
I

ýENERAL ATOM

GA-A14032

TAC2D

A GENERAL PURPOSE TWO-DIMENSIONAL

HEAT TRANSFER COMPUTER CODE

-. USER'S MANUAL -

k

Work done by:

P R. H. Boonstra
S. S. Clark
J. V. Del Bene
D. W. Graumann
R. Katz
J. F. Petersen
J. C. Saeger
M. Troost

Report written by:

R. H. Boonstra

General Atomic Project 4336 15 July 1976



I
U

The TAC2D computer code is described herein as it existed
on June, 1976. The code has been in continuous develop-
ment for 8 years and in its presented form has been
applied successfully by General Atomic Company to the
kind of problems discussed later ia 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.
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ABSTRACT

TAC2D is a code for calculating steady-state and transient

temperatures in two-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, cylin-

drical or circular (polar) coordinate system by orthogonal lines

of constant coordinate called grid lines. The grid lines specify

an array of nodal elements. Nodal points are defined as lying

midway between the bounding grid lines 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 the most efficient 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 avail-

able 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.
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The principal limitations of the code are:

1. The grid line system must be orthogonal in the rectangular,

cylindrical or circular coordinate system. Therefore, the

sides of the nodal elements must also be orthogonal. The

entire problem must be bounded by four grid lines 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 is no provision for change of phase. This special

heat transfer situation could be included by extension

of the existing programming.

TAC2D has been assigned production status and has been verified

according to Guide Standard GA-3-23 (see Reference 9). The machine

requirement is a 65K Univac 1110, or equivalent. In addition to

input-output, a maximum of four and a minimum of no tapes are

required depending upon the code options being used. The operating

system under which the code has been successfully used is EXEC 8 as

modified for General Atomic. Running time depends upon the size of

the problem and is not easily defined.
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1. INTRODUCTION

The digital computer code TAC2D* was developed at General Atomic

for obtaining temperature solutions in the wide variety of two-

dimensional thermal systems which are encountered in the field of

nuclear engineering. Code calculations are governed by the heat

conduction equation:

V kVT + "' cTat

where

k is thermal conductivity, Btu/hr-ft-OF

T is local temperature, *F

-* 4"'is volumetric heat generation rate, Btu/hr-ft 3

p is density, lb/ft 3

c is specific heat, Btu/ib--F

t is time, hr

This equation is replaced by an equivalent set of linear finite

difference equations, which is solved for the local temperatures

at given points in time by the implicit numerical method given in

Ref. 1. Steady-state results are found by performing an iterative

calculation until thermal equilibrium is attained. An option is

available for performing this steady state calculation as efficiently

as possible. In the finite difference equations, the local value of

k may be an effective overall thermal conductivity which includes the

effects of convection and/or radiation.

The problem must be modeled within the geometry envelopes of one

of the three coordinate systems shown in Fig. 1. The choice depends

* The acronym TAC2D stands for "Thermal Analysis Code - Two Dimensional".
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upon whether it is best described as a rectangle, a polar rectangle or

a cylinder. The code includes provision for both internal and external

coolants. Use of internal coolants is optional but coolants flowing on

the four outer surfaces must always be included to describe boundary

conditions by assigning appropriate values to the coolant thermal

parameters. There is provision for internal thermal radiation but

its treatment is one-dimensional.

The purpose of this document is to provide all information

required for the use of TAC2D. The mathematical formulations used

and a programmer's description of the code are given in Ref. 2.

TAC2D is actually one of two generalized heat transfer codes

which have been developed at General Atomic. The other code is TAC3D

which is a three-dimensional version of TAC2D and is described in

Refs. 3 and 4. Although the following background remarks are written

with reference to TAC2D, they apply as well to TAC3D.

A code was needed which could be easily used by persons not

familiar with computer science. Toward this end, care was taken to

keep all input and output within the scope of engineering terminology.

Also, a system of input checking and easily interpreted error messages

was included. As a final step, this user's manual has been prepared

to provide a comprehensive guide to code application and input. The

result of the above provisions is that the user may be detached from

programming and computer system aspects of the problem solution.

However, an understanding of FORTRAN statement functions would be

helpful when specifying thermal properties.

The features most desired in codes such as TAC2D are generality,

simplicity of input and economy of computer time. Generality can

usually be increased only by partially sacrificing the latter two

features. TAC2D was formulated under the basic philosophy of obtaining

a trade-off among all three features which would be an optimum for

3
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economical solution of thermal problems typically encountered in the

nuclear field.

General purpose heat transfer codes are usually developed in terms

of a network of points connected by thermal resistances. In most codes,

the arrangement of these points may be purely arbitrary. A high degree

of generality is obtained at the expense of input simplicity since an

individual set of data must usually be supplied for each point. If,

on the other hand, it is chosen to confine the problem within the

geometry envelope of one of the three coordinate systems shown in

Fig. 1, the input complexity may be greatly reduced. The entire

geometry and subdivision can be defined by giving the coordinates of

constant coordinate lines, or grid lines, such as those illustrated
in the figure. If the points are defined as lying midway between

adjacent grid lines, then a region of points can be established by

giving the four bounding grid lines of that region. Other input data

such as that required to specify the resistances can be given in con-

densed form by referring to these regions rather than to the individual

points which they contain. The above approach was used because experi-

ence had indicated that a majority of the two-dimensional thermal

systems for which temperature calculations were being performed at

General Atomic could be modeled within one of the geometry envelopes

shown in Fig. 1. Furthermore, the computational algorithm applied

in the solution for the point temperatures is the most efficient

known and could not have been used had complete generality been

maintained in the arrangement of the points.

Some of the definitions and instructions which follow are presented

in terms of Cartesian coordinates (Fig. 1) only. These may be trans-

lated to the other two systems by means of the following correspondences:

circular coordinates

x = radial; y = theta

cylindrical coordinates

x = radial; y - axial

4



2. INPUT DEFINITION

2.1 GEOMETRY AND THERMAL PARAMETERS

This section describes how the system of calculation points is

established and how the sets of thermal parameters governing the

behavior of these points are identified and located.

2.1.1 Grid Lines and Points

In any of the three coordinate systems shown in Fig. 1 there are

two sets of grid lines which are defined as lines along which the

value of one of the two coordinates remains constant. Grid lines are

.• the primary means by which the problem is subdivided and are specified

as input by giving their constant coordinate values. The two extreme

value grid lines of each set are the external boundaries of the problem.

The lower value of each set may, but need not, be equal to zero. No

grid line may have a negative value.

The relationship of the calculation points to the grid lines is

illustrated in Fig. 2. The points are of two types, internal and

external. An internal point is located midway between the adjacent

grid lines of either coordinate direction. The temperature calculated

for the point will be the temperature at the location given by the

point coordinates. An external point is located outside of an

external boundary midway between the two adjacent grid lines which

are normal to that boundary. The temperature calculated for an

external point is the temperature of the external source or sink

directly adjacent to the point. The temperatures of external points

reflect local boundary conditions only.4
5
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2.1.2 Thermal Parameters

Every part of a problem is defined by one of the following sets

of thermal parameters. These sets are labeled materials, coolants,

and gases. Their assigned thermal parameters are:

MATERIALS

thermal conductivities in the X and Y directions

volumetric specific heat

emissivities in the +X, -X, +Y or -Y directions

volumetric heat generation rate

thermal expansion in the +X, -X, +Y or -Y directions

temperature (if known - see Section 6.2)

COOLANTS

specific heat capacity (constant pressure)

". Reynolds number

heat transfer coefficient

inlet temperature or temperature profile

mass flow rate

GASES

thermal conductivity

Coolants are flowing coolants in that the temperatures of points

in coolants are influenced by an inlet temperature, a flow rate and a

specific heat. Gases (in gaps) are stagnant. Their presence serves

only to modify the thermal resistances between points which are

adjacent in solids. As is discussed in 2.1.5, gases contain no

points.

There is provision in the program for fifteen different members

in each set. They are identified by number. Each of the materials,

.4
7



coolants and gases used is assigned a number 1 through 15. Not all of

the member numbers must be used, but two members of the same set must

always be assigned different numbers whenever any of their thermal

parameters are not identical.

The actual values of the thermal parameters are given by Fortran

V arithmetic statement functions as described in Section 2.5.

2.1.3 Boundaries and Blocks

The highest and lowest index value grid lines in either coordinate

direction (a total of four) are always the external boundaries of the

problem as previously discussed in 2.1.1. Either all or a part of any

other grid line may be designated to be a boundary. The primary purpose

of these boundaries6is to subdivide the problem into regions which have

the same thermal parameters. These regions are called blocks. Blocks

and boundaries are illustrated in Fig. 2. A block is described by-

giving the values of its high and low index boundaries in both coordi-

nate directions and defining its thermal parameters.

Blocks are either internal or external. A block is internal if

none of its boundaries are coincident and it contains only internal

points. It is external if either of its two boundaries in the same

coordinate direction (i.e. high X,'low X, or high Y, low Y) are

coincident and it contains only external points. Internal blocks

may contain either materials or coolants. External blocks may

contain only coolants. They are used to specify the boundary

conditions of the problem in terms of the thermal parameters given

for the coolants which they contain.

2.1.4 Coolant Blocks

Coolant block temperatures are determined by finite difference

solution of the heat balance equation

8
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d4 -WC dTp c

where

4 is heat transferred to the coolant from adjacent material

points, Btu/hr

W is coolant mass flow rate, lb/hr

C is coolant specific heat capacity (constant pressure),p

Btu/lb-OF

T is coolant temperature, *Fc

Coolants may flow parallel to either of the two coordinate axes

as illustrated in Fig. 2. The flow direction may be either positive

(in the direction of increasing coordinate value) or negative.

Coolants may also flow normal to the plane of the problem as

illustrated in Fig. 3. In this case the sign of the flow direc-

ticn is immaterial.

Perfect transverse mixing is assumed for all coolants. Therefore,

all points lying on the same plane perpendicular to the flow direction

in an internal coolant block will be at the same temperature.

Heat transfer in coolant blocks occurs only at the block

boundaries which are parallel to the flow direction and only in

a direction perpendicular to the boundary at which heat is being

transferred. For external blocks the heat transfer is by convection

at the external boundaries of the problem. For internal coolant

blocks it is by convection at the block boundaries and by radiation

between opposite block boundaries. The radiation is calculated one-

dimensionally on the basis of the equations

qr 4  4 1
A 1-2 I T2) ' 1-2 1 1+-

1 £2
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TYPICAL PROBLEM WHERE
I INTERNAL AND 2 EXTERNAL

COOLANT BLOCKS FLOW IN
THE NORMAL DIRECTION

B
H

I

I
VIEW B-BB VIEW A-A

C X C

iIiH
VIEW C-C

LEGEND: NOTES:

DENOTES AN INTERNAL OR
EXTERNAL COOLANT BLOCK
HAVING NORMAL FLOW

DENOTES A COOLANT FLOWING
IN THE INDICATED DIRECTION

-- GRID LINE

1. ONLY THE POINTS IN THE NORMAL
FLOW COOLANT BLOCKS ARE SHOWN.

2. THE DIMENSION H IS THE DEPTH
OF THE PROBLEM IN THE NORMAL
PLANE.

3. COOLANTS WITH NORMAL FLOWS
ARE ALLOWED ONLY WHEN THE
"B" VERSION OF THE CODE IS
USED. SEE SECTION 5.3.

BLOCK BOUNDARY
BOUNDARY

* INTERNAL POINT

OR EXTERNAL

A EXTERNAL POINT

Fig. 3. Coolant flows in the normal direction
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where

qr is heat transferred by radiation from surface i to
surface 2, Btu/hr

A is area of the heat transfer surface located at the

lowest value of the coordinate perpendicular to

the direction of radiant heat flow, ft 2

TI is temperature of surface 1, *R

T2 is temperature of surface 2, *R

a is Stefan-Boltzmann constant, .1713 x 10-8 Btu/hr-ft 2 -OR4

T -2 is overall radiant interchange factor between

surfaces 1 and 2, dimensionless

i is emissivity of surface 1, dimensionless

£2 is emissivity of surface 2, dimensionless

2.-1.5G

On boundaries between adjacent material blocks, narrow open

spaces or gaps may be defined as illustrated in Fig. 2. These gaps

contain the gases previously discussed. A gap is specified on the

high boundary of a material block in either coordinate direction by

giving its thickness and the number of the gas which it contains. It

is implied that a gap is narrow because its thickness should be less

than the distance between the boundary and the points adjacent to

that boundary.

Heat transfer across a gap is by radiation between its surfaces

and by conduction through the gas. This heat transfer is purely one-

dimensional. Radiation is calculated on the basis of the same

equations as given in 2.1.4 for coolant blocks. A gap contains no

* points and its lower surface is neither a grid line nor a boundary.

A gap is used only to define the thermal resistance which is added

in series to that associated with conduction between adjacent points.

11



In performing the calculation for points adjacent to a gap it is

assumed that over its thickness the gap has actually replaced the

block material. Heat generation, thermal resistance and capacitance

in the block material are adjusted accordingly.

The TAC2D code is able to account for dimensional changes in

gap sizes due to thermal expansion. Section 2.6 describes this

feature of the code.

2.1.6 Gap Lines

A gap line is defined as a grid line any portion of which is

coincident with a coolant block boundary or an interface between two

different materials, or along any portion of which there is a gap.

From this definition, it follows that the external boundaries are

always gap lines.

2.2 INITIAL TEMPERATURES 0"
Since a transient or iterative calculation is always performed,

the initial temperatures of the points must be specified unless a

uniform default value of 00F is desired.

2.2.1 Specified Initial Temperatures

Regions enclosing points having the same initial temperatures may

easily be defined. This is done by giving the values of the bounding

grid lines and the initial temperature. The regions are of two types

depending upon whether they contain internal or external points.

An internal point region is always located by four different

grid line values. There may be as many such regions as there are

internal points or there may be as few as one. Every internal point

must be part of some region.

12
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An external point region is located by four grid lines, two of

which are coincident and are an external boundary. There may be as

many external point regions as there are external points in the

problem. All external points need not be included in a region,

but those which are not are automatically assigned an initial

temperature of 460*R.

2.2.2 Previously Punched Temperatures

If the calculation for a problem is run up to a certain point

in time, results at this time may be punched on cards as part of

the output. These results include all point temperatures, coolant

terminal temperatures and the time. This deck may be used as initial

temperature input for a succeeding problem. When so used, it will

supersede the specified values described in 2.2.1. The basic

purpose of the punched output is to enable a long calculation to

be performed in several computer runs. However, the punched output

of one problem may be used in another problem so long as both have

the same number of points in both coordinate directions.

2.3 THE TIME VARIABLE

2.3.1 Initial Time Value

The time scale begins at zero if the initial temperatures are

specified by regions as described in 2.2.1. If a deck of previously

punched temperatures is being used, the time scale begins at the

time indicated in hours on the first card of the deck. This time

may be changed to zero or any other desired value by re-punching

the card.

2.3.2 Time Incrementation

The time scale of the problem is broken down into finite

increments called time steps. The array of point temperatures

13
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is calculated at times corresponding to the ends of each of these time

steps. The calculation for each time step is called an iteration.

Groups of equal and adjacent time steps are called time periods. The

time incrementation of the problem is specified by giving the end of

each time period and the value of the time step which is to be used

'within it. The beginning of the first time period is the initial

time value discussed in 2.3.1.

In performing the calculation, the current time (i.e. the time

corresponding to the end of the current iteration) is determined as

currentf initial time all preceeding + current time
time value+ time steps step

Within any time period, the time step given for that period, is used

until the current time equals or exceeds the specified end of the

period. Therefore, if the length of a time period is not exactly

divisible by its time step, the remainder is replaced by one whole

time step and the end of the current period is accordingly moved

forward from its specified value.

2.3.3 Initial Iteration

Some values within the program are initialized on the first

iteration of a problem. This first iteration is always performed

before the input time steps are recognized and is over an extremely

small time step of 10"10 seconds. It is not included in the itera-

tion count. It is included in determining the current location on

the time scale but its effect should be negligible.

14
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2.4 THE STEADY STATE OPTION

2.4.1 Method

Steady state results are determined with this option by solving

a psuedo-transient problem. Time steps and material specific heat

functions need not be given as input. Instead, values designed to

effect rapid convergence are calculated within the code. The

following steps are carried out for each steady state iteration:

1. Determine a psuedo capacitance value for each material

point. These values are chosen such that all material

points will tend to have approximately the same

stability characteristics in the solution for material

point temperatures.

2. Assign an iteration parameter (pseudo-transient time

step) as an increasing function of iterations performed.

Assign a value of DTFAC for the initial iteration

parameter. DTFAC is a user-specified parameter having

a default value of unity. Allow the iteration para-

meter to increase to DTMAX, also user-specified and

having a default value of 500.

3. Solve for all temperatures

4. Inspect the temperature results for instability as

evidenced by negative or extremely large values. If

instability is found, reduce the iteration parameter

to a value of 1/10 the initial value. Allow the

iteration parameter to increase to a maximum value

of 1/5 the value of which the instability was

encountered.

15



The value of the residual, R, for a material point is

R= qc
qkI + qk 2 + qk 3 + qk 4 + qg

where all terms on the right hand side are absolute values at the

point and

qc ( pVc ') is rate of heat storage, Btu/hr

qg (= c"V) is rate of heat generation, Btu/hr

qk1 through qk 4 are rates of heat conduction from the

point to each of its four neighboring

points, Btu/hr

The steady state iterations are terminated when the residual at

every material point is less than TOL, a user-specified parameter

having a default value of 0.01. The residuals are computed every

nine iterations. This "odd-even" check helps to insure that

oscillations in temperatures are detected and that a false con-

vergence is avoided. Points contained in certain classes of dummy

materials are not considered either in setting specific heats or

in checking residuals for convergence. Such materials require

special identification as described in 4.1.1.

If some residual is still greater than TOL after 150 iterations

without an instability, the specific heat of that point is calculated

according to the method presented in Ref. 6. This method effects

accelerated convergence of slowly responding material points by

weighting the characteristic conductances towards the conductance

value in the direction of maximum heat transfer. This technique is

applied only to those material points which have not yet satisfied

the residual tolerance.

16
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* When the convergence criteria are satisfied, the program

proceeds with the perturbation technique. This procedure was

developed to provide upper and lower bounds on the steady-state

temperatures and is an effective tool for determining proximity

to steady-state. An arbitrarily chosen temperature increment,

DELT (default value is presently 1*F) is added to the current

temperature of each calculation node (excluding coolants and

dummy materials). Refer to Fig. 4. Ten iterations are performed

with the iteration parameter reduced by a factor of 50 to insure

that no numerical oscillations will occur. The temperature of

each nodal point is then compared with the initially perturbed

result, which has been stored on a computer drum. If the tempera-

ture of a node has decreased, an indicator is flagged for that node

meaning that it has passed the first perturbation test. The nodes

which failed the test are again perturbed upward by the amount DELT.

The whole nodal array is then stored, iterated upon 10 times and

then checked against the stored value. This positive perturbation

0P continues until all nodes when upwardly perturbed return to a lower

level after 10 iterations. These temperature results are printed

as the upper most bound of thesolution.

The temperatures are then perturbed negatively by DELT degrees

Fahrenheit, stored on drum and iterated upon 10 times. A test is

now made to see if a node has increased or decreased in temperature.

If it increases, the node is flagged as having passed the perturba-

tion test, if not, the negative perturbation procedure is repeated.

When all points have passed the negative perturbation test, the

results are printed as the lower temperature bound on the solution.

Even if the convergence criteria are not satisfied, the pertur-

bation may be initiated under one of the following circumstances:

1) the number of iterations has exceeded 2*ITMAX/3, where ITMAX is

a user-specified parameter (default value-l0,000) indicating the

17
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maximum number of allowed iterations before a series of twenty final

smoothing iterations is performed; 2) the problem has limited computer

time left; 3) small oscillations in some temperatures persist even

after many (e.g. 300) iterations without an instability. These may

be damped out by the perturbation procedure or the final smoothing

iterations.

After the perturbation, the iteration parameter is reset to its

prior value and twenty final smoothing iterations are performed.

The psuedo capacitances remain fixed at their last computed values

while the iteration parameter is again reduced, this time 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 attained.

Temperature results are printed for the last steady-state

iteration, the upper and lower temperature bounds, and for every

fifth smoothing iteration. It is important to inspect these

results for any evidence of instability. Residuals are printed

for the last smoothing iteration. These should always be inspected

to -insure that no values have increased to greater than TOL during

the smoothing iterations. In addition, a message is printed at the

beginning of each steady-state run which provides guidelines to help

the user determine if the solution is valid.

The steady-state parameters which may be supplied by the user

are summarized below, along with their default values. Input format

is given in Section 4.2.
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Parameter Definition Default Value

DELT The magnitude of the 1F
temperature perturbation

TOL The residual tolerance 0.01

DTFAC The initial iteration 1.0
parameter

DTMAX The maximum iteration 500.0
parameter

ITMAX The maximum allowable 10,000
iterations before final
smoothing

2.4.2 Instabilities

The Peaceman-Rachford alternating direction implicit solution

used in TAC2D has been shown to be unconditionally stable for problems

involving constant properties, no heat sources, uniform grid spacing,

constant temperature boundaries, etc. However, most "real" problems

usually violate at least one of these conditions. Temperature

dependent thermal properties and other non-linearities such as

radiation influence the stability characteristics of the solution

and may require the user to override the default values of the

iteration parameters DTFAC and DTMAX. In general, the stronger

the dependence of-thermal properties on temperature, the smaller

should be the quantities DTFAC and DTMAX. Thermal conductivities

with weak temperature dependence usually do not require the para-

meters to be changed from the default values; however, several test

problems involving strongly temperature-dependent heat generation

rates required that DTFAC and DTMAX each be reduced two orders of

magnitude to obtain satisfactory/solutions.

As described before the code attempts to check for instabilities

and automatically reduces the iteration parameter if they are

20



encountered. However, oscillations which slowly increase in magnitude

may be encountered which TAC2D is unable to detect. The program will

continue iterating without satisfying the residual tolerance., Even-

tually, the problem will encounter the warning time or exceed the

maximum allowable iterations. The perturbation may or may not be

initiated. If it is initiated and completed, a satisfactory solu-

tion may be obtained. Otherwise a warning message is printed;

however, the final temperature results may not necessarily be

invalid.

When there is sufficient doubt as to the validity of the final

printed temperature results, it is recommended that the parameters

DTFAC and DTMAX be reduced at least one order of magnitude• and the

problem rerun. The computer run time could be increased, if possible,

to insure that the problem has enough time to converge to a solution.

Similarly, the parameter ITMAX could be increased to allow more.• iterations, unless the default value of 10,000 is being used in

which case ITMAX is obviously not a controlling factor. If a

punched deck has been obtained it may be used to provide initial

temperatures for the next run.

There is also a possibility that the perturbation scheme will

cause numerical instabilities. If this happens, it is probably

caused by (1) the perturbation being applied too early in the

solution and/or (2) the perturbation temperature being too large.

One or both of the above could cause the solution scheme to become

unstable; therefore, the optional control of these variables by the

user has been provided.

.-0
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The initiation of the perturbation is governed by either the

residual tolerance, TOL, being satisfied or the maximum number of

iterations, ITMAX, being reached. Recall that the default values

of TOL and ITMAX are 0.01 and 10,000, respectively. It is obviously

unlikely that ITMAX is being reached unless the user has set a lower

value. By appropriately reducing TOL, the perturbation can be forced

to be applied later in the solution. See Section 4.2 on instruc-

tions for the input of TOL.

A perturbation which is too large can also initiate instabil-

ities. The present default value of DELT (1F) was not varied in

the current investigation; therefore, the effect of changes in DELT

is unknown. It is doubtful that any improvement in the results can

be obtained by increasing DELT. However, it may be necessary to

decrease DELT in cases where the typical temperature differences of

the grid are less than 100*F.

2.4.3 Unacceptable Temperature Tolerances

In certain cases the printed upper and lower temperature bounds

of the steady-state solution may be outside the acceptable limits set

by the user. This can be a result of not iterating close enough to

the proper solution and/or a result of having perturbed the solution

more than was necessary. Both problems can be overcome by re-

specifying one or both of the parameters TOL and DELT.

First, the perturbation quantity DELT should be re-specified

equal to or less than 25% to 30% of the acceptable temperature

tolerance, e.g., 0.25*F if + l°F is desired (two to four perturba-

tions are required regardless of the proximity to steady state).

Second, the tolerance TOL should be reduced so that when it is

multiplied by the maximum temperature difference of the grid, the

product is equal to or less than the desired tolerance. For

example, if a solution to a thermal model with approximately
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- W1000*F temperature differences is desired to within + 1F, a

tolerance of 0.001 should be specified. If none of the above

changes correct the problem, it may be possible to decrease the

range of the temperature bound by merely performing more iterations;

i.e., by continuing a run with a pre-punched temperature deck.

2.5 THERMAL PARAMETER FUNCTIONS

The actual values of the thermal parameters discussed in 2.1.2

are given by Fortran V arithmetic statement functions. These func-

tions are inserted into the program by recompiling two subroutines,

MADATA and FLODAT each time a problem is run. The functions for

materials and gases are inserted into MADATA, and those for coolants

are, inserted into FLODAT. On the Univac 1110 computer system, it

has been found that the cost of recompiling these subroutines is

generally not a controlling factor in establishing the total cost. of a TAC2D computer run.

2.5.1 Function Names

The function names contain the basic name of the thermal

parameter being defined, the member number within the material,

coolant or gas set and a dummy argument X. The names and definitions

of the functions which may be specified for each of the three sets

are given below. The dash indicates any of the integers 1 through

15 representing themember numbers. Members of the same set must

be assigned different numbers whenever any of their corresponding

thermal parameters cannot be defined identically. For coolants,

the signed flow direction number is a thermal parameter within the

scope of this restriction.

2
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MATERIALS

Function Name

TMAT

RCON

(x) *
(x)

ACON - (X)

SPEC

EMRH

- (x)
- (x)

EMRL - (X)

EKMA - (x)

EMAL - (X)

HEAT - (X)

EXRH - (X)

EXRL - (X)**

EXAH - (X)**

EXAL - (X)**

Def inition

temperature (if known)

thermal conductivity in the
X (or radial) direction

thermal conductivity in the
Y (or theta, or axial)
direction

volumetric specific heat

emissivity in the + X (or
+ radial) direction

emissivity in the - X (or
- radial) direction

emissivity in the + Y (or
+ theta, or + axial)
direction

emissivity in the - Y (or
- theta, or - axial)
direction

volumetric heat generation
rate

thermal expansion of the
+ X (or + radial)
boundary

thermal expansion of the
- X (or - radial)
boundary

thermal expansion of the
+ Y (or + theta, or
+ axial) boundary

thermal expansion of the
-Y (or - theta, or
- axial) boundary

Units

OR

Btu/hr-ft-*R

Btu/hr-ft-OR

Btu/ft 3 -*R

dimensionless

dimensionless

dimensionless

dimensionless

Btu/hr-ft
3

ft

ft

ft (radians for
circular
coordinates)

ft (radians for
circular
coordinates)

* If TMAT - (X) is given, thermal conductivity, specific heat and
heat generation need not be specified for that material.

** These functions require use of the gap expansion option. See
Section 2.6.
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9
COOLANTS

Function Name

SPH- (X)

REYN (X)

H - A(X),
H - B(X),
H - C(X)

TIN -
TIN -

TIN -

A(X) ,*
B(X),
c M)

Def in it ion

specific heat capacity

Reynolds number

heat transfer coefficient
in a specified low (A),
middle (B), or high (C)
range of Reynolds number

inlet temperature in a
specified low (A), middle
(B), or high (C) range of
one of the variables time,
mass flow rate or outlet
temperature

mass flow rate in a
specified low (A), middle
(B), or high (C) range of
one of the variables time,
outlet temperature or
inlet temperature

Units

Btu/lb-*R

dimensionless

Btu/hr-ft 2 -0R

OR

lb/hrFLO - A(X)
FLO - B(X)
FLO - C(X)

0 GASES

Function Name

GCON - (X)

Definition

thermal conductivity

Units

Btu/hr.-ft-OR

2.5.2 Function Variables

The thermal parameter functions may be constants or they may be

dependent upon current local values of some of the calculation vari-

ables. Definitions of these variables and their allowed uses are

given below for each of the three sets.

* TIN - A(X) may also be used to define a known coolant temperature
profile. See 2.5.2, "COOLANTS - Function Name".
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MATERIALS

Variable Name* Def in it ion Units

DR

HR

FTR

FTZ

1) temperature of a point, or
2) local temperature of a gap

surface, or
3) local temperature of an

internal coolant block
boundary, or

4) local temperature, volume
averaged in the radial
- X direction, or

5) local temperature, volume
averaged in the axial-Y-
theta direction

time

1) X (or radial) coordinate
of a point, or

2) location of an X.(or
radial gap

1) Y (or theta, or axial)
coordinate or a point, or

2) location of a Y (or theta,
or axial) gap

Allowed Variables**

HR

DRI), FTRl), FTZl), HR

DRI), FTR1 ), FTZ1 ), HR

DR 2 ), 3 ), FTZI), HR

DR 2 ), 3 ), FTR1 ), HR

DRI), FTRI), FTZ1 ), HR

hr

ft

ft (radians
for circular
coordinates)

Function Name

TMAT - (X)

RCON - (X)

AC0N- (X)

SPEC- (X)

ERH- (X)
EMRL (X)

EMAH - (X)
EMAL- (X)

HEAT- (X)

For materials, DR has five different definitions depending upon the
function in which it is to be used. Similarly, FTR and FTZ each
have two different definitions.

** DR, FTR and FTZ are labeled to indicate which of the definitions
apply to each function.

*4
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9
MATERIALS (cont.)

Function Name

EXRH - (X)
EXRL - (X)

EXAR - (x)
EXAL - (X)

COOLANTS

Variable Name

DR4 ), FTR2 , HR

DR5 ), FTZ 2 ), HR

Definition Units

DR

HR

FTR

FTZ

0
ST

temperature of a point in

a coolant

time

X (or radial) coordinate of
a point. Only defined for
coolants flowing parallel to
the X (radial) axis

Y (or theta, or axial)
coordinate of a point.
Only defined for coolants
flowing parallel to the Y
(or theta, or axial) axis

local temperature of a
coolant block boundary

Reynolds number at a point
in a coolant

inlet temperature of a
coolant

outlet temperature of a
coolant

flow rate of a coolant

Allowed Variables*

DR,FTR,FTZ,TIN,TOUT,FR

DR,HR,FTR,FTZ,ST,TIN,TOUT,FR

hr

ft

ft

RE

TIN

TOUT

FR

dimensionless

lb/hr

Function Name

SPH- (X)

REYN- (X)

* FTR and FTZ are not allowed variables in functions which are used
to define normal flow coolants.
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COOLANTS (cont.)

Function Name

H - A(X)
H - B(X),
H - C(x)

TIN - A(X)

TIN - B(X),
TIN - C(X)

FLO - A(X),
FLO - B(X)
FLO - C(X)

Allowed Variables

DR,HR,FTR,FTZ,ST,RE,TIN,TOUT,FR

HR,TOUT,FR,FTR,FTZ**

HR,TOUT,FR

HR,TIN,T0UT

GASES

Variable Name Definition Units

DR

STGL

STGH

HR

FTR

local linear average of the
two surface temperatures of
a gap

surface temperature on the
low side of a gap

surface temperature on the
high side of a gap

time

X (or radial) coordinate of
a point

Y (or theta, or axial.) coor-
dinate of a point

Allowed Variables

DR,STGL,STGH,HR,FTR,FTZ

OR

hr

ft

FTZ ft (radians for
a theta coordinate)

Function Name

GCCN - (X)

* If FTR or FTZ is used to allow TIN - A(X) to define a known coolant
temperature profile (see 6.1.4), SPH - (X) must be assigned a value
of 1010.

28
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9
2.5.3 Default Function Values

Not all of the thermal parameters are used in every problem.

Functions need not be specified for those which are not used. If no

function is specified for a parameter which is used, then that para-

meter will automatically be set equal to a default value as indicated

below.

TMAT -

RCON -

SPEC -

EMRH-

(x) 0.*

(X), AC0N - (X) = 10-6 Btu/hr-ft-OR

(X) = 1. Btu/ft 3 -*R

(X), EMRL - (X), EMAH - (X), EMAL - (X) 10-6

d imens ionless

HEAT - (X) = 0.

EXRH - Wx), EXRL - (X), EXAH - (X), EXAL - (X) = 0.

SPH - (X) 1 1. Btu/lb-OR

REYN - (X) - 0.

H - A(X), H - B(X), H- (X) = 10-F Btu/hr-ft 2 -OR

TIN - A(X) = 460. 0R

TIN - B(X), TIN - C(X) = 0.

FLO - A(X) = 106 lb/hr

FLO - B(X), FLO - C(X) 10-6

GCON - (X) = 0.

2.5.4 Interconnection of Coolants

Special functions may be used to define inlet temperatures such

that the inlet temperature of one coolant is equal to the outlet

temperature of another. As an example, the inlet temperatures of

coolants 3, 5 and 2 can be defined as follows:

* TMAT - (X) is not used in the program unless a non-zero value is

supplied by the user.

9~
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TIN3A(X) = 560.

TIN5A(X) = TO(3)

TIN2A(X) = TO(5)

The result is that in the A, or low range of inlet temperature, the

inlet of coolant 3 is 560.*R, the inlet of 5 is the outlet of 3 and

the inlet of 2 is the outlet of 5. As few as two and as many as all

fifteen coolants may be interconnected in the manner illustrated.

Although the example is for the A range of inlet temperature such

interconnections may also be made for the B and C range functions.

The blocks containing the interconnected coolants need not necessarily

be adjacent. Extreme caution should be used when coolants are inter-

connected for a transient calculation. A large truncation error can

be developed if the time steps are not taken sufficiently small. The

error is discussed in 5.2.2.2.

2.5.5 Function Control Constants

The need to recompile Subroutines MADATA and FLODAT for each

different set of thermal parameters imposes a limitation on using the

computer to do several different problems, or consecutive cases, in

one run. This limitation is partially overcome by the availability

of the function control constants Al through A18 which may be used

in the parameter functions. A typical use of these constants is

illustrated by the example given below.

Subroutine MADATA:

RCON3(X) = A5*(function 1) + A9*(function 2)

Problem inputs:

Problem No. A5 A9

1 1. 0.

2 0. 1.
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Effectively, RCON3(X) = function 1 for problem l and RC0N3(X)

function 2 for problem 2.

In addition to the 18 control constants which the user may input,

there are also the control constants A19 and A20(I), I = 1,100. These

constants are included in common and are available to be used as

desired. They may be assigned values in the subroutines MADATA,

FLODAT and CUSTOM (see Section 3.6). If they are assigned values

in MADATA or FLODAT, this must be done after all thermal parameter

functions have been assigned, according to the rules of FORTRAN.

2.5.6 Additional Arithmetic Statement Functions

Additional functions may be defined and used in one or more of

the thermal parameter functions. They are arithmetic statement

functions containing dummy arguments. Their use is illustrated in.@ Appendix B. If an additional function is used in material and gas

functions and also in coolant functions, it must be inserted into

both Subroutines MADATA and FLODAT.

2.5.7 Function Subprograms

Some desired thermal parameter formulations cannot easily be

expressed by the exclusive use of arithmetic statement functions.

Step functions are an example. In such cases, function subprograms

which contain any legitimate Fortran operations may be used as

illustrated in Appendix C.

2.6 THE GAP EXPANSION OPTION

In most engineering applications the dimensional changes occurring

when materials are heated or cooled are generally less than 1% of the

initial length. The change in thermal resistance of the material40
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itself due to the different conduction length is negligible. When two -,

bodies are separated by a small fluid filled gap, the change in dimen-

sion of the gap can be a significant fraction of the original gap width.

This change in gap width causes a change in the conduction resistance

across the gap, and can have a substantial effect on the overall system

thermal resistance.

The GAP EXPANSION option allows for thermally induced changes in

the gap width and the gap thermal resistance in the TAC2D thermal

analysis code.

The basic equation used to calculate the change in length due to

thermal expansion is:

AL = aL (- To) (2.6.1)
0

where: -a coefficient of thermal expansion

L - reference length

- volumetric average temperature

T - temperature at which reference length is specified
0

This expression is applicable to linear growth of unrestrained bodies

and should be used with care for other configurations.

In the current application, T for a radial gap is defined as the

volumetric average temperature of all radial nodes between axial grids

J and J+l in the material block adjacent to the gap. For an axial

gap, T is the volumetric average temperature of all axial nodes

between radial grids I and I+i in the material block adjacent to

the gap.

Use of the gap expansion option is initiated by using a TAC2D

option card GAP EXPANSION. As some gaps may close because of the

32



thermal expansion characteristics of the adjacent materials, a single

minimum allowable gap may be specified for all X or radial ,gaps on

this option card along with another minimum allowable gap for all Y,

axial, or theta gaps. The expression GAP EXPANSION appears on the

option card in A format beginning in Column 7, while the minimum

allowable radial (or X) gap (in inches) and the minimum allowable

axial (or Y or 6) gap (in inches or radians) are specified beginning

in Columns 25 and 31, respectively, in F6.0 format. See Section 4.2,

"CARD INPUT FOR A COMPUTER RUN", for clarification.

The expansion characteristics of the gap are defined via the

functions EXRH - (X), EXRL - (X), EXAH - (X), and EXAL - (X) in the

MADATA subroutine. The functions EXRH - (X) and EXRL - (X) define

the radial (or X) boundary movement (in feet) on the high and low

radial sides of the blocks; whereas, the functions EXAH - (X) and

EXAL - (X) define the axial (or Y or 6) boundary movement (in feet

or radians) on the high and low axial sides of the blocks.

It should be noted that the above four expansion functions are

more than just the coefficient of thermal expansion a; they are the

entire right side of Eq. (2.6.1), and they include a, the reference

length, and the reference temperatures.

The volumetric average temperature T is calculated within the

MADATA subroutine and is available as DR in degrees Rankine. The

radial and axial distances from the origin to each gap are avail-

able as FTR and FTZ in feet.

Thermal models are often constructed such that the axes of the

model coincide with the fixed axes of the real body. It is then

convenient to specify the reference length as FTR or FTZ. As an

example, consider a two-dimensional R-Z model of a cylindrical

body. If the expansion coefficient were 6 x 10-6 inches/inch *R
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and all gaps specified in the input were defined at room temperature

(530*R), the radial boundary movement for Material 3 would appear in

the subroutine MADATA as:

EXRH3(X) = 6.E-6*FTR*(DR-530.)

It is exmphasized that the length term in the expansion functions

EXRH - (X), EXRL - (X), EXAH - (X), and EXAL - (X) is always the

distance from the moveable boundary to the fixed (or assumed fixed)

line of the body. It may not necessarily be FTR or FTZ.

The final gap widths of a TAC2D run are printed when GAP

EXPANSION is specified. An option ALL GAPS is available which

prints the gaps at each temperature printout. This option is

specified on an option card in A format beginning in Column 7.

(See 4.1.3, "Option Indicators")

2.7 THE ITERATE OPTION

The ITERATE option causes the program to repeat a complete

steady-state calculation until a specified nodal point temperature

is attained. Results of a secant iteration method are fed into the

main calculation through a parameter PAR which is applied by the

code user to one or more of the input thermal parameter functions.

Examples are

HEAT3(X) = 3.5 E6 * PAR

GC0N5(X) = (1.29 E-4 * DR ** 0.674)/PAR

TIN2A(X) - 700.0 * PAR

The input variables (given on the option card) and their uses

are:
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PAR1 - The initial values of PAR. For the first

iteration cycle PAR = PARI. A value of 1.0

is usually applicable but any value consistent

with the other input may be used.

DELPAR - The change to be made to PARI for the second

iteration cycle according to PAR = (1 + DELPAR)

* PARI. The sign of DELPAR should be positive

if the user expects the temperature of the

particular point to increase with increasing

PAR and should be negative if the temperature

will decrease with increasing PAR.

TCONV - The temperatures, in degrees Rankine to which

the program is to iterate.

RLOC - The radial point index at which TCONV is

defined.

ZLOC - The axial point index at which TCONV is defined.

PMT - The convergence tolerance for TCONV in degrees

Rankine. The input value is always positive.

The problem will terminate when the temperature

at RLOC and ZLOC falls within the range of

TCONV + PMT.

The ITERATE option is engaged by including a single option

card anywhere among the other option cards for the problem. The

card contains the alpha-numeric characters ITERATE in Columns 7-13

followed by the values of PMT, DELPAR, TCONV, RLOC, ZLOC and PAR1

in that order. These are given as floating point numbers in 6

column words with the first word starting in Column 25 (see Section

4.2).
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The thermal parameter functions may contain PAR only when the

ITERATE option is engaged. In the normal calculation mode, PAR is

not set and will probably be equal to zero.

The ITERATE option is

Therefore, the convergence

order of several degrees.

calculation fine enough to

intended to be used as a sizing tool.

tolerance PMT should probably be on the

The option may be unable to adjust the

satisfy smaller convergence tolerances.

I

A'
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3. OUTPUT AND OUTPUT CONTROL

3.1 GENERAL

The initial pages of a problem output contain a description of

the problem, mostly in tabular form. Also, the input cards are

printed, one card per line, to insure the exact reproducibility of

the input at a later date. Examples of printed output are available

in the example problem of Appendix H. Most of the calculation results

are presented as matrices of point conditions. Values for individual

points are located by index numbers printed along the edges of the

matrices. The coordinate value corresponding to each index is given

in the problem description. The extreme high and low index values

4in either coordinate direction represent the external points.

3.2 BASIC OUTPUT

The basic output is matrices of the temperatures at all

calculation points with each matrix corresponding to a given point

in time. Printed with each matrix are the terminal temperatures

and flow rates of the coolants. If the time steps of a problem

are given as input, then the frequency of iterations for which basic

output will be printed is also given as input. If the problem is

being run under the steady-state options, basic output will be

printed only for the upper and lower temperature bounds and for

the smoothing iterations described in Section 2.4 and then only

for every fifth of the latter. Basic output will always be printed

for the final iteration of a problem regardless of the method under

which the calculation is being performed.
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All basic output values are converted to integers before they are

printed. Temperatures are converted from their calculated real values,

RTR, in OR to integers, ITF, in OF by means of the following expression

ITF RTR - 459.5

The result is that remainders greater than or equal to .5*R are rounded

upward while those less than .5*R are-rounded downward.

In materials, a point temperature is the calculated temperature

of the material at the location given by the coordinates of the point.

In coolants, a point temperature is a mean effective coolant tempera-

ture evaluated over the interval between the two grid lines which bound

the point and are normal to the flow direction. The mean effective

value is that calculated for the condition of constant wall (or adja-

cent material block boundary) temperatures over the interval. There-

fore, the location of a coolant point temperature along the flow

direction is not exactly that given by the point coordinate. However,

unless the grid lines are very widely spaced along the flow direction,

locating the coolant temperatures by the point coordinates if suffi-

ciently accurate for most engineering purposes.

In the case of a point in a normal flow coolant, the temperature

printed is also a mean effective value based on the constant wall

temperature condition. Here, however, the interval of evaluation is

the specified depth normal to the plane of the problem.

3.3 AUXILIARY OUTPUT

3.3.1 Overlay

To facilitate interpretation of basic output, an overlay form is

always printed. The-boundaries are outlined by series of identifying

symbols. The precise symbols are dependent on the printer; however,

the usual set is as follows:
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-, 0 boundary with gap adjacent

*boundary with coolant adjacent

*boundary with no gap or coolant adjacent

A scale is used which will cause the lines generated to fall between

the appropriate point temperatures in a basic output matrix. This

diagram can be traced onto a sheet of transparent paper which can

then be laid over any basic output matrix. The resulting display

contains no dimensional information but is useful for a quick

qualitative evaluation of results.

3.3.2 Overall Heat Balance

An overall heat balance is always printed for the last itera-

tion of a problem. Three quantities are itemized and totaled:

1) the heat generation rate for each block; 2) the heat gained

(or lost) by each coolant block; 3) the heat gained (or lost) by

dummy material blocks (see Section 6.2). A quantity which may be
called the "residual heat" (RESIDH) is calculated as follows:

RESINH = (Heat generated) - (Heat gained by coolants

+ Heat gained by dummy materials).

In other words, RESIDH is the difference between the overall heat

gained and the overall heat lost by the system. It should approach

zero as thermal equilibrium is attained. On a more practical basis

-it should be no more than some small percentage of the overall heat

gained (or lost) by the system. The "small percentage" is defined

by the user. Generally 1% is considered adequate; however, certain

problems may require a smaller value for acceptable results. If

the overall heat balance does not satisfy this condition, a steady-

state solution should not be assumed unless some acceptable explana-

tion can be found (see Section 5.4).
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3.3.3 Residuals

When the steady-state option is being used, a matrix of residuals

for all points in the problem will always be printed. If convergence

is obtained, the residuals will be those corresponding to the last

smoothing iteration. If-convergence is not obtained, the last avail-

able values are printed.

Residuals for coolant points and certain dummy material points

are not considered in determining convergence. Zeros are printed for

coolants and extremely high values (9.999EII) for dummy materials.

3.4 OPTIONAL OUTPUT

There are six types of optional output which are described below.

Some of the optional output quantities reflect a depth normal to the

plane of the calculation. If the problem contains a normal flow

coolant, this depth is the value H described in 2.1.4 and Fig. 3.

Otherwise, it is 1 foot.

3.4.1 Decimal Temperatures

All basic output is printed in floating point numbers rather

than integers. The calculated temperatures, RTR, in *R are converted

to the printed values, RTF, in *R by means of the following expression

RTF = RTR - 460.0

3.4.2 Geometry Factors, Effective Conductivities and Effective

Conductances

The heat rate between points 1 and 2 in either coordinate direction

is given by
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q = K (T1 - T2 )

where

q is the heat rate, Btu/hr

T is point temperature, @F

K is thermal conductance, Btu/hr-*F

K may be factored

K = (G)(C)

where

G is component of K which depends purely on geometry, ft

C is component of K which depends on temperatures and

thermal parameters, Btu/hr-ft-*F

.• G is called the geometry factor. C is called the effective conduc-

tivity.

G, C, and K in each of the two coordinate directions are printed

as matrices of point values. The value given for a point is the

value between that point and its next higher indexed neighbor. C

and K may be printed either for the last iteration only or for all

iterations where basic output is printed.

If the option of printing G is used, node volumes will also be

printed as a matrix of the volumes associated with each of the points.

3.4.3 Heat Rates and Heat Fluxes

The.heat rates defined in 3.4.2 and the associated heat fluxes

are printed in the same form as the effective conductivities. The

* heat fluxes, q", are determined from the heat rates by
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A

where A = heat flow area at the 'grid line between the points, ft 2 .

Heat rates and heat fluxes may be printed either for the last itera-

tion only or for all iterations where basic output is printed.

3.4.4 Surface Temperatures

Surface temperatures are printed as integers using the conversion

previously given for the point temperatures. The values printed are

the temperatures of the gap* lines which are external boundaries and

the temperatures of the portions of gap lines which are adjacent to

gaps or coolant blocks or are coincident with material interfaces.

This output is given as two separate matrices, one for the gap lines

of each coordinate direction. The point indices of the other direc-

tion and the grid line indices of the gap lines are printed along the

edges of the matrices. Both the grid line and point indices are

related to their coordinate system values in a separate output

tabulation.

In the case of a gap line adjacent to a gap or coincident with

a material interface, there are two surface temperatures at any loca-

tion along the gap line. They will be printed as a pair of numbers

in a single matrix location. No surface temperatures are calculated

over portions of gap lines which are not actually adjacent to a gap

or are not coincident with a material interface coolant. These

locations are therefore blank in the printed matrices. Surface

temperatures may be printed either for the last iteration only or

for all iterations where basic output is printed.

* Gap lines are special cases of grid lines as defined in 2.1.6.
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•W 3.4.5 Punched Output

The point temperature and coolant terminal temperature results of

the last iteration may be obtained as a deck of punched cards. This

card deck may then be used as initial temperature input for another

computer run as described in 2.2.2.

If convergence is not attained for a problem being run under

the steady-state option, the last available set of temperatures will

be punched automatically. For all other cases, punched temperatures

are produced only if the punch option is used.

Card images of the punched temperature deck are printed in the

output.

3.4.6 Tape Output

A tape containing problem geometry and temperature data may be

created as a part of the output. The data and its arrangement on the

tape are described in Appendix G. The tape option has been designed

primarily to automate the input of code results to plotting routines.

3.4.7 Gap Thicknesses

If the gap expansion option is being used (see Section 2.6), the

gap thicknesses will be printed for both coordinate directions. The

printing may be done either for the last iteration only or for all

iterations where basic output is printed.

3.5 PRINT FORMAT CONTROL

The normal format for printing output matrices is with the X

(or radial) coordinate increasing from left to right across the page

:. and Y (or theta, or axial) coordinate increasing from bottom to top
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up the page. An option is available through which the latter directions

can be reversed so that all matrices are oriented in the fourth quadrant.

of the coordinate system being used.

3.6 SPECIAL OUTPUT

The program contains a subroutine named CUSTOM which is always

called immediately after the printing of basic output. This subroutine

contains all the common elements of the program but has no executable

statements other than RETURN. By compiling the required Fortran

instructions into CUSTOM, calculations using the variables in common

may be performed and the results printed. A list of names which must

not be defined in CUSTOM is given in Appendix D.

f*
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4. INPUT FORMULATION

The input is subdivided into data groups. Instructions for

formulating each of these groups are given in Section 4.1. Instruc-

tions for arranging the groups into a "ready to run" card input are

given in Section 4.2. A further aid to input formulation is the

i•put card listing given for the example problem of Appendix H.

4.1 DATA GROUPS

Card descriptions, pertinent dimensional limits and special notes

applicable to setting up each of the input groups are given below.

The maximum values of some of the dimensional limits are given in

terms of the symbols IQ, JQ, IGQ, JGQ, and LQ. The definitions of

these symbols and their assigned values are discussed in Appendix E.

4.1.1 Thermal Parameter Functions (See all of Section 2.5)

Card Description

The arithmetic statement functions are given on individual cards

(and continuations if required) according to the rules of Fortran V.

This data group must contain only arithmetic statement functions as

described in Section 2.5, and comment cards. The group of functions

for materials and gases may be arranged in any order. The group of

functions for coolants may also be arranged in any order. An excep-

tion is that a statement function used on the right hand side of an

equal sign must have been defined previously within that group.
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Limits on the Number of Functions

No arithmetic statement functions need be given. In this case,

all thermal parameters relevant to the problem will have the constant

standard values defined in 2.5.3.

There may be more arithmetic statement functions than those for

the 375 function names defined in 2.5.1. This can occur when addi-

tional arithmetic statement functions are used as described in 2.5.6.

Therefore, the allowable maximum number of arithmetic statement

functions cannot be generally specified.

NOTES:

1. Only those thermal parameters which are relevant to

the problem need be defined.

2. Radiation between a set of internal coolant block

boundaries will be totally excluded from the calcula-

tion whenever the emissivity of the material adjacent

to either boundary is 10-6 (the standard function value)

or less. By "totally excluded" it is meant that the

calculation will be performed using an algorithm which

takes no account of radiation.

3. If the steady state option is being used, the material

volumetric specific heat functions, SPEC - (X), may be

omitted. If included, they will have no effect on the

problem results. There is an exception to the above rule

for dummy materials which are intended to retain their

initial temperatures. In this case the function

SPEC - (X) must be assigned a value of 106 Btu/ft 3 -*R

or greater.
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0W 4. If the steady state option is being used, all time

dependent functions will be evaluated at -1.0 hours.

4.1.2 Titles

Each title card represents one line of title information. The

title cards will be printed at the beginning of the problem output in

the order of their input sequence. The first title card will be

printed at the top of every output page.

Card Description

Title cards may contain any alphanumeric information in

columns 1-72. A blank card follows the title cards.

Limits

Minimum Maximum

* Number of title cards 1 no limit

NOTES:

1. Each title card must contain at least one character in

columns 1-72.

2. A special title card, with the characters $WARN$ in columns

1-6, allows the user to override the default value of the

warn time, which is 20 sec. The desired warn time (in

seconds) is then entered in columns 11-12 with integer

format. See 4.3.1 for a discussion of the warn time.

4.1.3 Indicators

Certain items of information required to define the problem and

specify the desired output are given by means of the indicator words

and word groups described below.
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Coordinate System Indicator
9.'

One of the three coordinate systems shown in Fig. 1 must be

specified by means of the following indicator word groups.

Indicator

RECTANGULAR GEOMETRY

CIRCULAR GEOMETRY

CYLINDRICAL GEOMETRY

Coordinate System

cartesian

circular

cylindrical

Option Indicators

The steady state option (Section 2.4), the gap expansion

option (Section 2.6), the iterate option (Section 2.7) and any

of the output<options described in Sections 3.4 and 3.5 may be

specified by means of the following indicators.

Indicator

STEADY STATE

ALL DECIMAL TEMPERATURES

RESISTANCES

CONDUCTIVITIES

Option

Use the steady state option; calculate

the steady state solution only.

Print decimal rather than integer

temperatures for all iterations

where basic output is printed.

Print geometry factors and node

volumes.

Print effective conductivities and

effective conductances for the last

iteration.
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Indicator

ALL CONDUCTIVITIES

HEAT FLUXES

ALL HEAT FLUXES

SURFACE TEMPERATURES

ALL SURFACE TEMPERATURES

PUNCH

TAPE

INVERSE PRINT

Option

Print effective conductivities and

effective conductances for all

iterations where basic output is

printed.

Print heat rates and heat fluxes

for the last iteration.

Print heat rates and heat fluxes for

all iterations where basic output is

printed.

Print surface temperatures for the

last iteration.

Print surface temperatures for all

iterations where basic output is

printed.

Punch temperatures for the last

iteration.

Prepare a tape containing problem

geometry data and results.

Print all output matrices with the

coordinate directions reversed as

described in Section 3.5.

Account for dimensional changes in

gaps due to thermal expansion of

materials; print gap thicknesses

for the last iteration.

GAP EXPANSION

S
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Indicator

ALL GAPS

CENTIGRADE

ITERATE

LONG INPUT

Option

Used with GAP EXPANSION option;

print gap thicknesses for all

iterations where basic output

is printed.

Print all output temperatures in

degrees Centigrade.

Perform a series of steady-state

calculations until a specified

nodal point temperature is

attained.

Accept input cards in the original,

longer format (See Appendix I).

a

Card Description

There is one indicator per card, starting in column 7. The

indicators may be abbreviated to the first 6 characters, e.g. ALL

HEAT FLUXES to ALL HE. The cards may be arranged in any order. A

blank card follows the option indicators.

Limits

The coordinate system indicator must always be given. All or

none of the other indicators may be given.

NOTES:

1. The steady state, gap expansion and iterate options may

require additional user specified parameters on the

indicator cards. See S'ection 4.2, "CARD INPUT FOR A

COMPUTER RUN".
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2. If the long input option is used refer to Appendix I.

4.1.4 X Grid Lines (See 2.1.1)

Each X (radial) grid line is defined by giving its coordinate

value in inches.

Card Description

Give the X grid lines in ascending sequence. Use format 6E12.4.

Use as many cards as required. A blank card follows the X grid lines.

Limits

Minimum

3

Maximum

(IQ-1)Number of X grid lines

'*
4.1.5 Y Grid Lines (See 2.1.1)

Each Y (theta, axial) grid line is defined by giving its

coordinate value in inches or in degrees if circular geometry is

used.

Card Description

Give the Y grid lines in ascending sequence. Use format 6E12.4.

Use as many cards as required. A blank card follows the Y grid lines.

Limits

Minimum

3

Maximum

(JQ-I)Number of Y grid lines

NOTES:

1. Theta grid lines may extend over a complete circle but there

will be no thermal connection between points adjacent to

theta = 00 and theta = 360°.
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4.1.6 Block Information (See 2.1.3 through 2.1.6 and 2.5.1)

A block is described by the following data:

1. Material number, any of 1.0 through 15.0, for material

blocks.

2.. Negative coolant number, any of -1.0 through -15.0 for

coolant blocks.

3. Flow direction number for coolant blocks.

4. Depth of problem, H, in inches or degrees for coolant

blocks (see 2.1.4 and Fig. 3).

5. T•he grid line values of its boundaries given in inches or

in degrees for the theta coordinate.

6. Gaps located on the high block boundaries in either

coordinate direction.

a) gas thickness in inches, or in degrees for the

theta coordinate

b) gas number, any of 1.0 through 15.0 for the gas

contained in the gap.

The flow direction number, item 3 above, is one of the following

indicators:

Indicator

1.0

2.0

3.0

Flow direction

parallel to the X (radial axis)

parallel to the Y (theta, axial) axis

normal to the plane of the problem

I
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S.

The indicators 1.0 and 2.0 are positive when the coolant is flowing in

the positive coordinate direction. They are negative for flows of

opposite direction. The indicator 3.0 is always positive since it is

immaterial whether a normal coolant is flowing into or out of the

plane of the problem.

Blocks must be specified such that every internal point is

contained in some internal block and every external point is con-

tained in some external block.

Card Description

The data of each block are given on a set of one or two cards.

Format 5E12.4, 2F6.0 is used. The sets may be arranged in any

order.* A blank card follows the last set.

First Card

Columns

1-12 low X (radial) boundary

13-24 high X (radial) boundary

25-36 low Y (theta, axial) boundary

37-48 high Y (theta, axial) boundary

49-60 material number or negative coolant number

61-66 flow direction number for a coolant block; not

used for a material block

67-72 depth of problem for coolant blocks; not used

for material blocks.

For external blocks, the high and low boundaries of one coordinate

direction are the same and are an external boundary.

* For certain cases, the code may draw the overlay (See 3.3.1)

incorrectly if the coolant blocks are not placed after the
material blocks. This does not affect the problem execution.
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9.Second Card

Columns

1-12

13-24

25-36

37-48

X (radial) gap thickness on the high X boundary

X (radial) gas gas number, any of 1 though 15

Y (theta, axial) gap thickness on the high Y

boundary

Y (theta, axial) gap gas number, any of 1

through 15

not used49-72

If only one of the high block boundaries has a gap, the

the other-gap thickness and gas number are left blank.

neither a radial nor an axial gap, this card is omitted

words for

If there is

entirely.

Blank Card (after the last set)

Limits

Minimum Maximum

Number of blocks:

total

internal

5
1

4

2

LQ
LQ less number
blocks

LQ less number
blocks

(IQ-1)

of external

of internalexternal I?

number of block
boundaries in the X
direction

number of block
boundaries in the Y
direction

number. of gap lines
in the X direction

number of gap lines

in the Y direction

number of materials

number of coolants

number of gases

2

2

2

1

2

0

(JQ-l)

IGQ

JGQ

15

15

15

A i
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NOTES*

1. External blocks must be specified so as to completely cover

all four external boundaries. The external blocks must

contain only coolants. This includes the cases of the low

radial boundary at 0 inches and of the high and low theta

boundaries on the coincidence of 0Q and 360*.

2. Materials, gases, and coolants must be assigned different

numbers whenever any of their corresponding thermal para-

meters cannot be defined identically. For coolants, the

signed flow direction number is a thermal parameter within

the scope of this limitation.

3. The thickness of a gap must be less than the distance

between the high block boundary at which it is defined

and the grid line adjacent to the low side of that

boundary. This limitation is illustrated in Item a of

Fig. 5. Preferably, t should be much less than d/2.

4. There may be no gaps on an external boundary or on a

boundary adjacent to an internal coolant.

5. Two internal coolant blocks having the same flow direction

may not have a common boundary which is parallel to that

flow direction as illustrated in Item b of Fig. 5. Within

the scope of this limitation, two flow directions are

considered the same if they differ only in sign.

6. A coolant block must contain at least one grid line perpendi-

cular to the flow direction of its coolant as illustrated

in Item c of Fig. 5. An exception is a coolant block having

normal flow.

* The information in some notes was previously given in Chapter 2 and
is restated here to help prevent errors in input formulation.
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7. For internal coolant blocks having a flow direction within4"

the plane of the problem (i.e. not in the normal direction),

heat transfer occurs only at the block boundaries which are

parallel to the flow direction. This is illustrated in

Item d of Fig. 5.

8. The coolant material in an internal coolant block may have

a heat transfer coefficient, H--(X), which is defined as a

function of surface temperature ST. If two opposite

boundaries of the block are separated by at least two sets

of points, the temperatures of these two boundaries will be

used to calculate separate heat transfer coefficients for

each. If two opposite boundaries of the block are separated

by only one set of points, the average of the two boundary

temperatures will be used to calculate one heat transfer

coefficient which is applied to both boundaries. This

limitation is illustrated in Item e of Fig. 5.

9. For coolants, the inlet temperature, flow rate and specific

heat are identified by coolant number only. Thus it is not

possible to specify different values of these thermal parameters

for different blocks having the same coolant number. The values

will be the same for all blocks and will be equal to those

calculated for the coolant block which was given last in the

input card sequence.

10. Coolant outlet temperatures printed in the output are iden-

tified by coolant number only. If the same numbered coolant

is used in two different blocks, then the outlet temperature

printed is that for the block which was given last in the

block description input card sequence. However, the actual

outlet temperatures used in the code will be the correct

values for each block.

le
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11. To specify different values of problem depth, H, for differ-

ent coolant blocks is meaningless. The H given for the last

coolant block in the block description input card sequence

will be used for the entire problem. If H is not specified

a value of 12 inches is assumed for rectangular or circular

geometry, and 3600 for cylindrical geometry.

12. Normal flow coolants are allowed only if the "B" version

of the code is used. See Section 5.3.

The following sections of input (4.1.7 - 4.1.11) are optional in

that all, some or none of them may be required for a particular

problem. In each case the result of omitting one is described. Note

that each section contains a heading card at the beginning and a blank

card at the end. These sections may be input in any order.

4.1.7 Specified Initial Temperatures (See 2.2.1)

Each initial temperature region is specified by giving the values

of its bounding grid lines in inches (or in degrees for the theta

coordinate) and its initial temperature in *F. All internal points

must be contained within an internal point region. Only external

points for which an initial temperature other than 460*R is desired

need be contained within an external point region.

Card Description

The data of each initial temperature region are given on one

card. Format 6E12.4 is used. There may be as many cards as

necessary. A header card precedes the data and a blank card

follows it.,
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9.

Header Card

Columns

7-18

Data Cards

Columns

1-12

13-24

25-36

37-48

49-60

61-72

INITIAL TEMP

low X (radial) bounding grid line

high X (radial) bounding grid line

low Y (theta, axial) bounding grid line

high Y (theta, axial) bounding grid line

initial temperature of the region, *F

not used

For external point regions, one set of high and low bounding grid

lines are the same and are an external boundary.

Blank Card

Limits

number of internal
point regions

number of external
point regions

Minimum
1

0

Max Imum

number of internal
points

number of external
points

NOTES:

1. If this section of input is omitted, all temperatures

except those specified otherwise in MADATA and FL0DAT

will be 0OF initially, unless a punched deck (4.1.111)

is included.

0
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2. Omit the header card and the blank card if this section

of input is omitted.

3. If a punched deck (4.1.11) follows this section of input,

the punched deck will be used as initial temperature data.

If the order is reversed, the INITIAL TEMP cards will be

used.

4. If this section of input is included, all internal points

must be assigned a temperature.

4.1.8 Coolant Limits (see 2.5.1 and 2.5.2 under coolants)

Under the coolant thermal parameter function names given in

2.5.1, it is seen that heat transfer coefficient, mass flow rate

and inlet temperature each have three separate names as, for example,

the names H-A(X), H-B(X) and H-C(X) assigned to the heat transfer

coefficient. The purpose of these names is to permit the functions

to be defined differently in three ranges of an allowed variable.

The variables and the limits of their ranges are specified in this

data group. An indicator, called a dependence number, is used to

identify the variable for which the ranges are being given.

Card Description

The dependence numbers and limits for each coolant are given on

a set of three cards. The sets may be in any order. Format 6E12.4

is used. A header card precedes the data and a blank card follows

it.

Header Card

Columns

7-15 FLOW DATA

60



Data Cards (3 per coolant)

First Card

This card identifies the coolant and gives the limits for

functions H-A(X), H-B(X), and H-C(X). Reynolds number is the only

allowed variable. Therefore, no dependence number is required.

Columns

1-12

13-24

25-36

37-48

49-60

61-72

absolute value of coolant number

Reynolds number limit 1

Reynolds number limit 2

Reynolds number limit 3

Reynolds number limit 4

not used

4

The Reynolds number limits must be given in ascending sequence.

Second Card

This card gives the limits for the functions FLO-A(X), FLO-B(X)

and FLO-C(X) and identifies the variable for which these limits are

being given. The variable is identified by assigning one of the

following values to the flow dependence number:

Flow dependence number

0.0

1.0

2.0

3.0

Meaning

no limits given; only the function
FLO-A(X) is to be used

the limits are values of current
time in hours

the limits are values of coolant
outlet temperature in OF

the limits are values of coolant
inlet temperature in OF
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The arrangement of values on the second card is:

Columns

1-12

13-24

25-36

37-48

49-60

61-72

flow dependence number

limit 1

limit 2

limit 3

limit 4

not used

If the flow dependence number is 0.0, columns 13-72 are left blank.

Third Card

This card gives the limits for the functions TIN-A(X), TIN-B(X)

and TIN-C(X) and identifies the variable for which these limits are

being given. The variable is identified by assigning one of the

following values to the inlet temperature dependence number:

Inlet temperature
dependence number

0.0

1.0

2.0

3.0

Meaning

no limits given; only the function
TIN-A(X) is to be used

the limits are values of current time
in hours

the limits are values of coolant flow

rate in lb/hr

the limits are values of coolant
outlet temperature in OF.

The arrangement of values on the third card is:

Columns

1-12 inlet temperature dependence number

13-24 limit 1

25-36 limit 2
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Columns

37-48 limit 3

49-60 limit 4

61-72 not used

If the inlet temperature dependence number is 0.0, columns 13-72 are

left blank.

Blank Card (after the last set)

Limits

Minimum Maximum

number of sets of 0 15
coolant limit cards

NOTES:

1. If this section of input is omitted, all the flows will

have Reynolds number limits of 0, 1020, 1020, and 1020;

a flow dependence number of 0; and an inlet temperature

dependence number of 0. In other words, only the functions

R-A(X), FLO-A(X) and TIN-A(X) will be used. If any flow

has limits different from the above default values, the

three data cards must be supplied for that flow and each

card must have all four limits specified.

2. Omit the header card and the blank card if this section

of input is omitted.

3. The coolant inlet and exit temperature limits are given in

OF. When formulating the functions FL0-A,B,C(X) and

TIN-A,B,C(X) it should be remembered that the variables

TIN and TOUT, whose ranges are defined by these limits

are in OR.lie
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4.1.9 Time History (See Sections 2.3 and 3.1)

The purposes of this data group are to specify the time

incrementation of the problem and to designate the iterations where

basic output is to be printed. If the steady-state option is being

used, this data group may be omitted. If included, it will be ignored

in performing the calculation. The time incrementation is given by

defining the time periods as discussed in 2.3.2. The time units used

are identified by means of the following indicators:

Indicator Units

1.0 seconds

2.0 minutes

3.0 hours

The iterations where basic output is to be printed are designated by

giving a print frequency number for each time period. If the print

frequency number for a time period is X.0 then basic output will be

printed every Xth iteration within that period. In addition, basic

output will be printed for the last iteration performed within each

time period unless the print frequency for that period is 0.0. If

the print frequency for all time periods is 0.0, then no basic output

will be printed except that for the very last iteration of the problem.

It is recommended that the length of each time period be made exactly

divisible by its time step. If this is not done, the ends of the

time periods will be adjusted as described in 2.3.2, making it

difficult to obtain basic output at desired times.

Card Description

Each time period is described on a single card. Format 6E12.4

is used. A header card precedes the data and a blank card follows
it.
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Header Card

Columns

7-16 TIME STEPS

Data Cards

Columns

1-12 end of period

13-24 time step

25-36 print frequency number

37-48 time unit indicator

49-72 not used

The cards must be arranged in ascending time sequence.

Blank Card

b Limits

Minimum Maximum

number of time periods 1 20

NOTES:

1. All of Chapter 5 should be read before formulating the

time history input for a problem.

2. If a problem is to be continued in another computer run

.using previously punched temperatures, the time period

cards of the preceding run may, but need not, be removed.

3. If the steady-state option is being used, the time history

data group may be omitted. In this case the header card

and blank card must also be omitted. If time period cards

p are inadvertently included in the input, they will be

ignored.
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4.1.10 Function Control Constants (See 2.5.5)

Card Description

If no constants are used, this section of input may be omitted;

otherwise, three cards must be supplied. In addition, a header card

precedes the data and a blank card follows it.

Header Card

Vv

Columns

7-16 PARAMETERS

Data Cards

Give the function control constants in the sequence Al through

A18. Use format 6E12.4. Leave blank columns for any constant which

is not used.

Blank Card

NOTES:

1. Omit the header card and blank card if this section of

input is omitted.

4.1.11 Previously Punched Temperatures (See 2.2.2, 2.3.1 and 3.4.5)

This data group is included only when it is desired to supersede

the specified initial temperature input described in 4.1.7 (see Notes

1 and 3 of 4.1.7) with the point and coolant terminal temperature

results of a preceding calculation. Although the required input

cards are punched by the computer system, it may be desired to change
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individual values on these cards. Therefore, a card description is

given.

Card Description

The deck punched by the computer system consists of three card

sets arranged in the same order in which they are described below.

A header card precedes the deck and a blank card follows it.

Header Card

Columns

7-18 PUNCHED TEMP

Card Set I

There is only one card in the first card set. The format isp . E12.6, 3F12.1.

Columns

1-12 time, hours (notes 1 and 2)

*13-24 number of radial points in the problem

25-36 number of axial points in the problem

37-48 iteration number (Notes 1 and 2)

Card Set 2

The values contained in the second card set are the temperatures

in *R of all the points, both internal and external, in the problem.

There are as many cards as required to list all of the temperatures

using format 6E12.6. The point temperature array is called T(I,J)

where I is the X (radial) point index and J is the Y (theta, axial)

point index. The values in the T(I,J) array are listed continuously

with the index I varying most frequently.
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Card Set 3

The values contained in the third card set are the coolant

terminal temperatures in *R. Inlet and outlet temperatures are

given for all fifteen coolants with values of O.00R being given for

those which are not included in the problem. Format 6E12.6 is used

and it follows that there are always six cards in this set. The

inlet temperatures of coolants I through 15 are listed in order on

the first three cards and their outlet temperatures are listed

similarly on the last three.

Blank Card

NOTES:

1. The time and the iteration number given in the first card

set are the values at the final iteration of the problem

from which the previously punched temperatures were

obtained. The time given here will be the initial time

for the problem in which the previously punched tempera-

tures are to be used. The time history data group

described in 4.1.9 must contain time periods which end

at times greater than this value. Both the time and

the iteration number may be set to any desired value by

repunching the card on which they appear.

2. If a punched temperature deck is part of the input for a

problem to be run under the steady-state option, the time

and iteration number must both be zero. Zeros will always

be punched for these values when the punching is done under

the steady-state option.

3. The previously punched temperature deck ends with a number

of blank cards. They are included to separate it from
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other jobs which may precede it through the punching

equipment. Remove unnecessary blank cards before using

the deck.

4. Omit the header and the blank card if this section of

input is omitted.

4.1.12 END DATA Card

This card, consisting of the characters END DATA in columns

7-14, must be included. It is the last card of the input.

4.2 CARD INPUT FOR A COMPUTER RUN

The actual input for a computer run is set up by arranging

controlcards, blank cards and the previously described data

groups in the sequence given below. The control cards shown
are those for running on the Univac 1110 computer from the
catalog file TAC2D*TFMAB-76-1 which contains the absolute

element, the symbolic elements for Subroutines MADATA, FL0DAT,

and CUSTOM, and the relocatable elements for all other code

routines. The left hand margin represents column one of these

control cards.

In addition, a convenient card-by-card description of all

input sections (4.1.2 - 4.1.12) is included. Formats, units,

default values and short explanatory notes are provided. For

a full explanation of the input the user should refer to the

appropriate section.

-.
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Col. 1
4.

VASG,AX TAC2D*TFMAE-76-1.

VASG,T 15,U,XXXX (Note 1)

VCOPY TAC2D*TFMAB-76-1.,TPF$.

VFREE TAC2D*TFMAB-76-1.

VADD,P DRUM (Note 2)

VHDG,P THERMAL PARAMETER FUNCTIONS (optional)

VFOR,WS MADATA/S,MADATA/S,MADATA/S (Note 3)

-20

Material and gas thermal parameter functions (4.1.1 and

Note 4)

VFOR,WS FL0DAT/S,FL0DAT/S,FL0DAT/S

-20

Coolant thermal parameter functions (4.1.1)

(Note 3)

VF0R,WS CUSTOM/S,CUSTOM/S,CUST0M/S (3.6 and Note 5)

-20

User supplied programming

Function Subprograms if used (see Appendix C)

VPREP

VMAP,S TAC2D/i,TAC2D/ABS,TAC2D/i

where i A or B (Note 6)

VPRT,T

VHDG,P any alphanumeric heading in cols. 13-72 (Note 7)

VXQT TAC2D/ABS (Note 8)

Input sections 4.1.2 - 4.1.12
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NOTES:

1. Include this card only when the option TAPE (3.4.6, 4.1.3

and Appendix G) is being used. XXXX = reel number.

2. The drum card is required only when the steady-state or

gap expansion option is being used. If it is included when

none of these options is being used, there will be no

computer charge for drum usage.

3. The S option may be omitted (VF0R,W) to suppress the

listing of MADATA and/or FL0DAT; however, FORTRAN

diagnostic messages will also be suppressed. It is

recommended that the S option be used during the initial

check-out of a run. The FOR cards for Subroutines MADATA

and FL0DAT need not be included in a case where no thermal

parameter functions are given.

4. If the steady-state option is being used, both the material

volumetric specific heat functions SPEC-(X) (except as

discussed in 4.1.1, Note 3) and the time history data

group may be omitted. If included, they will be ignored.

5. Omit this section if no additional programming is required.

6. MAP card

a. Either the "A" or the "B" version of the TAC2D code

may be used. Refer to Section 5.3 for a discussion

of the differences between the two versions.

b. The S option lists address limits for the subroutines

and is useful in debugging a run. The N option will

suppress this listing.

c. The MAP card is not required if no FOR cards have been

included.-0
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7. This heading card, which is optional, causes the specified

heading to be printed along a single line at tire top of

every output page produced after program execution.

Printed on the next line will be the first problem title

card.

8. The name TAC2D/ABS appearing on the execute card is the

name of the absolute element in the standard versions of

the code. For special versions this name may be different.

The name of the execute card must be the same as the name

of the absolute element on the version being used.
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Word 1-12
Column 1-72
Format 12A6

Title Cards
Section 4.1.2 Any Descriptive Title

Symbol ZZ(I)

Word 1 2
Column 1-6 7-10 11-12
Format A6 12

B
Warn Time Card L Warn Time
Section 4.1.2 A (Sec)

N
K

$WARN$

Symbol ZZ(l) . IWRN

At least one
title card other
than '$WARNW'
(see below) is
required. Title
cards may be in
any order.

Optional. If
omitted, IWRN =

20. This card
may be located
anywhere within
the title card
set.

Required.



Word 1 2-12
Column 1-6 7-72
Format I1A6

BOption Cards LSection 4.1.3 A Options. See following cards for specific format of certain options.N The indicators, beginning in col. 7, may be abbreviated to the firstN six characters.K

Symbol - OPTION (I)

Word 2-3 4 5 6 7 _ _ 8 9
Column J. 7-18 19-24 25-30 31-36 37-42 43-48 49-54Format 2A6 F6.1 F6.1 F6.1 F6.1 F6.1

Use as many
option cards as
desired. They
may be in any
order. One
option card
indicating the

'geometry. type
is required.

-wSteady State
Option

Section 2.4

B
L
A
N
K

ýB
L
A
N
K

Temperature
perturba-
tion (*F).
Defaults
to 10.

Residual
tolerance.
Defaults
to 0.01.

Maximum
itera- -
tions.
Defaults
to 10,000.

Beginning
iteration
parameter.
Defaults
to 1.

Maximum
iteration
parameter.
Defaults
to 500.

If any of the
steady state
parameters is
not specified,
the default
value will be
used.

STEADY STATE
Symbol OPTION (1) DELT TOL ITMAX i DTFAC DTMAX

Word 1 2-4 5 6
Column 1-6 7-19 20-24 25-30 31-36Format 2A6,AI F6.1 F6.1

B B Minimum MinimumGap Expansion L L radial axial gap
0ption A A gap (in. orSection 2.6 N N (in.) radians)

K K

GAP EXPANSION
Symbol OPTION (I) MNGAPR '"-APZ

If MNGAPR or
MNGAPZ is not
specified, 0 is
assumed.
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Word 1 2-3 4 5 6 7 8 9 10Column 1-6 7-13 14-24 25-30 31-36 37-42 43-48 49-54 55-60
Format A6-Al F6.1 F6.I F6,.I F6.1 F6,1 F6.1

B B Conver- Initial Desired X(radial) Y(axial, InitialIterate Option L L gence change to tempera- index no. theta) value ofSection 2.7 A A tolerance PAR1 ture of TCONV index no. PARN N (OR) (fraction) (OR) of TCONV
K K

ITERATE

Symbol- OPTION(I) PMT DELPAR TCONV RLOC ZLOC PAR1

BLANK CARD

Word 1 2 ... etc.
Column 1-12 13-24 ... etc.
Format E12.4 E12.4 ... etc.

X Grid Line Radial-X Radial-X
Cards grid line 1 grid line 2 ... etc.

Section 4.1.4 (in.) (in.)

Symbol RL(l) RL(2) ... etc.

No default
values are
assumed.

Required.

Six grid lines
per card.
Minimum = 3
Maximum = IQ-1
(See Annendix
E)



BLANK CARD

Word 1 2 ... etc.
Column 1-12 13-24 ... etc.
Format E12.4 E12.4 ... etc.

-4
" Y Grid Line Axial-Y-theta Axial-Y-theta

Cards grid line 1 grid line 2 ... etc.
Section 4.1.5 (in. or 0) (in. or 0)

Symbol ZL(1) ZL(2) ... etc.

BLANK CARD

IRequired.

Six grid lines
per card.
Minimum = 3
Maximum - JQ-l
(See Appendix

E)

Required.
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Word 1 2 3 4 5 6- 7Column 1-312 13-24 25-36 37"-48 42-60- 61-66 67-72 ..
Format .... E12.4 .12-4 F]2.4 E12.4 E12.4 E12.4 E12.-4

Block Description Low High Low High Material Coolant ProblemCard I radial-X radial-X axial-Y- axial-Y- no. or flow depthSection 4.1.6 boundary boundary theta theta negative directim (in. or*)of block of block boundary boundary coolant no.
(in.) (in.) of block of block no.

(in. or 0) (in. or

Symbol RBL(K) I RBH(K) ZBL (K) ZBH(K) MB(K) IPATHT(N) HEIGHT

Word 1 2 3 4
Colmn 1-12 13-24 25-36 37-48
Format E12.4 E12.4 E12.4 E12.4

Block Description Radial-X Radial-X Axial-Y- Axial-Y-
Card 2 gap thick- gap theta gap theta gap
Section 4.1.6 ness material thickness material

(in.) no. (in. or 0) no.

Symbol RDG(K) MGR (K) ZDG (K) MGZ (K)

Cols. 61-72
may be specified
only for coolant
blocks. If left
blank, HEIGHT
defaults to 360*
(cylindrical
geometry) or 12
in. (rectangular
circular
geometry).

This card (if
required) and
the preceding
card must be
input as pairs.
Use as many
pairs as
necessary.

Required.



The following sections (4.1.7-4.1.11) may be input in any'order

Word 1 2-3 _, , , ,

Column 1-6 7-18 , ,
Format 2A6

Initial B
Temperature L If this card and the next set of cards are-omitted,
Heading Card A all temperatures (except those specified in MADATA
Section 4.1.7 N and FLODAT) will be OF initially, unless a punched

K deck (4.1.11) is used.

INITIAL TEMP

Symbol OP().

Word 1 2 3 4 5
Column 1-12 13-24 25-36 37-48 49-60
Format E12.4 E12.4 E12.4 E12.4 E12.4

Initial Low High Low High Temperature
Temperature radial-X radial-X axial-Y- axial-Y- of region
Data Cards boundary boundary theta theta (OF)
Section 4.1.7 of region of region boundary boundary

(in.) (in.) of region of region
(in. or 0) (in. or

Symbol RMIN RMAX ZMIN ZMAX TEM

BLANK CARD

Optional (see
explanation)

Optional (see
previous
explanation).
Use as many
cards as
necessary.

Required only
if preceding
set of cards
is included.
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Word 1 2-3
Column 1-6 7-15
Format A6'A3

Coolant Limits B If this card and the next set of cards are omitted, all theHeading Card L flows will use the low range functions H-A(X), FLO-A(X') andSection 4.1.8 A TIN-A(X). Otherwise, input the cards in groups of three forN each flow using additional functions.K

__FLOW DATA
Symbol II OP__ I__'....

Word • 2 3 4 5
Cn 1 ,,mn 1-12 13-24 25-36 37-48 49-60 ..
Format E12.4 E12.4 E12.4 E12.4 E12.4 ..

Coolant Limits Coolant Reynolds Reynolds Reynolds Reynolds
-4 Card 1 no. No. No. No. No.

Section 4.1.8 limit 1 limit 2 limit 3 limit 4

Symbol N RLIM1 (N) RLIM2 (N) 'RLIM3 (N) RLIM4 (N) I

Word 1 2 3 4 5
Column 1-12 13-24 25-36 37-48 49-60
Format E12.4 E12.4 E12.4 E12.4 E12.4

Coolant Limits Flow Limit 1 Limit 2 Limit 3 Limit 4
Card 2 dependence (hr. or *F (hr. or 0F (hr. or *F) (hr. or *F)
Section 4.1.8 no.

Symbol FLODEP(N) FLIM1(N) FLIM2(N) FLIM3 (N) FLIM4 (N)

Optional (see
explanation)

Optional limits
for heat trans-
fer coefficient
functions. See
heading card.

Optional limits
for flow rate
functions. See
heading card.



Word 1 22 3 4 5
romn 1-12 13-24 25-36 37-48 49-60
Format E12,.4 E12.4 El2.4 E12.4 E12.4 _ _ _ _ _ _

Coolant Limits Inlet Limit 1 Limit 2 Limit 3 Limit 4
Card 3 temperature (hr, lb/hr (hr, lb/hr (hr, lb/hr (hr, lb/hr
Section 4.1.8 dependence or OF) or 0F) or 0F) or *F)

no.

Symbol- TINDEPM(N TLIMI(N) TLIM2(N) TLIM3(N) TLIM4(N)

co

BLANK CARD

Word 1 2-3
Column 1-6 7-]6
Format A6,A4

Time History B This card and the following set of cards are required
Heading Card L only for a transient run. If included with a steady
Section 4.1.9 A state run they will be ignored.

N
K

TIME STEPS

Symbol OP(I)

Optional limits
for inlet
temperature
functions. See
heading card.

Required only
if preceding
set of cards
has been
included. It
is placed after
the final group
of three

Optional (see
explanation)

V. W, -
. I
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Word 1 2 3- 4
Column "1-12 "13-24 25-36 , 3__7-48._,,
Format E12.4 E12.4 E12.4 E12.4

Time History End of time Time step Print Unit
Data Cards period M (sec, min frequency indicator
Section 4.1.9 (sec, min or or hr) number 1.0 - sec

hr) 2.0 m min
3.0 = hr

Symbol FTIME(M) DTIME(M) ITAPE(M) IUNIT

coI-J

BLANK CARD

Word 1 2-3
Column 1-6 7-16 ......
Format A6,A4 "

I Function Control B Omit this and the following cards if the parameters
Constants L are not used. A total of 18 parameters is allowed,
(Parameters) A 6 per card. If any parameter is specified, all-three
Heading Card N cards must be included.
Section 4.1.10 K

PARAMETERS

Symbol OP(I) __

See previous
remarks. Use
as many cards
as necessary.



Word 1 2 ... etc. I
Column 1-12 13-24 ... etc.
Format E12.4 E12.4 ... etc.

Function Control Value of Value of
Constants parameter parameter ... etc.
Data Cards Al A2
Section 4.1.10

Symbol Al A2 ... etc.

BLANK CARD

Word 1 2-3

Column 1-6 7-18
Format 2A6

Previously B This card and the following cards are required if a

Punched L punched deck specifies the initial temperatures. If

Temperatures A a punched deck follows the INITIAL TEMP cards (4.1.7),

Heading Card N the punched deck is used. If the INITIAL TEMP cards

Section 4.1.11 K follow the punched deck, the INITIAL TEMP cards are
used.

PUNCHED TEMP

Optional. If
included, this
set must have
three cards.
See previous
remarks.

Required only
if preceding
set of cards
has been
included.

Optional. See
explanation.

Symbol OP (I)
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Word 1 2 3 4 ___________________

Column -12 1:3Z4. 25-36 37-48
Format E12.6 F12.1 F12. I F12. I

Previously Current Number of Number of Iteration
Punched time radial axial number
Temperatures (hr) points in points in
Card 1 the problem the problem
Section 4.1.11

Symbol CURTI IAMAX .. JAMAX NITER

Previously
Punched
Temperatures
Card Sets Punched temperatures.

2 and 3
Section 4.1.11

BLANK CARD

Optional. See
explanation on
heading card.
This card is
the first card
of a punched

" deck.

Optional. See
explanation on
heading card.

Required only
if the pre-
ceding set of
cards has been
included.



Word 1 2-3 __,
Column 1-6 7-14
For mat A6,A2 . ....... . .

End Data Card B
Section 4.1.12 L

A
N
K

END DATA
Symbo1 •' OPME) ......

_,.

Required.



4.3 PERFORMANCE OF A COMPUTER RUN

4.3.1 Execution Time and Printed Page Limits for Use With the

Univac 1110 Computer

The maximum allowed execution time and the maximum number of

pages of printed output must be included in the run request for a

problem. The program calls the computer library subroutine WARN

before beginning each iteration. In WARN, the elapsed running time

is compared with the allowed execution time. When the difference

between the two becomes less than the user specified warning time,

no further iterations are performed. Instead, the program is

directed to preparation of basic and specified optional output

(including punched temperatures) for the current iteration. A

warning time of 20 seconds is automatically assigned at the

beginning of the run and should be adequate to allow for prepara-

tion of all possible output. To change this value, see 4.1.2.

Note that the warning time is effectively subtracted from the

allowed execution time.e If, for instance, warning and allowed

execution times of 10 and 300 seconds, respectively are given,

the time available to complete the calculation is only 290 seconds.

It is good practice to give a warning time so that none of the

available results will be lost if the required execution time

exceeds the maximum specified.

4.3.2 Error Messages

If the calculations of a problem cannot be performed according

to the logic of the code, error messages will be printed. These

are of two types; system error messages and program error messages.

System error messages on the Univac 1110 give a description of some
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abnormal condition within the computer system. An example is the @_4

words "floating point overflow at" followed by an octal number which

is the instruction address where the overflow occurred. Program

error messages originate from write statements within the program

itself. They are printed when some rule of input formulation has

been violated and when difficulty is encountered in performing the

calculations. Diagnostic information is provided with certain error

messages to aid debugging; for other error messages only identifiers

consisting of the subroutine name from which the message was written

and the message number are printed. These identifiers are related

to error descriptions in Appendix A.

em
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5. TRUNCATION AND ROUNDOFF ERRORS

5.1 STABILITY OF SOLUTION

5.1.1 Basic Considerations

The solution of the matrix of point temperatures will become

unstable when the temperature change at some point is greater than

that required for thermal equilibrium with its four neighboring

points. The stability criterion for explicit methods of solution

is

At i
1= 4

BK..

j=l 3

where

At1 is the maximum stable time step for point i, hr

Ci is the thermal capacitance of point i, Btu/*R

Kji is the thermal conductance between point i and its

neighboring point j, Btu/hr-*R

In TAC2D, an implicit method of solution is used for which the

stability criterion cannot be clearly defined. It can only be

stated that the stable time step is proportional to the same para-

meter as for an explicit formulation. That is,

At C 4 1
1 4

j=l
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As will be discussed in 5.2.2.3, the temperature calculation for the

points in coolants is decoupled from that for the points in materials.

The implicit solution is performed only for the material point tem-

peratures. The coolant point temperatures are calculated after the

material point temperatures; however, this calculation may have an

influence on stability.

If the time step, At, is sufficiently greater than At:i, the

error due to instability at point i will appear as a diverging

oscillation. Although the value of At at which this occurs cannot

be predicted for the method of solution used in TAC2D, it will be

referred to as At*.

A most desirable approach to the stability problem would be to

keep time steps less than the'minimum value of At. among all material

points in the problem. This approach is not possible because Ati

values cannot be computed beforehand for the implicit method of

solution used. However, the previously stated proportionality

provides some qualitative basis upon which it may be endeavored

to make all Ati values as large as possible in designing the

calculation model for any given problem.

5.1.2 Practical Approaches

In steady-state calculations, the transient solution is not of

interest. Stability related errors which may occur because At

exceeds some Ati are not important so long as a solution which

satisfies thermal equilibrium is finally obtained. The only

concern is that At always remains less than At* so that diverging

oscillations will not develop and cause the calculation to be

terminated before reaching steady state. The code includes a

steady state option which may be used to obtain steady state

solutions efficiently. Under this option, described in Section
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2,4, the variable At takes on values approaching At*. Because it no

longer has any significance as a unit of time, it is renamed an "itera-

tion parameter". It is used to perform the computations up to a point

where the approximate steady state solution has been reached. This

iteration parameter is obtained by an automated process wherein it is

increased for each iteration unless current results indicate that

diverging oscillations are beginning to occur. In this case, it is

reduced.

The stability related error which is incurred when At exceeds

Ati at points i is a part of the transient solution. Therefore, if

the transient solution is of interest, At much be chosen sufficiently

small that this error becomes neglibigle. As previously stated, the

Ati values cannot be calculated for the implicit method of solution

used in TAC2D. However, the initial minimum value of Ati over the

points i must be less than the initial value of At*, which can be

bracketed for any problem by running a time test case. The problem

is run, starting at time zero, through successive time periods each

of which is subdivided by a larger time step than that of the period

which precedes it. A time history suggested by experience is:

End of Time Period Time Step

.01 sec .001 sec

0.1 sec .01 sec

1.0 sec 0.1 sec

10.0 sec 1.0 sec

100.0 sec 10.0 sec

10.0 min 1.0 min

30.0 min 2.0 min

80.0 min 5.0 min

Within one of these time periods, diverging oscillations should

develop and terminate the problem. A dump of the common element

MISCXX is specified as described in Appendix F and from this dump,
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the time period within which the problem terminated can be identified.

The time step values of this and the preceding time periods are. the

limits of a range within which the initial value of At* should lie.

It is-recommended that the problem be run with time steps no greater

than one-half the mean value of these two limits. If thermal para-

meters which determine the C.i and K in the proportionality of 5.1.1.

are strongly temperature and/or time dependent, it is possible that

both At* and the At1 can decrease-as.the calculation progresses. In

suchocases, the time step value indicated above should be gradually

reduced throughout the calculation. The procedure outlined above

is intended only to provide an approximate estimate of the maximum

time step which may be used. Assurance that errors related to

stability are negligible within a transient solution can be obtained

only by rerunning the problem with smaller time steps until the

results obtained at corresponding times do not differ appreciably.

5.2 FINITE DIFFERENCE FORMULATION

All results will contain errors because distance dependent

quantities are treated as constant over finite intervals rather

than as continuously distributed. Transient results contain further.

errors because time, dependent quantities are treated in the same

manner. Those sources of error which could affect calculation

results most significantly are discussed below. For a more detailed

discussion, see any standard reference such as Ref. 5. Errors due

to all of these sources will become negligible if time steps and/or

grid spacing are made sufficiently small.

5.2.1 All Results '

5.2.1.1 Grid Spacing. There is always an error which is due to the

fact that thermal conductances connect discrete points while thermal

capacitances and heat sources are considered as being concentrated at
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these points. The error cannot be described in general terms. The

data of Fig. 6 provides a rough guideline for setting up the grid spacing

of a problem but it should be regarded as quantitative only for the one-

dimensional steady state solution on which it is based.

5.2.2 Transient Results

5.2.2.1 Nonlinearity in Time. The heat balance equations which are

solved for the material point temperatures are formulated under the

assumption that these temperatures vary linearly with time over each

time step. The error in the transient solution due to this assump-

tion remains negligible only if the time steps are taken sufficiently

small.

5.2.2.2 Evaluation of Time and Temperature Dependent Quantities.

Time and temperature dependent components of the conductances,

capacitances and heat sources are evaluated only once for each

iteration. Time dependent quantities are evaluated at the time

midpoint of the iteration. Temperature dependent quantities to be

used in a given iteration are evaluated from the temperatures at

the beginning of the iteration (i.e. the temperature results of

the preceding iteration).

Particular caution should be used when a coolant inlet

temperature is a function of a coolant exit temperature since

the two will be out of phase by the amount which exit temperature

changes over the current iteration. If N coolants are inter-

connected as discussed in 2.5.4, the inlet temperature of the

Nth coolant will be N iterations out of phase with the current

iteration. Large errors can be developed unless the time steps

are taken appropriately small. As explained in 2.3.3, some

variables have arbitrary initial values on the first iteration

of a problem, and therefore, this first iteration is automatically
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FOR THE CYLINDER

i =I WHERE P 0

P 4k

FROM WHICH A SUITABLE DEFINITION
OF THE DIMENSIONLESS ERROR IS

T' -T.I I
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P

q"# IS UNIFORM VOLUMETRIC HEAT GENERATION

RATE, BTU/HR FT
3

k IS CONSTANT THERMAL CONDUCTIVITY,
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Fig. 6. TAC2D code - error in steady state centerline temnerature

for an infinitely long cylinder with heat generation as a
function of uniform grid spacing
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taken over an extremely small time step. Among these variables are

coolant inlet temperatures and coolant block boundary temperatures.

From this and the preceding discussion, it follows that if there are

N interconnected coolants, then N iterations must be performed before

all have a real inlet temperature. Therefore, time step input should

include N-1 extremely small (i.e. 1 x 10-10 sec time step) iterations.

As explained in 2.2.2, a previously punched temperature distribution

includes real initial values for coolant inlet and exit temperatures.

Therefore, when previously punched temperature input is included for

a problem with interconnected coolants, these additional small

initial iterations are not required.

5.2.2.3 Solution for Coolant Temperatures. In solving for the

temperatures of material points, the temperature variation of coolant

points over the time step is neglected. The coolant point tempera-

tures remain constant while the solution for the material points is

performed. The coolant point temperatures are then calculated to

satisfy a heat balance with the material points adjacent to the

coolant block boundaries. Particular attention must be given to

choosing appropriately small time steps when coolant temperatures

are expected to change rapidly.

5.3 RADIATION-TAC2D VERSIONS A AND B

The current TAC2D program contains two versions, A and B.

The principal difference between them is in the method of computing

the radiation across an internal coolant block. The B version uses

an effective heat transfer coefficient method which may lead to

instabilities. The A version was developed to eliminate these

instabilities and handles the radiation by treating it as a heat

source. However, normal coolants cannot be used with this version.

Since the B version is the earlier of the two, it is discussed

first.
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5.3.1 The B Version

Referring to the remarks of Section 5.2.2.3, the error in the

solution for coolant temperatures may be intensified when there is

radiation across an internal coolant block. In the B version of

TAC2D the heat transported by radiation at an internal coolant

block boundary is accounted for in the value used for the overall

conductances adjacent to that boundary. Whenever radiation is

present, the unit value of the overall conductance between a

material point and an internal coolant point contains a component

T_ 2  Sl4 - T 2
4)hr =12TI -Tcl s

where

h is the component of overall unit conductancer

representing radiation, Btu/hr ft 2 *R

T is the temperature of the material point, OR

Tcl is the temperature of the internal coolant point

adjacent to the material point, OR

TSl is the local temperature of the internal coolant

block boundary separating the material point

at T1 and the coolant point at Tcl, OR

T s2 is the local temperature of the internal coolant

block boundary directly opposite the location of

Tsl, OR

Is-2 is the overall interchange factor for one-dinensional

radiation between the temperatures T.l and Ts2'

dimensionless

Within a given iteration, the T1 used to calculate hr is the value

from the preceding iteration, whereas the T used to calculate

coolant temperatures is the value obtained from the current iteration. 'I
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The result is that when coolant temperatures are calculated there is

an inconsistency between hr and the value of TI - TcI on which hr is

based. In calculations where an internal coolant temperature

closely approaches the adjacent material temperature, h becomesr

large and also sensitive to very small changes in T - T . Under1c

this condition, an unusually large error may be incurred in the

calculation of coolant temperatures. Therefore, in problems where

internal coolant temperatures, approach adjacent material tempera-

tures, particular attention should be given to eliminating any

dependent of transient results upon the size of the time step.

The error described may become so large that the calculation is

terminated due to some condition such as a floating point overflow.

So that all such problems may be run to completion, the code includes

the following checks and arbitrary corrective measures which are

applied in calculating overall conductances and coolant temperatures

for the case of radiation across an internal coolant block:

1. All values of T1 - Tcl are checked before overall con-

ductances between materials and internal coolants are

calculated. At locations where ITI - TclI <.O.100 R on

either boundary of the coolant block, all heat transfer

by radiation is excluded for the iteration being performed.

2. The exit temperature calculated for each coolant node is

checked to determine if it lies within limits dictated by

the inlet temperature and the adjacent material point

temperatures. If it is outside these limits the point

(i.e. the mean) and the exit temperatures for the node

are set equal to the inlet temperature. In other words,

if an error is detected, the coolant node is treated as

being adiabatic for the current iteration. This is done

so that coolant temperature errors will not be propagated

1to adjacent coolant nodes.
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Unless the steady state option is being used, one of the error messagesV

given in Appendix A under Subroutines CONDUC and COOL is printed

whenever either of the above corrective measures is applied. If the

steady state option is being used, the messages are printed only when

the corrective measures are applied during the smoothing iterations

described in Section 2.4. The messages give the times and-locations

where corrective measures were applied so that if they are printed

some judgement as to the validity of results can be made.

Instabilities may result from these corrective measures since

radiation may be included on one iteration and neglected on the next

iteration. If results are not considered satisfactory, the corrective

measures can usually be eliminated from the solution by rerunning the

problem with smaller time steps.

5.3.2 The A Version

In the A version of TAC2D the effective heat transfer conductance

method is replaced by a method whereby radiation is treated as energy

source and sink terms at the nodes immediately adjacent to the coolant

block. The calculation procedure at each iteration or time step is

performed by first calling subroutine RAD which performs the following

calculations:

1. The current net radiative heat flux between the adjacent

materials at each section of surface along the flow direc-

tion is evaluated and stored for later use in evaluating

surface temperatures.

2. At the same time, the material nodes adjacent to this

section of the flow channel are identified and the internal

heat generation rates for these nodes are increased or

decreased by an amount equal to the radiative heat trans-

fer q (see Section 2.1.4).
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The RAD subroutine calls another subroutine AREA to evaluate the area

used to calculate the net heat transfer rate. The TAC2D code then

proceeds to calculate the new diffusion node temperatures as in the

B version except that the calculation of an effective thermal conductance

at a radiative fluid flow boundary is not performed. Also, the calcula-

tion procedure deviates slightly from the B version in the calculation

of the new fluid temperature and material surface temperatures at the

new time step. With the A version the material surface temperatures

are recalculated simultaneously with the fluid temperatures while

treating the previously stored radiative heat transfer rates as known

quantities. By using the previously calculated radiation term, the

necessity of iterating for surface temperatures in terms containing

the temperature to the fourth power is eliminated. This procedure

is only in error if the surface temperatures change by large magni-

tudes during a time step. However, the error is not accumulative.

The result is only in error in that the radiative transport calcula-

tion lags the thermal diffusion calculation by a single time step.

The error can be made as small as desired by appropriately reducing

the time steps. There is no error when steady state is reached.

The calculation begins the next time step by evaluating the new

radiative heat transfer rate and continues through the steps as

described above.

The results of test cases utilizing this radiation algorithm

show that (1) the predicted temperature distributions are the same

as those predicted by the B version utilizing the effective con-

ductance method when there were not fluid temperatures equal to

adjacent material temperatures, and (2) the method is capable of

handling cases where the temperature of the fluid and adjacent

materials are identical, when the other method failed to produce

acceptable results.
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This radiation algorithm can introduce some errors in the results

if a large percentage of the energy radiated to a block is convected

away by the coolant, i.e., it is not conducted through the block. This

error can be made totally negligible if grid lines are placed near the

radiating boundaries, i.e., the heat sources are placed near the sur-

face of the block.

A restriction on the use of the A version is that it cannot be

used with problems involving normal coolants. If this is attempted,

an error message is printed and program execution terminates. For

normal coolant problems the B version must be used.

5.3.3 One-Dimensional Treatment of Radiation

In both versions A and B the radiation across gaps and internal

coolant blocks is calculated under assumptions consistent with one-

dimensional radiation across a narrow region. These assumptions

are:

1. Radiation occurs only along lines parallel to one of

the two coordinate directions.

2. The geometrical view factor is 1.0.

3. The mean effective area for heat transfer (both radiation

and conduction) across gaps in the radial direction may

be defined as that at the high radial boundary of the gap.

Errors due to the above assumptions can become significant for

radiation across internal coolant blocks and gaps which are not

narrow.
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5.4 ROUNDOFF ERRORS

Single precision is used throughout the code. Therefore, only

eight significant figures are available. Situations can develop

where temperature differences in the heat balance equations are so

small that they appear only beyond the eighth significant figure.

Changes in point temperatures between successive iterations are

then lost in the roundoff. In running a problem under these con-

ditions an apparent convergence will be obtained but if further

iterations are performed using a smaller time step, the solution

will change.

Probably the most common situation involving roundoff error

arises in problems where the thermal conductivities of some

materials are very high. The heat balance contains terms involving

products of conductances and point temperature differences. If the

conductances are large, due to large thermal conductivities, the

true temperature difference components of these terms can become

so small as to appear only beyond the eighth figure. The same

problem has been observed at coolant boundaries with large con-

ductances. The roundoff errors in temperatures may cause the

final heat balance to be grossly in error even when the printed

temperature distribution is valid.
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6. TECHNIQUES

Many of the apparent limitations of the program can be overcome

through techniques such as those described in the following sections

and in Ref. 2. These techniques involve the use of materials having

thermal parameters which are chosen to impose some desired condition

on a problem. Such materials are called dummies because they are not

physically present in the system being modeled.

Dummy materials are often specified with extreme (i.e. very

high or very low) values of one or more thermal parameters. For

dummy solid materials it is important to consider the effect of

extreme values on the maximum stable time step. As indicated by

the proportionality in 5.1.1, high thermal conductivity and/or low

volume specific heat tend to reduce the maximum stable time step

at any point where they are applied. Therefore, in using dummy

materials with such extreme parameters, it should be insured that

they are no more extreme than required to impose the desired

conditions.

6.1 BOUNDARY CONDITIONS

All boundary conditions must be described in terms of thermal

parameters of coolants contained in the external blocks. Some

ospecial cases are illustrated below.

6.1.1 Adiabatic Boundary

A coolant having very low heat transfer coefficient is required.

The other coolant parameters are not important. The standard coolant

function values
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H-A(X) = 10-6 Btu/hr-ft 2 -*R

TIN-A(X) = 460. OR

FLO-A(X) 1 106 lb/hr

SPH-(X) = 1. Btu/lb-OR

are usually adequate for defining an adiabatic boundary. As discussed

in 2.5.3, these values will automatically be used if definitions of

these functions are simply omitted in the thermal parameter function

input.

6.1.2 Constant Temperature Boundary

The coolant must be isothermal at the desired boundary tempera-

ture and must also have a very high heat transfer coefficient.

H-A(X) = very high

TIN-A(X) = desired boundary temperature

(FLO-A(X)I x [SPH-(X)I = very high

6.1.3 Boundary With Radiation

Radiation at an external boundary can be modeled by using a

dummy coolant whose heat transfer coefficient is a function of

surface temperature, ST. As an example, consider a case where it

is desired to transfer heat at an external boundary by combined

convection and radiation. Convection between the local boundary

and bulk coolant temperature, T and T , respectively is described
w

by a film coefficient, h . There is radiant heat exchange withc

some surface which is in thermal equilibrium with the coolant.

This radiation is one-dimensional and is described by an inter-

change factor, F, and the Stefan-Boltzmann constant, a. The

combined heat transfer is described by an effective overall heat

transfer coefficient, he which is
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F a (T 4 - T4 )
h w c h

e (Tw -T) +hc

If h 10. Btu/hr-ft 2 -*R

C

F = .50

a .1713 x 10-8 Btu/hr-ft 2OR 4

then the combined heat transfer can be described by inputting the

following function for the heat transfer coefficient of the coolant:

H-A(X) = .50*.1713E-8*(ST**4-DR**4)/(ST-DR) + 10.

where ST is the local surface temperature and DR is the local

coolant temperature both in *R. If there Is no convection, the

term representing h is simply not included. The external source-C

sink temperature need not be the local coolant temperature. It may

be constant or it may be defined by an additional arithmetic state-

ment function using any of the variables which are allowed in H-A(X).

Either of these would be substituted for DR in the above function.

6.1.4 Boundary or Coolant with Arbitrarily Specified Temperatures

This situation may arise when boundary or coolant temperatures

are known independently from another thermal analysis.

A coolant with a known temperature profile is handled by using

the inlet temperature and specific heat functions in the following

way:

TIN-A(X) = desired coolant temperature as a function of:

radial position (FTR) for radial coolants

axial position (FTZ) for axial coolants

SPH-(X) = 1010
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Note that TIN-A(X) has been modified so that it is no longer an

"inlet" temperature but the temperature at all points in the coolant.

To specify a boundary with a known temperature distribution,

simply follow the above instructions for the coolant at the boundary

and assign the heat transfer coefficient H-A(X) a very high value

(e.g. 106).

6.2 IRREGULAR EXTERNAL BOUNDARIES

As discussed in 2.1.3, each of the four external boundaries must

coincide continuously with one of the four extreme grid lines. This

limitation can be overcome to some extent by using dummy materials in

regions between the external boundaries dictated by extreme grid lines

and the true external boundaries of the problem. The thermal para-

meters of these dummy materials can be selected to impose the desired

boundary conditions.

Examples I and 2 of this technique are given in Figs. 7 and 8,

respectively. In example 1 a dummy material is used to simulate the

constant temperature coolant, and gaps are used to simulate the heat

transfer coefficients. The dummy material is simply assigned the

constant coolant temperature T . This temperature will override theC

initial temperature specified for that region (4.1.7).

Example 2 illustrates the use of internal coolants to impose

desired conditions on an external boundary which has, of necessity,

been compromised from its true configuration. A partial compensa-

tion for the boundary distortion is made by applying the heat

transfer area correction to h as indicated in Fig. 8.

Dummy materials could be used in example 2 but use of dummy

internal coolants in example I would require unnecessary compromise
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GCON2(X) = h 2 t 2_
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NUMBER -
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COOLANT I IS AN ADIABATIC
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EXCEPT FOR FLOW DIRECTION
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Fig. 7. Irregular external boundaries, Example I
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AS DESCRIBED IN 6.1.1

Fig. 8. Irregular external boundaries, Example 2
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of the true boundary conditions. To fill the dummy region of example

1 with coolant blocks would require that some part of either the hI

or the h2 surface be adiabatic. This is because coolant block heat

transfer occurs only normal to the flow direction as illustrated in

Item d of Fig. 5. If there is a choice of techniques, that of using

Internal coolants is preferable. The principal reason is that the

high thermal conductivity required for the dummy materials can cause

stability problems and round-off errors as discussed in Chapter 5.

6.3 INTERNAL DUMMY MATERIALS

Dummy material and coolant techniques can be applied in

describing special internal conditions for a problem. Examples

are Internal sources and sinks or internal voids. These can be

modeled by dummy materials or coolants having extreme values of

the appropriate thermal parameters.

6.4 FUNCTIONAL DEPENDENCE OF THERMAL PARAMETERS I
As discussed in Section 2.5, thermal parameters may be functions

of certain variables, e.g. temperature, position, time, etc. Some-

times the functional dependence can be expressed with a single

equation. Often, however, an analytical relationship is not known;

the information is available only as tabular data. To handle this

situation the function subprogram TERP is used. Interpolation is

performed between the data points and may be a linear, parabolic or

higher order fit.

The subprogram is called by the following FORTRAN statement:

function = TERP(X,Y,N,Z,I)
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where

function = one of the thermal parameter functions

X = the array of independent variable values

Y = the array of dependent variable values

N = the size of arrays X and Y

Z = independent variable for which a value of

the dependent variable is to be computed

I = number of (2 = linear)

points to (3 = parabolic)

be used (etc.)

As an example, suppose the thermal conductivity RC0N-(X) of material
4 is a function of temperature DR. Tabular data are available as:

Temp. (*F) Conductivity (Btu/hr-ft-*F)

100 0.0275

200 0.0308

300 0.0342

400 0.0384

The following FORTRAN statements would be included in subroutine

MADATA for material 4:

DIMENSION TEMP(4) ,C0ND(4)*

DATA TEMP/100.0,200.0,300.0,400.0/

DATA C0ND/0.0275,0.0308,0.0342,0.03 8 4/

RC0N4(X) = TERP(TEMP,C0ND,4,DR-460. ,2)

Note that DR-460. is used since the tabular data temperatures are

in *F.

* See Appendix D, "Restrictions on the Assignment of Names"
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Function subprograms supplied by the user may also be used

to define variable thermal properties. Their usage is described

in Appendix C.
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APPENDIX A

PROGRAM ERROR MESSAGES

SUBROUTINE BOUNDA

BOUNDAl THE LOW BOUNDARY FOR A BLOCK IS TOO LARGE OR
LARGER THAN THE LARGEST BOUNDARY DEFINED IN THAT
DIMENSION.

BOUNDA2 THE HIGH BOUNDARY OF A BLOCK IS LARGER THAN THE
LARGEST BOUNDARY DEFINED IN THAT DIMENSION.

BOUNDA3 AN INTERNAL COOLANT HAS TWO BOUNDARIES WHICH ARE
COINCIDENT

SUBROUTINE CHECK

CHECK1 THERE ARE TOO MAN RADIAL-X POINTS AND GRID LINES
CHECK2 THERE ARE TOO MANY AXIAL-Y-THETA POINTS AND GRID LINES
CHECK4 THE RADIAL-X GRID DATA IS OUT OF ORDER
CHECK5 THE AXIAL-Y-THETAXGRID DATA IS OUT OF ORDER

CHECK7 THERE ARE TOO MANY BLOCKS.
CHECK8 THE LOW RADIAL-X BOUNDARY IS LARGER THAN THE HIGH

RADIAL-X BOUNDARY FOR SOME BLOCK
CHECK9 THE LOW AXIAL-Y-THETA BOUNDARY IS GREATER THAN THE

HIGH AXIAL-Y-THETA BOUNDARY FOR SOME BLOCK

CHECKi1 THE MATERIAL NUMBER FOR A BLOCK IS LARGER THAN THE
MAXIMUM NUMBER OF MATERIALS AND COOLANTS ALLOWED.

CHECK12 A RADIAL-X GAP MATERIAL NUMBER IS TOO HIGH
CHECK13 AN AXIAL-Y-THETA GAP MATERIAL NUMBER IS TOO HIGH

SUBROUTINE FLODAT

FLODATi THE INDEPENDENT VALUE LIES OUTSIDE THE FLOW RATE
FUNCTION RANGES.

FLODAT2 THE INDEPENDENT VALUE LIES OUTSIDE THE INLET
TEMPERATURE FUNCTION RANGES.

FLODAT3 THE REYNOLDS NUMBER LIES OUTSIDE THE SPECIFIED RANGES.

109



SUBROUTINE FLOWCA

FLOWCA1 THE REYNOLDS NUMBER LIMITS ARE NOT IN SEQUENCE
FLOWCA2 THE FLOWRATE LIMITS ARE NOT IN SEQUENCE
FLOWCA3 THE INLET TEMPERATURE LIMITS ARE NOT IN SEQUENCE

SUBROUTINE GEOMET

GEOMETi SOME POINT HAS A NEGATIVE CALCULATED VOLUME.

SUBROUTINE GRID

GRID1 THERE ARE MORE GRIDLINES THAN ALLOWED IN ONE OF
THE DIMENSIC'.'T. A BLANK CARD HAS BEEN LEFT OUT.

SUBROUTINE INITEM

INITEMI THE TEMPERATURE BLOCK'S LOWER RADIAL-X BOUNDARY DOES
NOT COINCIDE WITH ANY OF THE RADIAL-X GRID BOUNDARIES

INITEM2 THE TEMPERATURE BLOCK'S UPPER RADIAL-X BOUNDARY DOES
NOT COINCIDE WITH ANY OF THE RADIAL-X GRID BOUNDARIES

INITEM3 THE TEMPERATURE BLOCK'S LOWER AXIAL-Y-THETA BOUNDARY
DOES NOT COINCIDE WITH ANY OF THE AXIAL-Y-THETA
GRID BOUNDARIES

INITEM4 THE TEMPERATURE BLOCK'S UPPER AXIAL-Y-THETA BOUNDARY
DOES NOT COINCIDE WITH ANY OF THE AXIAL-Y-THETA
GRID BOUNDARIES

INITEM7 AN INITIAL TEMPERATURE HAS NOT BEEN ASSIGNED TO SOME
INTERNAL POINT.

SUBROUTINE INPUT

INPUTI THE GEOMETRY TYPE DESIRED HAS BEEN MISSPELLED.
INPUT2 NORMAL FLOW NOT ALLOWED IN THIS VERSION OF THE CODE
INPUT3 THE LOW RADIAL-X BLOCK BOUNDARY OF SOME BLOCK DOES

NOT COINCIDE WITH A RADIAL-X GRID LINE
INPUT4 THE HIGH RADIAL-X BLOCK BOUNDARY OF SOME BLOCK DOES

NOT COINCIDE WITH A RADIAL-X GRID LINE
INPUT5 THE LOW AXIAL-Y-THETA BLOCK BOUNDARY OF SOME BLOCK

DOES NOT COINCIDE WITH A AXIAL-Y-THETA GRID LINE
INPUT6 THE HIGH AXIAL-Y-THETA BLOCK BOUNDARY OF SOME BLOCK

DOES NOT COINCIDE WITH A AXIAL-Y-THETA GRID LINE

SUBROUTINE MP1
-- ~~~~~------------------------------

MPi 1 A HEADING CARD FOR SOME BLOCK OF INPUT IS OUT OF
ORDER OR MISSPELLED OR END DATA CARD IS MISSING

----------------------------
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SUBROUTINE MP2

MP2 1. THE CURRENT TIME OF THE PREVIOUSLY PUNCHED
TEMPERATURE DISTRIBUTION IS GREATER THAN THE
ENDING TIME OF ANY GIVEN TIMESTEP.

SUBROUTINE POINTS

POINTS1 A PART OF THE SYSTEM WAS NOT DESCRIBED BY ANY BLOCK.
POINTS2 THERE ARE TOO MANY RADIAL-X GAPS.
POINTS3 THERE ARE TOO MANY AXIAL-Y-THETA GAPS.
POINTS5 A PART OF THE SYSTEM HAS BEEN DESCRIBED BY MORE THAN

ONE BLOCK.
POINTS6 NO FLOW DIRECTION HAS BEEN ASSIGNED FOR SOME COOLANT.
POINTS7 1. AN EXTERNAL COOLANT IS FLOWING INTO A RADIAL-X

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

TRAVERSED BY AT LEAST ONE RADIAL-X GRID LINE.
POINTS8 1. AN EXTERNAL COOLANT IS FLOWING INTO AN AXIAL-Y-

THETA BOUNDARY OR
2. AN INTERNAL AXIAL-Y-THETA FLOW COOLANT BLOCK IS

NOT TRAVERSED BY AT LEAST ONE AXIAL-Y-THETA
GRID LINE.

POINTS9 A CAP HAS BEEN SPECIFIED ON THE HIGH RADIAL-X
BOUNDARY OF A COOLANT.

POINTS1O A CAP HAS BEEN SPECIFIED ON THE LOW RADIAL-X
BOUNDARY OF A COOLANT.

POINTS11 A GAP HAS BEEN SPECIFIED ON THE HIGH AXIAL-Y-THETA
BOUNDARY OF A COOLANT.

POINTS12 A GAP HAS BEEN SPECIFIED ON THE LOW AXIAL-Y-THETA
BOUNDARY OF A COOLANT.

SUBROUTINE PRETEM

PRETEMI THE PROBEM SIZE DOES NOT MATCH THE INITIAL
TEMPERATURE DISTRIBUTION DATA

SUBROUTINE SURT

SURT 1 INSTABILITY ENCOUNTERED WHILE CALCULATING THE
RADIAL-X BOUNDARY TEMPERATURES OF A GAP. USE A
SMALLER TIME STEP.

SURT 2 INSTABILITY ENCOUNTERED WHILE CALCULATING THE
AXIAL-Y-THETA BOUNDARY TEMPERATURES OF A GAP.
USE A SMALLER TIME STEP.
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SUBROUTINE TIME

TIME1 THE FIRST TIME CARD DOES NOT SPECIFY TIME UNITS.
THE PROBLEM IS NOT AFFECTED IF THE STEADY STATE
OPTION IS BEING USED.

TIME2 TOO MANY TIME HISTORY CARDS HAVE BEEN READ.
TIME3 THE INPUT CONTAINS NO TIME HISTORY CARDS AND THE

STEADY STATE OPTION IS NOT BEING USED.

SUBROUTINE CONDUC

CONDUCI, CONDUC2
THESE MESSAGES INDICATE THAT RADIATION BETWEEN THE
BOUNDARIES OF AN INTERNAL COOLANT BLOCK WAS NEGLECTED
IN ORDER COMPLETE AN ITERATION. A SMALLER TIME STEP
SHOULD BE USED IF THE NEGLECT OF RADIATION IS
SIGNIFICANT.

CONDUCI RADIATION WAS NEGLECTED BETWEEN RADIAL-X GAPLINES IGL
AND IGH AT AXIAL-Y-THETA POINT LEVEL J.

CONDUC2 RADIATION WAS NEGLECTED BETWEEN AXIAL-Y-THETA
GAPLINES JGL AND JGH AT RADIAL-X POINT LEVEL I.

SUBROUTINE COOL

COOLl, COOL2, COOL3
THERE IS A PROGRAM LIMITATION WHICH MAY BE ENCOUNTERED
WHEN CALCULATING COOLANT TEMPERATURES IN THE PRESENCE
OF RADIATION BETWEEN COOLANT BLOCK BOUNDARIES. IT
ARISES WHEN A COOLANT POINT AND AN ADJACENT MATERIAL
POINT APPROACH THE SAME TEMPERATURE. THESE MESSAGES
INDICATE THAT THIS LIMITATION HAS BEEN ENCOUNTERED
AND CIRCUMVENTED BY ASSIGNING ZERO COOLANT HEAT
TRANSFER AT THE LEVEL INDICATED. BY USING A SMALLER
TIME STEP, THIS DIFFICULTY CAN USUALLY BE ELIMINATED.
COOLl HEAT TRANSFER WITHIN AN AXIAL-Y-THETA COOLANT

IS ZERO IN BLOCK L AT AXIAL-Y-THETA POINT

LEVEL J.
COOL2 HEAT TRANSFER WITHIN A RADIAL-X COOLANT IS

ZERO IN BLOCK L AT RADIAL-X POINT LEVEL J.
COOL3 HEAT TRANSFER WITHIN A NORMAL COOLANT IS ZERO

IN BLOCK L.
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APPENDIX B

Example Use of Additional Arithmetic Statement Functions

A typical use of additional functions would be to calculate the

Reynolds numbers and heat transfer coefficients of coolants with

properties evaluated at the mean film temperature. An example of

this is given below where the additional functions TFILM(X), C0N(X),

VIS(X), CP(X) AND PR(X) are used to define the coolant parameter

functions REYN2(X), REYN7(X), H2A(X) and H7A(X).

TFILM(X) = (ST + DR)/2.

C0N(X) = 1.29E-3*TFILM(X)**.674

VIS(X) = 6.9E-4*TFILM(X)**.674

CP(X) = 1.242

PR(X) = CP(X)*VIS(X)/C0N(X)

REYN2(X) = 4.*FR/(.524*VIS(X))

REYN7(X) = 4.*FR/(i.048*VIS(x))

H2A(X) = .021*(RE**.8)*(PR(X)**.4)*(C0N(X)/.167)

H7A(X) = .021*(RE**.8)*(PR(X)**.4)*(CON(X)/.333)

NOTES

1. If an additional function is used in the definition of a

thermal parameter function (e.g. PR(X) in H2A(X) above), the

variables allowed when defining the additional function are

only those which are allowed for the corresponding thermal

parameter function. Thus, since PR(X) is defined in terms

of ST and DR, it may be used to define H2A(X), but not FLO2A(X).
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2. One additional function may be used in several different

thermal parameter functions provided that in the sequences of

statements inserted into MADATA and/or FLODAT its definition

always precedes its use.

3. See Appendix D for names which may not be used as additional

function names.
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APPENDIX C

Example Use of Function Subprograms

It is desired that the specific heat of material 3 be defined

in two different temperature ranges:

SPEC3(X) = 499O.*(6.364E-5*(DR-460.)+.107) for DR < 960*R

SPEC3(X) = 490.*(3.333E-5*(DR-460.)+.119) for DR'> 960-R

This will be done using a function subprogram named VSH.

In the material parameter function statements assign:

SPEC3(X) VSH(DR)

At the location shown in Section 4.2 for function subprograms,

place the following cards:

VHDG,P any alphanumeric heading in Cols. 13-72 (Note 1)

VFOR,IS VSH/S,VSH/S (Note 1)

FUNCTION VSH(TEM)

IF(TEM.GE.960.)GO TO 10

VSH = 490.*(6.364E-5*(TEM-460.)+.107)

RETURN

10 VSH = 490.*(3.333E-5*(TEM-460.)+.ll9)

RETURN

END
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NOTES

1. The first two lines in the above example are control cards

for the Univac 1110 computer.

2. There may be more than one variable in the function calling

sequence. An example is a thermal parameter function

HEAT9(X) = HGF(DR,FTZ)

which could be evaluated from the function subprogram labeled

FUNCTION HGF(TEM,Z)

In the Fortran programming of HGF, TEM corresponds to DR

and Z corresponds to FTZ.

3. A function subprogram name may be used like an additional

arithmetic statement function in that it may be used in

several different parameter functions. For example

SPEC3(X) = VSH(DR)

SPEC6(X) = I.I0*VSH(DR)

4. The variables in the function subprogram's calling sequence

must be only those which are allowed for the thermal para-

meter functions in which they are used.

5. See Appendix D for names which may not be used as the names

of function subprograms. There is no restriction on the

names which may be used within the subprogram.
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APPENDIX D

Restrictions on the Assignment of Names

Fortran names may have to be created in the following cases:

1. When using Subroutine CUSTOM as described in Section 3.6.

2. When using additional arithmetic statement functions to

define the thermal parameter functions as described in

2.5.6 and Appendix B.

3. When using function subprograms to define the thermal

parameter functions as described in 2.5.7 and Appendix C.

4. When using arrays with Subroutine TERP as described in

Section 6.4.

It is necessary to avoid redefining names which are a part of

the code. Those names which can be inadvertently redefined within

the above usages are tabulated below. The names included in common

should never be redefined. The names defined in.Subroutines MADATA

and FLODAT should not be used for the names of additional arrays in

those subroutines or for arithmetic statement functions or function

subprograms.
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NAME INCLUDED IN COMMON DEFINED IN MADATA IAD FLODAT

ATG *

AX-A18 *

B *

C *

CARD *

CONR *

CONZ *

CS1-CS7 *

CURTI *

DATI *

DELPAR *

DELR *

DELZ *

DP *

DR *

DT *

DTIME *

FIRST *

FLIM1-FLIM4 *

FLODEP *

FLOW *

FR *

FTIME *

FTR *

FTZ *

GAPR *

GAPZ *

GAS *

GK *

HC *

HEIGHT *

HR*
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NAME

I

IA

ICOUNT

IDEN

IDENT

IERROR

IF

IFIRST

IFLO

IFLODA

IGHS

IGLS

IGQ

IGR

IH

IHS

IL

ILS

IM

IMAX

IMI

IP

IPATH

IQ
IR

ISHAPE

IT

ITAPE

ITER

ITI

ITIN

ITO

INCLUDED IN COMHON DEFINED IN MADATA AND FLODAT

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*
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NAME INCLUDED IN COMMON DEFINED IN MADATA AND FLODAT

J

JGHS

JGLS

JGQ

JGZ

JH

JHS

JL

JLS

JM

JMAX

JMi

JQ

KNOWN

KR

KVT

KZ

L

LASTIP

LMAX

LQ

M

MATRG

MATZG

MAXFLO

MAXMAT

MAXNB

MAXRG

MAXRP

MAXZG

MAXZP

MB

MGR

MGZ

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*
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NAME

MMAX

MNGAPR

IINGAPZ

MQ

N
NC

NCLIM

NCONDS

NCPS

NFLO

NI

NITER

NOLIST

NPRINT

NQ

NRG

NT

NTA

NUMMAT

NZG

OPTSW

OUTTAP

PAR

PMT

PNAME

PRODTV

RATIOB

RATIOC

RATIOH

RATIOK

RBBTH

INCLUDED IN COMMON

*

DEFINED IN MADATA AND FLODAT

*

*

*

*

*

*W

*

*

*

*

*

*

*

*

*

*

*

*

*
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NAME

RBBTL

RBH

RBL

RCP

RCPC

RDG

RE

REMH

REML

RL

RLIM1-RLIM4

RLN

RLOC

RP

RR

RZ

SCALE

SELECT

SPEC

ST

STA

STGH

STGL

SUMTV

SUMV

SW

T

INCLUDED IN COMMON DEFINED IN MADATA AND FLODAT

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

TB

TCONV

TCP

TFCOM

TH

*

*

*

*

*

*

*

122



9
NAME

THIGH

THIGHS

TI

TIN

TINDfP

TK

TLIM1-TLIM4

TLOW

TLOWCP

TO

TOUT

TT

V

VOL

w

x

y

ZA

ZATIOB

ZATIOH

ZATIOK

ZBBTH

ZBBTL

ZBH

ZBL

ZDG

ZEMH

ZEML

ZL

ZLN

ZLOC

ZP

INCLUDED IN COMMON DEFINED IN MADATA AND FLODAT

*

*

*

*

*

*

*

*

*

*

*

*

*

*
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APPENDIX E

Dimensional Limits

Computer core capacity available for array storage is distributed

according to the values assigned to the following parameters:

IQ - number of X (radial) points

JQ - number of Y (theta,axial) points

IGQ - number of X (radial) gap lines

JGQ - number of Y (theta,axial) gap lines

LQ - number of blocks

In the standard version of TAC2D the values are:

IQ = 40, JQ = 45

IGQ 34, JGQ = 34

LQ = 150

The values of the above parameters are defined in each sub-

routine by a single Fortran statement. It is relatively simple to

change these values and compile a special version of the code which

has different dimensional limits than the standard version.

The constraint on changing the parameter values is

P1 + P2 + P3 + P4 < CLIM
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where

P1 = 7 x IGQ x JQ

P2 = 7 x JGQ x IQ

P3 = 9 x IQ x JQ

P4 = 5 x LQ

and

CLIM = 37000

The above value of CLIM is approximate and applicable to the Univac

1110 computer installation at General Atomic. It includes an allowance

for storage of the arithmetic statement functions (Section 2.5) to be

compiled into Subroutines MADATA and FLODAT by the code user.
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APPENDIX F

Dumping

Values of program variables at the termination of a computer

run can be printed by means of a core dump. The most useful types

of dumps are described below. Descriptions of dumps and dump cards

are directly applicable only to the Univac 1110 computer installa-

tion at General Atomic.

1. Full Core Dump

Sometimes a problem fails to run successfully on the

computer and the cause is not apparent from error messages

alone. Assistance will have to be sought from a person

familiar with the program and the computer system on

which it is being used. The following card* will give

a dump on error with decimal conversion of the core

configuration at the time of the error.

VPMD,BREL

The output pages required for dumps are not included in

the page count which is subject to the specified maximum

number of output pages.

2. Dump of a Given Common Element

If it is known which variables are of interest, it is

possible to dump only the named common elements which

contain those variables. One of the most frequent

applications for such a limited dump is in the running

* The dump cards discussed in this appendix are always placed on the

back of the input data deck. The dump card is the last card.
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of a time test case. Here it is expected that the problem
will terminate on a system error with no output results for

the current iteration. However, the only results needed are

the time and number of current iteration. These Variables,

named CURTI and NITER, respectively, are contained in the-

common element named MISCXX. The following card will give
a dump of this element on error:

VPMD,RE MISCXX

The dump is contained in less than one printed page.
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APPENDIX G

Output Data Tape

The data contained in the names defined below is written on a

tape whenever the tape option is specified in the input of a problem.

CURTI current time, hr.

FLOW(M) flow rate of coolant M, lb/hr

IGR(I) index of the gapline at radial gridline I

IH(K) highest radial point index in block K

IL(K) lowest radial point index in block K

ILEN an integer which is always I

IMAX total number of radial points

ISHPAE coordinate system indicator: 0 = cylindrical,
1 = rectangular, 2 = circular

JGZ(J) index of the gapline at axial gridline J

JH(K) highest axial point index in block K

JL(K) lowest axial point index in block K

JMAX total number of axial points

LMAX total number of blocks (material and coolant)

MAXFLO maximum number of coolants (15)

MB(K) number of the material or coolant in block K

NITER current iteration number

NRG total number of radial gaplines

NZG total number of axial gaplines

RBBTH(IG,J) temperature at axial point level J of the radial
boundary of a block bounded on its high radial
side by radial gapline IG, *R

RBBTL(IG,J) temperature at axial point level J of the radial
boundary of a block bounded on its low radial
side by radial gapline IG, *R

@'
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RL (I)

T(I,J)

TI(M)

TO (M)

ZA(I)

radial grid line coordinate, ft

temperature at radial point level I, axial
point level J, *R

inlet temperature of coolant M, *R

outlet temperature of coolant M, *R

an array of 12 Hollerith words which contains
the information on the first problem title card

temperature at radial point level I of the
axial boundary of a block bounded on its high
axial side by axial gapline JG, *R

temperature at radial point level I of the
axial boundary of a block bounded on its low
axial side by axial gapline JG, *R

axial grid line coordinate, ft

ZBBTH(JG,I)

ZBBTL(JG, I)

ZL(J)

All of the above names.which begin with the letters I through N

contain integers. All other names contain floating point numbers

except ZA which contains Hollerith words.

The data is written on tape unit 15 by executing the following

write statements:

6

WRITE (15)

1

2

3

1

2

3

4

ISHAPE,ILEN,IMAX,JMAX,LMAX,MAXFLO,NRG,NZG,
(ZA(1),I=I,12), (RL(1),I=1,IMAX), (ZL(J),J=1,JMLAX),

(IGR(I),I=l,IMAX),(JGZ(J),J=l,JMAX),

(IL(K),IH(K),JL(K),JH(K),MB(K),K=I,LMAX)

WRITE(15), NITER,CURTI,

((RBBTL(IG,J),RBBTH(IG,J),IG=I,NRG),J=l,JMAX),

((ZBBTL(JG,I),ZBBTH(JG,I),JG=l,NZG),I=ljMAX),

(FLOW(M),TI(M),TO(M),M=l,MAXFLO),

((T(I,J),I=l,IMAX),J=l,JMAX)
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The first statement is executed one time as soon as all the input data

has been processed and the geometrical constants calculated. The second

statement is then executed each time basic output is printed.

Whenever the tape option is specified a data tape number XXXX

must be assigned by means of the following card:

VASG,T 15,U,XXXX

This card may be placed immediately after the program catalog file

assign card in the card sequence given in Section 4.2.

a
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APPENDIX H

Example Problem

The TAC2D program input and output is illustrated by means of a

sample problem in which the steady-state temperature distribution is

calculated for a helium circulator blower disk.

The blower disk, which is part of the helium circulator shown

in Fig. H-1, is heated on one side by helium maintained at 6800 F and

cooled on the other side by a helium bleed flow. There is also heat

conducted into the outer radial edge of the disk from the blades of

the circulator blower, and the blower shaft, maintained at 175*F,

acts as an additional heat sink.

Fig. H-2 shows the model for the TAC2D analysis of the blower

disk. The cylindrical coordinate system is used. Because of

requirements by the code, the outside boundaries of the model form

a right circular cylinder. The following statements describe the

major assumptions made in formulating the model:

1. A two-dimensional axisymmetric temperature distribution

was assumed.

2. The model does not include the circulator blades. Instead,

the outer radial edge of the disk was maintained at 680*F.

3. The effect of the mounting bolts was neglected, since they

occur periodically and are insulated from the disk.
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Fig. R-1, lif.lium circulator blower
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4. Although the heat transfer coefficient between :iWe helium

and the disk on each radial face of the disk varies

continuously with the radial distance, discrete dis-

continuous values were used, as shown in Fig. H-2.

As illustrated in Fig. H-2, the entire model is subhivided into

blocks, identified by the heavy solid and dotted lines, wh:Ich may have

different sets of thermal parameters. The model is further subdivided

by the radial and axial grid lines, as indicated by the light lines

extending across the entire model. Nodal points, for which the tem-

peratures are calculated, are located midway between th.--e grid lines.

The material and coolant blocks must have regular bounda-ii s which

coincide with the grid lines. The location of gaps withii the model

is indicated by the broken lines consisting of the long And short

dashes. These gaps are always located on the high radi-:. or high

axial boundary of a block.

A listing of the input cards for the problem appear ollowing

this text. As the analytical model is described furthec. ceference,

can be made to this input listing.

Blocks I through 5, labeled with the number in eac:ý ',!ock, are

included in the model to fill the regions between the d: 'ind the

external boundaries, and are composed of material numbe: . They

are also used to describe the boundary conditions on thV_ lcft hand

face of the disk. The constant temperature condition oa 680°F is

attained by assigning this temperature (TMAT2(X) = 1140.) to the

material in these blocks. The heat transfer coefficie : otween

this helium and the blower disk are simulated by gaps. thick-

nesses and thermal conductivities of these gaps (GCONI( • CCON2(X),

and GCON3(X) are chosen such that their unit conductancs are equal

to the appropriate heat transfer coefficients.
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The blower disk is comprised of blocks 6 through 11, :. it is

specified by material number 1. As shown by RCONl(X), the :-:>ermal

conductivity of this material is a function of the local z":Perature

DR.

Block number 12 represents the helium enclosed in a -Y with

natural circulation affected by the centrifugal force fiel The

natural convection coefficient for this circulation was ca -ulated

as 85 Btu/hr-ft 2 *F. The heat transfer coefficient betwee: .

helium and the blower disk was simulated by gaps along t1-- hand

edge and outer radial edge of block number 12, although ) o on

the left hand edge actually belongs to block number 8. T

transfer coefficient between the helium and the blower shL..

modeled with a coolant as will be shown later. The therm: .

ductivity of block 12, which contains material number 3, L ýe

relatively high (RCON3(X) = ACON3(X) = 500.) so that no r' L

gradients occur across the void. This simulates the mi.:_

to the natural circulation.

The helium bleed flow is represented by the coolant . 13

through 16. The coolant numbers for these blocks are 6 t! t 9,

respectively. As indicated in the coolant thermal paramn :he

flow rate for these coolants is 50 lbm/hr and the specifý is

1.24 Btu/lbm°F. The heat transfer coefficients vary from

coolant to the next as indicated in Fig. H-2, and the in!-

perature of each coolant is set equal to the outlet tempeo .u of

the preceding coolant, except for the inlet coolant, i.e. Int

number 6. 1

Blocks 17 through 19 represent the steel separator pl

These blocks all contain material number 5, which has the ýties

of carbon steel. Block 20 simulates the insulation and c S

material number 4.:0
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The external boundary conditions are specified wi•, blacks 21

through 24, and according to the requirements of TAC2D), the iust be

coolant blocks. Furthermore, as external blocks, the :ire a fact

lines, i.e. one dimension of each block has a zero le h. Coolant

numbers 1 through 5 are used for these external blockz S- ce the

boundary conditions are already partially described b,;'• al

coolants and constant temperature material blocks, som, of i:iese

external coolants are dummies which have zero heat tr• sfer coeffi-

cient and therefore produce an adiabatic boundary cot. 'ion.

Exceptions are coolants 1 and 2 which apply, respecti ý_y, ALong

the high radial boundary and along the portion of the "' i: -×xal

boundary between the limits r = 0 and r = 3.25 in. T' hi, radial

boundary is maintained constant at 680OF by specifyii. a hi ii flow

rate, a high specific heat, and a high heat transfer off i. nt

for coolant number 1. The constant blower shaft temn ýtur of

175 0 F is maintained by also giving coolant number 2 a low rate

and a high specific heat. Here, however, the true h( % :er

coefficient between the helium enclosed in the caviP, vd u ")lower

shaft is used.

Additional remarks are now given concerning thlc !t

cards.* This listing may be examined with reference ! c,,struc-

tions given in Chapter 4.

1. Six options are specified. The first CYLI: CAl. ':JMETRY,

is required, and the second STEADY STATE, cc Aihe

steady state option which produces only thf c ý;Late

solution. Note that default values of the e

parameters are used. The remaining option- .ai the

desired output.

* It is important to realize that the thermal para: •-- uinctions
are FORTRAN statements belonging to the subroutin::' ATA and
FLODAT, whereas the cards following the XQT TAC2D/. ard are
FORTRAN data cards.

136



3. The cards with the label B give block informai: • i. One or

two cards are used per block. The first card s oifies

the block boundaries, material number or nega':!. coolant

number, and flow direction if the block cont'di-.! coolant.

For example, block 13 contains coolant number' 11d it flows

in the negative axial direction (-2.0). The s. )nd card, if

required, gives gap information.

4. The coolant specification cards have been oi;:i<t since

the heat transfer coefficients, flow rates a-.ýi Ket

temperatures of the coolants are constants. T; insures

that the A ranges of the H, FLO and TIN funcLV. are used.

5. No time history cards are included because :

option was used. The three function control -c

cards have also been omitted since the const•.r

used.

Directly following the input listing is the outrpun

run for this problem. It is complete with the except

relating primarily to the computer system have been r

items which should be noted are:

1. A message indicating that this TAC2D code ha; b.

according to General Atomic Guide Standard C 3

Reference 9).

2. A page indicating the code array size and tho

selected.

3. The block description giving the block dime:i-

material or coolant number, and the gap info:.

that the block number is assigned according tc

of the blocks in the data list.

t;ady state

ants

..ere not

the TAC2D

lat pages

. Specific

verified
3 (see

i.ons

the

n. Note

order
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4. The boundary overlay page, which aids in 1c:; .g the

block boundaries on the output temperature zr v.

5. The nodal volumes, and the radial and axial

conduction factors between two neighboring V

is, the effective "A/AX" values.

6. The radial and axial nodal point, grid line,

locations. Each of these is numbered for lr

tion.

7. The coolant specification page.

8. The initial temperature distribution.

9. A listing of the complete data input deck.

--ietric

ts; that

I gapline

identifica-

10. A message indicating that the steady state optt on is being

used. The values of the steady state parame: s are given

along with guidelines to determine the valid: of the

solution.

11. Upper and lower temperature bounds for the L dy state

solution.

12. Temperature array printouts for the last stc. state

iteration and for the fifth, tenth, fifteenli and

twentieth smoothing iterations. On the fiwl-i empera-

ture array printout (i.e. that for the twentLi :i smoothing

iteration) the blower disk and other essenti:. features

were drawn with aid of the boundary overlay. ote that

the standard temperature array printout is (: with an

integer format. Also included on these page:. :re coolant

data, number of iterations, and the current )ý ue of the

iteration parameter.
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13. A printing of the residuals at each point excep-

points. Extremely high residuals (e.g. 9.9999

to the constant temperature dummy material 2

ignored.

14. The surface temperatures at the radial and axii..

coolant boundaries, or interfaces between diff;

materials. For an external coolant boundary,

one surface temperature is given. For internaL

channels and gaps, a pair of surface temperatur

given corresponding to the temperature on each

the coolant channel or gap. When a printed su:.

temperature coincides with the inlet or outlet

ture of a flowing coolant, its value is meani-.

should be ignored. Such temperatures have a ±.:

through them on the printout for this problem.

15. The heat rate (Btu/hr) and heat flux (Btu/hr-f:

neighboring points in both the radial and axic>I

A positive number indicates that the heat flo.

positive coordinate direction and a negative n&

negative coordinate direction. Note that at a:!

boundaries, the heat flow is not identically 0,

a very small number. This results because an

boundary actually contains an h = 10-6 Btu/iii-

similar situation occurs for the conduction bt -

coolant points in the direction of the coolant

16. The effective radial and axial conductivities.

effective conductivity is that a value which

heat flow between the two nodal points when

by the corresponding geometric factor and Thec

temperature difference.

';aps,

' the

oolant

are

le of

.pera-

's and

drawn

I

the coolant

) correspond

should be

between

rections.

in the

*'r in the

atic

instead

ýatic

F. A

two

the

iled

I point
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I-

17. The radial and axial thermal conductances. thermal

conductance between two points equals the fi ,iLive

conductivity, between these points multipli;-' the

corresponding geometric factor.
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TAC2D EXAMPLE PROBLEM INPUT CARO LISTING

aASGAx TAC20*TF"AB-76-19
aCOPY TACZDeTFMAB-Tb-1.tTPFS.
&FREE TAC2.DeTFMAB-76-Ie
aADODP DORUM
aNOGP THERMAL PARAMETER FUNCTIONS
aF OR wS HADATA/SMADATA/S*MAOATA/5
-20
C THE FOLLOWING STATEMENTS DEFINE THE MATERIAL THERMAL PROPERTIES
C MATERIAL I IS INCONEL

RCONIlX):4.27E-3s10R-'60.).e.3
ACONI(X):RCONIIX)

C MATERIAL 2 IS HELIUM AT 680 DEG.
THA124X)=1140,

C -MAIERIAL 3 IS HELIUM WITH NATURAL CIRCULATION
RCON3(X)zsOfl.
ACON31X:I500.

C MATERIAL 4 IS INSULATION
RCONi I XI:.05
ACONt4 IX)=.05

C MATERIAL 5 IS CARBON STEEL
RCONS):3I.88-2.739E-3*(DR-460.)-6.26IE-6.fDR-.a60.)0.2
ACONS X)=RC0NStX)

C GAP GAS 1 GIVES AN EFFECTIVE H:437
GCONIl(X)=37.*.c00I/12.

C GAP GAb 2 GIVES AN EFFECTIVE H=723
GCON2 X)=723.*.0001/12.

C GAP GAS 3 GIVES AN EFFECTIVE H:905
GCON3f(XI905.*.001012. ,

C GAP GAS 4 GIVES AN EFFECTIVE H=85
GCON4iX):85,*.0001/12.

aFORWS FLOOAT/StFLOOAT/SFLOBAT/S
-20
C THE FOLLOWING STATEMENTS DEFINE THE COOLANT THERMAL PROPERTIES
C CCCItOI I tLCN 11E HIGH JDOIAL BOUNDAR1 AND
C SIMULATE' THE HELIUM CIRCULATOR FLOW AND BLOWER BLADES AT 680 DE6.

FLOIA(X)=I.F8
SPHI IX IlE

HIA(XI:I.E5

.HE ' 175 ULU. Art, THE
NAIURAL CONVECIXON HZBS

FLOZA(X)=i.E8
SPH21x)=IE%

H2A(XI:85.
TIN2A(X)=635.

C COOLANTS 3. 4, AND S REPRESENT THE ADIABATIC BOUNDARIES
C COOLANTS 6, 7, 8, AND 9 REPRESENT THE BLEED FLOW AND
C ARE INTERNAL COOLANT BLOCKS 13t 149 is, AND 16, RESPECTIVELY

FLO6AIX)=S0.
SPhbtX):l.2'



H6AIXZ:IOS.
TIN&A IX):635.
FLO?AIX)=SO*
SPH?|Xl:lo24

H7TAtX)=80.
TINAIX)=TO6)
FLOSAIX):50.
SPHBIX):I.24
M8AIX)=818.
TINSA(X):TO(?)
FLO9A(X):50.
SPH9IX):1.24
H9AIX)ZIO50*
TIN9AIX)=TOt8)

&PREP
8MAPS TAC2D/A*TAC20/ABSoTAC20/A
aPRTT
2HDGP TAC20 EXAMPLE PROBLEM OUTPUT

jaXo TAC20/ABS
STEADY-STATE TEMPERATURE IN A HELIUM CIRCULATOR SLOWER DISC TITLE I

BLANKCYLINDRICAL GEOMETRY OPTION ISTEADY STATE OPTION 2CONDUCTIVITIES 
OPTION 3RESISTANCES 
OPTION 4HEAT FLUXES OPTION SSURFACE TEMPERATURES OPTION 6
BLANK.0 .58 1.16 1.75 2.40 3.0 RG.-I3.25 3.375 3.75 4.25 4.75 5.2S RG-2

S.7s 6.25 6.75 7.25 7.625 7.75 RG-38.0 8.33 8.67 9.0 RG-4
eLANK0. .3125 .625 .875 1.125 1.375 AG-IS, I.2. 1.5 2.52 0 2.375 2.625 AG-2

2. 75 3.25 3.625 4.3 AG-3
BLANK0. 1.75 0. .625 2. 61-1

1 3.75 .625 .S75 2. e2-1

5.16 8.0 0. 1.125 2. 65-1.0001 3. .0001 3. BS-20. 1.75 .875 1.125 1. 86-11.75 3.25 .625 1.125 1. 87-1
.0001 2. 67-20* 3.0 2.12S 2.37S 1. B8-1

.0001 4. 88-23.0 3.25 2.125 4.0 1. 89-1a. 8.0 1.12S 2.125 1. 610-18.0 9.0 0. 3.25 1. 811-10. 3.0 2.375 4.0 3v 812-1.0001 4. 
812-2



3.25 3.37S 2.25 4.0 -6. -2. 813-13.25 8.0 2.125 2025 -7. 1 814-1717S 8.0 2.25 4.0 -80 2. 81s-I8.0 9.0 .3.25 4,0 -90 l. 816-13.37S 3.7S 20375 4.0 So 817-13.375 7.75 2.25 2.17S S. 818-17.62S 7.75 2.375 O.0 S. 19-13.75 7.62S 2.375 ,o. d. 820-10. 9.0 0. 0. -3. 1. 821-10. 0. 0. 4.0 -4. 2. B22-19.0 9.0 0. 4.0 -10 2. 823-1Do 3.0 4.0 4.0 -2. 1. B24-13.0 9.0 4.0 4.0 -5. 1. 825-1
BLANKINITIAL TEMP

0. 9.0 0. 4.0 680. IT-1
BLANKEND DATA

F-



TAC2D EXAMPLE PROBLEM OUTPUT
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TAC2D, FXA?4DLF PO'1IRU.M nhJYP11T 
41 F A 011576 PAGE~

aTCtA* ýC;r*aCc2TC~ ACaaaaa ACaaaa,; aaa aaaaaa aaaaaa aaaaa Thtl~CD
*TAC2i*YAT~~ a a * a a a a a * a a aa a.AC~ a a~nkAC A2 Tcai eCnI'.D * 4d*aC * AC )TAC~flaTAC2'I.*7ACTýdfl a a aAC2a aC?*Aaa a a TAP)TCr*Af* a a ,n* a ir*aC a~r TA 21aTAC2NDa*TAC2nlaT ACafla TA~)TC2*aC~ aaaaaaa T ACI*TAC2*AC2*ACnTC2 a[) aA21 TAC an* AC20a T aC1) T aaaaaaT aa* aT AC2ITAC2iDa*TAC~rI* TACan*AC2* AC'*AC *A* a A~n a A~) a A~f& a ct a C~ At a* At al* ACf* aC2~ aCD a AC0T 4 aTAC20ayAC2D**ACn rn*AnTCP*CM*Ar)TC*TC*TCr*A2*TAC~n*TaT&C 

*TACa a a a2a aC a * aCa a a 2 * aAa nTAC~O.TAC2tja*Y.?AC2fla a aC~ a aaaaa aaaaA~r)*Aaa TCI)TC2*ACr*Aaaaa C~)aC2 a ~)*a iO*AC) T ar 2n*a aTAI2DTAC2rU C~*TAC.
*TALcflaT~re~qi 

*TAC'i0TACDa
*TAC~nTACr)r* 

*HQ'LAAYI 
DE A2~ H PLCIL LJE.A]' S TACefaTACD**TAC~n*T4C~rn 

*, IOJT~..t AA~en) AT GAC!,?[I)&1E ~-U'*T ACRD* TaTCeOa &~NA 
*A n~ TACe.)aTAC?D**TAC~naYAC,?r)* . A*tbAJ3 UYIj~~TAC2!)aTAC~j)**TAC2[flaTcŽp .PTnS*,. A~, ~.~A PJ~fS . *TAC2,1*TAC2U**TAC.)')TACD,, 

aAH.AIA O~I.T~. N'P~) *TAC20*TAC2D.aTACr~l.*Ttfl 
GFcAr.)R 

*'rE A9b,$P*V'q TAC2g).TAC20**TAC2()*TACO .~'PCsl*..LIA~,.Tr A~lC~~,VHS(NT "*Cl- *TAC2".*TACtOa*TAC2I)*TACZ* HS ?nEI' vATC t) ERIFIDPO~CUVIc(f"(FA Twn A'.I) HENCHA *TA2n~1&c2,a*

*TAC~f).TACfD* SIOAPL PPILEA. TQANSAI3Q C5. JIJNE, 1m7. *A~lAC2JTAC2Oa* TACr).TI~~AC~l 
A*(AAQ3?pJL S q *TAC2!)*TAC?2).aTAc2flaTAc~fla 2.'! COf'Ek VFP,.9II TAC20 AFI GFAIIF?3L PIJQP(IS ... TT IS T* *TAC2r)*TAC2Ua*TACptOaT4C2D* ~ ~ 1 4'iW)VET ~l~1Sf~ PATH)COI1 ATICAL ~ FO -,IAI?4v A140 PL ~I?') *7AC2I~s7AC2fDa

*ACPATcAt C20 3.~~ ý'0 ii:Ss.0 TLLIANSK. THE~ TAC?f' Clrh V IS T ;7 CU TFACUT IAJ 7T5-1~ IAC

a TAC?*lrD 
* TAC20*TAC?2Ua*VAC~n*?A(>f)* THIS i'orE VFP4Alll~ H~nT TA' ACCE T$ ?'AF 9114CP AL-r-k.r ITf IS TNF *TAC2Oh*TAC20*aTAC2fl. rtC.'r QFII",It-I)FD ?VAflTFHOS,ILRSIlA !s AN") CntIATr1.-/; ACCES T9 zA)A TA * 1AC2n*TACt2)a

*T 'C2-1*TA,0 RFFrFC NO. TWr50 '! ? 196b TH. TKF T iiP 111 4 C H IS THF ~LCO A? T!)CIrANT *1 AC2'I)TACpo*
*TC0TA2) 

*CFTACZ,'')ISF-*bETI'IS Il.PLSUtfl

7; , F~ in diT r-? ' C rTT1ý(* 2
T1 ~C.?,1.L

a T A C ¾ T ~ C ) .
T A C ' a T C27C L) T I fj,,. T ) Cýf<:~i .>< .~I * p p Q



TACZD EXAMiPLE PRO6ILEm flL'TPUIT 0ATE G7157b PAGE 2

7 A C 2 ) C 0 0 t p~flDUC 7 ON VER31ON

In
RADIAL.X

PfliNTS

M0

AX IAL-Y.THE TA
POT -JTS

4a5

MAX Nn, OF
COOLANTS

15

m Q
MAX UlF

'Olin

4S.

I Q
MAX NO, OF

RADIAL-X
GAP LINES

3M

OAX Nn,* OF
AXIAL-Y-T,4ETA

GAPLINES
34

L
MAX oO, OF
MAIL-& COOL

BLOCKS
150

STEAnY-STATE TEM0FRATiJRE IN A HELIUM
(WARN TIME IS SET At 20 SFCONIS)

CIRCULATOR BLOWER DISC

OPTIONS
CYLVI~nPCAL GF0"'ETRY
STLADY STATE
cnhn'oU CT Iv IT IES
fRES1STAk-CES
HFAT FLUIFS
StIRFACE TEP'PERATURES

THTS IS A SHflRT IJPUT RUN SETUP.
LISE A LONIC INPUT OPTION CARO FOR A REGOLA4 RUN SETUP.

'-I

0~'

.0 '9



TA C20 gPLE PRQCLEM OUTPUT

STEAOYo STATE TEM.ERATIJRE IN lllLIIJN CIRCULATOR SLOWER DISC

PAGE'DATE 071576 I ,

RLOCK DESCRIPTION

BLOCK
NUMBER

I
a

3
4

5
6

8

Q
10
It

t2

13

Cis15
16

17
18
I-
23

21
22
23
24
25

e 4 0 & 0 a BOUNDlARIES . 0 0 * GAPS . a .

LOW RADITAL

I *7ron
3.2s-hl
S. 7`5n0

* 0001i
I .75'n0

1000A
3.*iI nfl

. (,Coo0
8 * 00uA

3.*25A0o
3.2ciu0
1.7500
8. 0000
3.*3150
3. 37%0
7, bP50
3* 75ufl

.0006l

.0 0 0
9.0000

S0 00 A
3. 0000

NIHI,1 R4DIAL
CINCHF S)

1 .7`500

1,.7500
3. 250 A

3 * 2%()ý 0

9 * 0(lo~

3. 3750n

7. 7; 0 ()0

9. juoon
3.7506

7. 7'.00

9. 000c.

LO' AXIAL
C I NCH'ES )

.0000

.6?('u

Z.1250

I . IS

n . (01
.3750

2.?500

2 . r0
3. ?&100

2 . .* n
2.3750-
2 37 SO

.nn ,i In

0 000

0 a 6

HIGH AXIAL
(INCHFS)

0b25(s
*A750.e?50

1.12950
l * 150
1 . ?250

2. 1 P50
3.2500

2J A> 0 .I0

a.1000r) f) 0

370500
Q0!.000
(I o 06 IA

*0 a 1) 0
4 . (710 k

a A n0 0t04 0 (.000•.0O00
LA.* '0O0
LA.O 00

MATERIAL

2
a
2
2
2

.h

.7

.A
-9

5
S

-3

-2
.5

RADIAL MATERIAL
(INCHES)

AXIAL MATtRIAL
(INCHES)

.0001

.0001

.0001

.0001

I

3

.0001

.)I01

.0001

1

3

'I



TAC2D EXAMPLE PRnRLEM OUTPUT DATE 071576 PAGE 4

STEADY-STATE TEmPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

BOUNDARY nVFRLAY

* WHFQF COLANTS ARF PRESENT
" WHERE GAPS ARE PRESENT

W WHERE fAPS OR COOfLANTS NOT PRESENT

THE RADIAL(lI GRIO LIHFS ARE HORIZONTAL
THE AXIAL (J) GRIO LINES ARE VERTICAL

t 12WM 9qm 13C* 17". 2OM 0 19M* 15C* 0C

* |*S * t•1*1 |

* H * * O 1 * M 11
*IHHHHWHHEUIIHHHIHHHHlI~nIHHSIH * a-------------------------------------------------------- a

t6

1's
13
12
11
to

10

9
8
7
6
5

3

2

11 Am* *.aaa.**aaaaa..a.,aa.,,**~*,,**

orlM

0
a

t

*

0

0

*
a7 M

NilHils S I IIN HH I I Il I HH ~ltH I H ilH

"" I ol "1111 0t 1 1 "M"aaao

00

* to H a H

1 2 3 4t 5 6 7 83 9 10 13 22 13 14A 15 16 17 18 19 2n 21 22

a I 4 ... i . . I



TAC2D,EXAMPLE PROBLEM OUTPUT

STEADYeSTA:f TENPREPATURF IN S LIUM CIRCULATtIR 8LOWER DISC

DATE 071576 PAGe

N2ODE VOLUMES (FT**3)

THE RADIAL(C) DIJFCTInN IS MnRIZONTAL
THE AXIAL (J) 0IRECTION IS VERTICAL

17
16

ts
t1
12

22

10
9
8
7
6

5
4
3
2
1

16

15

13
12

0.0000
000000
0,0no0

0.0000

0.0000
,0vnoo

0.00000.0(100A

0,0000
O1.lO000

0,()0()0
0.10010

0.0On00 ,on01)

0.0000
?.?935-0O

2, 2t A.00

1 52 9n-04

7.•s8p-n5

1.5291-.0
3118 .0

. 2 ~ 1-i

*.0nuo

3. 420-03

3.Qj8q-n3
2.?726,n-3
?.711200

0 * 0 00 0
6.8n0.0o0
6.e8n8-0o

0.SA70-O0
U.!)9711Q04

2.2016-.04

0.5A70-04

5.7337.04

0 . (non

0 .0600
1.17v5-03
1. 17 t. 5 ,,s 3
I.* I 7(,€-03
1 )iqn 3c;- Q
7.6035-.A
3.A021-04

7.b035-0'1
7.A035.-u

7.A035-00

7. 79rig-A4
9. 75J•0.ou
9. 7S,4.0o

4.0 1-11d,.3

2.7?71-03
2.7P71-03

040•nm
2.391-03

,1 . 391 -03

1 .8lq 1 -0 3

I.PP61-O31.2261.03

1 . ?Ph 1-0 3

1.22h1-03

I.S326-03

1.53?h-03

5

0.10110
.4 31r-.n03
.a 31".. 3

2. 9L)44 3-n 3
2.0543-1n

7 7

0.0000
2. (1 • IS-03
?.2085-03

2. 2 0)-03
1 1472"03

7. 35 7 2 - t
7. 3",31 - f,

1 .07?6-03

1.472h-03
1.'726-03
1.472h.03
1.4208-03

0.0000

6

0.0000
1.0653-03

1.0653-03
7.l OIA-04

1.0653.03

3.554)9.-q

7 . 1(1 P-01
7.101m-04
7.1018-04
7.1018-04
7.0988-ý0O
7, (I968-00
5.8772-04
8.8772-0o
0*00100

7

O*uvOtl

5.64S9-04546459"04

S. b059.043.763q-04
3.7b3g-Du
I ei82ni-.OI.m82n-04

3.7639-0•

3, 7639-04
3.7639-04
3. 76 s9-04
3.7b.39-0o
3.7•,O9-0
•.7009-04
4.70Oaq-O

0.06000

8

0.1000

1.5103-03
1 . 31 1 -0 3
1.7 520- 03

8. 7 33-04

!t 77? h~

7 1,7O

O.U000
1.8216-03
1.0216-03

I b21b.03
1.2144-03
I .i1'J4-0 3
6.0720-04

1.2144-03
l.2••0-03
1.2144-03

1.2144-03
1.214U.03
1.5180-03
i. 51n-03
0.00('0

9

0.0000
207271-03
2.7271-03
2.7271-03
1.8181-03
1082810n3
9.0903o-o
9.09(03-04
1.8181-03
1.8181-03

1.681P-03
1.8181-03
1.8181-o3
1,8181-03
2.2726-03
2,2726-03
0.0000

103

3. 06'~811.0 3

2. "• 5 03
2. 5 3-03

09.0 1l'J

3. 7o 4q7 - 0 3

3."7 q 7 - ') 3
?. IC c. (I

0.00(100 0.00(10
4.7720-03 3.8030-03
U. 772"-03 3.1_030-03
0.77?•'-(1 3.e(130.03
3,I h (13 2. ¶ 353-113

3.~~~~ . )3 56 r, -K (1 5,.5"-

S..-- 77-o3

-2 '

C*0.00 (1

2 (h1'5

I .7o96,

8.h 9A2
8.7•a98
.?7

0.0000
-03 3.67UO-03
-03 3.t7a0-03
-03 3,6740-03
-03 2.4.493-03
-03 2.4i93-n3
-0a 1.2207-03
-no 1.22u7-,3
-03 2.44•93-03

.03 2.Q4c93-03
-03 2 . -'J 1C-9 0 3

3 0

17
16
15I a

13
12
I I

0.0000
3.q 9lnh-O3

3.90(16.03

2.,?7t-03
2.6271-03
1.3235-03

0.00%o
3.97.5-n3
3.47SS.03
3.9755-03
2.6593-03
2.h'in3.n3
1,32S2-n3

0.0000
0.0000
0.0000

0. 0000
0.0000

0.000

i""7

15
18



TAC2f) FXA'40LE PRfIALFM OUJTPUIT

10 1.3135-03 1.3?S?-03 0*0floo
9 ?.6271-03 2,6503-03 0.0000
a e.b2l1i03 205,a53.fl3 090(100
7 2.b??t-03 2,65n3.r.3 0,onoo
6 21627t-03 2,6503-03 0.000fl
S 2*6271-03 2.6503-03 o.ooooo
4 2.627ta03 2.6503-o3 ol0noo
3 3.2839-03 303129-0 3  0.0000
2 3,.'839wD3 303129-03 0.00000
1 0,0000 0.0000 010000

21 22 23

DATE 071576 PAGE 6



TAC2D', RLE'PRnBLE" OUTPUT

STEADY --ST•TE TEMPERATURE IN i LIUM CIRCULATOR BLO1'KER DISC

DATE 07157b OAGE@ 7

0b

RADIAL GFONETRY FACTnR CHEAT FLOW AQEAIRADTAL DISTAMCF) BETWEEN POINTS

THE RADrALCl) DIRECTION IS H'ORIZONTAL
THE AXIAL CJ) DIRECTION IS VERTICAL

CI#J) AND (1+10j) (FT)

17
16
15

13
12
Ii
10

9

6
8

7

3
2
1

17

16

V]

0.0002
1.010-012

1,27,ino02
1.27u 0 -02

1.2740o-02

1o2?4n-n2
1.274n-n2
1.2740-02
1.2731-02
1.5927U02
1 5Q24-02

0.•00 . .

1 ~
...., .n,.

t07A73.-t
t . 787 3-oI
I *771-01
1.1915-01
1 .101 r-ot

1,1 IQ1I5-' 1
It*t115-ul

1.1015-01

1 * 'JQ401
114ft01100.0000

0. 0n 0
2.1 4k' 4

0. 0000

3,81t30-Ot
3.(4180-0 13.8 1 An0.4)1

1.2717-01
Io*•'727-(11

2 *. s u'J -n I

2P. S'5• -01

2. 5 '4 5 1 -11
2.51U3-01

3.18A17-01
3.~ 1~ A7-011

3

An 2' * r

0,11100
S.53t17-0
55,317o0t
5.5317-01

S. 7 -n

t3.% 7P-0 I

3. 71-01

3.,1 .) 1 '- ()

31 * 0 7 -( - 1.
3i.eM97.01
'I, b 97-01

0.•ll 00
2. 'r iI no1

0.0000
7.4'57S.0 1
7.457%-nl

7.4S71-ni4.9717-41
'*9717-0l

2. LI~ASA0 I

(4 .97 17 n-I
4.971 7-01
4.9717-01
1.9717-01

U . 7 17. '|

6.21U6-01

6.21 "6-01
(i . f ono

0.0000
I, 3u 324,00
1. 3d 32.00
.1 .34 320Oo
8.qSJ6-01

8,95S6-01

.au773-c1

m *9!i'b-01 I
8.9Soh-01
8 . 5:46-01
R.Q946-01

1,1193+00
1.1 103+00

6

0.0000
3.?3Aý4 00
3.2 3A*P00

P3. +

0.0000
3. 3697*00
3. 3bQ7+00
3,3697100
2.2465+0(1
2.2465•00
1 * 1 ?32+qu
1. 1232#00
2,2405+00
2,e41e'5+00

2.2U65+*O
2. 2'Ah5+0()

2.2465+00
2.806t+'500

2.A081 +00
0.00O0

O.0n•O
2.69e6+00
2,7Q•'I00
2. b'46#00

1 *7991#00

1 . 79;91t*00

* 791?1+oo
1.7Oqt+O0

1 . 7qc?¶ +00
1.,7991400
2. 2'J6o'0
2. 2" 8Q00
0 .0000

0,* O000
1.6951+00

I .b
9
51,'OQ

1.1301+00
1.131-1 I.00

5.hSQ4-0 I

1.1 •o1÷00

1.1301+00
1. 1 3il1 +00
1.13ulO00
1.1301.0(1
I.412+U00
I.412b6Oq
,).0000

0.0000
S,6670+00
I.6670+00
1, b670,no

1.11 14+00
3.*11[1*+00
5.5568-01

1.1114+00
1,1114+00
1.111t400

1.111' u00
1.1114.00
1.3992+00
1.3892+00
0.0000

10

'. 0000
Q.8632+00
4.8832+o0

a1 8 8 32* 00

3. • 00

$.•:? 'tOd

6
•. '100

C; 7 a 9I-'

I-.

2 fo 05 ( 0

2., A0', 4 O7ohqSe~

0 *000

3. ~'*:;

0 ).O,)o(0 %.(. ()0
ll+11 6.1'AI+00 53*'295.011
0+10 d.lu, 1•00 5.4295+00
0*'1C 8.1u)31+00 5.:4295+00

"'C) 5,1321.11 .... .• 9 ' 4? O)

-3 . 7. : . 0

*3. ?? 1,3•. ' ,197+o0". :(-, '(0 "

+ , 00

b +' 0 0

17
16
Is
Iu
13
12
11

11

5.0T96#O0
5.07Q',00
S.0746#00
3.3000*00

1.6932?00

12

1.0612+01
l.Obl2Att

7.0744+i*00
7,0157200
3,b372+00

13

0.0000
0.0noo

0.0000
0.0000
0.0000

15 16 17 18 19 20



TACO EXAM PLE PQ'lHLFm ll()TP#IT
DATE 071576 PAGE 8

10 1 b93?+0O 3.5372.00- 0.0000
ý9 3.3A64*00 7.0744#,00 0.0000
0 3.3Rba.0Q 7.0144+410 01Ot000V
7 3.3146u.OQ 7.07'I4i00 0.On00
6 3.3Rtb4+00 7.07diMO0 (1,00005 3.346L1.00 7.07'JQ+00 0.04Mt
4 3.3RAjjfig 7,L)7uLO0 0.0000
3 4,2330+00 8.8429+00 01Cfl00
2 4.2330+00 8.8'J29+00 0.0000
1 0.0000 0.0000 0.0000

21 22 23



TAM .EAXAPLE P~n63LEM OUTPUT

STEAOY-SIAE TEMPERATURE IN 1•IUM-CIRCULATO BLOWER DISC

DATE 071576 PAG.E' 9,

AXIAL GEOMETRY FACTOR (HEAT FLr1% AREA/AXIAL DISTANCE) HETVs'EN POINTS (!pJ) AND (I.J+I) (FT)

THE RADIAL(T) DTIFCTInm
THE AXIAL (J) DIRECTION

I3 NORIZnNTAL
IS VERTICAL

VI
1,.)

t7
16
t5

13
12

10
9
8
7
6
5
£4

3

2
1

17
16
is

13
12
11
10

8
7
h
S

Q

3
2

1

Is15

13
12
Ii

0. -100A
0.0000
0 .COa 00

0. n '1 ) .*)

0.n 00o

O.OlnnO
0.0000
n . 0000
0 * t0,10

CI.O ill0 0

b.?1,32+n0

3. 32. -00
3.71,99+00

3*. 7 12 U +'
)'3 3;q0Q

u. 712".,00
44.* 7 12 1 *0 0

4o71,?4*40

4.71?ufnO
/A. 71 P £3*00

3. 7b'q9.0
7.5 301I0t)

II

0.on0n
8.07,)U#00
4. j3S2+n0

g.0309*00
8.070 £3+0

0i . n n (p nl

P. 33u05-01
2. 3£333'-A
3.51 A-n 1

4.b47%-01
7. olib-n I

3.6Q27-01
3.5?P-`11
3. 5 )?2 $l-nI
3.5??oAnO

3. •131÷n0O

5.63 60w01

2

5.* 00 d 0

8.004,3003 * i P~ 13 7. n 0

3 . £4 9o7* 0 0
4 . 14 A * n

I .03372.0 O

6.9m1 3+00
c5.2369+0A
S.? 3h-3oo
5.?1e'0+o0
SO ? 360430+1
5.23vY1,0t

8.3776+00

I?

0.oo00
Si *1 3141 'no
£3. (37 .19* Of) 0
£3 *07I 9,00
'3.8851,00
6.1063*(30
8. 14l18+00

0 . no on
I Q.q 1 400
7.0456-01
7.11c7+01

1.056A+00
1 .01 +00
2.1h1 37*O"

I *0S&A+00
I .C15t)*~0

9. 3')'3 I n1
8.435a7-01

3.A 197+0)

7.fT77,+%00

7.h7'3j÷n0

5.75Q6*00
5.7SOb+POtS *75'3 5100

5.1OI 1364G
Uoi£)77+00

9.*215 '1+00

2. 397 ;+00
1 7Q*I5+n0

I *1,QWO00

2. 3£4 73,00~
3.5059+11oo
2. s)71+300
1 .797Q*O0

I .707£4nOo

1.*1978400
1.5)80+00
1 .'3 38+00
2o87h7+n•0

. 3776#0 0
Q . I A6A+()0

'3 sP ' * 0 uI
6.?A7 e+0u
M. 177r,00

h. 377P+00,

51 * 23?'(Oo6.?832+00

b.S"5!+00
,O2bf+,i0
10 Os3+ (1

3.76#,U+00
I.A3?.+no

.MA.32*00

2. p?a31 00
3.7fOba+O00
5.6496+00
3. 7bt"1.~o(

2 . Ai4 2" 10

2.8?6 0

2.51 10+60
2.259+.00
4. 5O97+0

5

" . Pt,.) n0

9. v 797+o0
'3.5379.og
U. 5 379 Q + (10

b. P'3631,flO

1.36t1 "+nl
c?. n I7+7 qo

6.8068+.O

0.6,505*00
55O.Ut5+00

1.0891+01

Is

0.0000
4,5231400
2.2P1.+00
2.261 5.00

2.71391,00
3. 3923+0Q
4.5233+00
6. 7RS9+00
( 0 2 39 +00

3. 3, ?q+i(
3. 3 q 2pq 0 0

3. 30?Qo00
3.3Q29+no
3.392q+00

3.0159+00
2.7 tu3+00
5.42'37+00

6

rO ( ).0
9.773Q+00

5.kk6a3+t"0
7. 33011+00
q. 77 ;9+?.I'

9.7739+00

7. 330"400U
7. 33n4+nr0
7.33o4+00
6.5159+00
5.8643,00
1.1729+01

16

0.(nno

2.1 17+00
1. 090+00
1 t)9nR+oa

. 30q,)+00
t. 36?+09

2. 1R1 7+÷00
3.272%+00
2.1817+00
1, t3n2*O0
I .e 362.•0
1.63b2+00
I .635"Ou0
I.6356+00
I.4b52+00
1.30QO0+00
2.6180+00

7

0.00no
7.75Hb+0Q

3.$943+1,0
3.), 31 +'3Ou'3.6731+O0

7.78 6+00

7.7MhbO0o

5.801 14;ui

5. 8SilU÷00
5.8F 14+00

SO 8 671 a+ 03)S.1924+o0
14.6731+uvo

9.3463+00

17

0. 110310

1.1563+00
5. 1t811-01
5. 7Aq14-01
6.q377-01
8.721-01
1.,1503+O0V

1.734'o0o
1 . 1'3 h3* 00
h,h721-01

8.721-0I
8.h721 -01
5.0721-01
6.071101
7.706.-01
o.4377-01
I.3875+00

8

U. onnr3

2.6935,00
1. 51117"00
]..i'l 7#n0(
1.hj l l÷f)

2.0 12b.Ou
2.6" 6S+n0
4 %.252 +0

2.o63•*0o
2.,012h+00
2.0)12h+00
2.0' 26+00
2a 0 1 2h~+ 00
I * 7Q0+0A
1,6101+00
3.2201+00

to

1.86S3+00
3. 73t]7+001t.Rb53,00

2.23hU,*00
2.793Q1.00

2.7960+00
3 A 737 + 00

2.*7960.00
?. 7£430*00
2.'•71+033

2.236M400

9

0*0 0(,
S3. 4918 ,'0 0
2. 7'.h9+00

* 7 £3 3* Q + 03 (
3.,? ,9 . 7 + s) 0
£3.12 S1 +0i)

75 * o~' 7803

5.o970+()0
',312 lj +O0

4.1225900
4.1217+00
3. n b 37. + 0o
3.2973,00
6.5947+00

19

0.0000
5.5851+00
2,792%400
2.7925+00
3.3510÷00
3. 1888.00

5.A5•1+00
8.3776#00
5.5051+00
U. 1SM+00

£3. 16685.0
4a . Ib 8 6+0 0

3.7234+00
3.3510÷00
6.7021÷00

10

0.0000
7.5243+00
3.7622+00
3. 7h22+o0
U.5146+00
S. 83333.00
7.S243÷+o0

1.1267+01
7.52Lso+o
5.b433300
5.6433+n0
5.6433+oo
5.043330o
5.bu33+00
5.0162+00
4.51ub÷00

9.0292+00

20
13

0.0000

0 . U4",0 0

0.0000
(3o, 000(
0.On000



TACL) FXAMPLE PROMLE-64 nlJTPLIT TACL~ KAIPL 0QltLF~nu~urDAIE 071576 PAGE to

10
9
8

7
6
S

3
2
!

1.21 06,0
S.(1o704+00
6. 05 2'R00
6.052i8+00
6. 05#0
6.052R+00
6.0S28#00
5..W~03+00
4. *842 3+00
9.6'"45+00

1 .22t 3+01
A. I a 18+00

6. 1063400

6.1063+.00

6. 1 Oo3.00
6.'1 0a+00

L*.M851+00
9. 770 1+00

0.0000
0 A000

0 *.00m)

0.0000
0.0000

0.0000
0.0000

2322

F-
LA

.I

. I I
I



TAC210r •IE P~rLE.P nB nL:TPUT
STEADY-STATE TEF4PERATURE INIOELIUM' CIRCULATOP BLUWER DISC

DATE A71576
I PAG t'S lj

ID'

SEQUENCE
NUMBER

1

2 2

3
3

4

5
S

6
6

7 7

8

9
9

10
10

U'it
L' 12

1213

13
14Its

15
15Is

16
16

17
17

18

18
19

19
20

20
21

21
22

22
23

RADIAL POUNnARY ASSIGNMENTS

POINT GRID LINF BOUNDARY NUMBER AT
LOCATIOIN LOCATION A MATERTAL INTERFACE
(INCHES) (INCHES) A COOLANT OR A GAPo0q000t

*00001

.29000
,58000

.87000
1.16000

I1.5500
1,7r000 2

2.07500
2,4a0o0,

2.17000
3,00000 3

3.12500
3.25000 1

3,31250
3L37500 5

3.56250
3.75000 bU,. 000

4.25000
U.Sn00o

1,7500n
5,n0000

S,25o)00

5.50noo
5.75000

6.00000
6.25000

6.50000
6. 75 000

7,*0U000 r

7.25000
7,43750

7.t.2S00 7
7.68750

7.75000 8
7.A75u0

A,00000 9
8. 16500

8.33000
8.50000

8.67000
8.83500

9.00000 10
9,00000

SEQUENCE
NUMBER

I

22

3
3

4
4

5
5

6
6

7
7

8
8

9

10

to
It

it

12
12

13
13

145
14

Is
15

16
16

17

AXIAL

POINT
LOCA•TIN
(INCHES)

.0004)0

.15025

"04875

.75000

1 * 0-J(00

1.25090

I.* 0000

1.75000

2.0006-6

?.18750

P. 31250

2.50000

P. 750 o 0

3.06250

3.437S0

3.81250

4,00000

BOUNDARY ASSIGNMENTS

GRID LINE BOUNOARY NUMBER AT
LOCATION A MATERIAL INTERFACE
(INCHES) A COOLANT OR A GAP

,uoo00

.•1250

.62500 2

,87h00 "3

1. 125f00

1.37500

1.b2500

1.87500

2.12500 5

2.25000 6

2.37500 7

2.o2100

2.87S00

3.25uv00

3.62500

4,00000 9

1ýý



TAC20 EXAMPLE PRnALE- OUTPUT DATE 071576 PAGE 12

STEADY-STATE TEMPERATURE IN A HELIUM CIRCULATOR SLOWER DISC

COOLANT SPECIFICATIONS

SPECIFICATIONS FOIR COOLANT I

THE CnnLANT IS FLOWING IN THE PrOSITIVE AXIAL
THE kEYNnLPS NUMbER L14ITS ARE 0.0000
oO STEP CHANCES IN FLOA
Nn STEP CHANGES IN INLET TEMPERATO)RE

DIRECTION
1.n0ooo20 1.0000+20 1.0000+20

SPECIFICATIONS FOR COOLANT 2

THE COnLANT IS FLOAIVG IN THE PnSTTIVE PAPIAL
THE RvYvn.OS k'UMREW LIMITS ARE 0,0000
?ti STEP CHANGES IN FLOW

0jD STEP CHANGES I1 11LET TEMPERATIIRE

DIRECTION
1.0000.20 1.0000+20 _I.000(1÷20

SPkCIFICATIOIS F(OR COOLAO-T 3

T4E CnOLAfT I FLnITNG IN THE POSITIVE RADIAL DIRECTION
THE QEYNOLr)5 NLIM9kQ LIMITS ARE 0.0o00 1.0000+20

S NO STEP CHANGES IN FLfo
NO STEP CHANGES IN INLET TEMPEWATURE

SPECIFICATIONS FOP COOLANT 4

THE CnnLAOT i1 FLrlWTNr, 1P THE PoSITIVE AXIAL DIRECTION
THE RFYN,•LnS NIJH$4HR LIMITS ARE 0.0000 1.n000÷20
Nn STEP CHANGES IN Ft.no
No STEP CHAVGES IN INLET TEuPFI&TURE

SPECIFICATIrINS FUR] COOLANT 5

1,000()+20 1.0000+20

1.0000+20 1,0000÷0

THE CnrlLAO'T IS FLnwTN, IN THE PrSTTIVE RADIAL OIwECTION
THE QEYVrILS NumqER LIMITS ARE 0,0000 1.0000.20 1.0000+20
NO STFP CHANGES IN FLOA
Nn STEP CHAI,:GES IN INLET TEM"PERATUPF

SPECIFICATIONS4 FOR cOnLANT 6

THE CnnLANT IS FLnwINr, IN THE NEGATIVE AXIAL DIRECTI(ON
THE QEYO S NU0HER LIqTTS ARE 0.00n0 , 1.P000.20 !00020
NO STEP GES IN FL')..

1 .0000÷20

1.0000,20



TAC2 D MPLE- PABLEm OUTPUT

NO STEP W6 GES IN TNLET TEmPERATJRE

SPECIFICATIrnm FOR COOLANT 7

THE CnnLANT IS FLOWING, IN THE POSITIVE RADIAL
THE PEYNOLDS NUMBER LIMITS ARE 0.0000

Nn STFP CHANGES IN FL'Iw

Nhr STEP CHANGES IN INLET TEMPERATURE

SPECIPICATIONS FfIR C0nLA'jT 6

T4E CnnLANT IS FLnITNIG IN THE POSITTVE AXIAL

THE REYN•rILDS NUMBFR LINTS ARE 0.O00ou

NO STEP CHANGFS IN FLnl
NO STEP C0A'GES IN TILET TEmPEkATUwE

. DATE 07157b Ipd 13..

DIRECTION
1O0000O20 1.0000*20 1.0000+2o

ODIECTION
I .0000+20 1.0000+20 1.OOOO2O

SPECTFICATIrnNS FIIR COrOLAk-T 9

THE CnnLANT IS FLMWTNG Iti THE PnSITTVE RADIAL DIRECTI(W

TwE PEYNrLDS NUP1SFR LIMITS ARE 0.0000 1.0000+20

NO STEP CHANGES IN FLnf
NO STEP CHANGES IN INLET TEMPERATURE

1.0000+20 1,0000+20

t.,
-.1



TAC2D EXAMPLE PRIlbLEM OUTPUT DATE 071576 PAGE- 14

STEADY-STATE TEMPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

INPUT TEmPEVATURE DISTRIBUTION

TEMPERATIJRES (F)

THE RADIAL({) DIRECTION IS Hr)RRI7DNTAL
THE AXIAL WJ) DIRECTION IS VERTICAL

17
16
15

13
12
11
10

9
8
7
6
s

3
2
1

0
0
0
0
0
0
0
m
0
0
0
0
0
0
0
0
0

0

bRO
680
680
6AO
600
ORO
b•O

680
6RObkoO

680

0

0
b68

ben
680

680

680
600)

68)
h8ai
680

0

0
6,80
680
6AO

h80
b8 O
b80
h80
600
6AO
6,0
680
680
680
680

0

0
680
680
680

600

ha0

6RO
680

6•0

hbA

680
680
680

0

0

60

bOR
aOR

680

6'80

6n0
600600

680
680

600

0

0

680
680
6R8)
680

bq o

6An
690
880
68i i

ben

680
680

0

bo
600

60O
680

bOO
bTMO
680)6p0

680

b•O
h•O

b80

0

0
680
68n
680
68u
680

680
680
600
680

6840

ORO
600

0

0
680
080
68)
60o
680
N00
h%3!
68Q
68o
6o0
630
680
680
680
68o

0

0
60o
680

680
680
6g0
690
6qo
68 )
6bA
680
68o
680
beohqo

680
0

0
680
6A0
680
600

600
680

640'
6100

690680680
6•00
680

0

0
680
680
680
600
60O

680
800
680
680
880680

680680
6b0
680

0

A
680
6gO

bOR
680
680
680

ban
680
6bO
600

68u
680

0

0
680
690
680
680
680
680
680
680
680
680
680
680
680
680
680
. 0

0
680
68U
680
680
680
68£)
600
6h00
680
680
6•8o
6O0
680
600
6e0

.0

0
680

680
680
680
68)0
630

680
680
660
6A0
6610
660

680
0

0
68o
680
680
680
680680

680
cMO
680
680
ef8o
88 ii

680
b80

0

0
680
680
680
680
680

680
hmO

680
660680
680
680
680

680
0

0
680
680
630
68U
600
680
bOO
600
680
63f
680
600
680
680
o80

0

0
680
680
680
680
680
600

bdO
680
630
680
680

hbO
o80
660
680

0

0bo
600
680
680

680
680
680
680

o60
680
680
680
o8o
680
680
680

0

0
0
0
0
0
0
0
0
0
0
0
.0
0
0
0
0
0

I-'
U' 1 2 3 A S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

- ,0 /



YAC2VfPLE*PPnPLE4 OUTPUT

STEADY-STA7TE TE-OERATURE IN WL!UM CIRCULATO) ;LOER DISC

DATF 071576 ilAH
b

PRnRLEM INPUT CAPPS3

a 2 2 3 3 'a 'a 5 5 6 6 7 7 8s d 1; 0 5 0 s 0 5 0 5 0 5 0 5 0gxxwxxxkxryx~rIxyxKExxxxxrXXNXYYYxXyxXxXXX XXXXXXXXYcXxXrXXXXXXXxxexKx~xxxxxxxEx

STEAnY-STATF TEMPERATURE IN A HELIUM CIRCULATIJR RLfl.'ER C

CYLP'ORICA1. GEOME~TRY
STEAqY STATE
C fllllC T IVI II S
RfST.9TA'~CES
*4PAT FLUXFS
SkJQFACF TEM'PERATURES

ISC TITLE I

I-A
Un
I'D

sonooo
3.25Q000
S.*75000

2.875D0

.o0n00
on00 u 0

.1000u-iI3
* 7Csd31

3.2SAA
S.I7S0o

10010Oin-11i3
"01001
.7 *50ln
*1001)0-03

3. Q ( 00 0
0 001) 0'fA

8. t, 0v
(1 V 0 n
1 ¶ 100-0 3

3. n00
3.*25oo1
7. 75S0fn

600 430
3.3750
3.3750
7 * b253
3.7500
.00000
.00000o
9.0000
.00000

.s~lloo
3.375(00
6,2sooo
A. 3 3 lo 0

.31250
1 .137500
3.2S000

1.*7500

I .7)Aul

S. 7c;O"

3. * 0('00
1.*7500)

2.0000n
3. P(1 00

8.ýOooo

S. 0 )000
3.0000
ai * (InAn a
3. 37s0
A. 0o1)o

A., Akio"
9.0 0.)0
3.7500
7. 7r-00
7.7500
7.b2s0
9.0000
,00000
9 .00vo
3.*0000

3* 75vfl(

8 . h7-)00

.000500

.625Sl'

00 0 0

o 110101
. (. 1 an 0.

2.1250
.11)000-03

2. 1 Pin

2. 3750

2. ?')(10
2.1 250

3.2500

2. 3750
42. 2500
2.3750
2.3750
* 00000o
,00000
,00000
4.0000

1 ,75000
4.25hbno
7.250t)10

9.0000

.8750V0

.#750 n
I 2 r1 n I,
.br?5 ('

3,')000
t o I 251)
1.1250

.01)0000
?, 3750

a. Goo0
2, 12S)
3. 25'V-71
a onno
.01) 00

2. 2SoO
AI . '000o

*.o0no

2,3750
t. O000

Li 4000
4.oonoo.0nno0

4,0000
a.(000
it . 0000

?.0000
4.75000
7.b2500

.00000

1.12500
2.37500
.noo~o

2.1000
2. )non
.A,.10110

2. ljnuO

?. 0000t

I .0000

1. .O'10

, looo0
I . "110 0
3.0000
. o n 0 1

.t,. onnn
-7 .)t30f0

.9. 011100
500000
5.00o0

".0000
-3.0000
--. 0000
-1 .OOu
-2.0000

Up T 1 (04
OPT I ONJ
()PT 1(j.9
rip trIn,4I
OPT III',V
IP T ION

BLANK

5.*2500 iPG. 2
7 , 750)10 nQ[.- 3
.0601) 0 0WUG -4

kk . A .14

2. 6250 1, AG-2
.00o11nAG-3

BLANK
.00 .out11-1

*00 . oob"P1

.00 0 orl Al-1I

on0 .1fls-2I
.0(1 AW7

.00 .ons7-2

00.011 )0141.1

.00 *0f~rig?-I

2.00 .001410-1

.00 .00'iI?- I

.00 .v0M1)81

-. 00 OOF3I2-1
1.00 .00(ia2-1

2.00 .00"72-t

2,00) .0(823-1

1.00 .00824a-1

2

3
.4



TAC20 EXAMPLE PRnOLE- OUTPUT

3.0000 9.0000

INITIAL TEMP
,00000 9,00000

END DATA

OATE 071S76 PAGE 16

4.0000 ~4.0000O -5.0000 1.00 .0082s-1
iL ANK

IT-1
BLANK

,00000 4.00000 6AO.00000

C%
0

9I 9
0

I I



1ACao EI Lý P~hi4Fl- OULTPUTJ DATE 071 57b PAGE,

.*.***TTEN7J I0N**,.*ATTENTIC1N*****ATIEy "I lNT**ATfTiOn*****A TTEKNT.ION*****ATTENTILJNOA***AITENT ION**,**ATTENTION****

T041S vERSWN nF TAC2D USE A NFW STEADY STATE SOLUTION PROCEDURE*
IT SHfl'.L0 PRi'VIf)f. YO11 WITH THE UPPER AND L-Z)-IR T mPEuATtJRE jWR(IR
SOUN'ks, AS WFLL AS T164 FINAL SIILUTICIN. IN QDFOR TO 1'4SORE THAT YOIU
HAVE A PRO0PER STEA(OY STATE SOLUTION4, YOU SH4OULD CHECK( YOUR RESULTS
IN THE FOLLOWING #IAYS3

1.) IS THE LAST ITERATIO'N NUMBER LESS THAN 10000 ?

1.8I TH4E 4ESIDUIAL LESS THAN *tcooo-ni ?

3.) O'tLS THE FINA(. E4FRGY BALANCE ArCPFE 041TTIN 1.0oU Z

4o) 18 EACH TEwPE44ATURE (IF THE FINAL PESULT BETWEEN TPE UPPER AND LOWE:R HOUNDS 1

5.) mAS THE RUjN NO1RMALLY TLRMHTNATfOE.G.TAE ý,AQNIXG TIME LIMIT WAS NOT ENCOUNTERED ?

IF THE ANSFw TO ALL f)F THE. AA11VE liTP1 E THEN 'YOUP' SflLITInN SHOULD
BE A VALID STFAI)Y STATE QESUILT AT LEdST 0.ITHIN THE PQINTF.D

UPPFR ANIU LrflAkR TEMPEPAT'IRE H.10Nr)S. IF TmiF A~vS.;p in ANY flNF IS FALSE.,
THE RESLILTS AI;E NIT NFCESSAPILY INVALID). H)JoFVk~o INSPECT YOUR RESULTS FUR

INCOnisISTENCIESI fltiSLPVV TujE UPPER ANI`O LowF.* TEMPE4ATUIRE ROUNDS,

k1OTE I THF CUIRRENT VAI ''F (IF THE STFAfIY STATE PARAMETERS ARE a

DELI a 1.00tJ nEG F PFQ~ PERTOPHfATIUN
TOL a .1000.IJ1 ALLOA'APLF FPACIIONAt. ~EMUGY IINf1ALANiCF
ITIMAI: 11)0100 rAAX ITTE'ATIWS'-, 14EFOPE Fr--IAL Sm!)C1THING
DTFACZ 1.0(0 'TI''J 11V.ATflnti PARAPEIER
OTMAXs V~00 IAI 4011' ITtPATIOt PARAI~I4ET

IF YnU F-4COL~tiTfO A'JV DTFF~rtI.TIES IN ATTATNdt.f; A SATISFACTORY
STf Af)Y SIATE S('LUTICI &sITP 7ýHT3 TACO VEWSflI, PLE.ASE COtIACTt

I 7.FO SF CTIrn"', qYSTF'49 A'iALYSTS 4RA'JCH

a**.**ATTENT TUN*i***A TTI NT !OM.*****AtU.TIf- T(1*4****.AT TENT I(ThJ***,*A tTF.J4 7 (1M*****ATTENT ,)Nib*** 4tT TENT T(I4*.*k*AI 1kN'TII)N*****
r),. ib *o TTF`TICNft***m TTEJI ý!pJ*** ATTt.T ()N *** ATT~T ItN* ***AI TN IAoNT*** &TT N1 0N* ***

*****ATTENTTON*****ATTEe.TIoN,*****ATTENqT IOJ*o***ATTE *NTIU?%***s*ATTENT ION,*****ATTE?4T IUNa****,AT Tt NT IUNA.'...ATIENT ION,****



TAC21) EXAMPLE P~niRLFm OUTPUT DATE 071576 PAGE 18

POSITIVE PERTURBATION HAS BEEN INITIATED.,,AND CnOPLETED IN .3135020 MS,
THESE RESULTS QEPRFSFNT AN UDPFR TEMPERATURE 8UJND.THFPF WEPE I I.OFG F PERTURBATIONS

THE RAOIAL(I) f)IRFCTInN IS HORITONTAL
TO4 AXIAL (J) PIRFCTION IS VERTICAL

17
1b
15

13

12

10
q

8
7

b5

3
a
I

0
0

0
0
0
0
0
00
0
0
0
0
0
0

17S
2Q7
298
2q9
300
300
£77
u91
513
5412
572
bot

630
6A0
660
6R0

0

I 7c;
207
299

300.300,

475

S10

5141

571
bon
6At3
68en

680
0

175
?.Q7
297

2Q99
300
£"72

11Mb
508
53.
56.9

Sq(
630

0

t75
297
298q

3u,)
6o3

4177
50')

53?
sb5
C, C) q

632
665

6H0
0

175
247
297
298
299
?q9
1138
£153
£178

518
55q
5qq
0 •5
bh5
b60

860
0

0
239
2t15
2hi
288
325

Vlul

41 an
511

bsil

672

680

0

(2

I 88
I 9b

21?

232

405

56c4

680

6•80

0

0
2?LI

?2A
236,

2U6

26.1
2o8

680

68n

0

0
269
273
281
293
3u8

3?0
£126

565
577
huto

680

b0

o343
3'a3

353
361
3t9
374
371L
U63
529
594
65b(
680
6A0
660

680
0

0
4 0 4

1110
•£11
Q20

1l?3

£197
550
bn3

680O

hAO

0

0
£15b
457
£160

£1bs

4I66
£1h7

5?7
57U

613
657
680

660
b8O

0

0
502
502
503
503
50(l

54)S
552
586
619

68A0
680

0

0

542 £5/13

5112

538
538

5 38
575
0o2

628
N53
680

0

0 0
S83 618
582 lS
579 613
574 607
570 598
567 591
567 589
596 614
617 631
638 W17
658 bn3
680 040
680 680
680 htO0
680 660

0 0

1)

63a
629
n29

624
617
607

o00

o52
065
,•HOoM(3

68(l
bbU

0

0
h3?
631
6A
624
623

611

63S
6115
bs7
680
6806AO

680

0

0635
635

635
6110
6112
6112

615b6418

656

b69
675
677
678

0

0
b426112
652

656
658
660
6 1
663
666
670
b73
67h
h77
h78
660

0

0
653
b63
h68
b71
b75

670

o77
678
67 8
679
679

68

0
680
680
680
680
680
680
680660
6o80
b8O
680
680

h8O
ýbs0

680
680

0

I 2 3 £ 5 6 7 A 9 10 11 12 13 14 15 1b 17 18 19 20 21 22 23

I-'



7AC20FA4. QLE rTPI-

NEGA PERTURBAIION HAS BEEN tI)• - .ETED IN& 19,o60 MS,
T[ESE SULTS qREPPESNT A LO'tED TEMPERATURE RMUND0.THERE WEPE 2 * 1. DEG F PERTU;OATIONS

'HE RAOIALI) DIRECTIOM IS HORIZONTAL
THE AXIAL (J) DIRECTION IS VERTICAL

DATE 071576 P A7%, 91

'7
16
15

13
t2
it
10
'a
6

7
6
S

3
2
1

0
0
0
0
A
0
0
0
0
0
0
0
o
0
0
0

175 175 175 175 175 n 0 0
2'b pqs 29S 295 295 ?37 179 220
29b 296~ ?96 296 296 244 188 228
297 297 ?Q7 ?97 ?96 2h' 19b 236
2Q8 29A 2q7 297 2q7 287 204 206
298 a9A 29b 2Q8 298 324 212 255
76b 47a a71 46? 437 373 Piq 264

£490 489 05 4i76 O05; 1004 231 Ph7
512 511 507 499 477 Q39 013 011%
522 54) 530 531 517 501 Qqu a91
571 574 Sb6 5" S59 5h0 50, %6A
601 600 59 S9 5qQ 614 632 e 2
630 h3i. 62q 632 610 651 6Ro 680
6A0 680 bA 0 6Ah 6c. 672 bf(o )A
680 690 680 680 680 680 #)8(1 6b0
680 680 680 680 680 6R0 680 bF0

0 0 0 0 0 0 0 0

0
269
273
?8 1.
2'43
3u 7
319
32(1
0428
505
577

b0'
680
b40

68q

0

0 o 0 0
303 040a 456 500
346 0o0 457 50?
352 4Oo 459 503
361 015 462 503
369 "?6f 465 504
373 ,J3 466 50s
37 '423 W 505
463 097 S27 552
52 550 570 8bo
590 603 613 618
656 650 657 609
bR, 6AU 690 6.O
,RO 68a 680 680
680 bAl 640 680
680 680 660 680

o 0 0 0

0
5oa
SUD

53A
537
538
575

032
62A
653
680

680
680

0

0 0 0 0
583 617 332 632
582 617 632 633
579 614 630 632
575 61)7 625 628
570 59Q o0 7 

623
567 591 •07 617
567 569 o00 611
596 610 624: 633
617 631 639 b6s
638 647 652 656
658 663 665 667
680 h80 680 680
680 660 oP8 ) 680
680 680 680 680
680 680 b80 680

0 0 0 0

0 0 0
635 602 653
635 0a 653
600 651 667
bu2 56h b71
642 658 073
605 660 073
6b48 4ý1 670
650 663 675
b5o b6o 67b
b63 670 677
b66 673 678
h75 676 679
678 67A 679
679 679 680
679 679 bo8

0 0 0

0
680
660
680
680
680
680
680
680
680
680
680
680
6 80
680
680

0

23
1 2 3 a 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21 22

0%



TAC2D EXAMPLE PknflLEm OUTPUT
DATE 071576 PAGE 20

STEADY-STATE TEMPEQATURF, IN A HELIUM CIRCULATOR BLOWLR DISC

COOLANT NUMBER
t
3
5

7
9

114LET
680

0
0

222
6 341

Oi!TLE T
680

0
n

h 16

COOLANT TEMPFRATU4ES (F)
FLOW.(LR/wk) COOLANT NUMBER

ionnoonooo 2
In00000 4-

50 8
50

INLET OUTLET
175 17s

o 0
175 222
616 6su

FLOW (LO/14R)
toopooonoo

50

bO

THE CURRENT ITERATION PARAMETER IS 19,93 0 100" ITERATIONS HAVE BEEN PERFO'RMED,

TEMPEWATIRES (P )

THE. RAOTAL(T) DIRFCT)IO TS HI.)RI7C1IITAL
THE AXIAL (J1 ,IE)Ir jicT- , I-S ý'rT7CAL

17
16
to

13

12

11
o• tO

8
7
6
5

3X•
2

A
0 *lr' 175 175 175 175 0 0 0 0 n 0
0 297 P 2. 29.Q h P16 2' ?3R 179 ??a ?6b 3u3 u05
0 2Q7 ?Q7 297 247 ?e7 2t1 1J P24 273 3116 410 7
o 208 ?9a ?9A 2'18 207 2?fl 106 236, ?81 3' (,IIIII
0 299 2" ; ?QM 74A ?9 ?,,7 ;() t 2-Jft ' 0 3c1 ij I e
0 2Qq 29Q 2 q 29q 2')Q 3ý2( 212 25h 3A Q8 0)12 0
0 47h U715 "71 Ub3 U.7 373 219 264 319 374 423
0 4191 4039 "Ati (77 452 404 212 2b7 320 37 (423
o 513 5 I1) '08 419Q D77 uQ'0 1113 1104 di2 8 dh 3 (497
O 54? 541i 531 S32 51a A uS 5 b2 54 5 528 5o
0 571 570 5 5t', 5'41 Sbo 5"1 5 577 540 P 03
0 601 S60 50Q 59Q SQQ 614 h32 6u2 646 650 b5a
0 130 630 63,) 632 b341 bSI bA0 b V 80 6A0 A80
0 680 680 68) 665 b',S 671 6AO 6A0 690 680 6An
0 6RO 6•0 n 8 M06M0 hAO 680 bA0 6An (81) 680n 68
0 680 hbo 68o b bAI 616 0 680 68 v 680 b80 690
0 0 0 0 0 0 0 V. 0 A 0 )

1 2 3 4 5 6 7 8 Q 10 t1 12

0 0 0 0 0
£157 So?~ S(1( '%u h19
(158 Sc 3 s a u 5113 61A
(1n 5so$ 5q2 56u 615
4t1? 5o3 5ur, 576 6.)k
(15 50• 5 3R 57o 599

a16 505 53A 5h7 5qI
4h7 %03 138 bh7 569
527 5,5 575 5qb 61(

;70 58b 602 t17 031
613 b18 A;8 61b 647
657 649 .653 658 t-a3
680 680 68 e a 0 b6t
680 680 6AO b60 h80
680 610 680 681) 680
68A 680 680 beli 680

0 0 0 0 0

13 14 15 16 17

0
h334

t,3 5,
631

b0i

609

065

68u
680
610

n

0 0 0
633 b3o 6(3
I34 63c. ku3
633 6"2 6S3

h23 b43 h58
617 b(S h6O
bi1 648 bbt
633 b50 6h3
6(45 56 b666
656 oh3 670
167 669 673
680 675 676
S80 678 678
68n 679 679
080 679 679

0 0 0

0 0
6Su 680
bsu bBo

b71 680
673 hA0
b73 680
674 680
675 680
676 680
b77 b80
e76 6A0
h79 b8O
679 680
680 680
680 680

0 0

IA 19 20 21 22 23

I



TACZD EXAMPLf PQfJ4LEm OUTPUT

STEADY-SPATE TFMPERATUPE T ELIUM CIRCULATOR BSbOER ODSC

DATE 07151b
o7 1

COOLANT N'INBER

3
5
7
9

COOLANT TEPPERATURFS (F)
INLET OUTLET FLOW (L8MHR) COOLANT NUMBER

680 680 100000000 2
0 o 1000000 4
0 0 10Ou000 6
p 615 5 a

633 65A 50

INLET
175

0
175
616.

OUTLET
175

0
222
633

FLOW (LI/HR)
10n10 0000

1040000
505so

THE CURRENT ITERATION PARA"ETER IS 19.93 , 105 ITERATIONS HAVE BEEN PERFORHEOD

TE MPERA TRES (F)

THE RADIAL(I) DIOECTION IS H4ORIT7IJTAL
TNE AXIAL (J) DIRFCTI0N IS VERTICAL

Ln

17
16
15
ta

13
12
11

to

9
A
7
6
5

3
2
1

0
0
0
0
0
0
0
0
0
0
0

0
0

0
0

175 17,
296 296
2Q7 ?p7
208 ?QR
29q 2q9
290 2Qq
476 UTS
4191 £489
513 511
542 541
571 570
601 600
630 63"
580 hen
680 680
680 680

0 0

175
296
2q7
20A
2Q8
2Q9
'±71
UkMb
508
S38
569
599
630
680
680
680

0

171,
296
P97
2QA

299

4461,
'±77
1499
S 32
565
591
632

680
680

0

175
200,
207

2Q6

437
"152
4177
Ste

5Q9

665

680
A

0
23P
?,45
260
287
325
373
"04

Sol

6114
651

h80

0

0
37-

lt)

21q
232
4±13

56-
632
bso
080

h8o
680

0

0
22?1

256
2614
267
'±05

'±92
568

b42
680
680
680
680

0

0 0 U
269 3143 '101

273 346±A '06
2e2 353 ±110
?93 301 415
368 369 ±20
319 37a u'±21
320 374 423
/A P 141 '±97mg
595 528 55o
577 59Q P03
646 650 654
680 680 680
b80 680 690
b80. 680 680
680 6HO 680

0 0 0

0
4b6
d.57

062
'65
466
467

527
570
613
657
680
6180
0AO
680

0

0 0 0
502 544 580
502 Sul S42
503 Sa2 579
503 5111 575
504 538 570
50o4 S37 517
5n5 538 567
552 515 596
bA6 6)2 ,11
b18 628 636
64q 653 n5b
680 6±o 6030
680 bl'n 61O
610 660 680
680 680 680

0 0 0

0
619
617

607
5914

591
58q

h(l7631
6147

680

0

0 U 0
634 633 636
634 635 636

624 bc4 6142
617 623 642
b07 617 14S
600 610 b6h
620 633 b9O
639 645 650
652 a 5t4 063
665 6t7 e60
o80 %80 o7S
148) b14 678
680 66(' b7q
680 680 079

(o 0 0

0 0 0
643 h54 608
6h5 6514 b80
652 6b6 "0
65o 671 680
658 673 680
660 673 680
bot 7m7 680
6h3 675 680
666 67o 680
h70 b77 680
h73 678 680
676 b79 b80
578 b79 680
679 680 680
67q t80 680

0 0 0

1 2 3 U 5 6 7 R 9 10 11 1? 13 14 15 16 17 18 19 20 21 22 23



TAC2D EXAMPLE PROBLEM OUTPUT DATE 07157) PAGE 22

STEADY-STATE TEMPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

COOLANT NUMRER
1
3

7
9

INLET
680

0
0

223
633

OUTLET
680

0
0

657

conLANT TEMPERATIURES (F)
FLnW (LA/HR) COOLANT NUMBER

100000000 2
1000000
lO00O00 6

50 8
50

INLET
175

0
175
615

UUTLET
175

0
222
b33

FLOW (LH/HR)
100000000

1000000
so
50

THE CURRENT ITERATION PARAMETER IS 19.93 1t0 ITFRATIONS HAVE BEEN PERFORMED.

7EPPERATUPES (F)

THE RAITAL(I) DIPFCTInf. IS HtIRIZONITAL
THt AXIAL (J1) IRE'CTInN IS VERTICAL

17
36
Is
34
13
12
It

a' 9ON
o' 8

7
6
5

4
3
2
t

0 175 17q
0 2Q6 2qh
0 297 2q7
0 298 294
0 2Q9 299
0 29Q 2q9
0 476 ('S
0 LQS 449
0 513 rll
0 542 541
0 571 570
0 b01 Art
o 630 63a
0 0o0 680
0 o80 6A0
0 680 681
0 0 0

175
206
2Q7
298
29Fi
?09
471
Q86
sn8
53A

569
500

b30
o80

0

175

297
2go
29A
79Q
"•6

'•90
53?

63?
6hs
6130
680

n

175

29h

2') 7

597
£137

4-3?
u77
518

509

630

0

0
2 3A

260

3•5
?fir,

37 s
S11 I

41 39

560
614
651
67P
6AO
680

0

0
17q

?04
2 12
?.19
232
413

Qe5

680

b80
60

224 269
??8 P73
736 2$'1
211b 2L)3
2'~ ý,S 18
?ou 319
?b7 320
415 12A
d92 5o5
c;68 S77
642 646
680 680

680 680

6811 680
0 0

o
3U3

353

Ib1
3hq

374
374
463
528

90n

1380
ben680

h8n
0

0

4A4

420
4?3
4?3
£197

680
680
h 0

n

0
456
457
1460(
46?

465

467
5?7

613
6S7
68V
680
68f

0

0
502

503
.%03

50 (j504

505
t52?

649hbog
680
680

680
0

0 0

5$13 582
542 579
5QO 574
558 570
537 Se)!
538 5&7
575 59o
h02 617
e.28 t,38
hS3 658
h8V h80
680 680

6A0 680u
680 bQu

0

0
619
b16

bo 7

598591

61(

631
1,47
663

h6)

680
610

0

0
634

632

63!

007
b000

b52

b8o

633 b~6

632 63b
h32 bo0
628 6'I2

622 6"2
617 605
6l0 648
633 650
645 n56
656 663
667 669
68(1 675
660 678
68o 679
680 679

0 0

0
h42

o52
6b5
61ý8
660
661
663

670
673
67h
678
679
679

0

(I
653

653
66A
b71
673
o73
b74
675

07h
1377

b79
679
6130
680

0

0
680
680
680
680
660

680

680

6830

680
680
680
680
68O
680

0

1 2 3 4 5 0 7 8 9 to 11 12 13 34 15 16 17 18 19 20 21 22 23

0. A'



TAC29 MPLE, PRnRLEm nUTPUT
0&TE 07t576

23
STEADY-STATE TE*,PERATURE I ELIUM CIRCULATOR BLOWER DISC

.COOLANT NUMBER

3
5

7
9

INLET
680

0
0

2?2
633

COnLANT TEMPERATIRES (F)
OUTLET FLOW (LR/HR) COlOLANT NUMBER

6A1 tO1000000 2
A 1000000 a
0 1000o00 6

616 50 8
h57 50

INLt T
175

0
175
616

OUTLET FLOW (LB/NR)
175 lOfOoonoO

0 1000000
222 50
o 53s50

THE CURRENT TTERATTON PARAMETER 13 19.93 . 115 ITERATIONS HAVE BEEN PERFORMED,

TEMPERAT,1RES (F)

TME QAnTALfl) DTQECTIng, i$ HnI7r1NTAL
THE AXIAL (J) DIQfCTIn#j IS VERTICAL

17
lb
15

13
I2

I- 10

-J 9
8

7
b

3
2
1

0 175 175
0 206 296
0 297 P97
0 2qd 29A
0 299 2ŽQ
0 2499 299
0 176 475
0 j91 U18,
0 S13 51f
0 542 541
0 571 570
0 b)1 hOn
0 030 630
0 680 8o0
0 o60 "80
0 b8o 683
0 0 0

175

?"71

26o

20b
298
299
all
4JA6

508
5,38

1599
t.30

6A0
680

0

175
?96
.97

?99
163
4177

532
505
599
b32
6o5
680

0

175 n 0 0 0
2Q6 ?39 179 22U 26q
296 245 1R 228 P73
?q7 260 106 236 2"1
2Q)8 8P7 2(i1 2'16 293
2Q5 325 ?1? 255 308
•137 373 ?t1 926 319
u~52 d0QJ 212 267 Po0
477 (239 a 13 ao5 '128
51s 501 4s95 U9; 505
S5 9 Sbo 5Ad SoA 577
599 6114 h 12 0'i U ? ,14
o34 h51 a4,) 80f 6An

665 67? a A 0 680 0,13)
680A 680 68t) 6810 h 8,1
b60 68A bAO bt4 6,8ý

0 0 0 0 0

0

3h3

361

3•9
31437(4

367
5.8590
650

680

680

0

0 0 0
(1564S 502

406 457 5u2
410 £1O S(F3
£215 UJA2 SnA
420 465 504

11Ž3 '166 5 0 A
'1)3 (167 505
,1Q7 527 5S52
55o 570 5Ab

603 613 6S18
6r. 657 Q(9
n8o 680 hA0
opo 680 680
b8O 680 840
nfk 680 680

0 0 0

543
5,42
5'14
5314
537

5 its
575
ho2

853
hao
680
b80

0

0
584
Sb2

579
574
570)
567
567
5Q6

h1i7
638
6•8
O8 0
0680

r)30

0

618

607
598
591
569

66 3
66n
680

6630
68.)

0

!) 0
* 3 632
o31 o32
h29 632

62o 622
at17 622
607 617
600 h10

h241 833
h39 6S5
652 A56

66 * 667

as 0 680
ago1 614'08U bb I)

680 68u0 0

035

h635

60q

o75

678
679
679

0

0 0 0

642 653 680
6bu b53 680
652 668 680
W16 671 680
o38 073 680
660 673 680
hh1 671 b6O
h63 675 680

666 676 680

673 67A 680
h76 "79 680
678 679 660
o7Q 600 680079 680 680

0 0 0

1 2 3 4 5 6 7 A 9 10 11 12 13 15 116 17 Is 19 20 21 22 23



TAC2D EXAMPLE P~nBLE14 OUTPUT DATE 071576 PAGE 24

STEADY-STATE TFMPEPATURE IN A HELIUM CIRCULATOR BLOWER DISC

COOLANT NUMBER
I
3
5
7
9

INLET
6b0

0
0

222
633

OUTLET
680

0
0

61A
657

COOLANT TEMPERATURES (F)
FLOW (LB/HR) COOLANT NUMBER

10000o0o 2
1000000 4
1000ono 6

so 8
so

INLET OUTLET
175 175

0 0
175 222
616 633

FLOW (LH/HR)
10000000

1000000
50
so

THE CURRENT ITERATION PAPAMETER I1 19q93 120 ITERATIUON HAVE BEEN PERFORMED,

TFMPERA11PES (F)

THE RADIALCI) DIPFCTIO'. IS HORIZ(W:TAL
THE AX1AL (J) DIRECTTnN: IS VERTICAL

17
lb

15

13
12
10

0 9
8
7
6
5
4
3
2
1

0
1)
0
0
0
0
0
A
0

0
1
0

00

175
20o
297

296
2Q9
299
476

513
542
571
001
630

•A0

680
0

P 79

209
•7JS

Sit
5ul

57'.

h30

68n
630

0

17,
2136

297
298
29R
29Q
471

538
569

00

oso
0

175
296
2q7
2q7
PQA
20Q
163
077
0•99

53?
St,5

632
6h69
680

175 0 u
?06 ?3A 179

2qb P45 1A8
2q7 200 196
POP 287 26a
2Q8 3?5 212
'J37 ;73 219
as? 100 212
077 430 413
516 Sol 495
S5Q ShO S60
5Q9 ao b32

bb6S 671 680

6Fn 680 680
680 680 6Ro

0 0 0

0
2?4

225
2 3"

215

2SS22•7
405
L192
SOP
6•0
680

1580

0

0
269
273
281
2q3
30o
31Q
320
5052
SOS
577
6146

bSO)58')
660

680
0

3111 400a
3a 4flb
353 010
3h! 015

374 023
063 QQ7
'i2R 550

590 603
65') t50
A80 %80
680 h68
680 680
660 e,8'

0 0

0 0 (

056 502 9U4
457 502 S43
459 502 5ul
46? 503 540
465 50u 53H
066e Son 537
0h7 5eo 53e
527 552 575
T70 586 6U2

613 616 hes
b57 609 653
h)0 680 614U
680 6b0 b80
680 b68 680
660 680 68o

0 0 0

0
58•h
582

7 4
570
5b7
567

5Qb

•38
680
bpo

0

0
616

bolo

616
6313

607
5h8
589

680
0

0 0 0
o33 632 h35
630 632 b35
029 632 h60
624 628 6b1
617 6?? h42
607 617 b6b
bno 610 h48
h24 633 htýo

o3l 605 656

,52 656 eih3
6b 667 60 Q
680 6k'0 675
o80 680 078
680 660 679
o0 660 679

) 0 0

0 0 0
602 e'53 h80
6U2 653 660

65? 667 680
65b o71 680
656 673 680
6'.0 h73 680
661 f,7o 680
bo3 675 680
hh6 67A h80
h70 -)77 b60
h73 678 b80
676 079 6b0
678 b79 680
679 680 680
679 b80 680

0 0 0

1 2 3 a 5 i 7 8 9 10 11 12 13 4 15 116 17 18 19 20 21 ?2 23



TAC20mfJ•jW4E. 0I•.8LEm OUTPUtT
STEADY-STATE TI.'PERATUPE IN ,IUMCIRCULATOR BLOwER DISC

DATE 07t576 P'A.GE,, S

'COOLANT 4U'BER

3

q

INLET
680

0
o

222
633

COOLANT YEMPIRATURES (F)
OUTLET FLOW (LR/HQ) COOLANT NUMBER

680 1000000n0 2
'1 t1000000
0 1000000 6

h6b 50 8
657 50

INLFT
175

0
175
6tb

OUTLET
175

0
222
633

FLUW. (LB/HR)
1000O0000

-000000
50
S0

THE CUQRENT ITERArTION P.RAMETER 1$ 19,03 120 ITERATIONS HAVE BEEN PERFORMED.

TPAPERATtIRFS (F)

THE RAOTAL(I) rlPE.cTIrPj IS HOQIZONTAL
THE AYI1L (J) l-IPECTIrltj IS VERTICAL

t7
lb

Is
to
13
12
11

H" 10
c% 9

8
7
6
5

$
3
a

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

175 175 175 175 175 0 0 0
2qb pq. ?b6 PQ6 ?Qb 23A 379 ?2"
297 297 297 297 296 245 18 ?22
296 2914 298 pq7 2q7 26O lq6 236
?Q9 2A Q PF ý9 $ ?;k7 I,1 2u"*

,99 2q9 29Q 209 2 32 ' 112 P55
u l 475 1171 1O13 137 373 219 ,%

513 S11 5nM U~Q /177 a3Q 413 0,)S

542 i41 538 S$P 51R 50n 405 112
571 570 569 ShS 559 900 5#34 S6A
601 b6o iq0 5qq 5q9 6l1 b32 6•?
63 h0 37 634 651 1)RO e6d3
beA 63n h8 0 bRO 65 0 1 7 AO 6P0
6b0 h6R) b0 680 680 O8W bko 660
680 68') 6AG b8f 6S0 680 b6O 680

0 0 0 0 0 ) 0 0 0 0 0 0 0 0
pho 343 4Oa

P73 3L,6 49

281 IS3 4*10
293 I 1i L1

A1 ~9 174U3oqQ q7d L12

12-0- - 3714 ";) 1
'*28 4*63 '*97
505 ? s 950
577 04) 603

*80 6b0 6A0
b010 680 6PO

6R0 080 bsO
690 M1)0 e80

056 502 5u' 584 61K b33 632 635 642 653
4%7 502 543 582 616 o30 632 6V5 6h2 653
mc'q 5n2 Sul 579 613 b29 b32 b') '052 667
4h2 503 Suo b74 bo7 0)24 62N bJi 656 671
465 500 538 57u S94 o17 62? b*, 2 658 037
Ghh 504 537 5h7 59t 607 617 6a5 bbO 673
467 Sn 99 ;A, %6 7 S98 600 h (101 64*8 b'1 b*74
527 $52 575 59o 6121 64 633 690 h63 675
570 586 602 617 651 639 649 656 66h b7b
613 hIn b 62 )38 h, 7 b52 65b ho63 670 677
657 s/0, 6S3 6h8 6e*3 oo5 667 e169 673 678
b80 h60 h66 bR6 680 '*o U b6o 075 676 679
b60 660 680 b8U 6,40 680 0bHG 676 678 679
b80 6PO 680 6bR( 68" bf) h80 b079 67Q 680
680 680 680 680 680 o'00 bO 1079 679 680

680
600
680
660
680
680
680
680
680
680

'680
680
'*80

0 o U 0 (1 V 9 U 0 0 v 0 0 0 0 0 0

I a 3 ' 5 6 7 8 t 10 1t 12 13 14 15 lb 17 18 19 20 21 22 23

Boso..



TAC2D EXAMOLF P•n8LEM OUTPUJT DATE 071576 PAGE 26

STEADY-STATE TEMPERATURE IN A HFLIUM.CIRCULATOR BLOWER DISC

TNE CURRENT TIME IS 797.0180 Mnups a 4782.1.0791 MINUTES a 28692604.7S000 SECONDS 120 ITERATIONS HAVE BEEN PERFORMED

REST DUAL S

THE RAO)IAL(I) 0!RECTION IS HORIZUNTAL
THE AXIAL (J) D1"FCTION IS VEQTICAL

17
lb
'5
1"
13
12
'I

t0
9
8
7
6

3
2

0.0000
0* .t0041)

0,0000

o .oooo.
0 * O000

0 000,
0.0000
O,OOuO

O,0o

0 0 0' 0n
0.0000

O * 000

Q,Uo 00
0.0000
0.o000

o .00o ir,
8.vuJ5-n7

S.su,)I-nI
2. 1(0t).n7

P . 3K-"7

I 47,.iij4

Q.9oqq#t II
9.9qq9.1 II
0.*0000

0 . () $
2.7791-0b

1.9Q*; 5-04
1 .?c1 3-Oh

2. 1 377-0n'
30•-06

5). -3-07

9.QqqQol I
.9,a90q.1 1
9.C0)q99. I
0.0000o

0.0000n
2,T7uh-ob

. 59Žý I .-0 4

bUI3J 1-07

.bS53-n7

9Qg99+ 1%

0.0000

0 . loon
2.7P61-0b
1 . 405 S n~4

I ,777A..04

S. 75-n7
2. 17d,-06
A .*)364p

7.A1 t1-07
4 *31 ? - ('7
4,11)70-471.4 143 n7

.9999+11

0.0000
.81130-06

5. 3, )0-07
7. h 9 o 3- 0

2.7•bSoO7
V1*3L 15 -Oh

3. A Si 350 7
q.* 740~9-0 7
O.bh?.7-07

3.ub 36-07

9,9999*II
900Q999 II
0. 0000)

6

0.0000
b.4727-07
h65570-07

?.7ASI-07
3.942S-n7

2. 421G-07
2. 95d-0L7
3.,)333-07
4.,8932>*n7

2.007S-07
1.3618-07

3. 4Q74.06
9.99q.+11
0.9()99+11
0,0000

7

(.O0000

0.00oof
0.000 10
0 00.)0
0, *Q) 00
010000
0 0 0 0I 1 0
0.0pn00o

u. 7h'j-07
1. 4 7 31-A7
1 . 1 7'_o-07

9.9999+1 Iqoqq•q,11~

9.g99÷;I 1

0,0000

8

0,00 0
9.3707-07
1 .5O30-0 7
1.5702-ol
2. 75! 3-07
5. 6S5-07
2.8669-v7

5. 984s1-fl
3. '1c5(,07

3,eh6hl5-O6

9.9'9*
q9qqq+I I
9,~99q+I11
q. q994 +I I
0.0000

9

0.00 00
2.8179-07
1.bhSO0ob
5.?91-07
'5.0LJ00-O7

3,0710-07
5,?boT7.7
0.0000
3.4643-08
?. 819 1-u 7
7.53SU-082.1457-08
9.9999+11
Q,9999+11

9.99q9+1 I
9,9999+11
0.0000

10

-4

I 3

14. . ..

0



TACV, EXAMPLE PQnRtE% WIPUI

is * I , - . DATE 071576

17"
lb

15

13
12
11to
10

9
8
7

i 4
i-. 3

2
1

3.5775-07

2. 2 1'?Q .16

I .01)l 1 .(16

74340-on7
0,000(1

2.71 bg.07
6. l~e-08

9. QQQQ+j 1
9.999Q+11
Q•*999*111
0,.0000

A. *ooaO

6.59qp-07

2.6',P3-06
1.7711-06
8.OQ57-07
5.'i1MQ-•7

0).01)(1
7 .#9,31 4-1

9,9999+11
9.QOqO, 1
O,0oo0

1.??hU-06
b6170U-Oh
14. 3m~l .o0h

1 .201 0-Ob
7.1 An7-07
i, . n ou)

1 .74 AS-07
3.1 itQ-07
5.qh76-08

q~qqQ~Q+ I9.qqoq t I

9. Q99.1 I1
9.)q + I
0.000o

o 00"o
2 *1 Qh9.06

1i.79 ;.Dh
6.77.0r-0a

.2o321.-07

2.a75o-08

q.oqqo+1 I
9.qQQOe+1

qqqqg II

9.990Q4 I
0.()000

o. (, non

S.q73I-07
3.59531-07
0. (Ono
7.%194~.08

9.o *Q0 11

Q.q9Q.1+ It
9.999+11 I

0.Ono0

O,•Ooo
1,29F,3-0b

•. 57 9 -0o
3.1t,11-06
5.4137-07
0.0o00
1.3730-07
$1, 1fh0 A.OA
3.o518-07
2,06'19-07

q,9999+1 1
q.0999Q+ 1
0.00" 0

0.*(10100
3.2070-06
?.7232-05
P.7170-05

9.8078-07
5. 238-06

0. •I A -O0

6.J1 32-07
8,5uai5-07
4.5523-07
q,g9999+11
9.99+ 11

9. 9qqg+11
9.gqqqq+ Il

0,.0000

17

0,o00A
2.3558-07
2.7808-o4
7.12133-OS
5.98o5-06

1. "77-O5

1.93181-06
I1, I811-06
1.3179-06
o.1Iq43-07
9.qq9q*l1I
9,909Q+1 I
9.9gqgq+1
9.9999+11
0,0000

0.0000

O.UOOOO

0.0000

0.0(100

0.0000
2.(1318-06
1 .4u77('-06
1.5121-06
7, 604 1107
9.9999#11
9.9999+11
9.99q9+11
9.9099+11
O,0000

PAGE.21

0 0 000

0,0000

'.6215-05
1 . 769q-01
'1.87116-06

.11039-06

1.8900-06

1.05420Oh
I , SQ~-0o

4,4087-07
10077-06
5.2561-07
0,0000
0. 0000

I1I 13 Sis 1612 18 19 20



TAC2D EXAMPLE PROHLEm nUTPUT DATE 071576 PAGE 28

(

17
16
is
''4
13
12

II

10
to

9

8
7
6s

- 3

2
1

0.1,000
0.1000e

8.9P-'3-0
2.15 36- nh

it.7 18 3-07
7 * 720 1 -07
1 * 10 a0 -0 b
I 5'4? 11-06
1.*160 4-06

I. 7l6?i,00

0.1)000
0.n000
0,000')

0 . 0060
0 .nnnnf

0.On 00~
p,' qYJ-06

5 ?3-1

A9 1 0-17 A

7 * 40 'P.07
6.95a2-n7
?. 71, "1 -0(
0 0).00o

8.*3A94j.07
0.0000
0 r0o000

a2?

() * O A 0
0.nonfl
3. 6 ni 01)n
0 *I'0)00

0.*~~000
o .0 0 0

o . L) i0on

0 . 0 1~ GD
0.0000f
0.*0000

2321

,44

.



---------------

TAC?0, P.LE O~,Pl1.Em OUTPUT

STEAtDY.$SAf7E TEMPEQOA7E ZY LlUftCIRCULArdJw OL0*ER VUSC

DATE 07157b iAAGi or9

.. T14E CURRENTY TIME IS 797.0180 HOUCS 2 '47821.0791 MINUTES 9 28692h4.*75000 SECONDS 120 ITERAiIONS HAVE OLEN PERFORMED

SURFACE TEMPERATURES ALONG RADIAL GRID LINES AT C(JfILANT NflUNDARIESP GAPS OR MATERIAL INTERFACES

THE RAOIAL(I) DIOEC110N GRIDLINES ARE HORJIZON~TAL
THdE AXIAL (J) DIR~ECTION POINITS 49E VERTICAL

(F)

17
16
Is
t '
13
t 2

9
8
7
6
5

3
2
1

297
20A

?90

is76

513
5,12
571
601
630
660
'SO6-!40

295
296
297

299

2'J3

2h3
288
323

232
239
M53

27q
313
359 A

222
226
234
21"
Ps53
2•2

224
228
236
256
256

22'd
228
236
2",h
256

633
630
629
624
617

653
630
629

617

633
o31
h29
625

b08

0
0

036
634
632
631

0
0

b8O
b8oI
680
680
660

• 680bo80

680
680,
680
680
080
680

680 672
663 680
675 680 W50 678

oi0 679
680 679
680 680

1-d
14
Lo

1 '4 6 7 *8 9 17 18



TAC2D EXAMPLE PQCRLEm nUTPUT DATE 071576 PAGE 30

STEADY-STATF T1EPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

THE CURRENT TIME IS 797,0180 HOURS U 47821.0791 MIMNUTES 2869264.75000 SFCONOS 120 ITERATIONS HAVE BEEN PERFORMED

SURFACE TEMPERATURES AL(ONG AXIAL GRIn LINES AT COnLANT 8OUS:nARIESP GAPS OR MATERIAL INTERFACES (F)

THE RADIAL(I) DIRECTION PO)INTS ARE HORIZONTAL
THE AXIAL (J) DIRECTION GRIDLINES ARE VERTICAL

16 296 296 296 296 295 238 0 224 269 3"3 404 456 502 S44 584 618 633 0 0 0 0

14 637 646 659

II

to

Q

5

1-,
-.1

.- 4

3

I

299 209 299 299 299
4169 46~7 4641 456 £132

319
319

0 2bu 314

305 353 388

bao 680 680
680 680 680

37"
370

374

6801
si,80

4 ?:
£12 3

U23

470

681.)
bA0

£166
'166

505

680

504
5n"

504

535

663
680

53.7
537

537

562

665
680

567
567

567

5A6

668
680

591
591

591 606 0

bUS 616 62S

671 672 673
680 a8O 680

605 640 600
6bO 680 680

b6O b6o0 80
8l 680 680

690 680 6Pn 6b0 #8IO 680 680 68O 680 b80 6O 680 68) 680 b80 680 680 680 b79 679 b80

2 3 4 5 6 7 A q 10 i 12 13 14 15 16 17 18 19 20 21 22 23

'I I I

I



rAC20,WPLE PRnBLEM OUTPUT P,, DATE 0715?

STEADY-STATF TEMPERATURE IN

PAGE .

.UR CIRCULATOR BLOWER Oise

THE CURRENT TIME IS 797-0180 HOURS a 47821.0741 mAJUTES z Z869264.775000 SECONDS 120 ITERATIONS HAVE BEEN PERFORMED

HEAT 'RATE IN RAMIAL DIRECTION BETWEEN POINTS (tJ) AND (01,J)

THE RAOIAL(IM nIRF.CTI(fN IS KIRIZONTAL
THE AXIAL MJ) OtRFCTION IS VEPTICAL

(BTU/HR)

.17
lb
15
14
13
f2
It
10
9
a
7

b

3

a

0.0400f)
-4.850 1.11

-. ?'~t~9.t I
-Q.b7A4..1

-. 5, 9 t'T-t

"b.bq3.t £-

-9.2721.-

-9.2721 -11
0.0000

n.0000
6.65o2+oo
h. *7-44 700~10

S.7A
ý.1)717-ý!

fl*9333..01
1.7Q7 %+n

1.20?2+00
7.1317.01

P0(* 1'00

2.27Z6.02
2.27?6-02
0.*0000

o~oonv

1.0b30+01

9.2f-A3+nt,

7 .041'+oo
5.21 7R4~no
2.bI1 1600
6. 31 79-p I

o0* 6000
9.0000
0.0000

0.0000
6.09544.0!

4.20)39+02
1,+,u1 3.01

3.2061 +01
32,1 38+1

1.31 ti+ol
S.2?086+0O

-21*rps9, 0 !j

6.411 U9+0
-7.0339.02
-7.(133q-0O.O0000

0. 0 T*op
1.21110,*02
1 . It 17?+0(2

5.57QR+0 1h.40nr)+O|.

6.32 7Pt~vj
I - 12 'k.n27.37s7,+o
3.I10÷o0o

-1.2"43+n0
-1.2Q06o+01
-3.2053+00
0,0000
001000
0.0000

0.0000

2, 5 n no?P-0'97+02

2.8921802
2. t2?3+02
3.,50"2.02S*5o25+02

-|1 *Vb3.01
"1.4820,02-1.1263+02

1.707Q-01
1.7079-0i
0.0000

2.909!102
2.A 37?2,2

3.100~3+022.7770+02
3.7688+0?
2.5820.02
5.q273-ob
6.06P)7+02

-9.69,Jh+Ol

-4.4159+02

- I .a802-4.28b.-01
o".2848-010,0(000

o 0 u Oil-2.4hqp#02

- 2 . 20 52 *, 02?
"2.p2Q2+o2

-1.o53•4+02
-I .oQi+902
-8.2r37+01

5.7b6,7+01
-7.9277+o0

(0. n'2o0.

-5.44%34-0 ."3.4315t-Ot
"3."315-01
0.000

0,0000

-6. 75?8,00-b.73•3+00
.6,bnp5,00

-4,7717÷00
-,S2728+00

- ,5A744,02

-I , o~h6602-.ý3.322÷Ol

* 3 * •-021,7a•u-01

4.3109-01
4.301 L9.) I

0,0000
-b,1964.00
-b.1215+00

-5 95 B÷0
-3. 76l1+0o

3,. 4130 uu

-2.9699-07

-2.63a0*02
-1.5398+02
-5.2??0÷01

1.6958-01
-1.b958-01
2.21198-01

04.2395*o

-J
Lii 3 5 6 7 a q 10



TAC2D E.XAMPLE PRO8LEM OUTPUT
DATE 071576 PAGE 32

(

II
16
15
1l
13
12
11
10
9
a
7
3

-,4 5

3
2
1

0.0000

hO n~l00-S.hPOounO

-5.3Q945+(0
-3,30.?uaf0
-3.17:jhfo0
-9.0TAU+02

-u•3n +na

-5.61JS9+O1

-0.00001.895-.01

-2.3097-01
0.0000
0,0000

I1

0.00100
-5. 3"3?,00
-5.2s557?on
o5.651?+00

-3.07J2*0t-
-8.811 3+M2
-3.0P,2-'7
-4.3nqn+02

--. 5m96*02

2.0057.01
2.6196-01
5.239t-01
0.0000

12

A.)0000

S. 1)77 3+AA

-A. 3251402
-?. A,,33-07
-4,* (Ul 3;)+n2
-2 C. 7,n2
-1.2bo7+1

2.2'a51-01
0 *I0000Q
2. q4-O I
O.O~uO

0.0600

13

0) *( non1
-5.1177+O0
-u.71 954O

-2.9 9 67+0o

-7.7e75,o?

-2* 30' I Q02

-I.6757*0?
-b.5756+01

-2.4950-01
1.0000
O.1n4O

O14O

0.0000
-5. ,AS5+)0

-1 *189 +0
-1.0 630+02

-3. lh90-O 1 PL

-0.,0300(0

-3*ottI..02
"1,.•1'91 .02
" 1 .•0 3 0

-0. 3•,00 I

-3. V'.@n-O 1

'5

-5.6492+#O
-5.51-7+700
-5.5tb6ou0
-3.5n 34fofl
-%v1033+00
-7.043*n?
-2.371u-n7
-4.0 050+02
-3.1710+02
-2.161 hI02
-1 . )t13+02

3.2Q33-01
0.5.893, -0 1
a .,1A3-01
4.1 183-Al

0.0000

16

0,*%000 0
-5,9573+00

bt, 35 1?+0on
-4. 5U3 5+0()
-4.71 0+00

-2.2911-07
-4.6003+02

-3.5721402
-2. 3L57,02
-1.1701+02

-b,9415-01
-1"510'÷00
-7.5519-01

0, 0000

I . 192I+02
-9. 7624+01
-2. 5905+02
-2.;)7jq*o2
-J. 3496+02
-"3..a 75.+ 2
-2.1977-07
-5.11531+02
-3. 71ý1)4o2
-2.1103#02
-1 . I 223.02
"8.2A87-01

1 .o3b1t+0

0,0000

18

0 . 0(00
-1 .778-9i9
-2.0sh-09
-4.S339+02
-U.qaqu+ue

-7.01467÷02
"u.&e)4O+02

-1 .b51en-U0
"6.7&f55+02

2.7 30, 02
.2. i518+ 02
-. 1wI144+0 1
1.9172,02
6.7740+01
5. 1'(21+Ol
2.9540+01
0.0000

19

0.0000
-3.?m37-07
.. 3.2837,07
-6.1712,02

-5.6394,02
-P.72850+2
-2. 3l15+02
-4.74(1502
-3. 74414+02
-2.5571+02
-1.3,74+02
-2.7121+01
.4.7930-01
5.8327+00
5.3997-+00
0,0000

20

.9.



TAC20 *LE PROBLEM flUTPUT
OATE 071576 PAGE, 3' .

17
16
15
IQ
13
12
tI
10
9

7
b

.J

3
2

-5. 61?5-07

-5.R3e,7,uj2

-5. *104 1) +'1 2

-1 .73191,02
-. 4 ~70U7.01

-3.,1449#01
02. 1)618#01
0*A0n0

21

-h.90'jt~np
*.A(%? 7+v~2

.2.6Th?."?

-2.42 Q02+!

-1 .846'3+r,2
-1.*1700+02
-7.03&8Jfll

0.0000

22

0. (n n()
0 no (inf r

u0 00'O(C

rj .0 in 0

0.0f)00

0 no) 00)

0.U000OC

0 . (1f no 0
0. 0600
0.00o

23



TAC20 EXAMPLE PR68L•EM nUTPUT DATE 071576 PAGE 34

STEAOY-eTATE TEMPERATURE TN A HELIUM CIRCULATOR BLOWER DISC

THE CURRENT TIME IS 797.0180 HOURS a 47821.0791 14INL'TEI a 286926U.75000 SECONDS

HEAT FLUX IN RADIAL DIRECTIflN BASED ON THE AREA rOF GRIOI.INE (I)
RETWEEN POINT3 (CIJ) AND (I11#J) (BTU/HR-FT.*2)

THE RAOIAL(T) DTDFCTION IS HOQIZrlNTAL
THE AXIAL W) DIRE.CTInN IS VERTICAL

120 ITERATIONS HAVE BEEN PERFORMED

17
lb
14

13
12
11
t0
9
8
7

4

3
2
1

-2. Q0LI3-3q
-P.971 3-0J

-2. 9M,7-(O

-2. 7shQ-09

.4 e nbci-0

-S. 1?5'-o'S

-5.b.1 OQL-0

-6.80OO-C1'a
.b.T000Rfl
-6. 8'0 nn-00 LI

0.0000

0.0 000A
7.0(17(402
7.10941n02
7.2A 17* (1
7.%6 (12 +02
7 * 9(1850 p
2.7 t I +02

2. FP73)0?
2. uqý2 3+;,?

1.2360+C2

2.8737+00
2.A737+40
0.0000

2

O.Aflnfl

l.U1Q•÷nl3U();) 1) +03

7.1 ?;)&,02
7..7;54+42

7.3.•"k+02

O.OocO

0.0mo00

0.00n0

2.* 07'.)'3+ 0 3
?.,om,0-3
,2.10%A7403
2.10 13+(13
1. 7p 1 +03
1.76ou"+r,3

.. 0b77*%02
16.00?7+01

-5.4u7380?
3. 3e.10+n3

-2.9477+00
-2.9U77.00

0.U000

0 . ooo~n
3.0827+03
2. ''1 +03
2.1581+03
2.1 31I +03
2. 111 3#13

-1.,A25+03
LI*3n60+03

2.(,184+03

-1 P(1364,0 I

-4I.9'AP*02

-1 .2743+02
0.0000

n. 0000

0.0000
£.O812+03
(1. 0) 01+( 03
2.At6St +3
P.1230+02

-2.9a91 +03
1.7b3+C4

1.0720+P4
4.7748+c03

-3.4U1h+02
-4.5207+03
-4.9390+03
-1 ,7t5+03
4.1753+00
4.1753+00
0.0000

6

0.0000
5.(170'+03
5.3353+()3

7,8332+03
1 .0b31 +O4
I Vie,6+041
3. 3u 3)-04
1.7112+04
4.1716+03

-2.4LI525 + 3
-1.2554+04
-1 .2LSb+nq
-3.629)+03
.9.6hqO0+0
-9.6690+00

0.0000

7

0.0000

-4.3464(1+03
-41.409' 1+03
-3.96,0+03

-1 Sb* +~1~03
-2.13341+03
-1 aq*13+0

1.56fI6+03-2.153(1,03
- L *9 "00.03

0.*)0000
-1 .'•13+01

-7.45bb+00
0.0000

8

0.0•000
-1.1005+02
-1.0975+02
-1.1086+02

1, 16h5t02
-1.4090+02
-4.h940+04

-b. Sq9I+03
-3.. A tti 5.03
-2.fN122+03
w1 *3i',0+03
-8.4309+00
4.2• 5+00
8.LI3 119,o0

8.4309.00
0.0000

9

0.0000
-8.910(1401

-8.8028+01
-8.5631+01
-A, 1127+01
-7.3619+01
-3.q315*0(1
-1.2812-05
-M.UA95+03

-5.b6'Q3+03
-3.3214+03
-1.12b4+03

3.b579+00
-3.)579+00
-3.6579+00
-7.3158+00

0.0000

10

I-0
-J

3 5



TAC2•O PL.E.'PnRnLEM OUTPUT
DATE 071576 PA GL@

17
16
15

13
12
11
10

9
8
7

b

4J 3

.7. $40uWj)
-7.2172#o1
-6.q C4,+o!
.- 54 72+n

- 3* 50(42+1 'S

-$*,3d 1.03

-3.3351+03

0.vOOO
3.bsq7+O0

-3.6587+00
0.0400
0, OnOO

0.010000

-2. II7757+n

-35 371+01

-3. 31A?2+n

-5.0003

-2. 7757,n3
-7.20 7o+02

0.00 $1 00

3.6593+00
7. 3tR7+oo
0.0000

S.(0 00

-5.3ld45+03

-. 1 q "1.6 *o I

-2.hSe11+01

-1 322R+03
2.0lqz+03
3.6998+00
I.tsqsoo

0.(.4400

13

-q. 00 U0o

-44 1 QO 7+H 01

-7 u * 7 1 -l 0' t

-.J3"S55+01

9;>.11h0+ 13

- 5 7 
9

?0 +, p 3

-7.32u3-+o
-3.A60.+00

0 . u C, o r)

(I . 0 0) 0 0
0.0000

-4. 7•5s.+nl
-4. cS7 .l+on I

.?. IA11+03

-3 .•60+00

-3 *. 9 r, (') . 00'

0.00o•00

O.oooo
-4.7587+01
-- 4,01479+A|

-4 * J?4*eU-4.U?149+01

-3.0P'10+01
-t A.72-04

-2.7333.03
-1.0178A113

4. 166'n+o0
A. 3310+00
u. 1660+00
Q. bo60+00
O.0000

-.. 7?49+ot

-S.b30A+03

-Ll.?947+O13-1 .110t7+03

0.0000
-7.263 )o00
-1.1527+01
-7.2635+00
0.0000

0.0000

-7.406A+02

"7,.?3-3+03

-6.1Q55+03

-6. 4931 0 3-41.lq31-t03
-2 * 7 a7+03
-1.3275+03
-9.mOu5+no
-9 * 4$ 4 ()49*

9. SI)45+ 00
-9. 'Q5+00

0. 00 00

-1.6011 .-0'

-3.4h0+03
-5.6715+03
-6.07UQ+03
"11147+04
- 3 .5n06-05
-7.7756+03

-2.* 6840+0(3
-9.2QA0,02
2.o827+03
1 . 0060+0 3
4.713(,02
2.70b6102
0.0000

0*0000
-2.4092-06
-?.'4092.06
-4.5276+03
-5.6419+03
-b.?062,03
*b*0056b+03
-5.2418+03
-5.2170+03
-4.1208+03
-2.8101+n3
-1.938+03
-2.98u8+02
-5.2748+00

5.1351+01
4.750+01
0,0000

I1I s15 16 17 18 19 * 20



TAC2D EXAsIPLE PPO0ILFM OUYPLIT DATE 07157b PAGE 36

17
Ib
Is114

13
12
11
10

9
8
7

b
5

3
2
1

o On I00)

-3.05bl-0b
-. 9S 3-`1h
-b.:k37'd~),3
-t). 17 301+A3

.U sa S * j * (), 3
-3.71 7+i3
-2.773L*03
-1 .#31P+03
-' 1.1)37+0b3

-2.QI 39+02
-1 .7h' 1+02

0.n00(1

21

0.,( no 0
-1 .93(j6-67
-i .93',btfl7
-.9QR I 3+0 3
-7.n3pS.A3

.4. 37 17,A3
-3.',hoI .03
-2.70?M4n3

.7. 1 692.02

-2.*50 00 02
0.0000

22

0.0()00
UO*000
0.0000
0.1000

0 no oo

0 . 06000
0 111 on

0.01A00
0.0000
O.ooon

0 . 000

23

IO0

0

)

1 0



• BAPC 2D EXAMPLE PRnILEM OUTPUT
DATE 071S76

PAGE' 107,STEAOYeSTAfE TEMPERATURE WUN CIRCULATOR BLOWER DISC
THE CURRENT TIME IS 797.0180 HOURS. a 47821*0791 MINUTES a 286926.7S000 SECONDS 120 ITERATIONS HAVE BEEN PERFORMED

MEAT RATE IN AXIAL DIRECTIONW BETWEEN POINTS fIJ) AND [14.10)

THE RAOIAL(I) O(PECTION IS Hl(II7fnNTAL
THE AXIAL (J) DIRECTInN IS VERTICAL

(BTU/MR)

17
16
10

13
12
11
10

3

B

7

5

3
a
I

0,0000

0.0000

().()0000
%.0 *IV0.0

0 . U000

0.UOOAO

0. .):0
0.0000

0.b00no

0.0000
0.00000.0000
0,0000

0 * 0(100

9.SASI,01

1.v151 *02
B.?391+n21 ' .gq + 01

1o1A07+.02

0.0000
I ,O -Ob.0

0.* 0 fto()
2.2651+n02

2.6sQp4O?

3. 1 1 hf+
3.221 1 08
3.?Q57*O2
3.3567+02
3. 390~+02
3.4151402s
3.4173+02
0o00o0
0.0000

m1 .972-05

'I i~q + .02

U.5191 +02
m.8217+n2

5.37.14+02

S.69111 +A0?
5.962Q+02
5. q Ca I) $ 02

5. ;3'9+05
-2.43pa-v 1

-2.5"?1o05

0 ( 00(10
6.0366.02
67.bo7+ 02
7. 1101+020

7.8,1hu ,02

9.59V7+02
I .0OA$03
1 o273+n3
1 *029 f .03
1.oP23*03
9.509640)2
0.000800

.0.001(4.05

0. 0000
7 .?p'8+02
8.2e'PQ,02
9.0cS55402
9.5157on2
9. 37#0+ 02

I ,J2sb+')S
1.179o+04L3
1.41 77#.0;
145002+03
1.1 74 +i ( a) 3
1.*3105+S03

l~h7403
I * 106.03
0. 0000

o4.8066005

00,10o00

I .5832+n?

3, 3b68+02
5.8781+02
I . b 31 7403

7.A1 59+02
1.C373403
i a* 091+03
9.*S3S5502
6,5b42402
3.7(50402
3.0914402
0.0000

02.3180-05

0 0000
2.0752-08
A.dbb2-08

5. 0C44L-o
4.7P92-08
3. 1161-70!.
2.1788-09
1. 18ý÷03

7, 26 5140 2
6.3599+02
f,4367+02
9.U620QA2

*. U(0 00
1.17b2-01
0.0000

-1.226b-05

1.3071-OS

2.3667+02
4.5h55+02
6.70U1+02
8. 191+02
9.7392,02
1.0 3t +022, MO71 (o3

2,11811+03
2.20"8+03
2.2372+03
2. 3063#03
8.5358-01
.o0000

0.0000
-3.9638.05

0.0000
2.3447%05
5.b 002-01
I *Il85'00
2.0167400

3.0272+00
4.R6824004,.630+00'..b385401

3.273+03
3.3035+o3
3.1o6÷03
3.1513+03
3.1525403

-b 6.q6-O1
-5.6814-01
0.0000

*5.9341-05I.-j

--' 1 2 123 ai 5 6 7 891 8 9 to



TAC2D EXAMPLE PROBLEM OUTPUT DATE 071576 PAGE 38

17
lb
is
15

13
12

110tl'o
9
8
7

3
2
1

0.11000
3. 3hi 7 -05

S *bA~h~oo2, b75+ 00

3.2051+03
3. lhb3+03
3.132R,03
3.11 3q903
3.1097+03
7. 1Q6-01

-6. 3916-01
5.7524-01

-6.6759-05

11

0.O00
0.UoI 1-05

I .. )3 1 ~0 i
1.P262+n01. 33nAnoo

2.9a83.÷ 3
2.9( 8 3+ (.) 3

2,'•5Q+o ( 3
..hQ7,03

2.984'9+nl3

7. 1 01 801
0.0000
-7.4177-05

12

o.noton
5.47ab-05
2.1218-01

7 ) - 16.1 7)o-0
79,¶? la-01

5. I1,2+01
2.h3lg+n3
2 . t'5 4SC~+f 3
2.hQ72,fl3
2 . 7732+f03
2 0410 +03

-8.7A65-01
7.k120-01

-7.1i308-01
.8.15q4-05

13

O.OOO0

16.5697-05'Is. 31 7' -02
8. 17(17 , A2
1 . So036-0 1
2. 3100-01
3. 5AQ2-0 1
!i.bl u501
2.2l•58i03

2.23"5+03

2.2 3d 5 .e. 3

i.qS75+03
q. n(lO n

0.0000
-. 90U12-05

14

09(00)0
7.70b9-0S

-1 .7•.1-01
-3,1'1 7-01

-5. 3?7-01

3.Q2.1
1.953?+03
1.q53o+0

3

I. 30s7+03

1.03,r%+03

-.. 2;23-01
0.0001)

-5.6030-05

Is

0,0000
8.9112-S5
-4.'4,436-01
.7.1 309-nI
-1 .2077+00
.1.7516+00

?(130,010-eo.61o06+0n

1 .t'I'31J03
1 m77 8 +03
I .b#i 3+03-1.6400+03

1.6325+03
0.0000
0.0000
0.0000

ot.0385-04

16

11n000
7.52 3-05

-5.1215-01
-S.6 5 51-01
-it.1115.00
.2.947b 1 +00

.4.2J90+fl0
-1 .54,3+02
1.1 389.03

..u8stj+n$

19 0?65+0 3

1.0231h, 3
.8.9133-01

7.022q-01
0,00(10

-8.2753-05

17

0100100
2.a0sh-05

-1.13 35*0 2

-7.3351t02
-1 .5qu+n2

3.77ib+02
3. 2; n i+ 02

2.935u1+ 02

j!.9331 +02

5.4595-01
-2.t4568-01
-2.8512-05

18

0.00o0)
3.475%-07

-1 .7623-00
2.7u53-09

.1.3142S-07

-2. 343-07
-5.5840-09
7.21 ?1n+ 02
5.5A28+02

5.1 o21S+3025* 0215.02
5.3323+02
0.0000

09,(10(10
5.0313-01

-5.8390-05

19

0.0000
Q. 7808-07
0,0000
2.35b0÷02
a.7229+01
5.1575.01

u.OeSO+02
1.6848+02
3.7261+02

4.21a +02

3.•863+02
1.5800+02
6,9733+01
2,3547+01

o7.9872-05

20

I-A

9 . 9



S*PRULEM OUTPUT DATE 07157b P i

17
16
Is

13
12
11
10

8
7
6

3
2
1

0,0 ()no

S. (IL Uu7. 02
2.22ba+A,2

1.hl 78,02
1 .7703+02
1.7512,02
2.2 44s+1.*2
2. 3S56.02

2.5771+01
-8.5654-05

21

0. (JC A
S. 31 7A-m 1
0. 0nl

6. 4167* ,I)
2. 37 15 0

6 .9'4-(1624 0 1
7.3775+01

7. 03in+.01
5. *4 83+ (it
l4. (A A is+ I
*2.4309+01

1 . o(39+,n1
-13.6u,)'7-05

22

0. *f0(10 0

0 On()()

0 * 00 ()0
0 *. 0 l 001
0).0 r'00
0.01100
o * % ) o)0

o n 00(o

2 3

w



TAC2D EXAM4PLE PRneLEM IlUTPUT DATE 071576 PAGE 40

STEAOY-STATE TEMPERATURE IN A HELIUM CIRCULATOR 8LOWER DISC

TSE CURRENT TIME IS 797.018o HnURS .a 47b2i.0791 MINUTES x 2869264,75000 SECOND$ 120 ITERATIONS HAVE BEEN PERFORMED

HEAT -FLUX IN AXIAL DI RECTION BASEO (IN THE ARFA OF GRIDLINE (M)
RETOEFN POINTS (IJ) AND (1.3.1) (BTU/HR.FT**2)

THE RAOIALMI) DIRECTION IS HnlIZONTAL
ThE AXIAL (M) DIECTION IS VERTTCAL
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TAC2Dzf IQOLEM nUTPUT
DATE 071576 P'AG" *
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TACUD EXAMPLE PRObLEM OUTPUT
DATE 07157b PAGE 42
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TAC2D *W CE PRfl&LEM OUTPUT DATE 071576
Pa i

STEADY-STATE TEMPERATURF LIUM CIRCULATOR 8LOWER DISC

THE CURRENT TIME IS 797.0180 "OURS 2 47821.0791 MINUTES 2 2669264.75000 SECUNDS

EFFECTIVE RAOIAL CONDUCTIVITY RETwEEN POINTS (1.J) AND (11.3J)

THE QAPIAL(I) DIRFCTILIN IS HORIZflNTAL
THE AXIA.L (J) CIPECTI(3N IS VERTICAL

120 ITERATIONS HAVE BEEN PERFORMED

(STU/HR-FT-F)
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TAC2D EX&MPLE PROBLEM OUTPUT EATE 071576 PAGE 44
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TACM' *PLE %PPQ6LEm nUTPUT
DATE 071S7b OAGi

4
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TAC2O EXAMPLE PRnRLEM OUTPUT DATI 071576 PAGE Q6

STEADY-STATE TEMPERATIJRE IN A HELIUM CIRCULATOR HLOWER DISC

THE CURRENT TIME IS 797*01t0 HOURS a 47821.0791 MINUTES a 2869?64,75000 SECONDS

EFFECTIVE AXIAL CONDUCTIVITY BETWEEN POINTS (1,J) AN* (!gJ4l)

THE RAOIAL(I) DIRECTION IS HORIZONTAL
THE AXIAL (J) DECTION IS VFQTICAL

12o ITERATIONS HAVE BEEN PERFORMED
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TAC2D, 0E PRnsLEm nUTPUT
DATE 071576 PAGi7s.
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TAC20 EX.AmPLE PRn'jLEM OUTPUT DATE 071576 PAGE 48
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.7-

THE CURRENT TIME 15 797.0180

DATE 071576 PIA G'@9.

STEA0Y-STA-T TE'P.ERATURE IN CULATbR BLOW'ER DISC

HftlRs a 17B?1.7?1 MINUTES a 2869264,75000 SECOND$ 120 ITERATIONS HAVE BEEN PERFORMED

RADIAL THERMAL CONDUCTANCE ?TwFEN POINTS (IJ) AND (I.1,J)

TME qAnTAL(I) OTRE(:TTrN IS HOR17ONTAL
THE AXTAL WJ] I)ECTION I$ VERTICAL

(BTU/HR-F)

t?
16

'3
12

11
10

9
8
7
6
S

3
2

0,0000
,1IIA?.-1 3

1 nqnA,. I

5.U4QA.t .4

5, 4 S;42 14

I . :JqnA-, 1

1.0Q'19-I

1 .u9 . 13
1. 363r-l 3

1.3b35-13
I0, 335-1 3
O,000(0

C, . Qlh'+, I

0.*930J,0 1
5.9c, I' 4f't
5 .91; lh~o I

I * "50'1+n

¶ .2tQo'I.A0

I . j7j O.Au
I . il AQ514 0
1 ..30'9(1+ n

0.0000

0.0nO0
1.9OqO÷n2

1 .9090*02
1.>7>7+A2•

1. 31?'"00

2.7 317.00
2.7605+00
2. 7Q70+poj
2.5117303
3. 1817+03
*S. 1917+03
0.0000

f), nnpr.
2. 7h5A$M02
2.765'4+n2M, 754+0_2

1 r'4u ;'402
t ,AU3Qq.r,•

3. A) 6%03+ (
3 * Q I1 45 - r) 0
3, .6439+0n

a.u)12+00

4i.2214u+1.)l
".tA9703

Jb0O97,03
0 U 000

3,721;4 02

3. 7248112

2. 117S$o02

2 3 ?' 17 +0u05.1?.i7,AO5. * I 7. %.O,

5.*4707.00

6.214h÷03
o.2146+03
O.OOOO

0.0000
3.8014+00
3.e0(7+80

2.C301 +00

2.5u;.)+004.5141900

..*5i45+0 0

9. '33+,00
9.057Io00
9.7393.nu
9.Aq756.00
9.9830400

1 . 11 Q3+01J

0.()0000

0.0000

14.A ,9 L 7 00
11,9 A87q.0.

3.qo 21*+0

3. 33b1*O)
1 .o727+00
3, 43oý0-043

P.777701
2.3431+01
2.u033+01
2,595+01
1.5140+01
1 .5t18"o
2.8081+04
2.8061+04
0.0000

5.510•+040
5.51 AnOo
5.51 34+00
3,6753.0 U
3,.67564 00

1 .6 371400

I .92ito+0 I
1.8 7÷3+Al

1.7Q91+n4

2.21189,011
2.2u89+04
0.OOuO

0 . 0.)u 0
1.5142-01
1.51q2-01
1.5192-01

¶*012 A~-01
1.12S-01
1.72.I+01
5 * ,5v '-u 9
1. * 39m+j0 1
1. 1115401

I.?I u5+d70 1I.*u37+01

1,1u1*O,01.1o1÷6*01
I). * 12h10 4
l.4t2b÷04
0 • 0 0 0

0,0000
f.3352-02
8.33S2-02
8 . 3352-0?
5,556M-02
5.55138-02
1.6770+01
5,5568-oq
1.1336+01
1 . 1673.0 1
I,1992+01
1.2299+01
1.1114+04

1.3892.04
1.03892+0
0.00 000

I ? 3 I 2 3 6 1 918 9 10



TAC2D EXAMPLE PRPHLFM nUTPUT
DATE 071576 PAGE s0

17 0,00110
Ib 9.31hfl-02
15 9.30A-112
1'4 9.3'ig-112
13 b.2120-f.2

to ?.212-,09

7 1. 3417 +018 l.3l•*Q1
7 l.3"7'•+O1

6 1.'772+01

3 1.5530*04
2 1.5530+04
1 4.0060

11

t ,O3•'t-01
1.03'1 -0 1

. 03.,11-nI

c3.Ah? i (11

2. 0),)7+0 1
6.8h7l-PO
1.4397+01
1 .03m?+ 01
1 (40haM +rJ1I

I . 37 ýu +A4
1. 373o&+n4
1.71b7+04

1.71b*+04
0• 000

12

0 .6mo

I I2 I, -A 1

7.5ppn-a?2. 1 A7 I +')

I * 9 aQ + 0 1
1. i 1 72+0 1

1 b''93+01

I *ou I +()!

I*A gC) c.;+04

0.0000

13

0 *26U-o'

b. 17o"'-02

2. 351 ?+01

P.I *76qj7rg
1.757i7+.1)
1.7717+01

1.A121+.011. $7Q; nlO

1 ,b350+00

1 10 1 0 0 1
2.01442,00
0.*00(l0

14

0 * (k)O0

I *3;)QA-o 1
1. •o'-O1

s.tM ;17-028.8.j7-02

2.5 13a+01
8. A317-f0Q
1.9076+01

1 .92Sh+ 0I

I *O). 0

1 .7663+04
2.20 79q0L1
2.207Q+04

15

I t.it9'-01
I.tilr4-01
I .(,10I4.111~
I n,79ha-.1

2. 301b+0I

2. 366U+0

2.19ý3+n12. t592+01

2.bQcO9O0
2.0990 +4
0.0000

0.000)0
3.040t-=01

3.94, -0A.4

2.n27?-0l

5.540915n
1.9797-08

4. 3563*01
4. u ()h +01

3.9 Q) 7 8 +.0 '6
3.q594+04

04.9092+00

0.1)000

17

0 * 0 Ohil

5.9132+01

5.99 53#01
2.99141+0
2.71b0-08
5.97;)0+01

6.0 0 02+01
h. O20ill+n
t3 uss,!+01
5 . 4;?99 + 0
5.4321+04
6.79)01+04
6.7901+04
001900

18

0 . (I (I (ill
S.U?95-1 0
5.o295-10
5. 3•.74+ 01

3.SSb+01
1.77i1+0I
I. I 8o1 +0 1

3,'473+01
0 .01 (1+(i 1

4.u375+01
3. 1559+01
3.7%94+,01
u.69492+01
0.6 9 96+0
0o , 000

0,0000
0.bS32-08

5. 3qq7,*nl
3,9r9b+nl

3.6051ý+01
1,8OU3+O1

1 H059+01
3.olI+J*01
3.o209+01
316?hi +01
3.6351.0t
3.6011+01
3.b70+01

0.5579.01
0,0000

19

9,



pool
SAC 201 L4)E ,PRO1LEM OlUTPUT

:. s
OATE 07IS76

I*

16

Is
14
13

to
q
8

7
6
S

3
2
I

0.On00

5hS.074606

3 *A7 1~97' +1
I.7~A.A?01

3.77793+01
3. 7 ADO) ~*0 1
'S. 7 8S9+(1
S. 7 A? >+0
3,7P.Q4O I
3. ?q16.0)1
4 .7uO9+0 14*71als01
0.;000

21

0 .nt Oo
t Oht 2-0)9
1 *O'1 2-('QI.17 Irk (12
7. 83.0 +')
7 *.8atl 3 A 1
3.9?1I3+n1
3. 92 20 0

I. * A 1 I +r)

7,8SSU*Al

7,P(59?+Al

Q* RatII 01
0,3 000

22

(j*'I000

0. no(,'

0.0000

0.0000

0. on 01

0.01)06

o.(onOA

0 . 0' 0 0 0
O.QOnof
o * 090

23

',.A



TAC2D EXAMPLE PRfnLEm nUTPUT
DATE 071576 PAGE 52

STEADY-STATE TEkiPERArURF IN A HELIUM CIRCULATOR BLOWER DISC

THF CURRENT TIME IS 797.0180 HOURS a 47821,0791 MINUTES a 286926.7S000 SECONDS

AXIAL THERMAL CONDUCTANCE BETWEEN POINTS (I.Jj) AND (IsJ*1)

120 ITERATIUNS HAVE BEEN PERFORMED

(STU/HR-F)

THE RADIAL(71 DTRECTION
THE AXIAL (J) DIRECTION

IS HORIZUNTAL
IS VERTICAL

17
16Is
15

13
12
1I
10

9
8

7

5
LI

-t-. 3
,0% I

0.0000
0.00, 01)

0.0000
0.0000

O°O)(00O

O * 0060

0.•001)0.11(000
01000r0

0.000On
0.10000

Oo000o

0.0000

I

0.Ono0
b.7?Pl Oj
1.1703+02

1.2nql+m2

5.7h I1140P
7.31)1+00

3. 7 1 2R+00

3. R(#5 (.00

2.2#'7 1.+n0
3.1314+0f3
2.81112+03
7.3391-0Q

2

0.0oo0
I .86h,5+o0
3.522A+n2

1, 70 16+00)

2.18q3+011.11727+01
1 1 1iat+O I

*e(17 +01

b.A* 1 2ii O.0

9.* 3qa 103
b.0507-03
2. 2017-08

0 on no0
3.1 7NuQoo
5.91)$1+02
5.931 +(02
7.* 297+02

3.7191+0I
2.*50 1 h1 +(I
I .F S+ 0 1

I .Q I q #n

1.* 15hg+n I
1.*5960+04

3. 7157.-08

0.0000

9 . CA qhI+0 (I29.ulhi+02

9.0161.n2
1.1?99+03

S*.8??3,0i3.0147401

3.0060I+03. 17)n ,0 I

3., (4 13+013. ai* +1 60 1
3. 12 b8+0 1
6 . 2A 14 0 1
2. 2i599

0.0000
5.9913+00
1.1308+03
1113108+03

1 . 35e)9+03
1 ege6l +03
S. 7o75+01
6.920+010
'.6h 07II1
3,5367+01
3.5959+01
3.0sS50,01
3.7096401
3.7576+01
7°SU97+01
2.7 103,n0
7,0686-08

6

090000
3.409-08
1 o 0 178*0
1.0230+01
1.2380,01
1 .5771 +4 + 1
2. 128 ?+1
3.25q1 +01
2. 2 0';0.oI
I b.63+,)

I . 7 83h #0 11. 7683+0 1

1 l 193+1) 1

1.3090+04
3.4089-08

7

O0OnO0
1.11,63-10
5.7m 1-09

6o9377-n"
.bT7?1 -09

13 1513-0b
, 73 j- 10

6. 5o 78 00
8.6753+00

9. 1562#00

q.1 1 5,01OI~qOSq+ol

8I.6721+03
7.7016+o03
bo9377403
1.800708

8

0.0000
5.A291-08
5.7712+01
5.7609+01
0.9079+01
8.o176+01
I.1 7T3+02
3.u782+01

2. 109A+01
2.8s67+01

Z.9546#01

o.1711+01
2.7980+04
2.4871+04
2.2384+04
5.8291-08

9

0oO0000
8.7267o08

I a 3qb 3_o1
1.3963-01
1.675S-01

~2 80.01-O

4,603S+O1
3.1700+01
0.3103+01

li . 414 344+01
4.Sb5•O1
9.2538+01

4.1 888+04
3.7234+04
3.3510+04
8.7267-08

103

9
t~, . V



iAC20*PoLE 9RnBtEM OlUTPUT
DATE 071576 PAGEVP i

O.OnO0

7.5243-10
7.5243-08
4.9637.01
4.9822+01

.. 23R6+01
8.3113+01
1.24h2+02
8.3311+01
b.2571+01
o, 2725.01
6,2887,01
b.s038+01
6.3138+01
S,b165+01
5.0563+01
I,1757-07

17
16
Is
14
13
12
11
10
9
8
7
3
S

2
I

OColn
9.R17So08

1S 0 3o7-01

S.I S7ý1 I.q1
1.0RS0~n2

4.70 2-01
5.1 730+01
3.56q9+1
•.8O71÷l8
5.o3"1,oi

3. 7699.0 I
9,8175-08

0.000o
I. 4*OP-3)7
1.7453-01

2.* 0q 4. '1~

5.2316-01
S.* 711~1 A+ f 1

5. 7taLie.01
15. 1c'5+01
1.1t605+n2

5.2 1h 040
t * bsj?+7A

t ,uqcg.07

0,A000)
I . 1 q99)-o7
1qI .~qq- I

2.3134-01
2.A79P-0l
5.747--)l

6. 3q7Q+01
4.J291 +01
6 .1 ;M5+ 01
6.2 35,001

1.277Aq+2
5. 759+n
5. 1 1 9h*40
u* 66(7 7,0 aI
1.1 999-07

1. 3!90-07

2. 0'441A fI

2.5133-01
3.1L-16-01
%. 27 7_A..I

b.m7Uu;nl

h.M2Q7+01
b.91 5I+01
t,. S~5+n5'I
b6. ?F 32. 04L
S.551 0•4
5. 6 O? 66+0
1.3090-07

o , foun
1 .'1$1-07

2 . 7?hii- I

3, 4" 311-0t1
6. 

3
J31u'7-0 1

7.350u+Ai
7,4359+01
7.51 Oh+AI
6. 0 12q +0 vb.bo6+OI-6.8 J6 Fl i

6. a185* 14
1.4~118 1-07

o. ) * 30 0

1.5272-P 7
2 .14 31; 3. 0 1

P. 41135-01

3.6652-01
7. 13)3-0I

A.ti (1 37+ oi
S. 68 v 7+0n 1

7.913 L 3,1 '101

b. 1125+01
7. 1730+01
7.33o4+04
6.5159+04
5.523+-07
1.5272-07

O,O0000
I.2170-07
I .Q471-01
1,9471*O1

2. 33bh-Al1
2.9207-01
S. 8 $36 -(' 1
6. 37y..+',

6. 40599+ 0 16.4417+01

5.959g+Ol

5.841÷+04
S. 1924+Ou

a .o731+0 4
1.2170-07

0 4103(i

4.19?0-08
3.7094+01
.S.71 27+o1

4.4599+01
5. 513 7+0 1
7. Q 7 09+0 1

1 .5680)+01
2.21 32+01
2.2?5'3, 01
2.,2 3e7+u 1
2 . (15t414 'l 1
2. UI2*0
1.7890+04
1.61V -104
4.19Q29-08

O.(Ono0
5.4q78-10
2,74R9-O8
2.7489-08

3. pqd7-Ob
4.1234-08
5.4Q7A-08
8.2u167-1 0
34,363÷01

4o5R77+01
4.2095+01
4I.1217+04
3.6637 ua
3,2973(04
8.5868-08

it 12 13 14 is 16 17 19 20



TAC20 EXAMPLE PR09LEM OUTPUT 
DATE 071576 PAGE 54

I17 0O.Onn0 0.0000 0 flfMon

1S 84.A704~-08 B.1IUMA.0 %0(10h0f
14 S .33ý,W.O1 S.4J(4Q,49+0 (j . 0 f) n
13 S. 3607*) 1 5 .u%:.r, n +n1 .(%nfAO

IO I A. Qf7~ Iihm 1 0 Onofl'U

9 q. 9 (1+1)1 9*1fl19.nl 0. 0 noo

03 6.7111S+01 h. 8)83+ n 1 0.0001)

3 b.,J2 39,flI 6.07q6+01I 0 9 ',0flo
2 S.4A?3't01l 5.'s72?.n1l 0.0000o
1 1.2610-ft? 1.2722-07 0.()noo0

21 22 23
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TrCZD t FLE Pnn•4LE

THE CURRENT TIME IS

:m nuITPuT DATE 071576 P AGE

STEADY-STATE TEMPfRATURE Iq-AWIUM CIRCULATOR BLrlWkR DISC

797.0180 HOURS 0 47821.0791 MINUTES a 2869264.75000 SECOUNf) 12n ITERATIONS HAVE BEEN PERFORMED

NEAT BALANCE

MEAT GENFRATEO HEAT LOST/GAINED BY COOLANTS HEAT GAINED/LOST BY DUMMY BLOCKS

MAT NUM BLK NUN BTU/HR COOL NUM BTU/MR MAT NUM BLK NUM BIU/HR

2
2
2
2

1
2

3
4

5
7

3
4

2
s

I-'
'0
'0

2.R935t50+03
P*.JLt? 3)10)+0a

I .514')IhJ03.0

51. 12',;iSCh4U -1

P.7177100+04

3.3669058-01
-1.1U31549,03
-2.3669b76o03
-1.6032365+04
-7.b655798+03

................

-2.7167731+040.O000 000

RESIDN c (NEA-T GENERATEI))-(MEAT LOST/GAINED By CUOLANTSNEAT GAINED/LOST BY DUMMY MATERIALS)= -9.3688965+00

&*EXIT LfOC**002lt3

*FIN CA

1234S6789012345678qoI23a567B9OI2345678qO, 23LJ567BQnt23L456789n1234S 789012.3u567RQ012iL.567b9ol231J567Ni(nl?311567B901 ?34S%79n**.SFn Nn.* on



APPENDIX I

Long Input

Earlier versions of TAC2D required a different input format than

that which is used with the current version, described in Section 4.1.

The old format was longer and resulted in the frequent necessity of

substituting blank cards in place of data which were not needed for

a TAC2D problem. The current input format was developed to eliminate

this necessity and to combine the required data onto a fewer number

of cards. However, the old format was retained to make the current

TAC2D code compatible with earlier TAC2D models. Only the differences

between the long input format and the current (short) format are noted

here.

1. The LONG INPUT option card must be used (see 4.1.3).

2. Block Information (4.1.6). Each material or coolant block

must be described by three cards. The first card contains

the material number or negative coolant number in columns

1-12. If it is a coolant give the flow direction number

in columns 13-24 and the problem depth (default value

applies) in columns 25-36. Use E12.4 format. The second

card contains the low and high X (radial) boundaries and

the low and high Y (theta, axial) boundaries in that

order, beginning in column 1, with E12.4 format. The

third card gives the gap information in the same format

as that for the short input. This card must be blank if

there is no gap information and blank for a coolant.

200



3. Sections 4.1.7-4.1.11 must be input in the following order.

The order may not be arbitrary.

4. Specified Initial Temperatures (4.1.7). This section of

input must be included (even if a punched deck is used);

however, omit the header card. Two cards are required for

specifying the initial temperature of a region. The first

card gives the low and high X and Y boundaries of the region

(same format as second card of block information). The

second card gives the temperature (*F) in columns 1-1.2,

format E12.4.

*5. Coolant Limits (4.1.8). This section of input is also

optional under the long input format. However, omit the

header card and retain the final blank card (even if the

coolant limits are omitted).

6. Time History (4.1.9). Also optional under the long input

format. Howevex, omit the header card and retain the -final

blank card (even if the time history is omitted).

t7. Function Control Constants (4.1.10). This section of input

must be included. If no function control constants are

needed give three blank cards. Omit the header card but

retain the final blank card at the end of the data (in

addition to the three blank cards given if the data are

not needed).

8. Previously Punched Temperatures (4.1.11). Also optional

under the long input format. However, omit the header card

and retain the final blank card (even if the punched

temperatures are omitted).

9. End Data Card (4.1.12). Omit.
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