FoR BOTH FLOD461O 
C A X I M L bOUNDARlEb OF THE COOLANT R L O C K . F L O D 1 6 ? 0 

3222 bTA(l)=^bBTH(J6LS.I,K) cl-^nlf^'n 
blA(;>)=/LJlirL(JSHS,I,K) ^'-°S^!'*° 
C0Ni:(X,oLb.K)=l./HC((STA(l)+STA(?))*.5) FLOD(i650 
GO 10 3J00 FL0DM660 

C CALCULAIE SEPARATE HEAT TRANSFER COEFFICIENTS F O R THE FL004670 
C A X I H L ,*OUNDAKlEb OF THE COOLANT B L O C K . ' FLOD':6nO 
3221 brA(?)=/i3bTL(U6MS.I,K) ^^2'^'*^^° 

C0N<.(I,JHb,K)=l./HC{STA(2)) FL0D47n0 
IF(IYPE^.NE.I) ^0 TO 3300 ^^£1^'*3^2 

3226 t>rA(l)=^bLirH(JGLS,I,K) FLOD17?0 
CON..(i,JLb,K)=l./HC(STA(l)) ^ » . ,- J^^^''l'^° 

C HAVL ALL HEAT TRANSFER COEFFICIENTS AT THIS LEVEL BEEN CALCuLATEn?FLOOU740 

C .-'YLb.Nu.- l^1°''l''l 
3300 COlNllIuuE FLOD4760 

C HAVE THc COOLANT PROPERTIES BEEN CALCULATED AT ALL LEVELS? F L O D U 7 7 0 

C . . . Y U S . N O . - t^n?.''l''n 
35U0 C O H U H D I - FLODU7qO 

CE • • • » * * * * » * * * « * * * » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * « * * * * * * * * * * * * * * ' * F L O U ( ( f l n O 
KEruuu FLOD'ifljO 

CE ••••^•••••************************«***»***************************FLOD(i8?0 
Ct ^••4^»*:^***#******t#«***«*******«**********»**********************FLODl830 
Ct ••••^•*+**+*******************************************************FLOD'|8l0 

lUNtllOu bPEC(X) ^"-^^'^r'n 
C/ CALcuLAlu THt COOLANT SPECIFIC HpAT FLOD1fl60 
C-z-=.z:—= - =—========;:=================================================FL001fl70 
105o"iI"ioaobl7lOb2,1053, lObl. 10557ln56,1057,1058.1059.1060' 1061, FLOD'tflnO 

. 106..i0o3, 1064,10bb),N ^^°R'*a''n 
lObl „Xbt,U(X) C.'-̂ '̂̂ q?S 

.,0 10 3 070 c'-̂ n'*q̂ n 
1052 ,i=SH,2(x) chon"9Tn 

uO 10 10/O. FLOD493O 
1053 u=bli,3(x) ^"-^^''^n 

00 10 lo70 l^'i^'H^'n 
lObl b=SFu4(A) • ^LOD1^60 

GO 10 1070 FLODa970 

lObb B=bCl|b{x) ^̂ R̂'*̂ '̂ ^ 
GO lu 1070 FLODn990 

lObb i.:^J\^^^U> ^^.005000 
GO 10 1070 • ^^2?^^S 

1057 M=SFH7(X) l^^r^^tn n 
00 10 1070 ^'-Tn'n 

lObO ,i=blMO(x) FLOD5040 
• GO 10 1070 FLOD5O5O 
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1059 b=SPH9(X) FLODSOftO 
60 10 1070 FLOD5070 

lObO U=SPH10(X) FLOOnORO 
GO To 1070 FLODS090 

lOol ti=bt>lll(X) FLOD«il00 
GO lo lu70 FLODSHO 

10b2 b=SF'Hl2(X) FLOD51?0 
GO lo 1070 FLOD5130 

10b3 b=SPHl3lX) ' FLCDMuO 
bO 10 1070 . FLOO'il50 

lObl f.=bFni1(X) FLOD'jl60 
GO lo 1070 FLODS170 

lOob !)=bftilb(X) FLODSIPO 
1070 bPEC=U FLOU5190 

RETOKN FLOU5200 
CL **********7i,**m*i**i**it^^**********L***********************************FLOD'i2lO 
CE ••.•••+**4*»*****#***«*****«*»*****#*********«****>II**«*«***«*«*****FLODS2?0 
CE «»•»**••••••*»*»»***#**»***********»*******«**************»*****#*FLOD'^230 

FUNLTXOil HC(X) FLODS?UO 
C/ CALCULATE THE HEAT TRANSFER COEFFICIENT FLOD52SO 

---- - - FL00^270 
13u0 GO lu(13lO,1320,1330,1310.1350,1360,1370,1380,1390,1100.1110, FLOD's2n0 

.112o.l1i0,ll40,llbo) ,N FLOD«"-290 

1310 i}E=ivEYrJl(X) FLOD'>3iO 
lA=buLfcCT(iJ) F L O D S 3 ? 0 
GO lo (IJll,1312,1313),lA FLODS330 

1311 ,j-HlA(X) FLOD5340 
GO 10 1399 FL0D53S0 

1312 b=HjLn(X) FLOO'=i360 
GO lu 1399 FLOD5370 

1313 u=HiC(X) FLODS3nO 
GO 10 li99 FL005390 

13*:0 KL=lvtYNr-. (X) FLOD'-llO 
lA=bi:.LECT(N) • F L O D 5 1 ? 0 
1.0 lo (i32l,1322,1323),lA FLOD'=il30 

13.:1 U=HtAU) FL0D>̂ 1̂40 
GO 10 1^99 FLOD'̂ .ISO 

1322 ti=HtH(X) FLOU5160 
bO 10 1399 FLOD5170 

1323 t,=lltC(X) FLODSInO 
GO lu 1399 FLOQ5190 

13J0 Rt=HL.YlJj(X) FLOD55iO 
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lA=bELECT(N) FLOD»55?0 
GO To (1331,1332,1333).lA FL005530 

13J1 H=H,JA(X) FLODS540 
GO 10 1^99 FLODsSfiO 

13:S2 B=Hi,j(X) FLOD5560 
GO 10 1399 FLOD5570 

1333 U=HuC(X) FLODS530 
GO TO 1J99 FL0D5590 

1310 RE=KEYri4(A) I FLOD5610 
lA;^i,ELECT(N) FL0DB620 
GO 10 (1311,1312.1313).lA FLOD5630 

1341 i>=H4A(X) FLOD«;640 
GO lo 1J99 FLOD5650 

1342 b=H4,(lX) FLOD5660 
GO lo 1^99 FLCD^670 

1343 L=H4C(X) FLOD«H6fl0 
(.0 lo 1399 FLOrJ«>690 

1350 UE=lir.YNb(X) FLODr>7l0 
IA=bLLi;.CT(N) FL00^7?0 
GO IG (1351,1352,1353).lA FLODS730 

1351 i-,=HbA(X) FLOD'57itO 
GO 10 1J99 FLOD«i7tiO 

13b2 M=H:/n(X) FLOD5760 
GO 10 1^99 FLOD5770 

13b3 u=HbC(X) FLOD=i7n0 
uO 10 1 J 9 9 FLODR790 

C=====::==-==^====s=======s=========s======s====s:==============s===s=====FLOD5'^n0 
13bO RE=ht.Yfit.(X) FLODROlO 

IA=:;LLECl (N) FLODsfl?0 
GO TO (13bl,j362.l363).IA FLOD'=,830 

13bl ij=Mt.A(X) FLOD-sSuO 
bO 10 M 9 9 FLODSasO 

1302 b=Hî t-.(X) FLOUS860 
uO lo 1399 FLODS870 

1303 b=iluC(X) . FLOD58flO 
GO 10 1399 __ FLODSflPO 

1370 RE=UtYN7{X) FL005910 
:A=bi,LtcT(N) FLOD59?0 
GO 10 (1371,1372,1373).lA FLOD59:^0 

1371 b=H/A(X) FLODS940 
GO lo 1399 FLOD5950 

1372 b=H/a(X) FLOD5960 
' GO 10 1399 FLOD5970 
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1373 B=H7C(X) FLOD59BO 
faO 10 1399 _̂  FLOD5990 

13bO RE=i-(EYNrt(xT " FLOD6O1O 
lA=bELECT(N) F L O D 6 0 ? 0 
GO lo (1381,1382,1383).lA FLOD6O3O 

1301 U=HbA(X) FLOD6O4O 
GO 10 1J99 FLODfcOsO 

1302 U=Ht. <(X) ' FLODft060 
oO 10 li99 1 FLOD6O7O 

13b3 i,=HoC(X) FLOD60RO 
oO lo 1J99 FLOD6O9O 

1390 RE=KLYNy(X) FLOD6I1O 
XA=-.ELECT(|J) FL0D6l?0 
GO 10 (1391,1392,1393).lA FL O D A 1 3 0 

1391 (J=H9A(X) FL0Dfl40 
bO lo 1399 FLOD6I5O 

1392 u=H'y ,{X) FLOD6160 
uO lo 1399 FLODrl70 

13'a3 i)=HvC(X) FLOD61A0 
bO 10 1^99 FLOD6190 

1400 RE=KEYN10(X) FLOD62l0 
IA = bt.LcCl(N) FL0062?0 
bb lu (X101,1102,1103).IA FLOD6230 

llul U=HXI,A(A) FLOD6?10 
bO lo 1J99 FLOD6250 

1102 U=Hj.0b(A) FLOD6260 
(.0 10 1399 FL006270 

11u3 ct-Hii)C{A) FLOD62qO 
uO lu 1399 FLOD62qO 

lliU .<E=HLKM11(X) " FLOD<-,3iO 
lA=bLLLcT(N) FLOD63?0 
,>o 10(1411,1112,l1l3).IA FLOU6330 

1111 I-IUIA(A) • FLOD.'3u0 
oO li, 1399 FLOUr,350 

1112 i)=Hi)LJ(X) FLOD«,360 
GO lu 1399 FLOU6370 

1113 b=HxlCcx) FLOD63nO 
GO TO 1399 FL006390 

11^0 KL=i<Lirtli2(X) " FLObftllO 
XA=:.t.LtCT(tl) FLOU61?0 

• oO 10(1421,1422,11231.lA FLOD6130 
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1121 B=H12A(X) FLOD6110 
GO TO 1399 FLODSIsO 

1122 b=HJi^b(X) FLOD6160 
GO 10 1399 FLOD6170 

11«:3 ii=Hi;?C{X) FL006lpO 
uO lo 1399 _ _ _ FLOD6190 

11J0 RE=hEYN13(X) FLOD6510 
IA=bELEtT(N) • FLOD65?0 
GO 10(1431,1132i.ll33)»IA FLOD6530 

11^1 li=IU3A(X) FL006540 
bO lo )J99 FL0D6550 

1132 b=HX.id(A) FLOD6560 
GO 10 1399 FLOD(f,570 

11J3 b=MAj,C(X) FL0D65R0 

GO lo 1399 FLOD6590 

1110 REzhEYNlKxT"" "~ " ' FLOD6610 
IA=LJELELT(N) F L O D 6 6 ? 0 
GO 10(1411,ll12,1143).lA FLOn6630 

1111 t.=Hj.4A(A) FLOD664O 
GO lo 1399 FLOD66'~0 

1112 H=Hj.4b(x) FL0D6f>60 
GO 10 1^99 FLOD667O 

1143 u=Hl4C(X) FL0Dfi6n0 
GO 10 lo99 FLOD6690 

1450 ({E=l<LYNlb(X) FLOD6710 
IA=bELECT(N) FLOD67?0 
GO 10{J451,1452.1153).IA FLOD6730 

llbl b=HibA{X) FLOD67uO 
GO lo 1J99 FLOD67«sO 

11b2 i-,=HlbU(A) FLOD6760 
GO lo 1399 FLODr.770 

1153 ,•3=Hl̂ >C(A) FLOD67fi0 

13̂ -9 C = i3 FLOD680O 
IF (C.EG.0.0) C=1.0E-6 FLOD6810 
HC=C FLODftflpO 
RETURN FLODftSiO 

CE • • • • * * * * » * * * * * « * * * * * * * * * * * * * * * « * * * * * * * * * * * * * * * * * * * * * « * * * « * * * * * * * * * F L O D 6 8 4 0 
CE ^***^*4.*** ******** *****i**:****^fm*^m***********i**L*)ti*^i******:*********f\_ODf,f^'^0 
Ct »»****;^*********iti»;,:*************#*********************#***********FLOD6860 

INTEGER FUNCTION SELECT(N) FLOD6a70 

C ''uoib'rHE'REYNOLUS NUMBER LIE WITH1N"THE SPECIFIED RANGE? ~ ~ FL006BqO 
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c 

c 

c 

c 

loo 

200 

. -»N0. 
1F(KE. 
OOEb T 
lF(Kt.. 
uOEb 1 
iFCKfc-. 
UPPEK 
SELECT 
RETURN 
LO,;I.K 
bELLCr 
RETUKN 
NilUbLL 
SELLCT 
Kt^rUKN 

YtS'-
LT.RLlMi(N).0«.RE.GT,RLlM1(N))60 TO 500 
HE REYNOLDS NUMBER LIE IN THE LOw RANGE? -'YES.NQ'-
Lr.RLlM2(N))G0 TO lOO 
HE REYNOLDS NUMBER LIE IN THE MIDDLE RANGE? -'YEs.NO" 
LT.RLIM3(N))G0 TO 200 
RANGE HLAT TRANSFER CORRELATION 
= 3 

RANGE HEAT TRANSFER ROUTINE 

=1 

RANGE HEAT TRANSFER CORRELATION 
=2 

c" 
500 

THE RLYIMOLUS NUMBER 
XERhoR(l)=lFLODA(l) 
I£RKOR(2)=IFLODA(1) 
CALL tUK0R2 

LIES OUTSIDE THE SPECIFIED RANGE 

C========i 
END 

FLOD6900 
FLOD6910 
FLOD69?0 
FLOD6930 
FLOD6940 
FLOD69«50 
FLOD6960 
FLOD6970 
FLOD69r\0 
FLOD6990 
FLOD70n0 
FLOD7010 
FLOD7O2O 
FLOD7030 
FLOD7O4O 

:=s=FLOD70^0 
FLOD7060 
FLOD7070 
FLOD70ftO 
FLOD70Q0 

:===FLOD7100 
FLOD7110 
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c 
c 
c 
c 
c 
c 
c 
c 
c 

C 

c 

c 
c 

c 
c 

SUBROUTINE B L K T Y P ( X H S . X L S . X G H S . X R L S . N X G . T Y P E ) 

:==ir====-
uETiiRivlINE COOLANT BLOCK TYPE W I T H RESPECT TO BOUNDARIES ALONG 
wHICH HtAT TRANSFER COEFFICIENTS ARE TO BE ASSIGNED. 

100 

C 
C 

110 

1<10 
130 

1 Y P E = 1 
T Y P E = 2 

TYPE=3 
1YPE=1 

INTEGER 

ASSIGN SEPARATE VALUES ALONG BOTH BOUNDARIES, 
ASSIGN AN AVERAGE oF T H E SEPARATE VALUES A L O N G 
BOTH BOUNDARIES. 
ASSIGN A VALUE ALONG THE HIGH BOUNDARY ONLY. 
AbSiGN A VALUE ALONG THE LOW BOUNDARY ONLY. • 

XHs7~XLS. XGHS. xGLS. TYpE 

T Y P L = 0 
IS I HIS AN INTERNAL COOLANT B L O C K ? 
iF(XbHS.NE.XGLS) bO TO lOO 
liHOuLD IHE HEAT TRANSFER COEFFICIENT BE CALCULATED FOR T H E HIGH 
OK luE LOW BOUNDARY OF THE C O O L A N T BLOCK ? 
iF(XoHS.Ea.l) 60 To 110 

lb IHE XNFERNAL COOLANT BLOCK ADJACENT TO AN EXTERNAL COOLANT ON 

ExrtiEK uF THE Two BOUNDARIES BEING CONSIDERED ? 
lF(AoHS.Eu,t4Xb) GO TO 120 
iF(A^Lb.EU.l) GO To no 
Xb l,,c tOOLAiJ BLOCK ONLY ONE pOiNT WlOE IN THE DIRECTION 
uEIl.u CuiJblQEREu .•• 
iF(ALS.hE.XHS) 60 TO 110 
TYPi.=2 
v,0 10 130 
TYPL=3 
iF(XuLS.EO.l) GO To l30 
TYPLUX 
GO lo 1̂ 0 
TYPE='' 
RLTbwN 
ENu 

BLKT 
;=BLKT 
BLKT 
BLKT 
BLKT 
BLKT 
BLKT 
BLKT 
BLKT 

;=BLKT 
PLKT 
=BLKT 
;=BLKT 
BLKT 
hLKT 
BLKT 
BLKT 
PLKT 
BLKT 
RLKT 
BLKT 
PLKT 
BLKT 
PLKT 
BLKT 
BLKT 
BLKT 

BLKT 
BLKT 
BLKT 
BLKT 
PLKT 
RLKT 
BLKT 
BLKT 
B L K T 

10 
20 
30 
10 
50 
60 
70 
AO 
90 

InO 
no 
1?0 
130 
lUO 
150 
160 
170 
IrxO 
190 
200 
210 
2?0 
230 
240 
2̂ 50 
260 
270 
2nO 
290 
3n0 
3j0 
3?0 
330 
340 
3c,0 
360 
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FUNCTION COOLl (X) 
ENTKY 
COOLl 
60 10 
ENTKY 
COOLl 
GO lu 
ENTKY 
COOLl 
GO to 
ENTKY 
COOLl 
GO lo 
ENTITY 
COOLl 
bO lo 
ENTKY 
COOLl 
GO lo 
ENTKY 
COOLI 
GO lo 
tNThY 
COOLl 
GO 1J 
ENfKY 
COOLl 
GO lo 
ENTKY 
COOLl 
GO lo 
ENlKC 
COOLl 

SPHKX) 
= 1.0 
10 
REYNl(X) 
= 0.0 
10 
HIA(X) 
= 0.0 
lu , 
HlB(X) 
= 0.0 
lu 
HlC(X) 
= 0.0 
lu 
FLOIA(X) 
= luoouoo.o 
lu 
FLOlLi(X) 
= 0.0 
lu 
FL01C{X) 
= 0.0 
10 
TXNIA(X) 
= lon.o 
lu 
riNi(i(x) 
- 0.0 
10 
TINIC(X) 
= 0.0 

RETUKN 
END 

COOL ,0 
COOL 20 
COOL 30 
COOL 10 
COOL 50 
COOL 60 
COOL 70 
COOL 80 

' COOL 90 
COOL InO 
COOL no 
COOL 1?0 
COOL 130 
COOL iio 
COOL 150 
COOL 160 
COOL 170 
COOL IRO 
COOL 190 
COOL 2OO 

COOL 2io 
COOL 2?O 

COOL 230 
COOL 210 
COOL 250 
COOL 260 
COOL 270 
COOL 2RO 

COOL 290 
COOL 3no 
COOL 3i0 
COOL 320 
COOL 330 
COOL 340 
COOL 350 
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iO 

FUNCTION C00L2 (X) 
ENTKY SPH2(X) 
C00L2 =1.0 
GO 10 10 
ENTKY REYN2(X) 
C00L2 =0.0 
GO lo 10 
ENTRY H2A(X) 
C00L2 =0.0 
00 10 10 , 
ENTKY H2b(X) 
COOLH = 0.0 
GO 10 10 
ENTKY Hi:C(X) 
C00L2 = 0.0 
GO 10 10 
ENTKY FL02A(X) 
C00L2 = 1000000.0 
bO 10 10 
ENTKY FL02U(X) 
C00L2 =0,0 
GO lo lu 
ENTtsY FL02C(X) 
COOL^' = 0.0 
GO 10 10 
ENTKY TXN«;A(X) 
COOL^ = 460.0 
bO lo 10 
ENTivY TXN2b{X) 
C00L2 =0.0 
GO To lu 
ENTKY 1IN2C(X) 
C00L2 =0.0 
RETURN 
EîlD 

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 
COOL 
COOL 
COOL 
COOL 
COOL 
COOL 
COOL 
COOL 

10 
20 
30 
40 
50 
60 
70 
flO 
90 

loo 
no 
120 
130 
HO 
150 
160 
170 
IfiO 
190 
200 
210 
2?0 
230 
240 
2̂ 0 
260 
270 
2^0 
290 
300 
3lO 
3?0 
330 
340 
350 

NOTE; 

The functions C00L3 through C00L15 are omitted since they are all 

of the form illustrated in the preceding listings of COOLl and 

C00L2. 
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C 
CB 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE CONDUC COND 
INCLUDE COMOlM ,CONO 

CALLULATE'THE AVERAGE CONDUCTIVITIES BETWEEN POINTS. RADIATION" " CONO 
ACRGbb GAPS AND INTERNAL COOLANTs IS INCLUDED. COND 

ERROR MESSAGES ~ ' COND 
CONtJUCl , C0NUUC2 , C0NDUC3 COND 

THESE MESSAGES INnlcATE THAT RADIATION BETWEEN THE COND 
bOUNUARlES OF AN INTERNAL COOLANT BLOCK WAS NEGLECTEDCONQ 
IN ORDER TO COMPLETE AN ITERATION. 
STEP SHOULD BE USED IF THE NEGLECT 
blGNlFlCANT. ' 

A SMALLER TIME 
OF RADIATION IS 

CoNDuCl 

C0NDUC2 

C0NDUC3 

CONO 
COND 
COND 
COND 
COND 
COND 
CON'D 
COMD 
COND 
C0^0 

luO 

RADIATION WAS NEGLECrEO BETWEEN RAOlAL GAPLINES IGL 
AND IGH AT AXIAL POINT LEVEL d,THETA PQINT LEVEL K, 
RADIATION WAS NEGLECTEO BETWEEN AXIAL GAPLlNES JGL 
AND JOM AT RADIAL POiNT LEVEL I,THETA POINT LEVEL K. 
RADIATION WAS NEGLECTED BETWEEN THETA GAPLINES KGL 
AND KG|| AT RADIAL POlNT LEVEL I,AXIAL POINT LEVEL J. 

s==i.==============================================================COMO 
LOGICAL NOMES COND 
ulMEubloN IC0ND(13) COND 
U A T « ( I C 0 N D ( I ) , I = 1 , 1 3 ) / 1H1,5H IGL=.5H IGH=,3H d=,3H K=,1H2, COMD 
,5H UOL=,5H J G H = , 3 H 1=,1H3.5H KGLS.SH K G H = . 3 H K=/ COND 

F0RI^,AT(I6H ERROR AT C0N D U C , A 1 , 1 7 H ON ITERATION No.,I1,3H AT, A5,1?,CoND 
.Ab,X^.A3,l2.A3,l2). COND 

SET IHL CORRECT ENTRY FOR MADATA CO\0 
GAS ^ ,IKUE. COMD 
===_-=======================================S=====================C0ND 

105 

TU,.IX!J = O.IU 
NN1I..K = NITER + 1 
NOMu'.,:.,FALbE. 
IF(,r;bT.SW{10)) GO TO 105 
IF(Cbi.LT.l.O) NOMESS.TRUE. 
XF (FIRST) NO,'.iES=.TRuE. 

c 
c 
c= 
c 

c= 
c 

;;;-- = = = = = = = = , 

CALLULATE THE 

===—=========: 
CALCULATE THE 

AVERAGE RADIAL CONDUCTIVITIES BETWEEN POINTS, 

*RAOIAL"CONDUCTIVITIES~IN EACH~RAOIAL PLANE. 

RADIAL CONDUCTIVITlLS IN EACH 

COIJD 
CoND 
COND 
COND 
COND 
COND 

=== CONO 
COND 

==s=COND 
COND 
COND 
CONO 

=================X====COND 
AXIAL COLUMN IN THE COriO 

lO 
20 
30 
10 
50 
60 
70 
RO 
90 
ino 
no 
1?0 
130 
HO 
150 
160 
170 
IRO 
190 
2n0 
2l0 
2?0 
230 
240 
2^0 
260 
270 
2qO 
290 
3nO 
310 
3?0 
330 
34 0 
3^0 
360 
370 
3RO 
390 
InO 
1lO 
1?0 
130 
I4O 

iso 
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c 
c 

c 
c 

c 
c 
c 

c 
CB 

CE 
CE 
C 
C 

PLANE. 
DO J30 J=2,JM 

CALCULATE THE RADIAL CONDUCTIVITIES IN THE COLUMN. 
GO ô O K=2,KM 
DOEb THE GRlDLlNE HAVE ANYwHERE A GAP OR A COOLANT ADJACENT TO Ir 
.? -'ljO,YEbi-
XF (Ib.LO.O) 60 TO 110 

ib~LirHER A~6AP"OR~A"COOLANT ADJACENT TO THi GAPLINE AT THii 
POIiMT ? -»NO,YESi-
xF (GAPK(XG,J.K).EQ.O.O) GO TO liO 
IS IT A GAP OR A COOLANT WHICH IC, ADJACENT ? -,COOLANT,6AP»-
iF IUAPR(XG,J,K).LT.O.O) GO TO i.-̂o 

CALCULATE THE AVERAGE CONDUCTIVITY WITH A GAP PRESENT 
ul - MArR6(lG. J, K) 
TH ;. Rl.uTH(I(,, J, K) 
lb = RlJbTLdG. J, K) 
FTR = KH(I) 
FlZ = /H(J) 
FTr=TP(K) 
CALCULAIE THt 
CALL MAuATA 

KE''iH(IG, 

LOCAL GAS CONDUCTIVITY, 

J, K) + RtML(IG. J, HX = KE''iH(IG, J, K) + RtML(IG. J, K) - 1.0 
CX = .1713E-«*(TH**2 + TB**2)*(TH + TB)/BX 
Xi = COi.Kd, J, K)*RATIOB(IG, J, K) 
X2 = i./((bK/6ApR(lG, J, K) + CX)*RATI0H(I6)) 
X3 i COuR(X + 1, J. K) 
PKEGEKVE THE DATA REQUIRED FOR CALCULATING RADIAL GAP ROUNDARY 

110 

.ILî i tKAlURES BY STORING IT IN THE REM-RBBT LOCATIONS FOR THE 

.CURKENT ^JAPLINE, 
KEMLdG, 0, K) = CONRd. J, K) 
KEMtidG, J, K) = CONRd + 1. J. K) 
RbblLdb, J, K) = ax 
RbUindG, J, K) = GK 
KK(i, J, K) = l./((Xl + X2 + X3)/RATI0K(IG)) 
GO 10 310 
****,f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
***************************************************************** 
ARE IHE CONDUCTIVITIES ON BOTH SiDES OF THE GRID PLANE IDENTICAL 

,f -•ljO,YE:3<-
IF (CONi<d,J,K).nfc..C0NRd + l.J.K)) GO TO 120 
AbSXi.,N oNL OF THEM AS THE AVERAGE CONDUCTIVITY 
KR(I, J, K) = 1.0/CONRd, J. K) 
GO 10 310 

COND'160 
COND 170 
;CONO IRO 
COND 190 
COND 5n0 
COND 5j0 
COND 
COND 

:=COND 
CONO 
COND 
COND 
COND 
COND 

cCOND 
COND 
COND 
COND 
CONO 
COND 
COKD 
COND 
COND 
COND 
COMD 
corjo 
COuD 
COND 
COND 
COND 
COND 
CONO 
COND 
COMD 
COND 
COND 
COND 
CoND 

*COND 
*coNn 
COND 
CoND 
CoNO 
CONO 
CONU 
COND 

5p0 
530 
540 
550 
560 
570 
5AO 
590 
600 
6t0 
6?0 
630 
640 
6S0 
660 
670 
6f̂ 0 
6qO 
700 
7l0 
7?0 
730 
740 
7S0 
760 
770 
7HO 
790 
Boo 
810 
8?0 
fl30 
040 

aso 
BftO 
fl70 
8A0 
890 
9nO 
910 
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C 
C 

CO 
c 

c 
c 
c 

CALCULATE THE AVERAGE CONDUCTIVITY WHEN NO SAP OR COOLANT IS 
PRESENT 

1*:0 KRd, J, K) s 1.0/(CONR(I + 1. J, K) • (C0NR(I, J, K) - CONR(I • 
• . ̂ , K))«RLNd)) 
60 10 310 
CALCULATE THE AVERAGE CONDUCTIVITY WiTH A COOLANT ADJACENT 
IS lllL COOLANT ON THE HIGH INDEX SIDE OF THE GRIDPLANE?-.N0,YES». 

130 XF lGAPRdG,J,K).LT.(-l.5E-10)) fiO TO 2l0 
CALCULATE THE AVERAGE CONDUCTIVITY wITH A COOLANT ON THE HIGH 
INDEX SIDE. , 
EXCLUJE CALCULATION OF RAD FOR EXTERNAL COOLANTS. 
IF (X6.EU.NRG) GO TO 190 
FlNo THE HIGH RADlAL BOUNDARY OF THE INTERNAL COOLANT RLOCK. 
Ibl = lo + 1 
jO ihO lI=Ibl,NRG 
XF (GAPK(II,J.K).LT.(-1.5E-10)) fiO TO llO 
bO IG IbO 
EXCLUDE CALCULATION OF RAO WHERE TwO COOLANTS ARE ADJACENT AT THF 
HIGH KAUIAL liOUNuARY OF THE INTERNAL COOLANT BLOCK. 
IF (oAP,<(II.j.K).LT.(-2.bE-10)) fiO TO l9o 
Xbtl = 11 
oO l o 1»0 
CONlXHUE 
IF ( A U S c R E M H t I G , J , K ) ) . G T . . 9 9 9 E 6 . O R . A B S ( R E M L ( I 6 H » J . K ) ) . G T . . 9 9 9 E 6 ) 

lo To 170 
XF ( A b S ( T ( I , J . K ) - T d + l .J .K) ) ,LT .TDMlN) GO TO IflO 
KAD = 0 . l7 l3E-0»(RBBTHdG. J . K ) * * 1 - RBflTLCIGH. J . K ) » * 1 ) / { R E M H ( 

» IG, J , K ) + REiMLdGH. J . K) - 1.0) 
J, K) - T(I • 1, J. 
J, K) - Td + 1, J. 

9?0 
930 
940 
950 
960 
970 
9nO 
990 
lOnO 

110 

ISO 
loO 

K) 
K) 

170 

lao 

190 
200 

210 

HX = CONRd + 1. J. K)*(T(I. 
• J. K)*UELR(l)*RLNd))/(T(I. 
• + 1. J. K)) 
MATKGdG. J. K) = 200 
MATKGdfaH. J, K) = 200 
aO 10 2U0 
MATlvbdb, J, K) = 100 
MATKi^dbH, J, K) = 100 
60 lo 190 
MATKGdG, J, K) = 300 
MATKGdGH. J. K) = 300 
HX = CONR(I + 1. J, K) 
KRd, J, K) = 1.0/(CONR(I. J, K)«RLN(1) + HX«RATI0C(IG) ) 
60 lo 310 
ARE TWO COOLANTS AUJACENT? -'No.vESt-
IF (GAPK(IO.J.K).6T.(-2.5E-10)) &0 TO 220 
uO NOT ALLOW HEAT TRANSFER BETWEEN COOLANTS 
KR(X, J, K) = l.OE-10 

- RA0*C0NR(I, 
+ RAD*C0NR(I 

CONO 
COND 
ICOND 
COMD 
CONO 
COND 
CONO 
CONO 
CONDi 
CoMOlOlO 
CONDlO?0 
COND1O3O 
CONDIO4O 
COMDlOsO 
CONOIO6O 
CONDIO7O 
CONOIORO 
COND1090 
CONDllnO 
CONDinO 
CONDllpO 
CONDI130 
COMDII1O 

6COND1I5O 
CONDHftO 
COND1170 
CONOllflO 
€0^01190 
CONDI2n0 
CONDI21O 
COND12?0 
CONDI 230 
CON01240 
COND12S0 
COMD1260 
CONOI27O 
CONDl2p0 
CONDI 290 
CONDI3n0 
COMD1310 
COND13?0 
COMOI33O 
CONDI34O 
COKD1350 
COND1360 
COND1370 
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c 
c 
c 
220 

230 

210 
250 

2t.O 

270 

2b0 

290 
300 

60 10 310 
CALCULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ON T H E 
LOH I N D E X S I D E . 

EXCLUDE CALCULATION OF RAD FOR EXTERNAL COOLANTS. 

If (Xb.LU.l) GO TO 290 
FlNU THE LOW RAUIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK. 
Xbl = lu - 1 
uO t40 11=1,161 
162 = 1 6 - 1 1 
IF I G A P K ( X G 2 , J . K ) . L T . ( - . 5 E - 1 0 ) ) fiO TO 230 
uO To 240 
EXCLuUE CALCULATION OF RAD WHERE TWO COOLANTS ARE ADJACENT AT THF 
LOW RAijXAL riOUNuARY OF THE INTERNAL COOLANT BLOCK. 
iF {uAPt<(XG2,J.K).LT.(-2.5E-10)) GO TO 290 
16L = Iu2 
IjO lo ^50 
CONl Il'lUE 
XF l,/ATi<GdG,J,K).EkJ.100.OR,MATR6(IG.J.K).EQ,300) GO TO 290 
IF (AL>S(T(I,J,K)-Td + 1,J,K)),LT.TDMIN) Go TO 260 
KAU = u.l7l3E-a*(RliBTHdGL, J, K)**1 - R B B T L ( I G . J, K) **1) / (REMHJ 
' XOL, J, K) + RE M L d G . J, K) - 1.0) 
HX •- C O N R d . J. K)*(T(I + 1. J, K ) - T d , J, K) + CONR {I + 1, J. 
• ) * K A U + K A T I O H ( I G , J, K)*DELRd)/RATIOKdG))/{Td • 1, J, K) - T d 
• , ̂ , K) - CONRd, J, K)*RAU*RATlOBd6, J, K)) 
GO lo 3U0 
wATKGdb, J, K) = 300 
viATKi,(XoL, J. K) = 300 
UO tVU iX=l,liJ| 
IF dGRdX),NE.XGL) 60 TO 270 
IPL = U 
bO lo ?(JO 
CbNl lI'lUc 
,<ECv.vEK PAIMMETLRS WHICH WERE EVALUATED FROM TEMPERATURES OF THE 
PREi,EEjiN6 ANJ PRLSERVEU IN THE REM-RBBT ARRAYS. 
CONL XS C0NR(IPL,J,K) 
C0NL=R£hLd6L,J.K) 
CONl I IS CONRdPL+l,J,K) 
CONn = RUUTLdGL, J, K) 
MX=CONII 

KK(XPL, J, K) = 1.Q/(C0NL*RLN(1PL) + HX*RATIOC(iGL)) 
HX = CouRd, J, K) 
KK(X, J, K) = 1.0/{CONRd + 1, J, K)/RATlOK(IG) + HX*RATIOC(IG)) 
IF ((..ATt<GdG,J,K) .NE,300) GO TQ 3IO 
lF(hOi«IE:>) GO TO 310 
IERKGK(I) = lERRoRd) + 1 
v.RXlE (b,100) ICoNu(l),NNITER.lCoND(2).lGL,ICOND{3).I6,ICOND(1). 

CONDl3flO 
COND1390 
CONDllOO 
CONDII1O 
C0ND11?0 
COMDI130 
C O N O m O 
CONDII5O 
CONDII6O 
C0NDII7O 
CONDllnO 
CONDII90 
CONDlSnO 
COND15IO 
CONDI5?0 
COND1530 
CONOI54O 
CONDi550 
COMD3 560 
COMD1570 
CONDlSoO 

KCOND1590 
CONDI6n0 
CONDJ61O 
COMOl6pO 
CONDI63O 
CO\'D1640 
CONDI65O 
CONOI66O 
COND3 670 
COND]6fl0 
COMD1690 
COtJD<7nO 
COND1710 
COrjDl7?0 

CONDI 710 

COtlDl740 
CONDI 71̂ 0 
CONDl7ft0 
C0MD1770 
CO^'D^7pO 
COND1790 
COr.DlBoO 
CONOiaiO 
COND18?0 

J.CON01830 
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c 

1IC0ND(13).K H*'.'!2̂ ?''° 
CE ************tL*****************************************************COHDl6'iO 

3l0 CONIINUE toNDlfl60 
C HAVL ALL POINTS IN THE COLUMN BEEN CONSIDERED ? -'YES.NO.- CON01870 

320 CONdNUL CONDlAflO 
C HAVE ALL COLUMNS IN THE PLANE BEEN CONSIDERED ? -'YES.NO.- CONDIB90 

330 CONIIUUL COND19nO 
C HAVL ALL PLANES BEEN CONSIDERED ? -'YES.NO.- CONDl9tO 

310 CONIXNUL • CONOlOpO 
CE ****^*************************************************************'^OHOi97,0 

C CALLuLATrTHrAVERAGrAXlAL'cONDuCTIVITIEs'i POINTS. " CONOl960 
Q =====—==S=========Z============================5====COND1970 
C C A L U ' L A T E THF AXIAL CONDUCTIVITIES IN EACH AXIAL PLANE. C O N O I 9 R O 

UO bMO jzi,jM coMDiggo 
Ufa ;: J G / { J ) SOND2000 

C -z==r=-'==========================================================^°^''°^°l° 
C C A L C U L A T E ' T H E ' A X I A L ' C O N U U C T I V I T I E S IN EACH RADIAL COLUMN IN THE COND20?0 
C PLAKE. ^°^'°^2^° 

[^e_^!^.f:!:i::-,-=,._-,==========,===============.=================?S!!SIS5S 
C CALCULATE THE AXIAL CONDUCTIVITIES IN THE COLUMN. COMD2060 

Q ijfu K-2,KM COND?070 
C jOEb'lHtL'GKXuLllME HAVE ANYwHERE A GAP OR A COOLANT ADJACENT TO Ij CONDSORO 
C .i- -...O.YES.- 0̂'̂ °!?''° 

c iLie^:::i^:2l4°4?J^L=========================.=================coNS2n2 
C Ib'ZllHLR " G A P OK A COOLANT ADJACENT TO THE GAPLINE AT THIS CONO?1?0 

C POIl.T ? -'NO.YEbt- Ŝ '̂ ^̂ l'̂ ? 
IF (GAPZ(JG.I.K).EQ.O.O) GO TO 3sO CONOpllO 

C IS rr A GAP OR A COOLANT WHICH is ADJACENT ? -.COOLANT,GAP'- COND2150 
IF (GAP/(JG,I,K).LT.O.O) GO TO 370 ___ _COND^l60 

CB CALCuLATE"THrAVERA6E"cONDuCTIVlTY"wITH A GAp"pRESENT " ' " C O N D S I R O 
Nl = MAlZb(JG, I, K) rffipnn 
TH = Z,mlH(Jt,, 1, K) • ^ 0 ^ 2 0 0 
Tu ^ ZU.TL(JG. 1. K) r^Mni'S 
FIR = RPd) COND22?0 
F U " 7H J COND2230 
FTT-TP(K) COIID2210 

C CALCULAIE THF LOCAL GAS CONDUCTIVITY, S^^^^^'^n 
CALL MAUATA r̂ P̂'̂ '̂̂ S 
uX = ZEMH(JG, I. K) + ZEMLCJG. I. K) - 1.0 ^^^^1'^°. 
CX = .1713C-A*(TH**2 + T B * * 2 ) * ( T H + TB)/BX COND22HO 

• XI - COu^d, J. K)*ZATIOB(JG, I, K) C 0 M D ? 2 9 0 
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Xii=l./((6K/GAP2(JGa.K)+CX)»ZATl0H(JG)) COND2 3 O O 
Xi = tOf.Zd, J + 1, K) * COND2310 

C pKCitRVL THt DATA REQUIRED FOR CALCULATING AXIAL GAP BOUNDARY C O N D ? 3 2 0 
C .Tt-MfLrtATUHES BY STOHING IT IN THE ZEM-7BBT LOCATIONS FOR THE COND?350 
C .CUHKtia (3APLI1ME, COND93(|0 

/tML.(J(,, i, K) = CoiM7(I» J, K) COND?3C;0 
/LMnfOO, I, K) = C0N71I. J + 1. K) COND2360 
^bblLlJu. I. K) = t,X C0ND?37a 
^bulh(JO. U K) = GK COND?3oO 
KiCd, J, K) = 1*/(<X1 + X2 + X3)/ZATI0K(JG)) COND2390 
^0 lu bbo comp^oo 

CE ^••+4**#**********************************************«***********CONO?'+?0 
C AKE lUf- COfJDUCTIvXTltS ON BOTH SIDES OF THE GRID PLANE IDENTICAL COK'D?'*-̂ 0 
C .? -.1.0,YEb.- Co^jnPluO 

3bO IF (C0IJ^( I ,J .K) .UL.C0NZ( I»J+1»K)) 60 TO 36O COND?'+>50 
C AbSi(..M UNt OF THEM «S THE AVERAGE CONDUCTIVITY COtiD^'tftO 

t^Hi, J, K) = 1.0/CONZ(I» Jr K) CONDP470 
oO 10 5'JO COND?tnO 

C CAL^iiLAlL THE AVERAGE CONDUCTIVITY WHEN NO SAP OR COOLANT IS CO*'D?'t90 
C pREbL.>J1 COrjD?=inO 

360 K^(l. J. K) = 1.0/(CONZ(I» J + 1. K) + (CONZd. J» K) - C0NZ(I, J COMD2''10 
• + 1» K ) ) * Z L N ( U ) ) CO-gD?5?0 
bO 10 5bO ^ COND-'BSO 

Cti CALtilLAlE THE AVEHAGE CONDUCTIVITY WITH A COOLANT ADJACENT COMD?5UO 
C lb lnt COOLAM ON THE HIGH INDEX SIDE OF THE GRID P L A N E ? - » N 0 , Y E S » - COMD?5SO 

370 il- ((.AK-^iJG.IfKJ.LT.t-l.bE-lO)) flO TO t*5o COND25ftO 
C CALi-uLAlE THf. AVEKAOE CONDUCTIVITY wITH A COOLANT ON THE HIGH COtjU?570 
C INULX SIDE. CONO?5nO 

i ixr z / ; L ( J ) - ZH(J) coNDr'590 
C LACLUDL CALCULATION OF RAD FOR EXTERNAL COOLANTS, COND?6oO 

11̂  (JG.LQ.NZG) 00 TO '•30 CO'!D?6lO 
C U N u FML. HIGH AXIAL BOUNDARY Op THE INTERNAL COOLANT BLOCK, CONO^ftpO 

JGI = JO + 1 COND?6^0 
LO oyO uJ=JGi»NZG COMD?6i*0 
It- (faAP/(JJ,I»K),LT.{-l,5E-lo>) r.O TO 380 C0ND?6«i0 
faU 10 ihO COND?6ftO 

C L̂ Ct.i,UE CALCULATION oF RAD WHERE TWO COOLANTS ARE ADJACENT AT COND?670 
C THE lllbh AXIAL bOUNDARY OF THE INTERNAL COOLANT BLOCK. COND?6RO 

3b0 IF loAP^(JJ,I.K).LT.(-2.5E-10)) f,0 TO U30 CO,jDr6g0 
jGH - JJ COND27n0 
GO 10 lOO COND?7i0 

3V0 COijlTUut Co^'D?7?0 
ttOO Ih lAUb(<itMH(JG.I»K)).GT..999E6,oR.ABS(ZEML(JGH»I»K)).GT..999E6) 6CorjD?7^0 

10 TO tlu COND?7uO 
• IF i„Ub(T(l»J»K)-T(l»J+l»K)),LT.TDMIN) GQ TO H20 CONO?7sO 
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mo 

H20 

mo 
••40 

HbO 

C 
C 

C 

c 

<^bO 

«*vo 

RAD = 0 . 1 7 1 3 E - 8 * ( Z 8 B T H ( J G » I» K)«*«f - ZBBTL{J6H» I » K) * *«» ) / (ZEMHf 
» JQt I . K) + ZEML(JGH» I» K) - 1 . 0 ) 

HX ;; COiJZd . J + 1 . K ) * ( T ( I . J» K> - T ( I , J • I r K) - R A D * C 0 N Z ( I , 
» J , n ) » u X T ) / ( T ( i , J , K) - T < I » J + 1» K) + RAD*CONZ(I» J * 1» K ) ) 

,viATto(JG. I . K) = 200 
N.AT^LbUoH. I , K > r 2 0 0 
60 10 liHO 
y.AT<:o(Jt>« I» K) = 100 
MATiCcCJtiHf I , K ) = 1 0 0 
60 10 î JO . 
^,ATtG^JU. I . K) = 300 
MATtG(J(,H» I , K ) = 3 0 0 
HX =. C o . j Z d . J + X, K ) 
K Z ( i , v J . K ) = [ ) E L Z ( J ) / ( C O N Z ( I » J » K ) * O X T + H X ) 
GO 10 bbU 
AKE IWO COOLANTb ADJACENT? - » N O , Y E S » -
IF (OMPi!(J(3»I»K),GT.(-2.5E-10)) GO TO I*60 
UO 1,01 ALLOW HEAT TRANSFER BETWEEN COOLANTS 
KZd, J. K) = l.OE-10 
GO lO 5i>0 
CALc.jLAlt THE AVERAGE CONDUCTIVITY wITH A COOLANT ON THE LOW 
INULX SlOE. 
UXI = /P(J + 1) - ZL(J> 
tXCuiUt CALCULATI0;J OF RAD FOR EXTERNAL COOLANTS, 
IF (JG.tQ.)) GO TO 530 
FiNb THt. LOW AXIAL HOUNDARY OF TKE INTERNAL COOLANT BLOCK. 
Jt>l = Jo - 1 
bO 4(i0 jJ=lijGl 
062 z Jo - Jj 
IF loAP/{Jo2.I»K).LT.(-.5E-10)) QO TO HlO 
tXCLuuL^CALCuLATION oF RAO WHERE TWO COOLANTS ARE ADJACENT AT 
I HE LOu AXIAL BOuNjARY OF THE INTERNAL COOLANT BLOCK. 
IF (oAP/?(JGii,i»K).LT.(-2.5E-10)) 60 TO 530 
JOL = Jo2 
(,0 lu "+90 

IbO 
tvo 

CON IXNut 
IF I ,AT/otJG,i,K).£u.l00.0R,MATZG(JGfI»K).EQ.300) 60 TO 530 

500 IF lAUS(Ta.J»K)-T(I,J+l»K)),LT.TDMIN) GO TO -.-
t<AD = 0.l7l3t-a*(iiBaTH<JGL, I» K)**4 - ZBBTL(J6» I» K) •*«»)/(ZEMH< 
• JGL, I, K) 4- ZEML(JGr Ir K> - 1,0) 

J. K)*(T(I. J + 1, K) - T<I, J, K) + CONZ(I» J + 1» 
+ Ir K) - T(I» J» K) - C0N7(I» J» K)*RAD) 

5u0 

HX = COuZdt 
» )'»KAD*UX1)/(T(I, J 
faU 10 btO 
•.,AT^U(JO. I. K) = 300 
N,ATtO(JbL. I, K) = 300 

coNoaTfiO 
T:OND2770 
COND27fl0 
COND2790 
CONlD28n0 
COND3810 
C0'j0?8?0 
COND-JSHO 
COND28u0 
COND2850 
CONO?860 
CoND?a70 
COND?8fl0 
COND2890 
COND?9oO 
COMD->9IO 
CONDr>920 
COND?930 
COMD?9ttO 
COND?9«50 
COND?9<iO 
00^0^970 
COND,'>9A0 
COMD''990 

CONDTOOO 
CONQ-^OlO 
COND.^0?0 
COND3030 
COMD30U0 
COt'D^OsO 
COfiD3060 
COfJD.•̂ 070 
CO'lDSOpO 
COND'»;090 
COND31n0 
CONDTllO 
CON0-«l?0 
COND3ll0 
COND3luO 
COND3150 
COND3160 

KCOND3170 
CON03ln0 
CO\'D3l90 
C0ND3200 
COND1210 
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DO blO JX=1»JM COND3220 
IF (JGZ(JX).NE.J6L) GO TO 510 * COND3230 
JPL = JX COMD3240 
GO lo 5i:0 COND-^PSO 

510 CONlXNUt COND32ft0 
C KtCOy/cR PAHAMETERS WHICH WERE EVALHATED FROM TEMPERATURES OF T H E COND-«270 
C pKLLLtDING ITERATION AND PRESERVED IN THE ZEM-ZBBT ARRAYS. CON0?2n0 
C CONL XS CONZ(X.JPL,K) COND3290 

5iiO CONL^ZLl'iLlJGLf I»K) • COMD33n0 
C CONM XS COMZ(X,JPL+l,K) C0ND33l0 

Co,.|r>.:/huTL(J(,LfXiK) CÔ !D'̂ 3?0 
IIX=LUNM COND?330 
uXfJ =(/L{JPL)-ZP(OPL) > COND33ijO 
K^(i,JPL,K)=,)cLZ(JPL)/(CONL*DXTP+HX) COND33';0 

5^0 HX i LOi-ilil, Jr K) COND33^0 
5**0 KZ(l.J,^)-(.lELZ(J)/(CONZ(I»J+l»K)*DXT+HX) CON07.370 

XF (I.,AT^G(JG,1»K).NE.300) GO TO 550 COND73RO 
IF(,>joMt;b) GO TO bbo C0Nn?3q0 
ILKKoKd) = lERKOKd) + 1 COMD3'+00 
>.HIli-. (iirlUO) lCONij(6),NNlTERdCoN0(7)»JGL,lC0ND(8)»JG,ICONo(9)»T»COhiD3'H0 

lILOui.dj) »K C O N D " + ? 0 
Ct •••••»• 4.********************************************«***********«*C0ND3'+30 

5b0 CONdHUi. CorjD.-'.'+tiO 
C e,AVL ALL POINTS IN THE COLUMN BEEN CONSIDERED ? -'YESrNOt- COrjD3'*'->0 

5oO CUNdHUE COt.lD3<*60 
C ,)AVu ALL COLUMNS 1N THE PLANE BEEN CONSIDERED ? -'YEStNOi- COMD?«t70 

570 CONdNUE COND3'+RO 

C HAVI. ALL PLANES B L E N CONSIDERED ? - • Y E S » N O I - COND«,t90 

5t>0 CONlIiMUt. COND"S5nO 
CL •••••••••••••*******ni*t****«**i**«***********«**«************#*****CoN035iO 

C CAL C U L A T E THE AVERAGE THETA CONDUCTIVITIES UETWEEN P O U I T S , " COMDI^SUO 

C CALCULATE THt THETA COfJDUCTlVXTlES IN EACH THETA PLANE, ' COND'«,560 
UO o<+0 K=lfKM COMD357O 
KO=K(,I(K) • COf)D35(iO 

C CALLULATL THE THETA CONDUCTlVITItIs IN EACH AXIAL COLUMN IN THE COND36nO 
C pLAuL. COND7610 

jO oJU X=2,lM COt!D.̂ 6?0 

C CALCULATE THE THETA CONDUCTIVITIES IN THE COLUMN, ~ ~ C0ND36u0 
bO b?0 J=2.JN COND?,650 

C uOEb Uiu to«I.)LlNt HAVE ANYWHERE A GAP OR A COOLANT ADJACENT TO IT CoriD36p.0 
C •,? -MJO»rtb»- C0ND3670 
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c 
Cb 

c 
c 

590 

c 
c 
c 

CE 
CE 
C 
C 

IF (K6,LQ.O) 60 TO 600 COND36flO 

l~LlTriZR"A"GAP"oR"A"cOOLANT"ADJACENT'TO~THi"GARlNE AT THIS " ' CON037oO 
POIM ? -'NO.YESf- S°̂ °̂37l0 
IF (GAPT(KGd»J).Eo,0.0) GO TO 6oO COND3720 
IS if A GAP OK A COOLANT WHICH Is ADJACENT ? -iCoOLANT.SAPt- C0ND3730 
IF (oAPi(Kj,I«J).LT.0.0) GO TO 6̂ 0 COND37(t0 

CALcuLATfc. THE AVEKAGE CONDUCTIVITY WITH A GAP PRESENT ' 
Nl z. MAdO(K(,. I , J) 
Th ^ Ti)uTM(Kf,» X, J) 
Tb - Tf'bTL(Kb» If J) 
FTR = K P d ) 
FIZ = 2P(J) 
HT=fP(K) 
uWit = t.APr{KG, I, J) 
UXHJ;;TAT10H(KG) 
CONVERT fartID AND DXHS FROM RADlAtvlS TO FEET FOR CYLINDRICAL 
OtOi.LTRY, 
IF dbHAPE.NE.O) GO TO 590 
OWXO = GWlO*RPd) 
DXH^=bXiiS*KP(I) 
CALCULATE THF LOCAL GAS CONDUCTIVITY. 
CALC MAUAT'\ 

rtMH(KG. I. J) + TEML(KG» I, J) - 1,0 
.1713E-H*<TH**2 + TU** 2 ) * ( T H + TB)/BX 
COUTd. J» K)*TATIOb(KG, I, J) 

,ID+CX)*DXHS) 
J» K + l) 
DATA REQUIRED 
bY STORING IT 

FOR CALCULATING 

IN THE TEM-TBBT 

THETA GAP 
LOCATIONS 

BOUNDARY 
FOR THE' 

600 

HX „ 
ex -
XI = 
X2=X./((GK/6v, 
X3 = CONTdf 
PREbtHVL T H E 
TLiMl-tKAIURE 
CURKUNT GAPLINE, 
lEMLlKG. I. J) = CONTd. J. K) 
|LMH(KG. 1, J) = CONTCIr Ji K + i ) 
TbblL(Kt,, Ir J) = bX 
TbblM(KGr I. »J) = 6K 
KTd,J,K)=l,/((Xl+X2+X3)/TATI0K(K6)) 

^^•••^•••••^•••••*****«*«********************#***»***«*****«*******COND'*060 
••••********»***»***************»*********************************CONDU070 
ARE IHE CONDUCTIVITIES ON BOTH SjDES OF THE GRID PLANE IDENTICAL COND(|0«0 
? -'tJOrYEb.- CONDU090 
IF icONT(irJ.i<),NE,CONT(I»J»K+i)) G O T O 6 1 0 CONDulOO 
ASSi^iN ONE OF THEM AS THE AVERAGE CONDUCTIVITY CONDUUO 
KTd. J, K) = 1,0/CONTdr J. K) COt;D'a20 
GO 10 fllO CONDi*i30 

COND37ftO 
COND3770 
COND37)?0 
COND3790 
COND-nSnO 
COND3«^lO 
COND38?0 
COND3830 
CoND38'tO 
COr'D'̂ HfiO 
CONO^SfeO 
CONU3fl70 
COND̂ flf̂ O 
COM03890 
COUO-'9oO 
COND'9tO 
COND?9?0 
COND3930 
COND39U0 
COND395O 
C0ND39f,0 
COND3970 
CON!D39RO 
COND3990 
CONDaOnO 
CONDuOiO 
COND<»0?0 
CONDUO3O 
COND^OMO 
CONDUO5O 

198 



C 
c 
610 

CU 

c 

c 

c 
c 

c 

c 

c 

bdO 

c 
c 

boQ 

6^0 
6bO 

660 

670 

btiO 
690 

CALCULATE THE AVERAGE CONDUCTIVITY WHEN NO GAP OR COOLANT IS . CONDulUO 
pH .t.ENT CONDulSO 
K d i . J. K) = l,0/(CONTd» J. K + 1) + (CONTd. J. K) - C0NT(1, j CONDUlfiO 
.,K+1))*TLN(K)) CONDtil70 
GO Fo 810 COMDUlaO 
CALCULATE THE AVERAGE CONDUCTIVITY WITH A COOLANT ADJACENT COND(+lqo 
b/i=uELT(K) CONDu2n0 
CONVERT UZ FROM R A Q I A N S TO FEET FOR CYLINDRICAL GEOMETRY, CONDtt2lO 
iFCiSMAPL.tQ.U) DZ=UZ*RP(I) ' CONDU2?0 
XS lilE COOLANT ON THE HIGH INDEX SIDE OF THE G R I D P L A N E ? - . N 0 , Y E S » - CONOtt2lO 
IK IGAPI {KGd»J),LT.(-1.5E-10)) fiO TO 700 COl>lDH2uO 
CALCULATE THE AVEKAGE CONDUCTIVITY WITH A COOLANT ON T H E HIGH COND'42B0 
INULX SlL/E. COrjDa260 
uXT-rL(K)-TP(K) COND4270 
CONVLKT uXT FROM RADIANS TO FEET FOR CYLINDRICAL GEOMETRY, COND4?n0 
XKXSHAPE,LU.0) DXT=[iXT*RP(I) CONDU290 
tXCLiiUL CALCULATION OF RAD FOR ExTERNAL COOLANTS, CONDU3nO 
I K M ^ . E W . N I G ) G O To f.80 CONDU3lO 
FXNc IHL H I O H T H E T A hOUNDARY Op THE INTERNAL C O O L A N T B L O C K , CONO'*3?0 
Kbl=KO+l CONDi+330 
bO 04U NK-KGlrNTG COK'OnSnO 
IF (OAPdKK»IrJ).LT.(-I.5E-lo)) fiOT0 630 CONO(*3r,0 
00 10 640 COND'*360 
tXCUiuE CALCULATION oF RAD WHERE TwO COOLANTS A R E ADJACENT AT CONDa370 
iHE HlOh IHETA bOUNUARY OF THE INTERNAL COOLANT BLOCK, COND'iJoO 
IF (t,APf (KKf IrJ),LT,(-2,5E-10)) sO TO 680 COflO'i390 
K G H ^ K K CONDl^tnO 
OO lo f>bO CONDijtIlO 
CONllUUL COM04'+?0 
if- (AdS{Ttiv!H(K6rI»J)).GT..999E6,0R.ABS(TEML(K6H»I.J))..sT..999E6) GCONDu'+30 

10 Tu 66U COflD'ttHiO 
XF (Abb(T<IrJ»K)-Td,J,K•^l)),LT,TDMIN) Go TO 670 CoNO/ttSO 
RAD = 0.l7l3E-»*(TbUTH(KG» Ir J) **H - T 8 B T L { K 6 H » Ir J) **«t)/(TEMH| CONDif'̂ ftO 
• KGr Xr j) + TEMUKGHr I» J) - 1.0) COND«*'*70 
HX i COMTdr Jr K + l)*(T(Ir Jr K ) - T{I, Jr K •̂  1) - R A D * C 0 N T { I , CÔ .'D'̂ '4pO 
• Jr K)*uXl)/(fdr Jr K) - T(Ir J, K + l) + RAD*CONTdr Jr K + D ) CO'jDU'+qO 
MATlG(Kbr Ir J) = 200 • COMD'ISOO 
f.,ATlfa(KoHr I, J) = 200 COMDU'SlO 
GO lu 6'>0 COMDi*5;>0 
i>",ATlu(KGr Ir J) = lUO CONDi|530 
iv,AT1b(KGHr I, J) = 100 COf.'DUS^O 
GO 10 ohO CONOitSsO 
MA(|(,(Kbr Ir J) = 300 CorJDu560 
l.,ATlu(KoHr 1, J) = 300 C O N D I 5 7 0 
HA. = COuTdr Jr K + l) COrjOdSqO 
K T I X , J. K) = DZ/(CONTd» Jr K ) * D X T + HX) CONDi^SgO 
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700 

710 

7̂ 0 

7i0 
7'+0 

60 10 ftlO 
ARE TWO COOLANTS ADJACENT? -iNOiYESt-
IF CGAPT(KGrI»J).6T,(-2,5E-10)) G O TO 710 
DO NOT ALLOW HEAT TRANSFER BETWEEN COOLANTS 
KTCl, Jr K) = l.OE-10 
GO To 010 
CALCULATE THE AVERAGE CONDUCTIVITY WiTH A COOLANT ON T H E LOW 
INDC.X SXDL. 
U X T = T P ( K + 1 ) - T L ( K ) ' 
COiJVLRT DXT F K O H R A O I A N S T O F E E T F Q R CYLINDRICAL G E O M E T R Y . 
IF(XSHAP£.EO,0) DXT=uXT*RPd) 
LXCuiiUL CALCtJLATION OF RAD FOR EXTERNAL COOLANTS. 
I K N O . L W . I ) «0 10 790 
f-X.Ju tHt LOW fHETA bOUNDARY OF THE INTERNAL COOLANT BLOCK. 
|'.Gl-:Kb-l 
DO 7jU KK=lrKGl 
IF (t.APT(K62rI»J).LT,(-.5E-10)) fiO TO 72o 
GO 10 730 „ „ 
cXCLiiUE CALCULATION oF RAD WHERE TWO COOLANTS ARE ADJACENT AT 
THE cOft THETA BOUNQARY OF THE INTERNAL COOLANT BLOCK, 
IF l(,APT(KG^.lrJ).LT.(-2,5E-10)) GO TO 790 
KGLiKb^ 
to 10 7HO 
CON I XNut. 
IF iMATlb{K6,irJ).£Q.100.OR.MATTG(KGfI.vJ).EO.300) GO TO 790 
XF {AbS{TdrJ»K)-T{IrJ»K+l)).LT.TDMIN) GO TO 750 
UAD = 0.l713E-fl*{TbHTH(KGL, Ir J)**<+ - TBBTL(K6» I* J)**»»)/(TEMHf 
» K6L, Ir J) + TEML(KGr Ir J) - 1.0) HX COuTdr J. K)*(Tdr vJ, K 

.iQ*nXr)/fTd. J, K + X) -
+ l) 
T(I» 

- T d r J, K) • CONT(Ir Jr K 
Jr K> - CONTdr Jr K ) * R A D ) 

7bO 

C 
C 
c 

7fa0 

770 

• )*KAD*bXr)/(Tdr 
bO lo OOO 
MATlbCKbr Ir J) = 3U0 
MATlG(KbLr I, J) = 300 
bO ?60 K X = 1 » K M 
XF lKbriKX),NE,KGL) GO TO 760 
KPLiKX 
GO 10 77U 

KECOVLR''PAKA,V,C:TLRS W H I C H W E R E EVALUATED FROM TEMPERATURES OF THE 
PRECLtOXNG ITERATION AND PRESERVED IN THE T E M - T B B T ARRAYS. 
CONL IS CO,jT(IrJ»KPL) 
CONL=lEiiL{KGL»l»J) 
CONri IS CONTd rJrKpL+l> 
CONh = TbbTLtKGLr Ir J) 
HXsCoNH 

CONO(>6OO 
CONDu6lO 

'CONDi*6?0 
CONDa630 
CONDi46a0 
CONDU6S0 
CONDa6f,0 
C O N O ( * 6 7 0 
CONDii6nO 
COND't690 
C O M D I + 7 0 0 
COND^7lO 
CONDi»7?0 
COMOt*730 
COND'+7nO 
CONDii750 
CoND(»7fiO 
CONDU770 
CONO«7nO 
CONDH790 
CONDU800 
CONDU810 
COND<*8?0 
CO^lDt^830 
COfjD!|8t»0 
COND4fl50 
CONDHSftO 
CON0U870 
CONDHBr^O 

ICONDnSqO 
COND)t900 
COND'*9lO 
COriD<4920 
COND(i9-^0 
COND<*9UO 
C 0 ' > J 0 ' ; 9 S 0 
C O M D I J 9 6 0 
CONDii970 
CONDu9nO 
CONDa9pO 
CONDsOoO 
CONDSOlO 
CONO5O2O 
COMD5O3O 
COfjDSOuO 
COND5050 
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DZPsriELT(KPL) COND'5060 
uXTP= TL(KPL)-TP(KPL) . COND5070 
CONVERT O/P AND DXTP FROM RADIANS TO FEET FoR CYLINDRICAL COrvDSOnO 
GEOWLTKY. COND5090 
IF dbHAPE.NE.O) GO TO 780 COND'-.lnO 
UZP-u/:P*KPd) COND5110 
UXTP=DX1P*RP(I) COND5l?0 

780 l<T(i,J,KPL)=bZP/(CONL*DXTP+HX) COND5130 
790 MX = COiUd, J. K) • CONDsUO 
800 KTd, J, K) = D^/(CONTdr J» K + 1)*DXT + HX) CONDSIBO 

IF (r.iATTG{KG,IrJ).N£,300) GO TQ «10 COUDSlftO 
lF(t<0MEb) GO TO alQ COND5170 
ILHriOKd) = lERKORd) ••• 1 CONDslnO 
WRITL (urlOO) ICONodO)rNNlTER,IcONO(ll)fJGL.ICOND(l2).JG»lCOND(q)CONDsl90 
IrXrXCONuC+J.J COND52nO 
****»«++**********«*************»**********»**********************COND'52lO 

810 CONIXNUt COND52?0 
HAVL ALL POINTS IN THE COLUMN BEEN CONSIDERED ? -'YESrNOt- CONDS230 

8iiO CONIINUE COND5240 
HAVL ALL COLUMNS IN THE PLANE BEEN CONSIDERED ? -'YES.NOf- COND'52sO 

830 C0Ndl4Ut CONOh260 
MAVc ALL PLANES btEN CONSIDERED ? -tYESrNOi- COND6270 

840 CONlXNJc COND'=;2f\0 
*••**»•***•**#****************************************************CONDS290 
RLTUkN " COND5310 
tNU COND53?0 
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SUBROUTINE S T E P { S » N 0 T E S T ) STEP lO 
INCLUDE COMDlM _ _ _ 6TEP gO 

CB C A L C U L A T E ' T H E NEW T E M P E R A T U R E S AFTER ONE TiMESTEp " STEP ^0 
C=======r^=r============================================================STEP 50 

LOGiCAL NOTEST STEP 70 
biMLNblON X ( MQ)rY ( MQ^ _ STEP wO 

C/ p£RhoRM'A~KAuIAC"iEr"0F~iTERATI0NS " ' " " STEP loO 
bO i? J= 2rJiv( STEP n o 
UO d K= 2,KM _ STEP 120 

1=2 STEP It+O 
Cl=Kr<d-lrJrK)tKRd-l»JrK) STEP 150 
C7=KCPdrJrK)/DT STEP IfeO 
C2=h,<drJ»K)*KRd»JrK)/2.0 STEP 170 
E.=-C7 STEP IAO 
Xd)=C2/E STEP 190 
YdJ-(-(C7*T(l»J,K)+Cl*(T(I-lfJ.K)-T{I.JrK) 1+C2* STEP 200 

X(ld+l,J,K)-Td.J»K)-T(IrJrK))+R7(I»J-l»K)*KZ<I»J-l»K)«(T(I.J-l»K)STEP 2lO 
X^Td,J,K))+RZd»J»K)*KZd»J»K)*(T(I'J+l»K)-T(I.-J»K))-t-RT(I»J»K-l) STEP 2?0 
X*KTdrJrK-l)*(Td.JrK-l)-T(IrJrK))•^RT(I»J^K)«KT(I»J»K)*(T(I»J»K+l)STEP 230 
X-T(i,J,K))+WdrJrK)) )/E STrP240 

C=======::===============================================================STEP 250 
bO 10 I = 3 d M l STEP 260 
Cl--M<d-l»J.K)*KR(I-lfJrK)/2,0 STEP 270 
C7=KCPd.JrK)/DT STFP ?P0 
C^=Kk(XrJ»K)*KR(IrJrK)/2.0 STEP 290 
E=-C7-Cl*X(I-l) STEP 300 
Xd)=C;./E STEP 310 
Yd)=<-(C7*T{I.J.K)+Cl*(T(I-l»jrK)-T(I»JiK)-T(I»J»K))+C2* STEP 3?0 

X(l(i + lrJrK)-Td.J»K)-T(I»J.K))+R7(I»J-l»K)*KZd»J-l»K)*(T(I,J-l»K>ST':P 330 
X-T{X,J,K))+RZdrJ»K)*KZd»JrK)*(T(I»0+l»K)-TdrJrK))+RT<IrJrK-l) STEP 3(40 
X*KTdrJ,K-l)*(T(I.J,K-l)-T(IrJ»K))+RT(IrJ.K>*KT(lrJrK)*(T{I.J»K-^l)STFP 3s0 
X-T(i,d,K))+W(l»JrK))-Cl*Yd-l))/E STfP 3ft0 

10 CONlXHUu STEP 370 
Cs=======-==============================================================ST£P 3«̂ 0 

X= XM S T E P 390 
Cl=KKd-l»JrK)*KR(I-l»J»K)/2,0 STEP HoO 
C7=i<CH(IrJrK)/DT STEP '•tO 
C<i=KKd,J»K)*KR(IrJrK) STEP l̂ 90 
E=-C7-Cl*Xd-l) STEP '+30 
Xd)=0.0 STEP ti+O 
Y d ) = (-(C7*T(lrJ.K)+Cl«(T(I-l»J,K)-T(IrJ,K)-Td»JrK))+C2* STEP ^'iO 
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X(Td+lrJ.K)-T(l.J»K) )+R7(I r J - 1 » K ) * K Z { I»J-1»K) *{T< 11J-1 rK)STEP "̂ feO 
X,.Td.J»K))+R7d.J»K)*KZ(lfJ»K)*{Td»J+l'K)-T(IrJ.K))+RT<IrJrK-l») STEP «»70 
X*KTdrJ,K-l)*(TdrJ,K-l)-T(IrJfK))+RTdrJrK)*KT(I»J»K)*(T(IrJ»K+l)STFP tpO 
X-rd,J.K))•^W(IrJrK))-Cl*Yd-^))/E STEP ••90 

C========-==============================================================STEP 500 
lb Tld,JrK)=Yd)-X(X)*TT(I + lrJ.K) STEP 5lO 

1=1-1 STEP 5?0 
XF IX.Gl.l) GO TO lb _ _ STEP 530 

11 CONIXi^UL , STEP 550 
12 CONdNUL STEP 560 

CE »*******»***«4'****»***********************************************STEP 570 
C=======================================================================STEP 5nO 
C/ pLKt-uKM A AXIAL SET OF ITERATIONS STEP 5o0 

UO ^,>. 1= 2. If/ STEP 600 
uO .1 K= 2.KM STEP 6lO 

C========:J========================================================='====STEP 620 

uO <;0 J=2»JM STEP 63O 
Ci=K/drJ-l»K)*KZdrJ-l»K) STEP GuO 
XF (J .LU. 2) C3 = 0.0 STEP 6r,0 
C7=HCPdrJ.K)/0T*2.0 STEP 660 
C4=ls/d,JrK)*KZdtJrK) STFP 670 
IF iJ .LQ. J,v,) C(4 = 0.0 STEP 6RO 
E=-C7-Cj*A(J-l) STEP 690 
X(J)=C.)/E STEP 7n0 
Y(J)=(-c7*TT(IrJ,K)+C3*T(IrJ-l.K)*C«»*T<I,J+l,K)-C3*Y(J-l))/E STEP 7i0 

20 CONdi<lUE STEP 7?0 
------ ,- - - - - ^^^^ ^^^ 

,;5 TT(i,J,R)=Y(j)-X(J)*TT<IfJ+lrK) STEP 750 
j=J-l STEP 760 
IF CJ.GT.X) G O TO 25 STEP 770 

C=======================================================================STEP 7fl0 
21 CONIIWUC STEP 790 
ii2 CuNlXNUL STEP 80O 

CE STEP 810 
C==================================================================*-====STEP B?0 
C/ PLRhoKM A THETA SET OF ITERATIONS STEP 83O 

UO i^ 1= 2rl.vi STEP 8<t0 
00 ^1 J= 2,JM STEP 850 

C=======================================================================STEP 860 
DO iO K=2.KM , STEP 87O 
Cb=HT(I.J»K-l)*KT(I,J»K-l) STEP 6nO 
IF (K .L(.. 2) Cb = 0,0 STEP 890 
C7=KCPdrJ.K)/DT*2,0 STEP 9nO 

• Cb=KTd.J»K)*KTd»JrK) STEP 9iO 
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IF (K ,EQ. KM) C 6 = 0.0 STEP 920 
E=-C7-Cb«X(K-l) STEP 930 
X ( K ) = C 6 / E S T E P 9i»0 
Y(K)=(-C7*TT(IrJ.K)+C5*T(IrJ.K.l)+C6*T(I,J.K+l)-C5*Y(K-l))/E STEP 950 

iO CON IINUt STEP 960 

K= KM STEP 9;\0 
Jb TdrJ»K)=Y{K)-X(K)»T(IrJ»K+l) STEP 990 

K=K-1 STEP,0n0 
IF CK.GT.l) GO TO 35 STEPlOiO 

Ol COiMl ilJuh ~ STEP1030 
J2 CONdNUu STEPiOnO 

CE •••••••••***»*********«*******»***#**********»********«***i|i*******STEP1050 
XF(,ijOT.SWdn).0R.N0TEST) GO TO sO STEP1060 
bO HO I=2dM STEP1070 
bO 'Ml Ji2rJM STEPlOnO 
ub Hu K=2»KM STFPlOgO 
XF(MX,JrK),uT,0.0,oR.T(I»J»K),GT.1.0E6) RETURN 1 STEPllOO 

t*0 CONIXNUt. STEPlllO 
&0 KETUKN S T E P H ? 0 

tiMb STEPlluO 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

SUBROUTINE COOL 
INCLUDE COMDiM 

CALCULATL THE COOLANT TEMPERATURES " 

ERRCK MESSAGES 
COOLl r C00L2 r C0OL3 

THtRE IS A PROGRAM LIMITATION WHICH MAY BE ENCOUNTERED 
WHEN CALCULATING COOLANT TEMPERATURES IN THE PRESENCE 
OF RADIATION BETWEEN cOOLANT BLOCK BOUNDARIES, IT 
ARISES ^HEN A COOLANT POINT AND AN ADJACENT MATERIAL 
POINT APPROACH THE SAME TEMPERATURE, THESE rESSAGES 
IrjJlCATE THAT THIS LlwlTATlON HAS BEEN ENCOUNTERED 
AND CIRCUMVENTED DY ASSIGNING ZERO COQLANT HEAT 
TRANSFER AT THE LEVEL INDICATED, BY USING A SMALLER 
TIME STEP,THIS DiFFICuLTY CAN USUALLY BE ELIMINATED. 

COOLl HEAT TRANSFER WITHIN A RADIAL FLOW COOLANT IS 
ZERO IN BLOCK L AT RADIAL POINT LEVEL I, 

C00L2 HEAT TRANSFER WITHIN AN AXIAL FLOW COOLANT iS 
ZERO IN BLOCK L AT AXIAL POINT LEVEI J, 

C00L3 . HEAT TRANSFER WITHIN A THETA FLOW COOLANT IS 
ZERO IN BLOCK L AT THETA POINT LEVEL K, 

LOGICAL 
DIMENSION 

ANTXr 
TC(hb), 

NOMEbr 
IC00L(6) 

IFP, IRAO» IXRAO 

()ATA(XCuOLd)rI = lrb) / IHl, XH2r luSr 3H I = ,3H J=,3H K= / 
100 FOF<t>,ATd(tH ERROR AT C00LrAl,l7H oN ITERATION N0.rl4r6H 

^lith^,l^) 

+ 1 

AT L: 

iMNlltK = NXTER 
NOMLb=.FALSE. 
1F(,N0T.SW(1U)) GO TO 105 
l K c b l . L T , l , o ) NOMES=.TRUE, 

105 I F C H R S d NOrtES=.TRUE, 

CALCULATE THt COOLANT TEMPERATURES IN E A C H ' S L O C K T ' 
bO o(,0 LslrLiviAX 
Xb XT A COOLANT BLOCK ? -'NOrYES,-
IF 1,V,U(L) .GE.O) GO TO 6bO 
N = - ,Mb(L) 
TIN = TX(N) 
OtFXuE THE CORNERS OF THE COOLANT BLOCK 

10 
20 
30 
<*0 
50 
60 
70 
no 
90 

COOL 
COOL 
:COOL 
COOL 
:COOL 
COOL 
COOL 
COOL 
COOL 
COOL InO 
COOL 110 
COOL 1?0 
COOL 130 
COOL luO 
COOL 150 
COOL l60 
COOL 170 
COOL IqO 
COOL 190 
COOL 2n0 
CocL 210 
COOL 2?0 
COOL 2̂ 0 
:C00L ?(+0 
COOL 2«50 
COOL 260 
:COOL 270 
COOL 2PO 
COOL 290 
COOL 3n0 
:COOL 3l0 
:C00L 320 
COOL 330 
COOL 3140 

COOL 3s0 
COOL 360 
COOL 370 
:C00L 3fl0 
COOL 390 
COOL «toO 
COOL tio 
COOL t20 
COOL <t30 
COOL HHO 
COOL tsO 
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c 
c 
c 
c 

c 
c 
c 

c 
c 

ILS = IL(L) 
jLS = JL(L) 
KLS=KL(L) 
XHS i IH(L) 
JHS = JH(L) 

hlNb'^THE HIGH BOUNDING GAPLINES OF THE COOLANT BLOCK. 
XF IxHb.EU.lMAX) 60 TO 110 
IfaHb = XOKdHS) 
00 10 1^0 , 

110 IGHb = NRb 
120 IF iJHS.Ey.jMAX) 60 TO 130 

JbHb = JbZ(JHb) 
GO To li+O 

130 jGHb - UZb 
140 XF IKHS.EQ.K.,AX) GO TO 150 

Kvjtib=KbT(KHS) 
GO 10 lt.0 

IbO KbHb=NTG 
UETLKHINE THE DIRECTION OF COOLANT FLOW -•RADlAL»AXlALrTHETA«-

IbO ANTX = .FALSE. 
lFdi>AThlN).LT.O) ANTIS.TRUE. 
1 = XAHb(lPATH(N)) 
GO 10 (1+90, 170 r 330 ) r I 
CALcuLAirTtir'AXlAL'cOOLANrTEMPfRATURE^ _'_ 

AbblblT'THE'lNLET TEMPERATURE 
170 TL(wLb)=TXN 

IF(,.,JI) TC(JHS)=TIN 
CALcuLAlE THt COOLANT TLMPERATURES ALONG THE FLOw DIRECTION. 
jO w«iU ul=JLS»JHS 
J=Ji 
iF(AijTl) J=JHS+JLS-J 
SU IKA = 0.0 
SUM^AT =0,0 
IFP = .FALSE. 
IXHAu = .FALSt, , ^ 
CALCULATE THE HLAT TRANSFER A C R O S S THE CoOLANT BOUNDARIES AT THE 
CUKKENT AXIAL LEVEL. . . . . . 
SUM THE HLAT TRANSFER ACROSS THE RADIAL BOUNDARIES OF THE COOLANJ 
UO 190 K=KLS,KHS 
Xb li,E COOLANT ADJACENT TO THE OijTSIDE ON THE LOW INDEX 

,Slbt? -lYEbrNOi-
IF dLS.Lt..2) GO To 180 
bUM THE HtAT TRANSFER ACROSS THE LOW RADlAL BOUNDARY, 

COOL <*60 
COOL *t70 
COOL IRO 
COOL U90 
COOL 500 
COOL 5lO 
COOL 5?0 
COOL 530 
COOL 5(»0 
COOL S-iO 
COOL 560 
COOL 570 

COOL 5R0 
COOL 590 
COOL 600 
COOL 610 
COOL 6?0 
COOL 630 
COOL 640 
COOL 65O 
COOL 660 
COOL 670 
COOL 6«̂ 0 
COOL 690 
SCOOL 7n0 
COOL 7x0 
:COOL 7?0 
COOL 730 
COOL 7140 
TOOL 7«;0 
COOL 760 
COOL 770 
CoOL 7flO 
COOL 790 
COOL 800 
COOL sio 
COOL 8?0 
COOL 830 
COOL 81*0 
COOL 8S0 

.COOL 860 
COOL 870 
COOL 8fl0 
COOL 8g0 
COOL 9oO 
COOL 910 
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I = ILS - 1 COOL 920 
iRAu = .FALSE. COOL 930 
lF(MATRG(lGHS»JrK),EG.200) IRAD=,TRUE, COOL9t40 
iFdKAD) IXRAa=.TRu£, COOL 9̂ 0 
X = KRdr Jr K)*KRdr J» K) COOL 960 
SUMKAT = SUMKAT + X*T(I» J» K) COOL 970 
SUMKA = SUMKA + X COOL 9flO 
IKXRAD) CALL RANGEdFPrT(IrJiK),THIrTLO) COOL 990 

C lb iHt. COOLANT ADJACENT TO THE OuTSIDE ON THE HIGH INDEX CoOL,OoO 
C .SiDL -.YEb.NO'-i COOLlOlO 

laO IF dHS.GE.Ii.,) GO TO 190 COOLlOpO 
C bUM THE HLAT TRANSFER ACROSS THE HIGH RADIAL BOUNDARY, COOLIO3O 

I = IMS COOLIO14O 
IRAb = .FALSE. COOLlOSO 
XF(,.,ATR&(IeHS»JrK).EQ.200) IRAD=.TRUE, COOL1O6O 
IFdHAb) XXRAUs.TRUE, COOLIO7O 
X = HRdr Jr K)*KKdr Jr K) COOLlOnO 
bUMKAf = SUMKAT + X*T(I + 1» Ji K) COOL1O9O 
SU-1KA = SUviKA + X COOLdOO 
XFdKAu) CALL RANbE(lFPrT(I + lrJrK)»THlrTLO) COOLIHO 

C HAS THE HEAT TRANbFLR THROUGH ALL RADIAL POINTS BEEN COOLII2O 
C .CALCULATED? -'YLSfNOt- C0OLII3O 
190 CONIINUL COOLlluO 

C bUi'l IKE HEAT TRANSFER ACROSS THE THETA BOUNDARIES OF THE COOLANT. COOL1I5O 
uO c:l0 i = lLS,IHS COOLd60 

c IS THE COOLANT ADJACENT TO THE OUTSIDE ON THE LOW INDEX C00L1170 
C .SlDu? -tYESrNOi- COOLllnO 

IF iKLb.LE.2) GO TO 200 COOHI9O 
C SUM THE HEAT TRANSFER ACROSS THE LOW THETA BOUNDARY. COOH200 

K=KLb-l C0OL121O 
XRAU = .FALSE. C0OL122O 
lF(,.,ArTb(KGriSiI»J).£Q.200) IRAD=.TRUE. COOL1230 
IKARAU) XXRAD=.TRUE. COOL12U0 
X = Kldr Jr K)*KTdr Jr K) COOL125O 
SUf1K,a = SUMKAT + X*T(Ir Jr K) COOH260 
bUî KA = SUMKA + X COOLI27O 
XF(i.<AO) CALL RAN6EdFPrTdrJ»K),THI»TL0) . COOL12fiO 

C XS IHL COOLANT ADJACENT TO THE OtjTSIDE ON THE HIGH INDEX COOL1290 
C .blDt? -lYLbrNOf- COOLi3oO 

200 If- (KHS.GE.KM) GO TO 210 CoOLj3lO 
C SUM THE HEAT TRANSFER ACROSS THE HIGH THETA BOUNDARY, COOLl3?0 

K=KhS COOL1330 
IRAb = .FALSE. COOH3(»0 
IF(l-.ATTb(t<.bHSdrJ) ,tQ.2O0) IRAD=,TRUE, COOLISRO 
iFdHAD) XXRAD=,TRUE, CO0L1360 

• X = RTd, Jr K)*KTdr Jr K) COOL1370 

207 



c 
C 

C 
C 

210 

C 

C 

C 
C 

220 

230 

240 
2bO 

SUMKAT = SUMKAT + X*T(Ir <J| K • l) 
SUMKA = SUMKA + X 
IFdKAD) CALL RAN6E(lFPrT{IrJiK+l)»THlrTL0) 
HAS THE HEAT TRANSFER THROUGH ALL THETA POINTS BEEN 
CALCULATED ? -lYES.NO'-
CONIINUE 
CALCULATE THE COOLANT TEMPERATURES FOR THE CURRENT AXIAL 
INCKLMENT. 
IACP = FLOW(N)*RCpC(Nr J) 
tX = bUMKA/WCP I 
lb IHL KAUIATION EFFECT UPON THE HFAT TRANSFER COEFFICIENT TOO 
.LARbL? -tNOrYtSi-
IF (EX.GT.-3O.) GO TO 220 
bO lo 270 
CALCULATE THE OUTLET COOLANT TEMPERATURE FOR THE AXlAL INCREMENT. 
X = TC(U)*EXPO * SUMKAT/SUMKA*(1.0 - EXPO) 
CALCULAlC THE AVERAGE COOLANT TEMPERATURE FOR THE AXIAL INCREMENT 
TArf = (b>UM̂ Ar - ,̂ Cp*(X - TC (J) > )/SUMKA 
bOL;̂  TMi. MEAN TEMPEKATUKE FALL BETWEEN THE INLET AND EXIT 
Ttl/,^tRATUKLS ? 
IF nC(j).GT.X) GO TO 2t0 
iF (TAV.GE.TC(J).AND.TAV.LE.X) GO TO 260 

oO 10 ?bO 
XF lfAV.Gt..X.AND.TAV.LE.TC(J)) 60 TO 260 
TAV = (TC(J) + X)*0.5 
..OE^ THt EXIT TEMPERATURE FALL wiTHIN THE LIMITS IMPOSED 

2b0 

270 

2b0 

290 

300 

XNLui TL.IPEKATUKE AND THE ADJACENT MATERIAL TEMPERATURES 
XF (.Hor.IXRAU) GO TO 280 
IFdC(J).GT.Tril) THI=rC(J) 
IF{(C(J).LT.TLO) TLO=TC(J) 
IF (X.LC.THI.AND.X.GE.TLO) 60 TO 280 

X = 1L(J) 
lAV = TC<J) 
IF(iMOMEb) GO TO 280 
I £ R K U K ( 1 ) = iLRROR( l ) + 1 
viHUL ( b . l O O ) I C 0 0 L ( ? ) r N N l T E R r L d C 0 0 L ( 5 ) i J 
IF i;,NTX) GO TO ? 9 o 
T t ( w + X ) = X 
GO To 3u0 
r C { u - i ) = x 
KtCuHu I HE COOLANT TEMPERATURE THROUGHOUT THE CURRENT 

AXIAL INCREMENT. 
00 JXO I=lLS,IHb 
bO OIU K=KLS,KHb 
Tdr Jr K) = TAV 

BY 
? 

THE 

COOLl3fl0 
COOL1390 
COOLl«*00 
COOLl'tlO 
COOLl'»20 
COOL1430 
COOL1440 
COOLl'+sO 
COOLlUfiO 
COOH'+70 
COOLlt^nO 
COOLitgO 
COoLtSoO 
COOH510 
COOL15?0 
COOLl530 
COOLl5u0 
.COOLl5«sO 
COOL1560 
COOLl570 
COOLl5nO 
COOL1590 
COOL16nO 
COOLl6tO 
COOL16?0 
COOLl63O 
COOLl 614O 
COOL16'50 
C0OL166O 
COOL]670 
COOL16n0 
COOL16qO 
COOLl7oO 
COOLl7iO 
COOL17?0 
COOL1730 
COOLl7u0 
COCLl7s0 
COOL1760 
COOL1770 
COOLl7flO 
COOL1790 
COOLI80O 
COOL181O 
COOL182O 
COOLl830 
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310 

3<.0 

C 
c 
c 
c 

CONIXNUt 
HAVL ALL AXIAL LEVELS BECN CALCULATED ? -'YESrNOi-
CONIXNUc. 
Abbiuol THE COOLANT OUTLET TEMPERATURE. 
T0(,J) = X 
00 10 bbO 
CALCULATE"THE THETA~C00LANT TEMPERATURsi, 

AbbXuN irit INLEI TEMPERATURE 
3J0 TC(,xLb)=TXN 

IKoNd) TC(KHS) = riN 
C CALCuLAlt THE COOLANT TtMPERATiiRtS ALONG THE FLOW DIRECTION, 

bb MhO M=KLSfKHS 

IF(„NTI) K=KHS+KLS-K 
bU|.lK« = O.U 
SUMKAT =0.0 
IFP = .FALSE. 
XXRAU = .FALSE, 

C CALCULATE THt HtAT TRANSFER ACROSS THE COOLANT BOUNDARIES 
C AT IHE CURHENT THETA LEVEL, 
C bUM rUE HtAT TRANSFER ACROSS THE RADIAL BOUNDARIES OF THE 

bO ^sU J=JLb,JHb 
C XS THE COOLANT ADJACENT TO THE OUTSIDE ON THE LOW INDEX 
C ,SlUL? -•YESrNOt-

IF IXLS.LE,2) GO TO 340 
C SUM IHt HtAT TRANSFER ACROSS THE LOW RADIAL BOUNDARY, 

I = ILS - 1 
iRAu = .FALSE. 
IK,'iATRGdGHS»JrK),EQ,200) lRAu=,TRUE, 
iFdKAO) IXRAU=.TRU£, 
X = KRdr Jr K)*KRdr Jr K) 
SU.JIKAT = SUMKAT + X*T(Ir Jr K) 
SUMKA = SUMKA + X 
IFdKAD) CALL RAN6EdFPrT(I,J»K),THl»TL0) 

C IS IHE COOLANT ADJACENT TO THE OuTSIDE ON THE HIGH INDEX 
C blUL ? -lYEbrNOi-
340 IF dHS.GL.1,,0 GO TO 350 

C SUM THE HEAT TRANSFER ACROSS THE HIGH RADIAL BOUNDARY, 
1 = IHS 
IRAb = .FALSE, 
XF{i>iATHGdGHSrJ»K).EQ.200) I R A D = , T R U E , 
I FdRAo) XXRAU=,TRUE. 
X = K K d r Jr K ) * K R d r J» K) 

• SUMKAT = SUMKAT + X«T(I + 1» J i K ) 

COOL1840 
COOL18S0 
COOL1860 
COOLl870 
COOLl8nO 
COOL1890 
=COOLl9oO 
COOH910 
COOLl9?0 
COOL1930 
COOL1940 
COOLl9s0 
COOL1960 
COOLl970 
COOH9nO 
COOL1990 
COOL?000 
COOL?0i0 
CO0L20?0 
COOL?030 
CooLoOuO 
COOL20t;0 

COOLANT.COOL20AO 
COOL2070 
COoLpOflO 
CooLpOqO 
COOL2lnO 
COOLPXIO 
COOL?1?0 
COOL2130 
COOL2140 
COOL?lsO 
COOL?l60 
COOL2170 
COOL21^0 
COOL?190 
COOL2200 
COOL2210 
COOL2220 
COOL2?30 
COOL2240 
C00L22S0 
COOL?260 
COOL?270 
COOL22n0 
COOL?290 
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SUMKA = SUMKA + X 
iFdRAD) CALL RANGE(lFPrT(I+l»JrK)»THI,TLO) 
HAS THE HEAT TRANSFER THROUGH ALL RADIAL POINTS BEEN 
.CALCULATED? -'YES^NOf-

350 CONTINUE 
SUM THE HEAT TRANSFER ACROSS THE AXIAL BOUNDARIES OF THE 
DO .J70 X = ILS,IHS 
IS IHL COOLANT ADJACENT TO THE OuTSIDE ON THE LOW INOEX 
.SXDL? -tYEbrNOi-
IF (oLS.LL,2) GO To 360 
SUM THE HEAT TRANSFER ACROSS THE LOW AXIAL BOUNDARY, 
J = JLS - 1 
IRAb = .FALbL. 
iFd- .ATzuCJbHSrl rK) ,LW.200 ) iRADs.TRUE. 
IFd«Ab) IXRADS.TRUE, 
X = KZd, Jr K)*KZ(Xr Ji K) 
SUM^A^ = SUMKAT + X*Td» Ji K) 
SUMKA = SU.'.KA •̂  X 
X K X K A O ) CALL RANGEdFPrT(IrJ»K),THIrTLO) 
IS IHE COOLANT AD-JACENT TO THE OuTSIDE ON THE HIGH INDEX 

.blUL? -lYLbrNOi-
360 XF iJHS.Gt.Jt) GO TO 370 

SUM THE HtAT TRANSFER ACROSS THE HIGH AXlAL BOUNDARY. 
J = JHS 
IKAu = .FALSE. 
I F t K A r 7 b ( J G H S r I . K ) . t 0 . 2 0 0 ) I R A D S . T R U E . 
I r ( X u A b ) XXRAU=.TRut. 
X = k Z d r Jr K ) » K Z ( I . J» K) 
S U M K A I = SUMKAT + X * T d » J •»• 1» K ' 
bU^KA = SUMKA ••• X 
I K i H A u ) CALL R A N G E ( l F P r T ( I r J + l r K ) » T H l , T L O ) 
HAS I HE HEAT TKANbFtR THROUGH ALL AXIAL POINTS BEEN 
CALCuLAlLU .-• -'YESrNO'-

370 CONlXiiilî  
CALCULATE THt̂  COOLAIMT TEMPERATURES FOR THE CURRENT THETA 
ACP = FtOw(N)*RCPC(Nr K) 
tX _ bUMKA/wCP 
lb IML KADIATION EFFECT UPON THE HEAT TRANSFER COEFFICIENT 

.LARbu? -tNOrYtSi-
IF ItX.faT.-Jo.) GO TO 380 
GO lo 430 

3b0 LXPb = tXP( - EX) 
CALCULATE THt OUTLET COOLANT TEMPERATURE FOR THE THETA INCREMENT. 
X = TC(K)*EXP0 + SUMKAT/SUMKA*(1.0 - EXPO) 
CALCULATE THE AVERAGE CoOLANT TEMPERATURE FOR THE THETA 

390 TAV = (bUMKAT - rt'Cp«(X - TC(K)))/SUMKA 

COOLgSoO 
CO0L2310 
COOL?3?0 
COOL2330 
COOL?340 

C O O L A N T . COOL23<50 
COOL?360 
COoL?370 
CoOL?3qO 
COOL?390 
C0OL?4n0 
COOL2'*lO 
COOL24?0 
COOL?430 
COOL2440 
COOL24S0 
COOL?460 
COOL?470 
C00L?4p0 
COOL?4qO 
COOL?5nO 
C00L-'5l0 
COOL25?0 
COOL2530 
COOL2540 
COOL?5<50 
CO0L2560 
CO0L9570 
COOL?5q0 
COOL2590 
COOL?6nO 
COOL2610 
C00L'>6p0 
C0OL'?630 

INCREMEMTCOOL?640 
COOL26c,0 
COOL.'>660 
COOL?670 
COOL26PO 
COOL?6qO 
CO0L27n0 
COOL?7i0 
CoOL27p0 
COOL?730 

TOO 

INCREMENT.COOL2740 
COOL27S0 
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C DOES THE MEAN TEMPERATURE FALL BETWEEN THE INLET AND ExIT COOL?760 
C TEMPERATURES ? - COOL>770 

IF (TC(K).GT.X) SO TO 400 C00L?7n0 
iF (TAV.GE.TC(K).AigD.TAV.LE.X) 60 TO 420 COOL2790 
00 10 410 C0OL?8n0 

î OO IF dAV.6t,X.AND,TAV.LE,TC(K)) GO TO '•20 COOLgfllO 
410 TAV = (TC(K) ••- X)*0.5 COOL?1?0 

C uOEb THt EXIT TEMPERATURE FALL WITHIN THE LIMITS IMPOSED BY THE COOL2830 
C XNLti TLIIPERATURE AND THE ADJACENT MATERIAL TEMPERATURES ? COOL2n40 

420 IF (.NOl.IXRAU) .60 TO 440 COOL28sO 
lF(lC(K).bT.THI) THX=TC(K) COOLpflftO 
IF{IC(K).LT.TLO) TLO=TC(K) COOL?070 
XF (X.Lt,THX.AND,X,GE,TLO) GO TO 440 C00L?8n0 

4oO X = rC(K) COOL-JROO 
TAV = TCCK) COOL?9nO 
XF{UuMEb) GO TO 440 COOLy9iO 
ItRKOKd) = iLRKORd) + 1 COOL?9?0 
viKIlt (Grl(.O) IC00L(3)»NNlTERrLdC00L(6),K COOL?930 

440 IF (ANTX) GO TO 4b0 C0OL2940 
TC(K + 1):.X COOL?950 
GO lu '•t>0 COOLpOfiO 

4bO lb(K-l)=X COOL2970 
C RLCc,<b IHt COOLANT TEMPERATURE THROUGHOUT THE CURRENT COOL29q0 
c THLiA INCREMENT, coOL?9qo 

4oO bO 470 X = lLS,iHS COOL-^OOO 
uO 470 j=JLS,JHb COOL3OIO 
Tdr J. K) = TAV CoOL'OpO 

470 CON IiNUt COOL3O3O 
C HAVL ALL THETA LEVELS BEEN CALCULATED ? -'YESrNOt- CoOL^nuO 

4tiO CUNIiNut CO0L30s0 
C AbSibN IHL COOLANT OUTLET TEMPERATURE, CoOL^OftO 

TO(IO = X COOL3070 

GO 10 bbO COOL30n0 

C CALCULATE THE" RALJIAL'COOLANT TEMpERATURES, " CoOL3ln0 

c AbbiuH~THt INLET TEMPERATURE ~ " C00L3120 

190 lC(iLb)=TlN COOL3I3O 
iF(AtJl) TCdHS)=TlN COOL3140 

C CALCULATE THE COOLANT TEMPERATURES ALONG THE FLOW DIRECTION, COOL3150 
DO U40 X1=1LS»IHS C0OL3160 
1 = IX COOL'M70 
I F ( A N T I ) X = I H S + 1 L S - I COOL31<^0 
S U M K A = 0 . 0 C00L3190 
SUMKAT = 0 . 0 C0OL320O 

• XFP = .FALSE. C0OL321O 
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C 
c 
c 

c 
c 

c 
c 
500 

510 

iXRAu = .FALSE. CO0L3220 
CALCULATE THE HEAT TRANSFER A C R O S S THE C Q O L A N T BOUNDARIES AT T H E COOL3230 
cURi^LNT RADIAL LEVEL. COOL3240 
SUM THE HtAT TRANSFER ACROSS THE AXIAL BOUNDARIES OF T H E C O O L A N T . COOL3250 
UO blO K=KLS,KHb COOL3260 
lb I H L C O O L A N T ADJACENT TO THE OuTSIDE ON THE L O W I N O E X COOLS270 

.blDc? -lYESrNOt- COOL32n,0 
IF (^LS.LE.2) GO To 500 CoOL^290 
SUM THE HtAT TRANSFER ACROSS T H E LOW AXIAL BOUNDARY. ' COOL^3nO 
J=JLb-l . CO0L3310 
XKAu = .FALSE. CoOL33?0 
XF(|.,ArZG(JbHSdrK).EQ.200) IRAD=.TRUE. COOL^330 
iFduAu) IXRAU=.TRut. CoOL^3i»0 
X = UZ(X, Jr K)»KZdr Ji K) COOL33sO 
bUMK«T = S U M K A T + X*T{Ir Jr K ) COOL3360 
:,UMlw> = SU-IKA + X COOL3370 
XFdnAD) CALL R A N b C d F P r T d r J»K) ,THI rTLO) COOL33ft0 
Xb Iht C O U L A M T A D J A C E N T T O T H E OuTSIDE ON THE H I G H INDEX COOL3390 
blUu i -lYESrNOi- C00L3«tn0 
IF IjHS.Gt.JM) GO TO 510 COOL3'*lO 
bUM THE HLAT TRANSFER ACROSS T H E HIGH A X J A L B O U N D A R Y , CoOL3t?0 
jrjh',, COOL-^'i30 
XKAu = .FALbf- . CoOL-^4140 
lF(|.,ATZb(JGHS»IrK).£U.200) I R A Q S . T R U E . COoL'CtSO 
IFdkAO) XXRAU=.TRUL. COOL3'+60 
X = K Z d r Jr K)*KZdr Jr K) COOL3'+70 
bUMKAT = S U M K A T + X«Tdr J + Ir K ) C O O L 3 4 R O 
bClliKA = SU ,KA + X C0OL3'»90 
iFdRAu) CALL RANGE(lFPrT(IrJ+lrK)»THI,TLO) CooL?5n0 
HAS iHt HEAT TRANbFER THROUGH ALL AXIAL POlNTS BEEN COOL35i0 
.CALCuLAIEU? -'YtSiNOt- COOL-^5?0 
CONIXHUt COOL353O 
GUM T H L HLAT TRANSFER ACROSS THE THETA BOUNDARIES OF THE C O O L A N T . COOL-^540 
bO b30 U=JLS,JHS CO0L35S0 
Xb IHL C O O L A N T A Q J A C E N T T O THE OuTSIDE ON THE L O W I N R E X C O O L 3 5 6 0 

.Slut? -tYtSrNOi- COOL3570 
If- I K L S . L E . 2 ) G O T O 520 CoOL35pO 
SUM THE HLAT TRANbFER ACROSS THE LOW T H E T A BOUNDARY. COOL-^590 
K=KLS-1 COOL3600 
IRAu = .FALSE. COOL36lO 
lF(KATTo(KGH5rIrJ).EQ.200) I R A D S . T R U E , COOL'GpO 
IFdKAD) IXRAU=.TRUE, COOL363O 
X = K T d r Jr K)*KT(Ir J» K) COOL3640 
SUMKAT = S U M K A T + X*T(I. Jr K) CoOLSe'iO 
bUMKA = SU'.'KA + X COOL3660 
iF(iUAu) CALL RANGE(lFPrT(IrJ»K).THI»TLO) C00L367O 
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C IS IHE COOLANT ADJACENT TO THE OuTSIDE ON THE HIGH INDEX 
C ,i,IDL? -«YtSrNOi-

520 IF IKMS.GE.KM) GO TO 530 
C SUM THE HEAT TRANSFER ACROSS THE HIGH THETA BOUNDARY, 

K=KHb 
IKAu = .FALSE. 
lF(,.,ArrG(KGHS»l»J) .EG.200) IRARZ.TRUE. 
IFdHAD) IXKAD=,TRU£. 
X = KTdr JI K)*KTd, Jr K) 
SUMKAl = SUMKAT ,+ X*Tdr Jr K + t) 
bUMKA = SU,vKA •̂  X 
IFdKAD) CALL RANGEdFPrT(IrJ»K+1 ) .THI.TLO) 

C HAS THE HEAT TRANSFER THROUGH ALL THETA pOlNTS BEEN 
C CALCULAIEU ? -lYESrNOi-

530 CONIXNUt 
C CALCULATE THK COOLANT TEMPERATURES FOR THE CURRENT 
C KAbiAL INCREKLNT. 

wCP = FLOW{N)*RCPC(Nr I) 
tX z. bUiViKA/WCP 

c lb IHE KAUIATION EFFECT UPON THE HEATTRANSFER COEFFICIENT TOO 
C .LAKCt? -iNOrYES'-

XF (EX.GT.-30.) GO TO 540 
GO 10 590 

540 tXPO = tXP( - EX) ^ ^ 
CALCULATE THK OUTLET COOLANT TEMPERATURE FOR THE RADIAL 
X = ltd)*EXPO + bUHKAT/SUMKA*(1.0 - EXPo) 
CALCULAlL THE AVEKAGF COOLANT TEMPERATURE FOR THE RADIAL INCREMENTCOOL3940 

bbO TAV = (bUMKAT - wCp*(X - TCd)))/SUMKA ^^ ,„„ , -, 
,)OEb THt MtAN TEIVIPERATURE FALL bETWEEN THE INLET AND ExiT 

C 

c 

c 
c 

COOL36B0 
C00L369O 
COOL37oO 
COOL37iO 
COOL37?0 
COOL373O 
COOL374O 
CoOL37«sO 
COOL3760 
COOL377O 
COOL37P,0 
C00L37q0 
COoL3BnO 
COOL38IO 
COOL38?0 
COOL3fl30 
COOL'fiuO 
CO0L38r,0 
COOL3860 
COOL3P70 
CoOL^8n0 
COOL3B90 
COOL-'.9oO 
COOL3910 

INCREMENT.COOL3920 
COOL'^930 

560 
570 

SoO 

590 

TLMPLKAfUKEb ? 
IF lTCd).bT.X> 60 TO 5b0 
XF dAV.bE.TCd).AND.TAV.LE.X) Go TO bflO 
GO 10 'J70 
XF (lAV.OE.X.ANU.TAV.LE.TCd)) Go TO bRO 

uU£b"lH.[^£XlT*TLMPEKATuRE FALL wiTHIN THE LIMITS IMPOSEO BY THE 
XNLLT TL-MPLKATUHE AND THE ADJACENT MATERIAL TEMPERATURES ? 
XF (.NOT.XXKAD) GO TO 60O 
XF(lCd).6T.THI) THl = TCd) 
IF( ICd).LT.TLO) TLO=TCd) 
IF (X.LL. fill.AND.X.GE.TLO) 60 TO 600 
X = TCd) 
TAV = TCd) 
XF(f.OMLb) bO TO 6O0 
ILltKuKd) = lERKOKd) -I- 1 
/.Kilt (brlOO) IC0OL(3)rNNlTERfL»lC00L(U),I 

COOL39S0 
COOL3960 
COOL397O 
COOL39nO 
COOL39qO 
COOL40nO 
COOL4OIO 
COOL40?0 
COOL4O3O 
CoOL(i040 
COOL4O5O 
COOLiiOftO 
COOL4O7O 
COOLMOflO 
COOL4090 
COOL4lnO 
COOLI4I1O 
COOL41?0 
COOL11I3O 
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600 IF (ANTI) GO TO 6X0 XOOLtlll*0 
TCd + l)=X COOLUlSO 
60 TO 620 COOL4160 

610 TCd-l)=X COOL4170 
C RECuKU IHE COOLANT TEMPERATURE THROUGHOUT THE CURRENT COOL4lnO 
C KADXAL INCREMENT, CoOL'il90 

620 uO b:iU j=JLSrJHS COoL42oO 
uO b30 K=KLSrKHS COOL42lO 
Kir J. K) = TAV • COOL4220 

6J0 CONdNut . C0OL'i230 
C llAVt. ALL RADIAL LEVELS BEEN CALCULATED ? -lYES.NO'- COOL1424O 

640 CONIXNUt COOL42S0 
C AbSXoN THt COOLANT OUTLET TEMPERATURE, COOL4260 

T0{„) = X COOL427O 

C HAVL ALL OLOCKS bEEu CHECKED -TYESrNO'- ' ' COOL42q0 
6b0 CONllNUt COOL<i3oO 

litTbxH COOL4310 
C ===^========================================s=r===============s=r=CoOL43?0 
C •••-»•••••**•**•*****•*••********************•*****•*********•***** *CoOL4330 
C ••••»* +••••*********«****»**«*i»i***«*******«**»*#**«*»*********#*«*COOL(i 340 
C ****^*:^************:^**************************m*******************CoOLH3'--,0 

SUbHOUTXNE KAllGtdFPi TXr THIr TLO) ~ CoOL4370 

C ULILKMII.E THl. CURKEUT VALUES OF 7HE HIGHEST AND LOWEST'ARJACENT C0oL43q0 
C ...ArtrdAL POINT TEMPL-.RATUKES. COOLi44nO 

LOGICAL IFP CO0L44?0 

IF dFP) Go TO 100 ' COOL'*4(40 
THl = TX COOL«4S0 
TLO = TX COOL'»460 
If-P = .TRUE. COOL4<+70 
bU lo llO COOL4'*flO 

lUO IFdx.GT.THl) THI=TX COOL4490 
XFdx.LI.TtO) TLO=TX CoOLuSnO 

C ====_=================s=====s=s===s===========s=======s=====s?====CoOL(!55 0 
110 RLTbKN COOL4520 

END C0OL453O 
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c 
c 
c 
c 

c 
c 
c 

c 
c 

c 
c 

SUBROUTINE SURT 
iNCLuUE COMDIM 

CALCULATE THE BOUNDARY TEMPERATURES ASSOCIATED WITH THE POINT 
,TL,.î -tRATUKE RtSULTs OF THE CURRENT ITERATION, 

LKRUK SfOPb: 
buRT 1 INSTABILITY ENCOUNTERED WHILE CALCULATING THE 

RADIAL bOUNDARY TEMPHRATURES OF A GAp, USE A 
SMALLER TIME STEP, 

buKT 2 INSTAJILITY ENCOUNTERED WHILE CALCULATING THE 
AXIAL bOUNDARY TEMPERATURES OF A GAp, USE A 
USE A SMALLER TIME STEP, 

SURT 3 INSTABILITY ENCOUNTERED WHILE CALCULATING THE 
THETA BOUNDARY TEMPERATURES OF A GAP, USE A 
SMALLER TIME STEP, 

iilMLNbioN ISURT(4) 
DATA(lSuRT(I)»I=lr4) /faHSURT r IHlr lH2» 1H3/ 

CALCULATE THE BOUNUARY TEMPERATURES ADJACENT GAPS AND COOLANTS, 

CALCuuAlL THF RADIAL BOUNDARY TEMPERATURES IN EACH RADIAL PLANE,' 
bO t„0 X=lfl.« 
IG=ioK(X) 
LXCLUUL THE NON-GAPLINES, 
IF (xG.tO.O) GO TO ^hO 

CALCULAlL THt RADIAL BOUNDARY TEMPERATURES FOR"EACH AXIAL 
COLU„N IN THE PLANE. 
DO t70 J=2,Ji,i 

CALCULATE THE RADIAL""OUNDARY TEMPERATURES IN'THE"COLUMN, " 

UO tbU K=2,K,vi 
IS LlTHtR A GAP OR A COOLANT ADJACENT TO THE GAPLINE AT THIS 
•POINT ? -»NO,YESi-
XF (OAPR(lGrJrK),LQ.0.0) SO TO 2ft0 
XS XT A COOLANT OR A GAP WHiCH Is ADJACENT ? -iCOOLANT,GAP»-
IF (GAPMl&rJ»K),LT.O.O) GO TO 1^0 

CALCULATE THE BOUNDARY TEMPERATURES WHEN A GAP IS ADJACENT.""" 
KtCuvtR PARAMETERS wHiCH WERE EVALUATED FROM TEMPERATURES OF THE 
PRLCtEDlNb ITERATION AND PRESERVED IN THE REM-RBBT ARRAYS. 
bX XS (KEMH(lGrJ,K)+REML(lGrJ»K)_l,0). 
UX = KIJbTLdGr Jr K) 

SURT 
SURT 

;=SURT 
SURT 
SURT 

;=SURT 
SURT 
SURT 
SURT 
SURT 
SURT 
SURT 
SUPT 
SURT 
SURT 
SURT 

:=SURT 
SURT 
SURT 

;=SURT 
SURT 

:=SURT 
SUPT 
SURT 
SURT 
SURT 
SURT 

;=SURT 
SURT 
SURT 
SURT 

:=SURT 

SURT 
SURT 
SURT 
SURT 
SURT 
SURT 
SURT 

:=SURT 
SURT 
SURT 
SUPT 
SuRT 
SURT 

10 
20 
30 
40 
SO 
60 
70 
80 
90 
loo 
no 1?0 
130 
I4O 
IsO 
l60 
170 
ino 
190 
2nO 
210 
220 
230 
240 
250 
260 
270 
2A0 
290 
3nO 
3i0 
320 
330 
340 
3S0 
360 
370 
3n0 
390 
too 
410 
4?0 
t30 
440 
450 
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GK i s THE GAS THE GAS THERMAL CONDUCTIVITY. 
GK = RObTHdGr J r K) 
CONL IS C O M R ( I r J r K ) 
CONL = KEMLdGr J» K) 
CONH XS COlvlRd + X r J r K ) 
CONH = K t M H d G r J r K) 
uET RLAuY TO CALCULATE 
U = RATXOBdG, 
C = T d r J r K ) 

THE BOUNDARY 
J , i<)*CONL/CONH 
+ b*T ( I 'I- I r J I K) 

TEMPERATURES OF THE SAP, 

lUO 

110 

RbAP = 0 . 1 7 1 3 t - a * b A P R d G r J i K ) / B X 
ED = K A T l O H d G ) * C 0 , l H / G A P R ( I G r J r K) 
ALLOI, . I l l ITERATIONS TO CALCULATE THE BOUNDARY T E M P E R A T U R E S , 
uO X^u K K = l r l O 
IF (KK.c -J .X) GO TO l o U 
TH = K , i uTHd( , r J r K) 
Tb - K l i u T L d f i i J» K) 
GO 10 110 
TH = 1 ( X r J r K) 
Tb = T d + 1 . J r K) 
G H = I L 3 K + I < G A P * ( T H * * 2 + T B * * 2 ) * ( T H + T B > ) * E 0 

120 

C 
C 
C 

C 
C 
c 
c 
c 

130 

X l = GH»C 
X2 = l . u ••• G H * ( U + 1 ,0 ) 

K b b l L d f a r J . K) = ( X I •»• T ( I ••• I r J , K ) ) / X 2 
K b b l K d u r J r K) = {X I + T ( I » J r K ) ) / X 2 
AKE V H L HOUNiiAKf TEMPERATURES C 0 N V E R 6 E D ? - i Y E S » N O i -
IF ( ; . b b { K b h T H d b , J , K ) - r H ) , L E , 1 . 0 ) GO TO 260 
M A V L IHL 10 I T E R A T X O I M S aEEN PERFORMED ? - ' Y E S r N O i -
CONI IUUt 
t j LGAT lV t TEMPERATUutS ARE PRESENT AND RESULT I N LOCAL 

. X i ^ i b l A b X t l T I E b . TRY A SMALLER TIME STEP. 
I L K n u K ( l ) = I S U K T ( I ) 
I tK(«uK{;>) = I bURT(2 ) 
CALL tKKOK? 

CALCULATE THE buuNDARf TEMPERATURES WHEN A COOLANT IS ADJACENT, 
ib IHL LUOLANT Oii THE HIGH INDEX SIDE OF THE GAPLINE ? -iNOrYES'-
iF (uAPt<durJ»K).LT.{-1.5E-in)) GO TO 19o 
CALcuLAiE IHt bOuNjARY TEMPERATURES WITH A COOLANT ON THE HIQH 
.XHbtX SXUE. 
KtCuVtK PArtAviETtRS AHICH WERE EVALUATED FROM TEMPERATURES OF TRE 
PKLCtEbXNb ITLRATION AND PRESERVED IN THE REM-RBBT ARRAYS, 
CONL XS COuRdrJ.K) 
CONL = KEMLdbr J» K) 
CONd IS CONRd + l.J.K) 
CONti = HbbTLdGr U, K) 
LXCLubt CALCULATION oF RAD FOR CoOLANTS wiTH NO RADIATION, 

5URT 
SURT 470 
SURT 4flO 
SURT U90 
SURT 500 
SURT 51.0 
SURT 5?0 
SURT 530 
SURT 540 
SUF!T 550 
SuRT 560 
SURT 570 
SURT 5fl0 
SURT 590 
SURT 6n0 
SURT 6l0 
SURT 6?0 
SURT 630 
SUPT 64O 
SURT 650 
SURT 660 
SURT 670 
SURT 6n0 
SURT 690 
SURT 700 
SURT 710 
SURT 7?0 
SURT 730 

SURT 740 

SURT 7'SO 
SURT 760 
SURT 770 
SUPT 7fl0 
=5URT 790 
SURT 8nO 
SURT fllO 
SURT 6r>0 
SURT 830 
SUPT 84O 
SURT 8S0 
SURT 860 
SURT 870 
SURT 8n0 
SURT 890 
SURT 9oO 
SURT 9iO 
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IF dG,EQ,NRG.OR.MATRG{I6»JiK),NE.200) GO TO 170 
C FIND THt HIGH RADIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK, 

IGl = 1 0 + 1 
bb ibU II=IGl»NKG 
IF l6APi<dXrJrK),LT,(-l,5E-10)) G© TO 140 
GO 10 IbO 

C EXCLUDE CALCULATION OF RAD WHERE TwO COOLANTS ARE ADJACENT AT 
C THE HIGH RADIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK, 

IF loAPf<(IIrJrK),LT.{-2.5E-10)) fiO TO l7o 
IfaH = IX , 
GO lo 160 
CONdNUt 
RAU = 0.l7l3e-a*(RBbTHd6» Jr K)«*4 - RBBTL(1GH» J» K)**4)/(PEMH 
• iGr Jr K) + REML(IGH» J» K) - 1.0) 
pKEbtKVt RAD IN TH£ RE.̂ L̂ ARRAY. 
UtML(lGr Jr K) = RAD 
HX = COî H*(T{lr J» K) - T(I + 1» J. K) - RAD*CONU*DELR(I)*RLN(I) 
• d d r Jr K) - T(I + li J» K) + RAO*CONH) 
bO lo IbO 

170 HX = CONH 
CALCULATE NEw BOUNDARY TEMPERATURES, 

IbO RbbfHdbr Jr K) = (CONL*T(I + Ir J» K) + HX/(DELR (I) *RLN{ I)) *T (I 
• J, K)>/(CO(vlL * HX/(0ELR(I)*RLN(1))) 

140 

150 
160 

KbblLdbr Jr K) = RbOTHdG, Jr K) 
00 10 2b0 

C AKE T»iO COOLANTb ADJACENT ? -»NO,YES»-
190 IF (GAPr<(lGrJfK),GT.(-2.5E-10)) GO TO 200 

C bO NuT ATTEMPT TO CALCULATE BOUNDARY TEMPERATURES. 
bO 10 2t.O 

C CALCULAIE THE BOUNDARY TEMPERATURES WITH A COOLANT ON THE LOW 
C .INutX SIDE, 
C RECcvtR PARAMETERS wHiCH WERE EVALUATED FROM TEMPERATURES OF THE 
C pKECtEulNG ITERATION AND PRESERVED IN THE REM-RBBT ARRAYS, 
C CONL IS CONR(IrJrK) 
2U0 CONL;;RilbTH(lGrJrK) 

C CONH IS CUNKd + lrJ.K) 
CONH=KtMHdG,JrK) 

C EACLUUE CALCULATION OF RAD FOR CQOLANTS WITH NO RADIATION. 
IF db.tU.l) 60 TO ̂ ^0 
xF ii.iATKGdG,JrK).N£,200) GO TO ?^0 

C FXNu THL LOW RADIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK. 
IGl = IG - 1 
bO .:20 Xl = lrl61 
162 = lb - XI 
XF (oAPRd62,J»K).LT.(-.5E-10)) GO TO 2l0 

• bO 10 220 

SURT 920 
SURT 930 
SURT 940 
SURT 950 
SURT 960 
SURT 970 
SURT 9AO 
SURT 9qO 
SURTiOnO 
SURTlOlO 
SURTlOpO 
SURTIO3O 
SURTlO(40 
SURTIO5O 
SURT1060 
SURT1O7O 

)/SURT10;»0 
SURT1090 
SURTllnO 
SURTHiO 
SURTllpO 

, SURTII3O 
SURTII4O 
SURTII5O 
SURT1160 
SURT1170 
SURTllfiO 
SURTd90 
SuRTi'nO 
SURTI21O 
SURT1230 
SURT123O 
SURT124O 
SURT1250 
SURT1260 
SURT127O 
SURTl2qO 
SURT129O 
SURT1300 
SURT1310 
SURT13?0 
SURT1330 
SURT1340 
SURT1350 
SURTJ360 
SURT1370 
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EXCLUDE CALCULATION oF RAD WHERE TwO COOLANTS ARE ADJACENT AT 
THE tOh RADIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK. 

210 IF (GAPRd62,JrK).LT.(-2.5E-10)) GO TO 240 
IGL = Ib2 
bO lu 230 

220 CONllNUt 
KtCbVLR VALUE OF RAD STORED IN THE REML ARRAY. 

230 RAu = RtMLdGLr J» K) 
IIX = CONL*(T(I + 1, Jr K) - T(lr Jr K) + CONH*RAD*RATIOB(IGr Jr K 
» •UtL«d)/RATlOK(lG))/(r(I + li J» K) - Tdr Jr K) - CONL*RAD* 
• RAdObdb. Jr K)) 
GO 10 2b0 

240 HX=CONL 
CALCULATE NEî  BOUNQARY TEMPERATURES. 

2b0 KbblLdbr Jr K) = (CONH*T(Ir Jr K) •»• HX*RATI0K (l6)/DELR (I) *T( I + 

I v/r K))/(CONH + HX*RATlOK(IG)/r)ELR(I)) 

C 
C 

C 
C 

C 
C 

C 
c 
c 

c 
c 

c 
c 
c 

c 
c 

c 
c 

KbbllldGr Jr K) = RuBTL(l6r Jl K) 

HAVL~ALL POINTS IN THE COLUMN BEEN CONSIDERED ? - ' Y E S I N O I -
2t>0 CONlXHUc. 

riAVt~/vLL"COLUMNb IN'THE PLANE OtEiM CONSlDLRin"? -lYESrNOi-
270 CONIXNUt 

HAVL~ALL RADIAL BoijNbARY TEMPERATURES BEEN CALCULATED ?-iYESrNO'-
260 CONTXNUL 

CALcuLAiE THt AxIAL bOUNDARY TEMPERATURES IN EACH AXIAL PLANE. 
bO 470 J=1,JM 
db = dGZ(J) 

LXCLUDE THE N O N - G A P L U C S , 
IF IJb.LO.O) GO TO 470 

CALCULATE THt AXIAL BOUNDARY TEMPERATURES FOR EACH RADIAL COLUMN* 
COLu,',N IN THL PLANE. 
UO 4t,0 X=2,I,.'; 

CALCULATE THE AXlAL~bOUNDARY TEMPERATURES IN THE COLUMN. 
uO HbO K=2,K,VI 
IS LlTHtR A GAP OR A COOLANT ADJACENT TO THE GAPLINE AT THIS 
.POlNr ? -'NOrYEbi-
IF (GAP^(J6rIrK).Eo.0.0) 60 TO 4s0 
Xb XT A COOLANT OR A 6AP WHICH Is ADJACENT ? -iCOOLANT.GAP'-

• xF (uAPZ(JurI»K).LT.0.0) GO TO 3?0 

•5URT13ftO 
5URT1390 
SURT1400 
SURT1410 
SUPT14?0 
SURT1430 
SURT1440 
SURT1450 
)SURT1460 
SURT1470 
SURTl4f(0 
SUPT1490 
SURTlSnO 
SURTlSlO 

15URT1520 
5URT1530 
SURT1540 

=SURT15S0 
SURT 1,560 
SURT1570 

=SuRTl5p0 
SURT1590 
SURT1600 

=SURTlftlO 
SU9Tl6?0 
SURT1630 

=SURT1640 
=SURT16s0 
SURT1660 
SURT1670 
SURT16AO 

=SURT1690 
SURTl7nO 
SURT1710 
SURTl7?0 
SURT1730 
SURT1740 
5URT1750 

=SURT1760 
SURT1770 
SURTl7(!0 
SURTl7qO 
SURTlfloO 
SURTtBiO 
SURTl8?0 
SURT1830 

218 



C 
c 
c 
c 
c 

c 

c 

c 

c 

CALCULATE THE BOUNDARY T£MPERATURES WHEN A GAP IS ADJACENT. 
RECbvtK PARA./ILTERS WHICH WERE EVALUATED pROM TEMPERATURES OF THE 
PKtCtLDIN6 ITERATION ANU PRESERVED IN THE ZEM-ZOBT ARRAYS. 
bX IS (Z£MH(jGrXrK)+?tML(JG»I»K)-1.0) 
bX ;. Z')bTL(JG» I. K) 
GK IS THE GAS THERMAL CONDUCTIVITY. 
GK = ZHbTH(jG, Ir K) 
CONL IS CO .Z(IrJrK) 
CONL = /ENiL(j6r J. K) 
CONH XS CONZ<IrJ+l,i<> 
CONh = XtMH(j6r Ir K) 
GLI RtAbY TO CALCULATE THE BOUUDARY TEMPERATURES OF THE SAP, 
b = /ATxOb(J(,r Xr K) *CONL/CONH 
C = T d , Jr K» •̂  b*T(I» J + 1» K) 
RbAh = U.171.^L-b*6APZ(J6r Ir K)/RX 
Eb = ZATl0H(jG)*C0NH/6APZ(JGr I» K) 
ALLb« 1.1 ITERATIONS TO CALCULATE THE BOUNDARY TEMPERATURES, 
uO JlO KK=lrlO 
If- (KK.tQ.l) bO TO 290 
TH i. ZuulH(J(-,r Ir K) 
Tb = ZHuTLtJio Xr K) 
00 lo 3uO 
TH = Tdr Jr K) 
Tb = Tdi J + 1. K) 
GH = (GK> * KGAP»(TH**2 • TB*>K2)*(TH -I- TB))*Eo 
XI = blue 
X2 = l.u •»• Gh<*(b + 1.0) 
/bbiL(Jb, Ir K) = (XI + Tdr J + Ir K))/X2 
ZUblhUor II K) = (XI + Tdr Jr K) )/X2 

C ARE THE UOUNijARY TE-IPLRATURES CONVERGED ? -»YES»N0i-
IF lAbb(ZbfiTti(JG,I,K)-Th) .LE.1,0) GO TO 450 

C HAVt Till 10 iTEKATlOh'b bEEN PERFORMED ? -'YESrNOt-
310 CONiXHct 

C NtbATXVL TtMPtRATURtS ARE PRESENT AND RESULT IN LOCAL 
C .lUbUuXLlTltS. TRY A SMALLER TIME STEP. 

ILRKUK(I) = ISUKT(I) 
XtKi<bK(^) = IbUKT(3) 
CALu LKuOK.; 

CALCULATE THE BOUNOARY TEMPERATURii WHEN A COOLANT IS ADJACENT^ 

lb IHL COOLANT ON THE HIGH INDEX SIDE OF THE GAPLINE ? -iNOrYES'. 

320 IF' {bAP/(J,,rlrK).LT.{-1.5E-10)) GO TO 380 
CALCbLAlt THt bOUNDARY TEMPERATURES WITH A COOLANT ON THE HIGH 
.INUtX SXbL. 
OXT = ZL(d) - ZP(J) 

290 

300 

C 
C 
C 

C 

c 

:=SURTl840 
SURT185O 
SURT1860 
SURTI87O 
SURTlSnO 
SURT]890 
SURT19nO 
SURTl9iO 
SURT19?0 
SURTl9-^0 
SURTiquO 
SURT19r,0 
SURT1960 
SURT1970 
SUPT19n0 
SURT1990 
SURT20OO 
SURT2010 
S U R T ? 0 ? 0 
SURT?030 
SURT2040 
SUPTJOI^O 
SuRTpOfiO 
SURT?070 
SURT?0^0 
SURTr>090 

suRT?in0 
SURTPllO 
SURT21?0 
SURT2130 
SURT3I4O 
SURT?ISO 
SURT?l60 
SURT2170 
SURT?lnO 
SURT2lqO 
SURT?9oO 
SURT2210 
SURT2290 

•=SURT2230 
SURT224O 

. SURT2250 
SURT2?60 
SURT2270 
SURT2?nO 
SURT2290 
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c 
c 
c 

c 

c 

c 

c 
c 

NO RADIATION. 
360 
COOLANT B L O C K . 

AT 

330 

3^0 
3£>0 

3t>0 

370 

3u0 

C 
C 

C 
C 
C 

C 

C 

RECOVER PARAMETERS WHICH WERE EVALUATED FROM TEMPERATURES OF T H E 
PKECEfc-DING ITERATION AND PRESERVED IN THE Z E M - Z B B T ARRAYS. 
cô l̂L xs C O N Z ( I » J » K ) 
C O N L = ZEMUJij, It K) 
CONh IS C0N2(IiJ+l.K) 
CONh = i;bbTL(JG, I, K) 
tXCuiiUE CALCULATION oF RAD FOR CoOLANTS wiTH 
IF {Jte.t".0. MZi..OK.MAT?e(JGrI.K).NE.200) G O T O 
FlNb THE HIGH AXIAL D O U N D A R Y OF T H E INTERNAL 
JOl = Jo + 1 
DO ^4U jJ=JGl»N/G 
IF IGAP/(JJ,1»K).LT.(-1.5E-10)) G O TO 33o 
GO 10 3^0 
LXCL.iUE CALCULATION oF RAD WHERE TWO C O O L A N T S A R E ADJACENT 
THL tllGH AXIAL bOUMQARY OF THE INTERNAL COOLANT BLOCK. 
IF loAP/;(JJ,l»K).LT.(-2.bE-10)) G O TO 360 
JGH = JJ 
faO 10 3b0 

RAD = 0.l713E-d*(2aBTH(J6. I» K)**<+ - ZOBTLCJGHf I. K ) * * « * ) / ( Z E M H ( 
• JG. I. K) + ZEML(JbH» I» K ) - 1.0) 
CKLbLRVt MAU IN THE 2Ei«lL ARRAY. 
2t-ML(JG» 1. K ) = KAO 
HX = COfMH*(T(I» J» K) - T(I, J + I, 
» - T ( I . J + i > K > + R A D * C 0 N H ) 
GO TO 370 
HX = C O N H 

CALwuLAlE NE^ BOUNDARY T E M P E R A T U R E S . 
ibaiMlJo, I, K) = (CONL*T(Ir J + 1, K) + Hx/DXT*T(I» J, K ) ) / ( C O N L 
• + HX/uXT) 
ZBBILIJG. I> K) = ZbBTH(JG, I» K) 
GO 10 'tbO 
A H E TrtO COOLANTb ADJACENT ? -'rjO,YES»-
IF ( O A P / ( J G . I » K ) . G T . ( - 2 . 5 E - 1 0 ) ) (jO TO 39o 

UO 1-0r ATTEMPT TO CALCULATE B O U N Q A R Y TEMPERATURES. 

CALCULATE THL BOUNDARY TEMPERATURES WITH A COOLANT ON THE LOW . 
.IIMDLX SIDE. 

K) - R A D * C 0 N L * D X T ) / ( T ( I . J, K 

WERE EVALUATED FROM TEMPERATURES OF T H E 
PRESERVED IN THE Z E M - Z ^ B T ARRAYS, 

390 D X T = 2P(J + 1) - ZL<J) 
RtCoULR P A R A M E T L R S W H I C H 
PHELttOiNG ITERATION AND 
CONL IS C 0 N 2 ( I F J » K ) 
CONt. = «iUUTH(JG. I, K) 
CONri IS C0fJ2{I»J+l.K) 
CONll = /EMIKJG. If K) , , ̂  « 
LXCLuLtE CALCULATION oF RAD FOR CoOLANTS wiTH NO R A D I A T J O N . 

SURT23nO 
6URT2310 
S U R T 2 3 ? 0 
S U R T ? 3 3 0 
SUPT?3i+0 
SURT2350 
SURT?360 
5URT?370 
S U R T ? 3 P O 
SURT?390 
SURT?'*oO 
SURTgi+lO 
SURTpt^pO 
SURT2U:^0 
SU''T?tuO 
SURT2<+50 
SURTSt^feO 
SUPT^tTO 
SURTptaO 
SURT?4qO 
SURT2500 
SURT?5iO 
SURT2520 
)SURT;?530 
SURT?5(tO 
SURT?550 
SURT2560 
SURT?570 
SURT25f^0 
SURT?590 
S U R T 2 6 O O 
SURT?6lO 
S U R T ? 6 ? 0 
SURT?6-?0 
SURT36tvO 
5URT56<sO 
SURT?6(sO 
SURT?670 
SURT?6flO 
SURT3690 
S U P T ? 7 O O 
S U R T ^ 7 I O 
SURT?7?0 
SURT?7-50 
S U R T ? 7 U O 
SURT2750 
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c 
c 
c 

c 
c 

c 
c 
c 

c 
c 
c 

IF (JG.LQ.I) GO TO H30 
IF (MAT/I6(J6,I»K).NE,200) GO TO ^^iO 
FiNu UiE LOW AXIAL BOUNDARY OF THE INTERNAL COOLANT BLOCK. 
JGI = JG "• 1 
DO i+lU JJ=l,Jtoi 
JG2 = Jt. - JJ 
IF (t.MP2(Jfa2iI»K).LT.(-.5£-lO)) GO TO 400 
OO lO 410 
EXCLUUE CALCULATION oF RAD WHERE TwO COOLANTS ARE ADJACENT AT 
THE UO,j AXIAL BVUNJARY OF THE INTERNAL COOLANT BLOCK. 

400 IF (bAP2(JG2.I»K).LT.(-2.5E-10)) GO TO 430 
JGL = Jo2 
bO I (J 4̂ 0 

410 CONIINUE 
KtCbVLK THE VALUE OF RAO PRESERVED IN THE ZEML ARRAY. 

4«:0 KAU = 2tî L(JGt.» It K) 
HX = COHL*IT{I, J + 1» K) - n i l J, K) + CONH*RAD*DXT)/(T(II J + 
• » K) - T(I. J» K) - CONL*RAD) 

(jO lo i*itO 
4̂ 0 HX=COi-iL 

CALCULATE NEn BOUNQARY TEMPERATURES. 
440 2 tJbrL(Ju. I . K) = (CONH^Td, J , K ) + H X / D X T * T ( I » J + 1 , K ) ) / ( C O N H 

• + H X / U X T ) 
2Bbl i i (J0» I . K) = ZtaBTLCJG, I» K ) 

H A V H ' M L L P O I N T S ' A L O H G THE CURRENT AXlAL G A P L I N E BEEN 
.CONt^lUEHED ? -»YEb,NO«-

4b0 CONlINUt. 

MAVI.~ALL COLUMNS I N THE PLANE BEEN CONSIDEREO ? - » Y E S » N O I -
4bO CONIlNUL 

HAVU ALU AXIAL BOUNDARY TEMPERATURES BEEN CALCULATED ? 
. - • Y L ' J » : . . 0 » -

470 CONIlNUL 

CALCULATE THt; THETA'BOUNDARY TEMpERATUREs IN EACH THETA PLANE. 
uO cf,U K=l,Kiv-| 
KG=KoT(«.) 

EXCLUDE THE NiON-GAPLlNES. 
II- IKG.LJ.O) GO TO 660 

CALLuLAtE THE THtTA'I'OUNDARY TEMpERATUREs FOR EACH AXIAL COLUMN 
IN iHt '̂LANE. 

SURT2760 
SURT2770 
SURT?7R0 
SURT27gO 
SuRT?8oO 
SURT?fllO 
SURT2a?0 
SURT?B30 
SURT?840 
SURT?fl50 
SURT?8f,0 
SURT?n70 
SURT?8n0 
SURT?ePO 
SURT2900 
SURT?9i0 
1SURT?9?0 
SURT2930 
SURT?9uO 
SURT?9s0 
SURTpÔ jO 
SURT2970 
SURT?9ftO 
SURT2990 

=SURT.?0OO 
SUPTSniO 
SUHT30?0 
SURT3030 

=SURT30I(0 
5URT?0s0 
SURT?060 

:=SURT3070 
SuRT30n0 
SURT3090 
SURT3100 
=SURT3110 
=SURT31?0 
SURT:M30 
SURT.IUO 
SURTSI'SO 
=5URT3l60 
SURT3170 
SURT31P0 
=5URT3190 
SURT32n0 
SURT3210 
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C 
C 
C 

c 
c 

OO fabO I=2IIM 

CALCULATE~THE"THETA~HOUNDARY TEMPERATURES IN THE COLUMN. 

UO L40 J=2,J,.. 
lb LITHLK A OAP OR A COOLANT APJACENT TO THE GAPLINE AT THIS 

.POIHT ? -'uO.YESt-
IH loAPT(KG.I»J).EQ.0.0) GO TO 6uO 
lb AT A COOLANT OK A GAP WHICH Is ADJACENT ? -ICO O L A N T , Q A P « -
it- IbAPI (KG,I.J>.LT.O.O) GO TO 5l0 

CALCULATE THt- bOuNuARY TEMPERATURES WHEN A GAP IS ADJACENT. 
RLCovt-R PAKAMETLRS «HICH WERE EVALUATED FROM TEMPERATURES OF 
PKLCLLOXNG ITERATION ANU PRESERVED IN THE TEM-TBBT ARRAYS. 
flX Ab ( T t M H ( K l J » I . J ) + T E l l L ( K G » I » J J - 1 . 0 ) 
bX =; TiiL>TL(Kor 1 , J ) 
bK Ab TilF- oAS THERMAL CONDUCTIVITY 
faK ;: r.;uTH(K(,» i, J ) 
C O N L AS C O t j T ( I f J . K ) 
CONi- - TtML(KG» 1» J ) 
CONll I S C O i N T d j J r K f i ) 
CON(i - ILI'IH(KG» 1/ J) 
GET HLAUY TO CALCULATE THE BOUKJDARY TEMPERATU RE S OF THE GAP. 
I, = TATAOB(K(,» I. J)+CONL/CONH 
C = T(I . J. K) + b*T{I» J» K + 1) 
RbAl' = 0.171,\E-ij*GAHT(KGr I» J)/F»X 
|)UT KOAH IN THE CORRECT UNITS FOR CYLINDRICAL GEOMETRY. 
AF(XStiAPL.tU.O) KOAPrKGAP*RP(I) 
LU=lMTIOlt(K6)*CuNH/GAPT(KG,I.J) 
ALLO.^ XO ITEKATAOUS TO CALCULATE THE BOUNDARY TEMPERATURES. 
l;0 UUU KK=1»10 
IF (KK.tU.l) GO TO I+KO 
rH - VMbTH(K(,f Ii J) 
Tb - ll'.uTL(Kb» 1. J) 
bO 10 490 

4b0 IH •- (Ut Jt K) 
lb = 1(i» Jf K + 1) 

49U faH = (GK + RGAP*(TH**2 + TB**2)*(TH + TB))#ED 
Xl - GH*C 
X2 _ l.u + Gn*(b + 1.0) 
TbLilL(Kbi I. J) = (XI + T(If J, K + 1))/X2 
Tt)biM(Kb. If J) = (XI + T(I» J, K))/X2 
AKE IHE BOUNDARY TEMPERATURES CONVERGED ? -lYESfNOi-
IF (AbS(TbljTH(Kb,I,J)-TH) .LE.1,0) GO TO 6*»0 
HAVt riiL 10 ITERATIONS BEEN PERFORMED ? -'YESfNOf-

50d CONIlNUL 

SURT322O 
:=====;SURT5230 

SURT3240 
:3:====SURT3250 

SURT32(S0 
SURT?270 
SURT.'̂ apO 
SURT3290 
SURT3300 
SURT3310 

:s====SURT53?0 
SURT3330 

THE 5URT^3HO 
SuRT33fS0 
SURT33fi0 
SURT3370 
SURT33B0 
SURT33q0 
SURT3400 
SURT34]0 
SURT-!4?0 
SUPT3'»30 
SURT-̂ 41,0 
5URT34t;0 
SUPT74ftO 
SURT:i470 
SURT-«4flO 
5UPT»490 
SURT35nO 
SURT?.5IO 
SURT35?0 
SURT3530 
SURT3540 
SURT3550 
5URT,-̂ 560 
SURT3570 
SURT35nO 
SURT3590 
SURT360O 
SURT361O 
SURT36?0 
SURT?,630 
SURT-H6/40 
SURT3650 
SURT36ft0 
SURT3670 

222 



C NEGATIVE TEMPERATURES ARE PRESENT AND RESULT IN LOCAL SURTS6BO 
C .INSTABILITIES. TRY A SMALLER TIME STEP. . SURT369O 

lERKOKCi) = ISURT(I) SURT3700 
lLRKoK(a)=ISuKT(4) SURT3710 
CALL ERRORa 5URT37?0 

C CALCULATE THE BOUHQARY TEMPERATURES WHEN A COOLANT IS ABJACENTT ~ SURT37l,0 
C lb IHt COOLANT ON THE HIGH INDEX SIDE OF THE GAPLINE ? -fNOiYEs»- SURT37SO 

510 IF (bAPT(KG.l.J).LT.(-1.5E-lo)) «0 TO 570 • SURT37f,0 
C CALCULATE THE BOUNDARY TEMPERATURES WITH A COOLANT ON THE HIGH 5URT3770 
C .INULX SIDE, SURT37oO 

UXT=TL(K)-TP(K) SURT379O 
C PUT uXT IN THE CORRECT UNIT S FOR CYLINDRICAL GEOMETRY. SURT?(8nO 

iKASHAi'L.Cy.U) OXT=rjXT*RP(I) SURT3810 
C RtCbvtK PAKAr/.LTLRS wHiCH WERE EVALUATED FROM TEMPERATURES OF THE SURT ? 8 ? 0 
C PKELLEOANG lTLRATlOi>l AND PRESERVED IN THE TEM-TBBT ARRAYS. SunT.-*830 
C CONL IS CONTdfJ.K) SURT384O 

CONL = 1LML(KG, X» J) SUnTJSsO 
C CONI, IS CONT(I»J,K+l) SURT3860 

CONh = rBBTL(KG. I. j) SURTjaTO 
C LXCLUUE CALCULATION OF RAD FOR CoOLANTS wiTH NO RAoIATjON. SURT3811O 

il- lKG.tQ.!lTG.OK.MATTG(KG»l»J),NE.200) GO TO 550 SURT«890 
C rINb THL HIGH THETA BOUNDARY OF THE INTERNAL COOLANT BLOCK, SuRTT(9nO 

KG1_KG+A SURT3910 
IjO b.iO KK=K61»NT6 SURT3920 
IF (GApr(KKtI»J).LT.(-1.5E-lo)) 60 TO 520 SURT3930 
GO 10 bJO SURT3914O 

C EXCLuoC CALCULATION oF RAD WHERE TWO COOLANTS ARE ADJACENT AT 5URT3950 
C THE HIGH THETA BOUNDARY OF THE INTERNAL COOLANT BLOCK. SURTi9ftO 

IF (GAPI(KK,I,J).LT,(-2.5E-10)) GO TO 55o SURTI970 

KGH-KK • SURTn9ftO 
GO 10 540 SURT39gO 
CONIlNUt SURTUOnO 
KAU = 0.l713E-Q*(TaBTH(KG» I| J)«»4 - TBBTL(KGH» I. J)**4)/(TEMH( SURTUOJO 
• KGi 1) J) + TEML(KGH» It J) - 1.0) SURT4O2O 
pKESLKVt RAD IN THE TEML ARRAY. SURT4Q30 
TEML(KG, I. j) = KAD SURT40(40 
HX = CONH*(T(I» J» K) - T(I» J, K + 1) - RA0*C0NL*DXT)/(T(I» JI K)SURT40'iO 
• - T(I. Jf K + 1) + RAU*CONH) SURT4060 
bO lu bbO SURT4070 

5b0 HX - CONH SURT'iOflO 
CALCULATE NEw BOUNDARY TEMPERATURES. SURT4O9O 

500 TBBlHlKbf If J) = (CONL*T(If J» K + D + HX/DXT*T(I» J, K))/(CONL SURTulnO 
' + hX/bXT) SURT'4llO 
TubTL(Kbf If J) = TbdTH(KG, 1, j) SURT4I2O 

• bO To b40 SURT4I3O 

520 

530 
540 
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c 
c 

c 
c 

c 
c 
c 

c 
c 

c 
c 

ARE TWO COOLANTS ADJACENT ? -'NO.YES'-
570 IF IGAPT(KGflfJ).GT.(-2.5E-10)) GO TO 580 

uO NOT ATTEMPT TO CALCULATE BOUNQARY TEMPERATURES. 
GO lu 640 
CALCULAIE THE BOUNDARY TEMPERATURES WITH A COOLANT ON THE LOW 
.INULX SAL)E. 

5ao L)Xr-|P{^+l)-TL(^) 
PUT ijXT IN Tut CORRECT UNITS FoR CYLINDRICAL GEOMETRY, 
XF(AbHAPt.EO.U) DXT=UXT*RP(I) 
RtCbVLR P A R A V L T L R S rthlCH WERE EVALUATED FROM TEMPERATURES OF T H E 
PKLCLLDING ITLRATION AND PRESERVED I N THE T E M - T B B T ARRAYS. 
COIJL XS C O N T ( I f J f K ) 
CONLi Io i iTH(Kc, f I f J ) 
CONll IS CONT(AfJ fK + i ) 
COI i t i= lL - iH( i<G. l f J ) 
L X C L U D L CALCULATION OF RAD FOR CoOLANTS wiTH NO RADIATION. 
it- i K b . L U . l ) bO TO b20 
If- ( f , A n G ( K b , X f J ) . N b . 2 0 0 ) GO To ft20 
l - lNu THL LO.v T H L T A tlOUNDARY OF T H E INTERNAL COOLANT B L O C K . 
K.GliKG-A 
ijO boU KK = lfKGl 
KGa=Kb-NK 
IF (GAP1(Kb2,IfJ).LT.(-.5E-l0)> gO TO 59o 
bO lb oUO 
EXCLUDE CALCULATION oF RAD WHERE TWO COOLANTS ARE ADJACENT AT 
THE LOv. THETA BOUNDARY OF THE INTERNAL COOLANT BLOCK. 

590 IF (GAPI(KG2fIfJ).LT.(-2.5E-10)) GO TO 620 
KGL-A02 
bO 10 blO 

600 CONIlNUL 
RLCbVLh THE VALUE OF RAD PRESERVED IN THE TEML ARRAY. 

610 lAU :: TLML(KGLf If J) 
MX - coNL*(r(if Jf K + 1) - T(i» J» K) + CONH*RAD*DXT)/(T(I» J, K 
» + 1) - T(X, J, K) - CONL*RAU) 
GO IJ 630 

6<:0 HX=CGNL 
CALCULATE NE^ BOUNQARY TEMPERATURES. 

630 TbiJlL(Kbf If J) = (CONH*T(If Jf K) + HX/OXT*T(If J. K + 1))/{CONH 
• + HX/UXT) 
TBBIh(Kv:,f If J) = TDfiTL(KG, If J) 

HAVL'MLL POINTS ALONG THE CURRENT THETA GAPLINE BEEN 
•CONblDEKEU ? -'YES.WO'-

640 CONIlNUL 

HAVL~ALL"C0LUMNS"IN'THE PLANE BEEN'CONSIDERED ? -•YESfN0f-

6b0 CONTINUE 

HAVL'MLL THETA BOUNDARY TEMPERATURES BEEN CALCULATED ? -»YES,No»-

660 CONTINUL 

RLTUUN 
two 

SURT4140 
€URT41sO 
SURT4lfiO 
SURT4170 
SURT41ftO 
SURT4I9O 
SURT42nO 
SURT421O 
SURTI4220 
SURT4230 
SURT4?'+0 
SURT1425O 
SURT4260 
SURT4270 
5URT42B0 
5URT4290 
SURT43n0 
SURT43IO 
S U R T 4 3 ? 0 
SURT4330 
SURTa3u0 
SURT435O 
SURT4360 
SURT4370 
SURT43n0 
SURT4 390 
5URT44n0 
SURT441O 
SURT44?0 
SURT443O 
SURT4'»40 
SURT4'KS0 
SURT44f,0 
SURT4470 
SURT44pO 
SURT4490 
SuRTUSnO 
SURT4510 
SURT45?0 
SURT4530 

:SURT45nO 
SuRT45sO 
SURT'4 560 
SURT4570 
:SURT45A0 
SUPT45Q0 
SURT*6OO 

:SURT46lO 
SURT462O 
SURTU63O 
:SURT46i*0 
SURT465O 
«;i)RT4ft*.0 
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c= 
c= 

INTLGLR TT 
LOGICAL wREb 
uX'-it-UblbN DTO 
1 AT 
J DDT 
ijATw {AAY(I),I = i,b) 

EOUlvALLNCE (TT 
1 (TT 
«: (ITI 

SUbKOUTINE PRINT PRIN lO 
INCLUDE COMDIM " PRIN 20 

PRIN «50 
PRIN 60 

( NGDfDTl ( NQ)fwAY ( 6)f PRIN 70 
( IQfJQfKQ>f CT ( iQfjQfKQ), PRIN pO 
( lOfJQfKQ) PRIN 90 

/6H+lfJ,Kf ftH,J+l,K, 6H,JfK+l, 3H(I), 3H(J>, PRiN InO 
3H(K)/ PRIN 1,0 
fAT ), PRIN 1?0 
fCT )f(TT fDDT )»(IT0 fOTO )t PRIN l30 
fDTl ) PRIN 140 

IHETzU PRIN 170 
jKLS^.FALbh, PRIN IpO 
Xl=Ci,KTA*oO.() PRIN 190 
X<i=v,uHT A*JoOO.O PRIN ?00 

C SLLucJ THL TEMPERATURE DISTRIBUTION PRINT FORMAT PRIN ?iO 
lF(uAbT IP.£U.NITER) C.0 TO 190 PRiN 2oO 
IF (bW(9)) 60 To 190 PRIN ?30 

C I'KÊ 'AKE AND PRINT COOLANT AND NO.IE TEMPERATURE DISTRIBUTION IN PRIN 2s0 
c INTLOKAL UEGRLES F A H R E N H E I T PRIN 2̂ ,0 

bO Tb 167 PRIN 270 
ENTKY TCMPS PRIN ?R0 
XKEl=l PRIN 290 

lb7 ,<K1IL<6.110) (ZA(I)fI=lfl2) PKIN 300 
110 f-OR,.,Al (lHlf30Xfl2A6f///) PRIN 310 

lF(iHLT.tU.2) GO To 169 PRIN 3?0 
.vKIlL (bflll) PRIN 330 

111 FOi<i.,AT (tgXfaHHCOOLANT TEMPERATURES (F) ,/,3xfPRIN 340 
114HbOOL«NT NuMBLRf4Xf5HINLETf5X»ftH0UTLET,'^Xfl2HFL0W (LR/HR)f8Xfl^HPRlN 3s0 
acOOt-ANT NUv.ot.Kf4X»bHlNLETf5Xf6HOijTLET»4X,l2HFLOW (LB/HR)) PRiN 360 

C PKLrAKE ALL COOLANT DATA FOR PRINTING PRIN 370 
uO iiU N=lfMAXFL0f2 PRIN 3pO 
XF (uhLO(N).E»i.O) GO TO IbO PRIN 390 
Nl=I.KLO(N) PRlN 4n0 
N 2 = N F L 0 ( N + 1 ) PRIN 4i0 
lTItrU)=TI(Nl)-459.5 PRIN 420 
n0(wX)=TO(Nl)-459.5 PRIN 430 
lKl»il)=TLOw(Ni) PRIN 440 
IF lu<:.ca.O .OR. N.EQ.15) GO To 120 PRIN 4s0 
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ITI(N2)=TI(N?)-459.5 PRIN 460 
1 T 0 ( N 2 ) = T 0 ( N 2 ) - 4 5 9 . 5 i»RIN 470 
lF(N?)=KL0w(N2) PRIN 4flO 
uRITt (bfl40) Nl,ITI(Nl)fIT0(Ni).IF(Nl)fN2,ITl(N2),IT0(N2)fIF(N2) PRIN 490 

140 F0K|.,AT(aXf I2,IlbflllfIl4»l5X»I2fXl6fHlfIl4) PRIN 5n0 
lib 10 130 PKiN 5i0 

liiO hKIlE (Dfl40) Ni,lTI(Nl)»lTO(Nl),IF(Nl) PRiN 520 
uO To IbO PRIN 530 

130 CONIlNUL ' PRIN 540 
150 XF(AhLT.LQ.O) GO TO 153 PRIN 550 
11.9 wRrit(6,lbb) NITER PRIN 560 
lb5 hORMAl(lH0f3>UfX4f51H ITERATIONS PERFORMED WITHOUT REACHING STEAnYPRIN 570 

. STATE,/) PRIN 5n0 
lF(luLT.EQ.2) RETURN PRiN 590 
oO To lb7 PRIN 6oO 

lb3 /jRIIL(b,lou) CURTlfXlfX2fNlTER PRIN 6i0 
IbO FOKNAT (lHOf?lH THE C U R R E N T TIME ISfFlO,4,llH HOURS = fFlO,4n3PRIN 6?0 

IH MAI.UTLS = fFl3.b,aH SECONDSfttXf 14f3lH ITERATIONS HAVE BEEN P^RPRIN 63O 
^KORt-.LDf/) PRIN buO 

C= ===_:=====^========================================================PRIN 65O 
C CONVLKT TL.^PEHAruRES TO INTEGRAL DEGREES FAHRENHEIT PRIN 6ftO 

lb7 uO 170 1=1,XMAX PRIN 67O 
uO 170 J=l,JjiAX PRIN 6flO 
uO 170 K=lfKMAX PRIN 690 
TT(A,J,h)=T(IfJfK)-459.b PRIN 7n0 

170 CONIH^UL PRIN 7|0 
C SET THE MESH RiDS IN THE PRINTOUT EQUAL TO ZERO PRIN 7?0 

00 bib L = l.JMAX PRIN 730 
TT(i,L,i) = (I PRIN 7u0 
1 TdMAX.Lfl) = 0 PRIN 7«;0 
rfd.LfKMAX) = 0 PRIN 760 

516 TTdMAXfLfKMAX) = 0 PRIN 770 
bO b..b t_ = I.lMAX PRIN 7p0 
rT(u,ifi) = 0 PRIN 790 
rT(L,JMAXfi) = 0 PRIN eoo 
T T ( L , l f K M M X ) = U PRIN 810 

5£:b TT(L ,JpMXfKMAX) = 0 • PRIN 8?0 
DO bb3 L = l .KMAX PRlN 830 
T T d . l f L ) = n PRIN 84O 
T T ( A M A X f l f L ) = 0 PRIN O5O 
n ^J.,Oi•\l^X,L) = 0 PRIN 360 

5b3 TT ( l ; . ,AX,JMAX,L) = 0 PRIN 87O 

C" r 'K l i "T~T l lE 'T i "pLRATURE I I N T E G R A L nEGREES F T " ' " " PRiN 9oO 
• w R l l E ( b f l M O ) PRIN 910 
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160 FORNIAT (1H0.47X,20HTEMPERATURES (F)> PRlN 920 
CALL ARRAY (TTfDUM.l) - PRIN 930 
iF(lRLT.Eti.O) 60 TO 159 PRIN 9t*0 
1KL1=2 PRIN 950 
oO 10 lb7 PRIN 960 

159 IF(ALKROR(1).GT.O) wRlT£(6,la5) lERROR(l)»N1TER PRIN 970 
lab f-ORiVAT(lH0,5h*****f I4f52H ERROR MESSAGES PRECEED THE RESULTS OF ITPRIN 9n0 

.tRAIAOH N0.fI4fbH*****) PRIN 990 
LASTIP=NITER • PRlN,0n0 
IH (.NOT. uP) GO TO 280 PRlNlOlO 

C= -==:.-::—===================s:==5=======================s==:=========PRINl020 
C" PKEHA.<E"AND PRINT TIC COOLANT ANn NODE TEMPERATURE DISTRIBUTION PRINIO3O 
C IN ULCI(>.AL DEGREES FAHRENHEIT PRlNlOt»0 

190 ^HIIL (bfUO) (2A(I)fl = lfl2) PRlNlOtsO 
wRllt. (of^OO) PRINlOftO 

200 FOKI.IAT (49X,2flHC00LANT TEMPERATURES (F),/, Ixf PRINJ O7O 
114HC00L«NT NiiMbLRf5X,5HlNLETfllX,6H0UTLETf7Xfl2HFL0W (LB/HR),4X»l4PRIN10p0 
2HC0OLANT NUMiiER,5X,5HlNLET,llXf6H0UTLET.7X,12HFL0W ( L B / H R ) ) PRINlOgO 
bO uSU N=lfMAXFL0f2 PRINUOO 
IF (tjFLO(N),E*i.O) GO TO 250 PRINUlO 
ia=lH|-LO(N) PRIN1120 
N*i=KFL0(N+A) PRINII3O 
DTI(ia)=TX(Nl)-460.0 PRINlluO 
IF (iJKNl) .£0. 0.0) DTltNl)=0.o PRINII5O 
UT0(ill)=TO(Nl)-460.0 PRlNllfiO 
IF (uTO(Nl) .E«. 0.0) OTO(Nl)=0.0 PRIN1I7O 
IK (u«:.LC.0 .OR. N.EQ.15) 60 TO ?20 PRINllnO 
uri(u^):;Tl(N?)-46U.O PRIN1190 
IF (ulKN^i) .EQ. 0.0) DTI(N2)=0.o PRIN32oO 
uTO(r;<i)=TO(N?)-4bU.O PRlNl2l0 
Ih (DrO(N<:) .to. 0.0) DTO(N2)=0.0 PRIN1220 
«KIif (.,f240) NlfDTI(Nl)fDTO(Nl),FL0W(Nl).N2,DTl(N2).OTO(N2),FLOw(PRINl230 

i,a) PRIN1240 

240 FORi-iAT (7X,I?»7XflP£l3.7f3XfE13.7f3X»E13.7»Ii2f7XfE13.7f3X»El3.7,3PRIN1250 

PRIN1260 

PRIN1270 

Nl,DTI(Nl)fOTO(Nl),FLOW(Nl) PRIN1280 
PRIN1290 
PRIN1300 

CURTl,XlfX2»NlTER _ PRINl3iO 
C O N V L K T T H E TEMPERATURES To DEGRiEs"FAHRENHEIT' ' PRIN1330 
jO ^bO X = l,If..AX PRINl3t40 
DO cbO j=lfJMAX PRIN1350 
uO ^60 N=l,Kf/AX PRIN3 360 
DUTlA.J.K)=T(IfJ,K)-460.0 PRIN1370 

220 

230 
2b0 

',s 

lXfEl3. 
GO TO 
A R I T E 
GO 10 

.7) 
2^0 
(bf240) 
2bU 

CONTINUL 
..Kl IL 
-—--s-

(b.l&O) 
:====z=z 
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IF (oDTdfJfK) .EQ. 0.0) DoTdfJ,K)=0,0 P R I N 1 3 R O 

260 CONTINUL •PRIN1390 
C SET THE M L S H RIBS IN THE PRINTOUT EQUAL TO ZERO PRlNl4oO 

DO bdl L = l.JMAX PRlNl4i0 
DUT(lfLfl)=0.0 PRIN1420 
UDT(XMAXfL,l)=0.0 PRIN1430 
uDT(lfL.KMAX)=0.0 PRINl4uO 

501 DDTdMAAfL,KMAX)=O.Q PRlNi4r,0 
DO b^b L=l.lMrtX ' PRIN1460 
UDT([:fl.l)=0.0 , PRIN1470 
DDT(LfJMAX,l)=0.0 PRIN14flO 
L/DTiLil,^MAX)=0.0 PRIN1490 

526 UDr(LfJKAX,K..AX)=0.0 PRINi5o0 
jO bbl L=1.KMAX PRiNlSlO 
bUT(i,lfL)=0.U l^l^},ll°n 
bDriIMAAflfL)=0.0 PRIN1530 
bUTlifJMAX,L)=0.0 PRIN1540 

5bl uUTdMAAfJMAXfL)=0.0 _ _ _ PRlNi5sO 

C PKIHT THE Te,/,PEKATUKES (DECIMAL Q E G R E E S F) PRINl5pO 
.KXIL (b,270) , PRINl5qO 

270 FORi,„T dH0fu7X,?aHUEClMAL TEMPERATURES (F)) PRINl6riO 
CALL. MRKAY (lDUMfUjT,3) PRINI61O 
lFdERHoRd).GT.O) «RITE (6,185) 1ERR0R( I) ,NlTER PRINl6?0 

Q ___ ======~================="=======sS==========S=======PRINl 63O 
C C A L C U L A T L ANU PRINT THE RESIDUALS FOR THE LAST ITERATION OF A PRlN16uO 
C STE>.UY S T A T E P R O B L E M . PRINI6SO 

lF(bP.AuD.SW(10)) 60 TO 273 PRIN166O 
bO 10 260 PRIN1670 

273 vKEi.= .Tt<UE. PRINl6nO 
bO 10 3bb PRIN1690 

275 CALL KESID • PRIN17nO 
„KLb^.FALSE. _ .-.-pR^N^'y'S 

c" UO ».MAT"THE USER WISHES TO DO PRINI73O 
2a0 CALL CJSTO-/ PRIN17U0 

C= ==========;========================================================PRIN17<^0 
c" SHOULD THE SURFACE TEMPERATURES RE PRINTED? - I N O , Y E S » - PRIN1760 

IF (.IMOT.S,.'(H)) GO TO 340 PR1N1770 
Q^ --=--=—====s===================s=========r====r==r=========s=====PRINl7fi0 
C PKXi.r THE RADIAL-X S U R F A C E TEMPERATURES (LOW AND HIGH) PRINlTgO 

iftKlTL (uf3c,0) (2A(I)fI=lfl2)fCuRTlfXlfX2fNlTER PRlN18nO 
i.KITti (b.290) PNAME(l)fPNAME(2),v,AY(6)fPNAME(3)fWAY(5) PRIN18,0 

290 FOR,.,AT (19X,J2HSURFACE TEMPERATURES AT THE AfifPRlNlSpO 
•340H GAP OR COOLANT BOUNDARY G R I D P L A N E S (F)f//,43X,4HTHE fPRlNlSsO 
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XA6fM3f32H DIRECTION POINTS ARE H0RIZ 0 N T A L / 4 3 X . 4 H T H E fA6»A3f30H OTRPRINI84O 
XECTAON P O I N T S ARE VERTICAL) PRINIBBO 

C CONVERT THE RADIAL-X SURFACE TEMPERATURES TO INTEGRAL DEGREES * PRIN18fi0 
C FAHRENHEIT, AND INSURE THAT A POINT IN THE GRIDPLANE WHICH DOEs PRINie70 
C NOT HtLoNG TO A GAP OR COOLANT SiiRFACE ApPEARS As A BLANK IN PRINJSflO 
C THE pKIî T OUT PRINT890 

CALL bPKlNT (iGR.lMfPNAMEd)fJwAxfKMAXfiGQfJQfKOfRBBTH,RBBTLfGAPR)PRINl9oO 

c" pRIi'.T THE AXlAL-2 SURFACE TEMPERATURES (LOW ANDHIGH) " . " " PRINi9?0 
..RIIE (bf3o0) (4A(I)fI=lfl2)fCURTl»XlfX2,NITER PRIN1930 
wKXlL (bf290) PNAMC(2),PNAME(l)fwAY(4)fPNAME(3)fWAY(6) PRINl9u0 

C CON\,kRT THE AXlAL-2 SURFACE TEMPERATURES TO INTEGRAL DEGREES PRINl9s0 
C FAHKhNlltIt, AND INSURE THAT A POINT IN THE GRIDPLANE WHICH O O E S PRIN1960 
C NOT HLLONG TO A GAP OK COOLANT SiiKFACE ApPEARS As A BLANK IN PRIN1970 
C THE PKIuT OUT PRIN19RO 

CALL bPkINT (JG2fJMfPNAME(2)fiMAxfKMAXfJGQfIOfK(5fZBDTH,ZBBTL,6AP7)PRlNl990 

C pHXwr THE THETA-Y SURFACE TEMPERATURES (LOW AND HIGH) PRlN?0i0 
..Rllb. (of3hO) (2A(I) fl=lfl2) fCURTXfXlfX2,NITER PRIN'-OoO 
«Kllt (tif290) PNAME(3)fPNAr/iE(l)fwAY(4)fPNAME(2) fWAY(5) P-^INpOlO 

C CONVERT THE THETA-Y SURFACE TEMPERATURES TO INTEGRAL DEGREES PRIN20uO 
C FAII«t,NHi..lT, AND INSURE THAT A POINT IN THE GRIDPLANE WHICH DOES PR!N?n50 
C NOT iiLLONG TO A GAP OR COOLANT biiRFACE ApPEARS AS A RLANK IN PRINpO^O 
C THE pKIuT OUT PRIN2070 

CALL bPKiNT (K6TfM/lfpNAME(3)f IriAXf JMAXfKGQf n,JQfTBBTH,TB8TL»GAPT)PRIN?OnO 

C~ sH0bUJ~7HL~HEAT RATES AND HEAT FLU X E S RE PRINTED? -'NOTYES'- PRlN2lnO 
340 IF (.NOr.S.jC,)) GO TO 500 PRlNPljO 

C CALCULAIE THk RADIAL-X HEAT RA T E S PRIN?l30 
uO c-,ti K=l,Ki.,AX PRIN,->lHO 
jO Jsu j=l,j,iAX PRIN2I5O 
1,0 JbU A = l,l!.,AX PRIN2160 
Al d,J,r<.)=HR(If J,K)*KRdfJ,K)*(T(IfJfK)-T(I + lfJfK)) PRIN2170 

350 CONIINUL PRIN?lftO 
C PRIuj THE RAUIAL-X HEAT RATES PRIN2190 

355 .,RllL(6,3bo) (2A( I) f 1 = 1 f 12) f CURTl f Xl f X2f NiTER PRIN?2oO 
3o0 |.UR,.,AT dHlf3UX,l2A6f//f2lH THE CURRENT TIME IS,F10.4,11H HOURS PRIN2210 

1= ff-i0.4fl3H MINUTES = fFl3,5,aH SECONDS,4Xfl4f31H ITERATIONS HPRIM2220 
<:AVE LLFN PERFORMED,///) P R I N ? 2 3 0 

lF(„i<LS) GO TO 27b PRIN2240 
.jKlIt (bf370) PNAME(l)fWAY(l) PRIN?250 

370 FOR,.,AT ( lyXflbHHEAT RATE IN fA6f46H DIRECTION BETWEEN PoIPRlN2260 
l.jTS (I.JfK) AND (IfA6fl4H) ( B T U / H R ) ) PRIN?270 
CALu ARKAY (lDUM,ATf2) PRIN22A0 
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360 

390 
410 

4<:0 

430 

4b0 

4b0 
4bO 

CALCULATE THE RAOIAL-X HEAT FLuXES 
NAML=ISHAPE+1 
UO 410 K=lfKMAX 
OO f l O J = 1 , J M A X 
00 410 1=1,IM 
GO 10 ( 3 8 0 , 3 9 0 ) , N A M E 
A T ( A f J f K ) = A T ( I f J f K ) / ( R R d f J f K ) * R L C I ) * A L O G ( R P ( I + l ) / R P ( I 
GO lu 410 
AT d , J f K ) = A T ( I f J f K ) / { R R ( I f J , K ) * D £ L R ( I ) ) 
CONTINUE 
PRIuT THE RAUIAL-X HEAT FLUXES 
.,RIIL (of360) (ZA(I),I=lfl2)fCURTlfXl»X2,NITER 
^.KIlL (6f420) PNAMEd) fWAY(4)fWAY(l) 
F O R C A T { l9XflbMHEAT FLUX I N fA6f4aH DIRECTION 

iTHE ARt:.A OF G K I O L I N E f A3f/f 28x f 3 3 H B E T W E E N POINTS 
2 d,A6f20H) (bTU/HR-FT**3)) 
CALL A R K A Y ( I D U M , A T , 2 ) 

C A L Z U L A T E ' T H E AXlAL-z" H E A T RATt 
IjO 43U KslfKwAX 
UO H.'SO J = 1 , J M A X 
uO 'UU A=1,I,-|AX 

ATd,J,^)=KZ(X,J,K)*K2(If JfK)*(T(I,JfK)-T(I,J+lfK)) 
CONTINUE 
PRIiMl THE AXXAL-Z HEAT RATE 
^iKITt (bf3b0) (2A(l),I=lfl2)fCuRTl»Xl»X2,NITER 
rtKIlE (bf370) PiMAME(2)fWAY(2) 
CALL ARRAY (luUMfAffg) 

CALCuLATE"THt'~AxXAL-2" HEAT F L U X E S " 
UO 4tt0 J=l,J-« 
IJO 4 M 0 X = l,If.,AX 
uO 4 H 0 K = lfKf.-AX 
oO 10 (4bU,46U),NAME 
AT(X,J,K)=ATdf J,K)/(RZ(If JfK)*(7P(J+l)-ZP(J))) 
bO TO 4b0 
ATd,J,K)=AT(If JfK)/(Rz(If JfK)*DELZ(J)) 
C0N1ANUu 
pHIuT T M E A X I A L - 2 H E A T F L U X E S 
A R I T E {b,360) (2A(I)f1=1,12)fCURTlfXlfX2,NITER 
A K I I E (fj,4?0) PNAM[;(i?),WAY(b)fWAY(2) 
CALL ARKAY (IDU|V|,AT,?) 

CALCULAIE 
jO 1430 K.: 

THE. THETA' 
IfKMAx 

-Y HEAT RATE 

PRIN2300 
"PRIN2310 
PRIN23?0 
PRIN2330 
PRIN23(*0 
PRIN23<50 

))) PRIN?360 
PRIN2370 
P R I N ? 3 R O 
PRlN?3g0 
PRIN2400 
PRIN2«fl0 
PRIN24?0 

BASED ON PRIN2430 
(IfJfK) ANDPRIN?4aO 

PR1N?4'S0 
PRIN2460 

s====sz»====PRIN? 470 
PRIN24P0 
PRIN2490 
PRIN?5n0 
PRIN2510 
PRIN?5?0 
PRIN?530 
PRIN?540 
PRIN25'S0 
PRIN2560 
PRIN2570 

==r=====s=5=PRIN?5p0 
PRIN9590 
PRIN?6oO 
PRIN5'6lO 
PRIN96?0 
PRIN2630 
PRIN?6n0 
PRIN26S0 
PRIN?660 
PRINP670 
PRIN96pO 
PRlN?6'iO 
PRIN27nO 
PRIN?7lO 

=======r-=r=PRIN27p0 
z===========PRIN2730 

PRlN27nO 
PRIN2750 
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1450 

1460 
1460 

oO 1430 JsifjMAX 
DO 1430 I=lfIMAX 
ATd,J,K)=RTdf JfK)«KT (IfJfK) *(T (IfJfK)-T(l,JfK*l)) 

14iO CONIlNUL 
C I'KXuT THE TlltTA-Y HEAT RATE 

-,KIlb (bf360) (2A(I)fI=lfl2)fCuRTl,Xl»X2,NITER 
„KIIt (b,370) PNAME(3),WAY(3) 
CALL ARKAY (IUUM,AT,2) 

C CALCULATL THE THETA-Y HEAT FLU X E S 
1)0 ii+oO K=lfKM 
uO iubO J=lfjMAX 
uO m oo I = lfIMAX 
bO lo (14bOfl4bU)fNAwE 
ATd.J,K)=ATdf JfK)/(RT(If J » K ) « ( R P ( I ) * ( T P ( K + 1 ) - T P ( K ) ) ) ) 
GO lo 14H0 
Aldf J,K)=AT(X,J,K)/(RTdfJfK)*UELT(K)) 
CON!INUL 
pRIuT THE THEATA-Y HEAT FLUXES 
if.KI(L (bf360) (2A(I)f I=lfl2)fCURTlfXliX2fNITER 
ARIU. (6.420) PNAME(3)f WAY(6)fWAY(3) 
CALL MRKAY dUUM,AT,2) 

SHOULD 7Ht"ErFECTXvt~THERMAL CONUUCTIVITIES'ANO THERMAL 
•CONUUCTAISICES BE PKINTED.-* -'NOfYES'-

5uO IF (.N0r.:3.j(7)> GO TO 610 

1)0 biO R=lfKi'1AX 
uO blU X=lfIvAX 
K R d , l , K ) = U . i i 

510 KK(X.Ji |MXfK)=0.0 
DO b i b I = l,I,.iAX 
1)0 b i b j s l . j ,AX 
K . K d , J , l ) = n . i i 

515 KRd.JfRWAX)=0.0 
ijO bi>0 K=lfK.iAX 
I/O br>U j = l , J i AX 

5fc0 KKdi . .AX,JfK)=0.0 
PKlia THE LFFLCTIVE RADIAL-X THERMAL CONDUCTIVITIES 
i«,KIlL (bf3o0) (2A(I)fI=lfl2)fC|)RTl»Xl»X2,NITER 
kvKIlL (b,b30) PNAME(l)fWAY(l) 

530 FORNAT ( l9XfllHLFFECTIvE ,A6»49H CONDUCTIVITY BETWEEN 
1Tb (1,J,K) ANU (I,A6fl9H) (BTU/HR-FT-F)) 
CALL ARRAY (IDUM,M{,2) 

UO bitO R=lfKMAX 

C= 
C 

c 

c= 

Cs 

PRlNa760 
PRIN.'>770 

• PRIN27flO 
PRIN3790 
PRIN2aoO 
PRIN581O 
PRIN28?0 
PRIN?fl30 

:=====PRlN28(tO 
PRIN?esO 
PRIN2860 
PRIN2870 
PRIN?8(^0 
PRlN?890 
PRlN?9oO 
PRIN?9iO 
PRIN29?0 
PRIN?9-»0 
PRIN,>9uO 
FRIN'?9SO 
PRIN2960 
PRIN2970 

:*====PRlN-59^0 
PRIN29Q0 
PRIN30nO 
PRIN-^OlO 

:===s=PRlN3020 
PRIN3O3O 
PRIN30U0 
PRINxOsO 
PRIN3060 
PRIN3070 
PRIN30(^0 
PRiNfOoO 
PRIN'«lnO 
PRIN3110 
PRIN3120 
PRlN^l30 
PPIN3140 
PRIN3I5O 
PRIN3160 

pOiNpRiN3l70 
PRiNUflO 
PRIN3190 

:===s=PKlN32n0 
PRIN3210 
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DO 5i*0 I s l f l M A X 
540 K 2 d . J M A X f K ) £ 0 . 0 

uO b4b X = 1 , I M A X 

DO bt+b J = 1 , J M A X 
K 2 ( A f J f l } = 0 . 0 

545 K 2 ( A , J f K M A X ) = 0 . 0 
!.0 bbU K = l ,Kf'AX 
uO b;.u J=l,jN',AX 
K 2 ( l , J . K ) = 0 . n 

5b0 K2(AMAX.JfK)=U.O 
C pRIi .T THE EFFECTIVE AXIAL-Z T H E R M A L CONDUCTIVITIES 

>vKIlL ( b , J b 0 ) { 2 A ( I ) f I = l f l 2 ) f C U R T l f X l f X 2 , N I T E R 
.,RXlL ( b f b i O ) PNAME(2)fWAY(2) 
CALL ARKAY ( I D U M , K 2 , 2 ) 

UO xti40 X = l f l M A X 
uO ib'H) J = l f j M A x 

1540 KT(A,J fK. lAX)=U.O 
uO i b 4 b K=lfKMAX 
UO i;j4b J= l f jMAX 
K T d , J fK . )=0 .n 

1545 KT (x , . ,AX ,J fK)=0 ,0 . 
ijO I b ^ Q K = 1 , K M A X 

jO i i jbu I = l , IMAX 
KT d , l , N ) = U . O 

1550 KT d ,J , . <AXfK)=0 .0 
C PKII .r TMC EFFECTIVE THETA-Y T H E R M A L CONDUCTIVITIES 

vjRXit (o fJoO) ( 2 A ( I ) , I = l f l 2 ) f C U R T l f X l f X 2 , N I T E R 
».KIIL (ofb^iO) PNAME(3) fWAY(3) 
CALL AH,<AY d D U M f K T , 2 ) 

C= 

C= 

ijO ^70 1 = 1 , I M A X 

OO b/U J,;l,J,-iAX 
1,0 b/U h=l,K;.'AX 
C T d , J , K ) : ; l < R { X , J , K ) # K R d f J f K ) 

570 CONIlNUc 
pKIur THE RADlAL-X THERMAL CoNnUCTANCES 
rtKIlL (h,f3bO) ( 2 A ( I ) f I = l f l 2 ) f C U R T l f X l f X 2 , N I T E R 
wRI lE ( b , b H 0 ) PNAMEd) f WAY ( 1 ) 

5tt0 FORl-iAT ( i 9 X f A 6 , b 7 H T I I E R M A L CONDUCTANCE BETWEEN 
I j f K ) AND ( I . A b f l b H ) ( B T U / H R - F ) ) 

CALL MRKAY ( l D U M , C r , 2 ) 

oO b90 A = lflf-AX 
DO b90 J=i,JMAX 
uO b9U |<>=1,K„|AX 

PRINS220 
PRIN3230 
PRIN3240 
'PRIN32S0 
PRIN3260 
PRIN3270 
PRIN32R0 
PRlN32qO 
PRlN33oO 
PRlN33iO 
PRIN33?0 
PRIN'̂ 330 
PRIN33U0 
PRIN33S0 

:z======l==s=PRIN3360 
PRIN3370 
PRIN33P0 
PRIN3390 
PRIN3400 
PRIN^4lO 
PRIN34?0 
PRIN3430 
PRrfJ3440 
PRlN34s0 
PRIN3460 
PRIN3470 
PRIN74A0 
PRIN^490 
PRIN3500 
PRIN3510 

:==========s=PRJN35?0 
PRIN-̂ 530 
PRIN;S540 
PRIN3550 
PRiNASftO 
PRIN3S70 
PRIN35R0 
PRIN35q0 
PRIN760O 

POINTS (IfPRIN36i0 
PRIN36?0 
PRIN3630 

:s===========PR I N36i;0 
PRIN36«̂ ,0 
PRIN3660 
PRIN3670 
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CTd,J,K)=RZ(IfJfK)«KZ(IfJrK) 
590 CONTINUL 

C pKIi,T THE AXIAL-Z THERMAL CONnUcTANCES 
WRXIL (6f360) (^A(I),I=lfl2)fCURTlfXlfX2,NITER 
W R I I L (b,bta0) PNAME(2),WAY(2) 
CALL ARhiAY ( I D U M , C T , 2 ) 

C: 
C 

C: 
C 

UO 1',9U I = lflMAX 
uO I'/̂ O J=lfjMAX 
uO lb90 K=lfKMAX 
CT(A,J,K)=RT{If J,K)*KTdf J,K) 

1590 CONiANut 
: PKIr.f THL THaTA-Y THERMAL C O N D U C T A N C E S 

..KIIL (of360) (2A(I)fI = lfl2)fCURTlfXlfX2,NITER 
».Klu (bfbHO) PNAMt(3) fWAY{3) 
CALL A K K A Y (lUUM.Cr,?) 

c 
c 

sHObLD iHL O U T P U T J L P U T O N A T A P E ? -'NO.YESf-

610 At- I. NiOl .Srt(j)) GO TO 620 

PUT IHF CUU'{(-NT T L M P L R A T U R E D I S T R I B U T I O N ON"TApi 
.'KIIL ( U L T T A P ) I'lAX, jMAAfKMAXfMAxFLOfCuRTlfNITERf 

. (I-Lu .(N) , I I (u> . ru(N) ,N=1,MAXFL0) . 

.(((I(i.UfK),I=lfXMAx)fJ=lfJMAX)fK=lfKMAX) 
KtsiuHL THL SLCU'JU T E M P E R A T U R E A R K A Y 

6.:0 IF l.NOt . DP) 60 To 640 
..KliL (r,,36U) (2A(I) fX=l,l2)fCURTlfXlfX2,NITER 
ftKAlL (bflOOo) 

LOOO f-OI<i>,,U (bi:x,l3HhEAT B A L A N C E , / / / , 2 9 X » 1 5 H H E A T GENERATEOf25X 
X/ailf.LAT L0ST/bAA'4tD H Y COOLANTSf //f 2 5 X , 1 2 H B L 0 C K NUMBERf9X 
XbHDlu/Hi<,ljX,l'*HCO0LANT NUMBER, ax f6H3TU/HRf//) 
UUi-ii'iiU.U 
SUMC=U.u 
DO A^OO L=lfLMAX 
XLS=IL(L) 
IHS-IH(L) 
jLS=jL(L) 
JHb_oH(L) 
K L S - K L { L ) 
K H S L K H ( L ) 
SUiv|:.0.0 
TEST WHETHER A 
IF (,.,D(L) .GT. 
N=lHhi(Mil(L) ) 

BLOCK 
0) 

I X = X A B S ( I P A T H ( N ) ) 

GO 
IS 
TO 

A COOLANT 
1100 

OR NOT 

PRIN36B0 
PRIN3690 
PRlN37n0 
PRIN3710 
PRIN3720 
PRTN373O 

Z=PRlN37uO 
PRlN37sO 
PRIN3760 
PRIN3770 
P R I N 3 7 R 0 
PRIN3790 
PRlN38nO 
PRIN38lO 
PRIN38?0 
PRIN3830 

=PRIN3840 
PRIN38S0 
PRIN3860 

=PRIN3fi70 
P R I N 3 « R 0 
PRIN->B90 
PRIN3900 
PRTN3910 
PRIN39?0 

=PRIN39-^0 
PRIN39a0 
PRIN39S0 
PRIN3960 
PRIN3970 
PRIN39n0 
PRIN3990 
PRINiiOpO 
PiaN40l0 
PRINuOpO 
PRINij030 
PRlN/(OuO 
PRINUO5O 
PR1NU060 
PRIN4O7O 
PRlN40nO 
PRlN40qO 
PRIN4lnO 
PRiNUllO 
PRIN4120 
PRIN4130 
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GO TO (I025fl050fl010>f II PRINIA140 
A X I H L - 2 COOLANT FLOW PRINUlsO 

lObO UO iot.0 J=JLSf JHS PRIN4160 
UO lObS K=KLSfKHS PR1N(A170 
IF u L S .LE. Z) GO TO 1055 PRINi+lflO 
I = ILS-1 PRlNia90 
SUM =SUl., + KRdfJfK) * KR(IfJfK) »f T (I»J,K)-T( iLSf J»K)) PRINu2nO 

1055 IF (iHS .G£. IM) GO TO IO65 PRIN4210 
SUM z SUM - R R ( I H S , J , K ) * KRdnS,J,K) *(T(IH5fJ»K) - T(IHS+l,J,K))PRrNn2?0 

10b5 CONTINUL . . PRIN423O 
UO lijofl I = ILSfIHS PRIN4240 
IH (KLS .LL, 2) GO TO 1069 PRIN(;?'50 
K-KLS-1 • PRIN4260 
SU|v,i'.,U,M + RT(IfJfK) * KTd.JfK) « (TdfJfK) - T(IfJ»KLs)) PRIN4270 

10b9 IF (^HS .GE.KM) GO TO 1068 PRlNu2nO 
SUM i: SuM - kI(I,J,KHS) * KTdfJ.KHS) * ( T ( I , J , K H S ) - T{ I, J, K H S * 1 ) )PRIN4290 

10b8 C O N I A N U C PRIN43nO 
lOoO COUilNUfc PRlN43lO 

bO lo lu7b , PRlNu3?0 
R A D I A L - X COOLANT F L O W PRINU330 

1025 DO 11)40 I = ILSfIHS PRIN4340 
bO iu30 K=KLSfKHS. PRIN43S0 
IF IJLS .LE. a) GO TO 1028 PRIN4360 
J=jLS-t PRIN4370 
SUM :: SuM + RZd.JfK) * KZ(I,J,K) • <T(I,J»K) - T(I»JLS»K)) PRINISAO 

1028 IF IJHS ,GE. JM) GO TO 103o PRlN't390 
SUM = SUM -R7dfJHSfK) * KzdfjHSfK) * (T{ I, JHS»K)-Td . JHS+liK)) PRiN44nO 

1030 CONTINUL PRIN44iO 
uO io3b J=JLSfJHS PRIN'44?0 
IF IKLS .LE. 2) GO TO 1032 PRIN443O 
K=KLS-1 PRINa440 
SUM = SUM + RTdfJ.K) • KTd,J,K) « (Td,J,K) - T(IfJfKLS)) PRINu4'sO 

1032 IF (KHS .GL. KM) GO TO 1035 PRIN4460 
SUM = SUM - Rrd,J,KHS)*KT(I,J,KHS)*(T(I,J,KHS)-T(KfJfKHS+l)) PRlNn470 

1035 COiii iNUt PRIN/I4PO 

1040 CONlllMUE PRIN44q0 
GO TO 1075 PRIN45nO 
THETA-Y COOLANT FLOW PRlN45lO 

1010 DO lu20 K=KLSfKHS PRIN45?0 
DO 1015 J=JLSfJHS PRlNii530 
XF (ILS .LE. 2) GO TO 1012 PRIN')540 
A=lLS-l PRIN455O 
SUM-SUM + RRdfJfK) * KRdfJfK) « (T( I»JtK)-TdLS» J»K)) PRIN4560 

1012 IF (iHS.GE. IM) 60 TO 1015 PRIN4570 
bUM = SuM-RRdHSf J,K) * KRdHSfJ.K) • (T (IHS, J, K)-T( IHS+lf J»K>) PRINOSRO 

1015 CONIlNUL PRIN4590 
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IsILSflHS 
.LE. 2) GO TO 1022 

10.12 

1024 
1020 
1075 

loao 

IIUO 

llbO 

1170 
1200 

1205 

640 

biO 

C= 
C 
C 

uO 1024 
IF (JLS 
J=JLS-1 
bUM;:SUM + RZ(IfJfK) * KZdfJfK) * 
IF (JHS .GE. JM) Go TO 1024 
SUM = SUM -R7(IfJHSfK) * KzdfJHSf 
C0NTIl4Ut 
CONIlNUL 
bUMC=SUi^C + SUM 
. / K I l L ( 6 f l 0 8 0 ) NfSUM 
F O R K A T ( b 9 X f l 4 f 9 X f l P E 1 4 . 7 ) 
bO l u 1^00 
DO ilbO I=ILSflHS 
00 llbU J=JLSfJHS 
DO llbO K=KL5fKHS 
SUM - SU.̂  + *dfJfK) 
CONTINUL 
bUMr-i = bUî M + SUM 
XI- isU.i .EQ. 0.0) 60 TO 1200 
i„KllL (Of 1170) MB(L)fSUM 
f-OR,.,AT (2aXf I4f9Xf 1PE14.7) 
CONIlNUL 
««I(L (b,l20b) SUMM.SUMC 
F ORNA I (IHO f 39X f 16H — - — 

Xi+lXf 1PE14. 7f27XflPE14.7) 

uO 03O J=1,JMAX 
DO OiO K.=l,Kf.,AX 
uO bjO A = 1,1,-\AX 
AT(A,J,K)=r(IfJfK) 
CONIXNUL 
I<LTOMN 

****^.n.**** * * * * * * * * * * * * * * * * * * * * * * * * 
********************************** 
SUuKbUIINL GfKINT(NGAPtNGRID,PLAHL 

XbbTu.GAH) 

(T(If J,K)-TdfjLSfK)) 

K) * (T(1»JHS»K) - T(I,JHS+1,K 

•f25Xfl6H> •f//i 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ t * 

****************************** 
fiCROSSflD0WNfNlfN2fN3,BBTHf 

I)lMLNbIoN NGAP ( D f bOTnCNlf N2f N3 ) , BaTL(Nl ,N2f N3) f 
< GAp(NlfN2fN3) 
DlMLNblON FORMR ( 12)fRPRlNT 
DATA FOKMK /4Hd3ff 4Hi2Xff 9* 
DATA KPRINT /bHI6fI6ff 6Hl7fi6 
DIMENSION NUMBER( 25) 
UATA NUMBER /If2f3,4,5,6,7,8,9,10fllfl2,l3,l4,15fl6fl7fl8fI9 
L 20,21f22f23f2tf2r,/ 

( 4)fF0RMT ( 12)fITT (20) 
•'4H13Xf, IH)/ 
>ff 6Hlflf4Xff 6HI9f4X,/ 

PRINO60O 
PRIN4610 
PRIN46?0 
PRIN4630 
PRIN46H0 

))PRIN46'50 
PRIN46fi0 
PRIN4670 
PRIN46AO 

PRIN469O 
PRIN4700 
PRIN4710 
PRlNti720 
PRIN473O 
PRlN47(tO 
PRIN4750 
PRIN4760 
PRINU770 
PRIN(47P0 
PRIN479O 
PRIN4800 
PRIN(|8lO 
PRIN48?0 
PRlN4e30 
PRlN48uO 

==PRlN48sO 
PRIN4860 
PRIN4870 
PRlN48,qO 
PRlN'^OqO 
PRIN49nO 
PRIN4910 

==PRlNi|9?0 
**PRIN4930 
**PRlN(v9u0 

PRIN49tsO 
PRINM960 

S=PRIN4970 
PRIN49A0 

PRIN4990 
PRiNSOnO 
PRIN'iOlO 
PRINS0?0 
PRIN5O3O 
PRINr,0n0 
PR1N>S0S0 
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312 

292 

293 

294 

3ul 

302 

300 

3U9 
310 

311 

1=0 
DO Jil M=ltNGKlD 
IF (NGAP(M).EQ.O) SO TO 311 

1 = 1 + 1 
«R11E (bf3l2) PLABLfM 
FORMAT (lH0f53XfA6,2H (»I2fllH) GRiDPLANEf/) 
fjU,^..;;0 
NUMi=NUM2+l 
NUy,..=NUM2 + 10 
IF ( N U M 2 . G T . I C R 0 S S ) N U M 2 = I C R 0 S S 

rtMiL ( b f 2 9 3 ) (NUMBER ( L ) f L = N U M I , N U M 2 ) 
F O R I I A T ( l H O f U 0 f 9 l l 3 ) 
. u R I l t ( b f 2 9 4 ) 
FORMAT ( IHU) 
.jO o l U ^ = l f I ^ O w N 
N=0 
N C 0 U N T = 1 
uO i u i M M = l f l 2 
FOR|.| r {MK) = K O R M R (MM) 
1,0 oijO j=NUMlfNUM2 
NCObnTiNCOUNT+1 
XT l= b H T H ( l , J f K ) - 4 5 9 . 5 
IF ( i T l . L t . - 4 b O ) Go TO 300 
A f 2 - b J T L d f J f K ) - 4 5 9 . 5 
IF d T l . E U . l T 2 . A N u . GAP ( I » J f K ) . L T . O . O ) 60 TO 3o2 
N=N+,> 
I T T I N - 1 ) = X T 1 
i T T ( i 4 ) = r r 2 
FORi.1 (NcOU, jT)=RPRlNT{2) 
I F I N C O U N T . E O . 2 ) FORMr(NCOUNT)=RpRINT( l ) 
GO 10 3u0 
N=N+1 
I T T ( N ) = X T 1 
F0RMr(NC0UNT)=RPRlNT(4) 
I F ( U C O U N T . E Q . 2 ) F0RMT(NC0uNT)=RpRINT(3) 

CONIINUL 
IF (N.EO.O) faO TO 309 
-KITE (bfFORwT) K f d T T ( L ) f L = l f N ) 

GO 10 310 
K K X I E (fafFORf/iT) K 
C0N1iNuL 
IF ( i jUM^.LT. lCROSS) GO TO 292 
CONTINUL 
ULTUKN 
END 

PRiNsOfiO 
PRINiSOTO 
PRINSOpO 
PRIN5O9O 
PRINslnO 
PRIM5110 
PRIN5l?0 
PRINBI3O 
PRIN5I4O 
PRINfilsO 
PRIN-SlftO 
PRIN5170 
PRIN5180 
PRINSlqO 
PRIN5200 
PRINS210 
PRIN522O 
PRIN5230 
PRIN5240 
PRIN'=;2sO 
PRIN5260 
PRIN>;270 
PRINS2p0 
PRIN529O 
PRIN5300 
PRlN-̂ .SiO 
PRINS3?0 
PRINK330 
PRIN5340 
PRIN5350 
PRIN5360 
PRIN'5370 
PRINS3flO 
PRlN53qO 
PRIN5400 
PRlN(,4i0 
PRIN5420 
PRIN?430 
PRIN«S440 
PRlNf;450 
PRIN'-,460 
PRINS470 
PRIN^4n0 
PRIN5490 
PRlN55n0 

236 



CB 

C====: 

SUBROUTINE ARRAY (IX,X,IFY) 
INCLUDE C O M D X M 

PRIKT A ~ T H R E E - D I M E N S 1 0 N A L ARRAY 

C====: 
C 

U X M L N S I O N N U M B E R ( 50),X ( IQfjQfKQ)fix ( iQfjQfKQ) 
DATA NUMbtR /If2f3f4f5,6,7,a,9,10fllfl2f13fl4fl5fl6fl7flftf19, 

20,21f2^f23f24,2Rf26f27,28,29,30,31,32,33f34f35f 
,36,J7f3af39f40,4if42f43f44f4Sf46,47,48,49,50/ 

.jRITE THE PROPER HEADING 
N A D U = 1 0 
GO 10 (10f20,30), NPRINT 

10 i^KIlL (b.i) pNAME(3)f PNAME(2) 
1 I-ORI.,AT (lH0,42Xf4HTHE fA6,27H(K) DIRECTION IS H 0 R I Z 0 N T A L / 4 3 X » 
-4HTHt ,A6f25H(J) DIRECTION IS VERTICAL) 
!.,M=A,V,AX 
N = KIMAX 
uO 10 4U 

20 .<KI)t. (bf<:) P N A M E d ) , P N A M E ( 3 ) 
2 FOKIV,AT ( 1 H O , 4 2 X , 4 H T H E fA6,27Hd) DIRECTION IS H 0 R 1 Z 0 N T A L / 4 3 X » 
-4HThL fAOf25H(K) DIRECTION IS VERTICAL) 
WM=o,.iAX 
N = I K A X 
GO 10 40 

30 wKITL (6f3) PiMAME(l)f PNAME(2) 
3 FOKISAT ( 1 H 0 , 4 2 X , 4 H T H E fA6,27H(I) DIRECTION IS H 0 R I Z 0 N T A L / 4 3 X » 
-4HTHt ,A6f2bH(J) DIRECTION IS VERTICAL) 
MM=K,.iAX 
ri=Ii>,AX 

40 DO bijO M = 1 , M M 
NUMi. = 0 

100 tjUMl:;NUM^+l 
XF (IFY.EQ.I) NADDS25 
NU,.UiNu,v,2+NAnD 
1F(|,UM2 .GT. N) N U M 2 = N 
I F (NUi/|l . E U . 1) WRITE ( 6 f 4 ) P N A M E ( N P R I N T ) , v 

4 f - O R , ' ( A T ( i H 0 , / , 4 a X , A 6 f 2 H ( f l 2 f 7 H ) pLANE) 
I F ( i F Y . E j . 1) GO TO 219 
• .vRXlL(6 f22u) (NUMbER(L) f L S N U M I , N U M 2 ) 

220 F 0 R i « , A r d H 0 , I i l , 9 I l 2 ) 
GO lo ?.dl 

219 A K I T L (b,<J?b) (NUMu£R(L)fLrNUMl,NUM2) 
2i:5 FORI-.MT dH0f5Xf25l5) 

ARRA 
ARRA 
;ARRA 
ARRA 
ARRA 
;ARRA 
ARRA 
A R R A 
A R R A 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
A R R A 
ARRA 
ARRA 
A R R A 

ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
A R R A 

ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
ARRA 
A R R A 
ARRA 
ARRA 
A R R A 
ARRA 
ARRA 
ARRA 

10 
20 
30 
40 
50 
60 
70 
80 
90 
ino 
no 
1?0 
130 
140 
ISO 
160 
170 
ino 
iqo 
200 
2l0 
2?0 
2-̂ 0 
240 
2S0 
260 
270 
2n0 
290 
3no 
310 
3?0 
330 
340 
350 
360 
370 
3fi0 
390 
uno 
4i0 
420 
430 
41+0 
450 
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2«:l WRITE (6,170) *RRA ,'•60 
170 FORMAT (IHO) ARRA 470 

bO 10 (200f3oOf400)fNPRINT _ _ _ __ ^^'^ " 

OUTruT"pRlNT""lN'RADXAL-X DIRECTION, T H E T A - Y ~ O 1 R E C T I O N HORIZONTAL, ARRA 500 
AXlAL-2 DIRECTION VERTICAL _ _ __ _ '^'^^'^ ^̂ ° 

"200 uO 4J^0~J=l,J'iAX ARRA 530 
.0 10 (421,4?2,423),IFY ARRA 5t*0 

4il /KllL (t.,dOi) J,(lX(MfJfK)fK=NuMifNUM2) ARRA 5s0 
2U3 FORI^AT d4,lXfIof24Xb) ARRA 560 

bO 10 420 ARRA 570 
4^2 .*K11E (b.aol) J,{X(M,JfK)fK=NUMl.NUM2) ARRA SnO 
2ul hORi-.AT d4,lPlOEl2.4) ARRA 590 

,,0 10 4^0 ^RRA 600 
4.:3 wKIit (6,202) J,(X{M,JfK)fK=NUMl,NUM2) ARRA 61O 
202 FOKKAT d4,lplOEl2.5) ARR* 6?° 
4^0 CONIXNUL ARRA 63O 

lF(,NuM2 .LT. N) GO TO 100 ARRA 6^0 
GO To bOO — - S R ^ J 6f0 

C O U T P U T ' P R X N T ' I N ' A X I A L - Z ' D I R E C T I O N T ' R A D I A L ^ ^ H O R I Z O N T A L T ARRA 670 
C THElA-Y DIRECTION VERTICAL ARRA 6AO 
C==-==::==r:=====;==========================================================ARRA 69O 
' 3 O O ' U O ~ 3 ? 0 ~ K = 1 , K " A X ARRA 7nO 

GO 10 (J21.3/2.323),IFY ARRA 7i0 
3*:l wKXiL (of«i03) K,(IX(IfMfK)f I=NUMlfNUM2) ARRA 720 

bO ID 3^0 ARRA 730 
3<i2 :MHt (uf201) K,(Xd,MfK)f I=NuMlfNUM2) ARRA 7u0 

oO TO 320 ARRA 7sO 
3i:3 .̂.Kllt (bf2a2) K,(Xd,MfK)f I=NUMifNUM2) ARRA 760 
32U CONIlNUL ARRA 770 

XF(nuM<* .LT. N) GO TO 100 ARRA 7p0 
CO lb 600 ARRA 790 

C==i=====_^=============================================================ARRA 8n0 
C OUTPUT P R I N T " I N THETA-Y DiRECTIONf RADIAL-X DIRECTION HORIZONTAL, ARRA 8t0 
C AXIAL-2 DIRECTION VLRTICAL _ „ : _ _AP''A 82O 

"4U0"DO~lrs0~3=l7jI^,AX ' ' " ARRA 8uO 
faO To ( 2 3 1 , 2 3 2 , 2 3 3 ) , IFY ARRA 0<sO 

231 ^ .R I IL ( b , 2 0 3 ) J f d X d f J f M ) f I = N U M l f N U M 2 ) A R R A 860 
bO TO 230 ARRA.870 

232 wKlT l ( o , 2 0 l ) J , ( X d f J f M ) , I = N U M i f N U M 2 ) ARRA 8flO 
00 10 230 ARRA 890 

233 i v K I i t (b f« i02 ) J f ( X ( I f J f M ) f I = N u M l f N U M 2 ) ARRA-9nO 
230 CONIINUL ARRA 9 lO 

IF(NUM2 . L T . N) GO TO 100 ARRA ^gO 
600 CONTINUE ARRA 93O 

RLTUUN ARRA 9^0 
C = = = = = = = = - = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = A R R A 950 

END " " ARRA 960 
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SUBKOUTINE CUSTOM CuST 10 
INCLUDE COMDiM CuST gO 

C uO „MAT THE USER WANTS TO DO " CUST uO 

C=============I==r======================================================CuST flO 

RETURN CuST llO 
END CuST 120 
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SUBROUTINE PuN PUN lO 
INCkUUE COMDIM .-.-J N ^0 

C P U N C H " T H E " F I N A L " T £ M P E R A T U R E DliTRlBUTION, PUN 4O 

Q ------s-s===r=============================================PUN 50 
Cl'lZwSlON ALADEL(4)f TPUN(lT PUN 60 
EQUIVALENCE (TT fTPUN ) PUN 70 
uATh ALABLL /6HHEADERf S H T E M P , 5HINLETf 5 H 0 U T L T / PUN flO 

^KnL"(M2l0rUMl77l=lfl2)' ' PUN UO 
IK.NOT.SW (10)) 60 TO 300 PUM l20 
CURH=0.0 ^UN 130 

300 bXr̂ AX=Xr.AX PUN 150 
bJM.>X=JMAX PU^ 160 
UKMAX=K.1AX PUN 170 
bNnLK=NXTER . PUN ^80 
«KIIL (D.220) CURTl,HlMAX»BJMAXfHKMAXf8NlTER,ALABEL(l) PUN 190 
PU.jCH 230f CuRTlfBIMAXfBJMAXfBKMAXfBNlTERfALABELd) PUN 2oO 
Nr=0 PUN 210 
DO ^^0 KzlfKMAX PUN 220 
DO ^UO J=l,J,v',AX PUN 230 
DO .Zo 1=1,1 MX PUN 240 
NT=IMT+1 ''^^ '̂'° 

TPUl.(NT)=T(I.JfK) PUN 260 
240 CONUNUE PUN 270 

CALL PUIMCHY (TPUNfNTfAUABEL(2)) PUN 2«0 
CALL PUNCHY (TIfMAXFLOfALABELO)) PUN 290 
CALL. PUNCHY (TO,MAXFLO,ALADEL(4)) PUN 3OO 
PUNCH 2b0 PU"̂  l\° 
wKIit (6f260) PUN 320 
RLfURN PUN 330 

C= ==================================================================PUN 340 
"210 FORi^ArdHl730x7l2AbI///f40Xf34HpUNCHED TEMPERATURE DECK (R)PuN 3s0 

J ^yj PUM 360 
220 FORMAT (lOX,El2.6f4F12.1fl2X,A6) PUN 370 
230 l-OR,̂ ,Af (E12.6f4Fl2.lfl2XfA6) ^UN 3 R 0 
2h0 PORhfiT {////) PU^ 390 
2uO FORMAT dHu,/OX,52H(REMOVE THE FiVE BLANK CARDS AT END OF PUNCnEr, PuN 4oO 

luECis)) PUN 410 

4?0 
430 CE i^***7*************************************************************PUN 

C£ 4.**»**»***********************************************************PUN '̂ 40 
C£ »•••*»••••••******************************************************PUN 4S0 
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DlMLuSIOtJ 
DATA K O K M T 
DATA Fci 

TP ( D f F O R M ( 
/ 6 H I bH I P , 
/ 6 H ( l O X f f 6H( f 

SUBKOUTINE PUNCHY (TPfLENGTHfANAwE) PUN H o 
-—==-=========s=s===========================================PUN '•70 

PUNCH T H E T E M P E R A T U R E DISTRIBUTION DECK _ _._ _PUN 4nO 

6*6HEl2.6ff 6HA5fl3)/ PUN SpO 
6H l2Xf/ PUM 530 

N=LZNGTH76'""""T " PUN 550 
NLE(-T=LLNGTH-N*6 PUN 560 
NNl-l PUN 570 
NN2^o PUN 5B0 
•''^ ̂ " ^ = 1'^ PUM 6nS 
FORI.,(A)=FORMTd) PUN ^nO 

90 CONIXNUL PUN 6lO 
DO 100 KK=lfN PUN f?0 
FOR(.,<l)=Fb(l) PUN 630 
>»KIlL (bfFOR,/i) (TP(I)»I=NNlfNN2),ANAME,KK PUN 64O 
F0R,Ml)=Fbt2) PUN 650 
PUNCH F O R M , (TP(I),I=NNlfNN2)»ANAMEfKK PUN 660 
NNl^,.N2-d PUN 670 
f|N2_,jN2+b PUN 6nO 

^"°e^^^^-!:,=..,=,=,=.===.=====z=z=,.z==zz=z=z.z=====z=z==z==„======^S ?nS 
IK (NLLlT.EQ.oT G© TO 120 PUN 7l0 
KK- .+ i PUN '?0 
;=NLbFT.3 PUN 730 
uO 110 i=J.a PUN 7^0 
F0R^.(l)=Fb(3) PUN 750 

UO CONdUUu PUN 760 
F0.<,.,,l)=FBd) PUN 770 
„Klu (ofFOR,̂ ) (TP(I)fI=NNlfLENGTH),ANAME,KK PUN 7n0 
F0R,.,l)=Fb(2) PUN 790 
PUNCH FORM, (TPd),X=NNlfLENGTH),ANAME,KK _ PUN 80O 

120 RETbKN̂ ''''''''"''̂ ''"̂ ^̂  "" """"^^^ a^° 
LNu PUN 830 
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