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The TAC2D computer code fs described herein as it existed
on June, 1976. The code has beer 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 in this report. However,
the development and improvement of the code are being
continued, so that duplication of results (or even close
agreement) between problems run with the code as published
and the code as it existed either before or after this
time is not necessarily to be expected.
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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 1ines.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:

A

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. 1In 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 eésily defined.

iid
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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:
vV« kVT + §"= %E pcT

where
k is thermal conductivity, Btu/hr-ft-°F
T is local temperature, °F
3" is volumetric heat generation rate, Btu/hr-fﬁ3
p is density; 1b/fe3
¢ 1s specific heat, Btu/lb-°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 1s 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.

N

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,lihis 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 compyter 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
usuaily'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
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economical solution of thermal problems typically encountered in the

nuclear field.

General purpose heat transfer codes afe 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
gilving 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 cdmplete generality been

maintained in the arrangement of the points.

v

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
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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.
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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.l1.5, 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,



coolants and gasés 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 primafy putpose.
of these boundaries)is to subdivide the problem into regions which‘have
the same therﬁal'parameters. Theée_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 1n3ex boundaries in both coordi-
nate directions and defining its thermal parameters. ‘-

Blocks are either intermal 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,yor high Y, low Y) are o A
coincident and it contains only external points. Internal blocks '
may contain either materials or coolants. External blocks may
contain only coolantg. 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 .



dq = WCp ch

where
q is heat transferred to the coolant from adjacent material
points, Btu/hr
W is coolant mass flow rate, 1lb/hr
C‘p is coolant'specific heat capacity (constant pressure),
Btu/1b-°F

Tc is coolant temperature, °F

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

11lustrated 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

q
r b4 N 1
X _ - . 3

A =F 0T - T 5 Y,




TYPICAL PROBLEM WHERE

| INTERNAL AND 2 EXTERNAL
COOLANT BLOCKS FLOW IN
THE NORMAL DIRECTiON
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Fig. 3. Coolant flows in the normal direction
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q_ is heat transferred by radiation from surface 1l 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, ft2

T, is temperature of surface 1, °R
T, is temperature of surface 2, °R

o 1s Stefan-Boltzmann constant, .1713 x 10”8 Btu/hr-ftZ-°rR"
3i_2 is overall radiant interchange factor between

surfaces 1 and 2, dimensionless
€ is emissivity of surface 1, dimensionless

€, 1s emissivity of surface 2, dimensionless

2

2.1.5 Gaps

On boundaries between adjacent material blocks, narrow open
spaces Oor 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 assoclated 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

Since a transient or iterative calculation is always performed,
the initial temperatures of the points must be specified unless a

uniform default value of O0°F 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




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 ruﬁs. 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 1Initial 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



is calculated at times corresponding to the ends of each of tﬁese 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 périod 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 pgrforming the calculation, the current time (i.e. the time

corresponding to the end of the.currént iteration) is determined as

current _ 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
di&isible by its tiﬁe step, the remainder is replaced by one whole
time step_qnd the end o€ the current period is accordingly moved

forward from its specified value.

2.3.3 1Initial Iteration’

Some valﬁes within the program are initialized on the first
iteration of a problem. This first iteration is always performed
before the input time steps ére recognized and is over an extremely
small time step df l.O_‘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.
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T 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 maceriél 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. DIFAC 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 1is found, reduce the iteration parameter
to a value of 1/10 the initial value. Allow the

- iterétion parameter to increase to a maximum value

v of 1/5 the value of which the instability was

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

R = 'qc .
qkl + qk2 + qk3 + qk4 + qg

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

point and

qc (= pVe %%) is rate of heat storage, Btu/hr

qg (= 4"'V) is rate of heat generation, Btu/hr

gk, through qk4 are rates of heat conduction from the

1
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 claéses 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 satisfled

the residual tolerance.
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When the convergence criteria are satisfied, the program
proceeds with the perturbation technique. This proced;re was
developed to provide upper and lower bounds on the steady-state
temperatures and 1s 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 (exeluding 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 yvalue. This positive perturbation
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 the solution.

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, 1f 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 1f 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-10,000) indicating the
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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

iteraticns.

After the perturbation, the iteration parameter is reset to its
prior value and twentyvfinal 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
1s 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 uﬁper and lower temperature bounds, and for every
fifth smoothing iteration. It 1s 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 rum 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 1°F
temperature perturbation '
TOL ~ The residual tolerance . 0.01
DTFAC ' The initial {teration : 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 té be unconditionally stable for problems
involving'constant properties, no heat sources, uniform grid‘spacing;
ﬁonstant temperature boundaries, etc. Howéver, most "real' problems
usually violate at least one of these conditions. Temperature
dependent Ehermal 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 prdperties 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, sevéral test
problems involving strongly temperature—dependeht heat gen%ration
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

’
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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 nct necessarily be

invalid.

When there is sufficient doubt as to the validity of the fiqal
printed temperature results, it is recommended that the parameters
DTFAC and DTMAX be reduced at least one order of magnitudetahd 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.
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The initiation of the perturbation is governed by either the
residual %olerance, 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 (1°F) 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 1limits 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 30Z of the acceptable temperature
tolerance, e.g., 0.25°F if + 1°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, 1if a solution to a thermal model with approximately

22
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1000°F temperature differences is desired to within + 1°F, a
tolerance of 0.001 should be specified. If none of the above
changes correct the problem, it may be poséible 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 the member 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 1s a thermal parameter within the

scope of this restriction.

23



MATERIALS

Function Name

TMAT
RCON

ACON

SPEC

HEAT

(x)*
6.9

x)

x)
(x)

(x)

(x)

(X)

(X)

(X)**

(X)**

(X) **

(X)**

Definition

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
°R
Btu/hr-ft-°R

Btu/hr-ft-°R
Btu/ft3-°R
dimensionlegs
dimensionless

dimensionless

dimensionless

Btu/hr-fe3 .

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.

See .

** These functions require use of the gap expansion option. -
Section 2.6.

24




j‘l" COOLANTS

Function Name

SPH - (X)
REYN - (X)

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

TIN - A(X),*
TIN - B(X),
Cc(X)

]

o)

Z
!

: FLY - A(X)
FLY = B(X)
FLY - C(X)

"I.. GASES

- Function Name

GCON - (X)

Definition Units
specific heat capacity Btu/1b-°R
Reynolds number dimensionless
heat transfer coefficient Btu/hr-ft2-°R

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

inlet temperature in a °R
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 1b/hr
specified low (A), middle

(B), or high (C) range of

one of the variables time,

outlet temperature or

inlet temperature

Definition Units
thermal conductivity Btu/hr-ft-°R

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. Sce 2.5.2, "COOLANTS - Function Name'.
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MATERIALS

Variable Name*

DR

FTR

FTZ

Function Name -

TMAT - (X)
RCPN - (X)
ACON - 0.9)
SPEC - (X)
EMRH - (X)
EMRL - (X)
EMAH - (X)
EMAL - (X)

HEAT - (X)

Definition

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 .
DR), FTR1), FTZ1), HR

prl), FrrRD), Frzl), WR
prR2),3), FTzl), HR

pr2)»3), FIRL) | HR

pr1), rrRY), FTZ1), HR

- *'Fof-macerials, DR has five different definitions depending upon the
function in which it is to be used.
have two different definitions.

#* DR, FTR and FTZ are labeled to indicate which of the definitions

apply to each function. :

26
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Units
°R’
hr
ft :

ft (radians
for circular

coordinates) ‘?
&



MATERIALS (cont.)

Function Name

EXRH
EXRL

EXAH
EXAL

COOLANTS

Variable Name

- (X)
- (X

- (X)
= (X)

DR

HR
FTR

FTZ

ST

TIN

T@UT

FR

Function Name

SPH - (X)

REYN - (X)

DR4), FTR?), ¥R

pR3), rrz?), Wr

Def inition
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, TGUT, FR

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

Units

°R

hr
ft

ft

°R
dimensionless
°R

°R

1b/hr

* 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 Allowed Variables
H - A(X),
H - B(X), DR,HR,FTR,FTZ,ST,RE, TIN,T@UT,FR
H - C(X)
TIN - A(X) HR,T@UT,FR,FTR, FTZ*%*
TIN - B(X),
FL§ - A(X),
FLY - B(X) HR,TIN, TUT
FL$ - C(X)
GASES
Variable Name _ ' Definition Units
DR local linear average of the °R
two surface temperatures of
a gap
STGL surface temperature on the °R
low side of a gap
STGH surface temperature on the °R
high side of a gap
HR time hr
FTR X (or radial) coordinate of ft
a point
FTZ Y (or theta, or axial) coor- ft (radians for
dinate of a point a theta coordinate)
Function Name Allowed Variables
GCPN - (X) DR,STGL,STGH,HR,FTR,FTZ

* If FIR 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,
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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 - (X) = 0.*

RCON - (X), ACON - (X) = 1076 Btu/hr-ft-°R

'SPEC - (X) = 1. Btu/ft3-°R

EMRH - (X), EMRL - (X), EMAH - (X), EMAL - (X) = 1076
dimensionless

HEAT - (X) = 0.

EXRH - (X), EXRL - (X), EXAH - (X), EXAL - (X) = O.

SPH - (X) = 1. Btu/1b-°R

REYN - (X) = O.

H - A(X), H = B(X), H - (X) = 107¢ Btu/hr-ft2-°R
TIN - A(X) = 460. °R '

TIN - B(X), TIN - C(X) = 0.
. FL® - A(X) = 10% 1b/hr
FL® - B(X), FL§ - C(X) = 1076

GCPN - (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.
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TIN3A(X) = 560. _
TINSA(X) = T#(3) -
TIN2A(X) = T9(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 whgn 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 comstants Al through Al8 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)

(
v

Problem inputs:

Problem No. AS A9
1 1. 0. )
2 0. 1. ~ ”
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Effectively, RCPN3(X) = function 1 for problem 1 and RCEN3(X) =

function 2 for problem 2.

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

there are also the control constants Al9 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 functionms.
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 EXPANSTION 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 material
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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 cﬁange 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 TACZD»thefmal

analysis code.

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

thermal expansion is:

AL = oL (T - T ) . _ (2.6.1)
where: a = coefficient of thermal expansion ‘
L = reference length ' ' ‘.'
T = volumetric average temperature
To = temperature at which reference leng;h is specified

This expressioh'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+1 in the material block adjacent to the gap. For am axial
gap,'f is the volumetric average temperature of all axial nodes
between radial grids I and I+l in the material block adjacent to

the gap;

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

Y

-

option card GAP EXPANSION. As some gaps may close because of the
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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 8) 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 FIR 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 FTIR or FTZ. As an
example, consider a two-dimensional R-Z model of a cylindrical

body. If the expansion coefficient were 6 x 1076 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 FTIR 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 functioms.

Examples are

HEAT3(X) = 3.5 Eb6 * PAR
GCONS(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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PARi

DELPAR -

TCONV

RLOC

ZLoC

PMT

The initial values of PAR. For the first
iteration cycle PAR = PARl. A value of 1.0
is usually applicable but any value consistent

with the other input may be used.

The change to be made to PARl for the second
iteration cycle according to PAR = (1 + DELPAR)
* PAR1., 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.

The temperatures, in degrees Rankine to which

the program is to iterate.

The radial point index at which TCONV is
defined.

The axial point index at which TCONV is defined.

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 PARl

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 1s engaged. In the normal calculation mode,. PAR is

not set and will probably be equal to zero.

The ITERATE option is intended to be used as a sizing tool.
Therefore, the convergence tolerance PMT should probably be on the
order of several degrees. The option may be unable to adjust the

calculation fine enough to satisfy smaller convergence tolerances.
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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
in either coordinate direction represent the external- points.

P
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 prbblem
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 °R to integers, ITF, in °F by means of the following expression

ITF = RIR - 459.5

The result is that remainders greatervthan 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.
Ih coolanfs, a point temperature is a mean'effectivé coolant tempera-
ture evaluated over the interval between the é;o gridtlines which bound
the point and are normal to the flow direction. Tﬁe mean effective
value is that calculated for the cqndition of constant wall (or adja-
cent material block boundary) temperatures over the interval. There-
fore, the location of'a coolant point températﬁre along the flow |
direction is not exactly that given by the point coordinate. However,/
unless the grid lines are very widely spaced albng the flow direction,
* locating the goolant 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 speéified depth normal to the plane of the problem.

3.3 AUXILIARY OUTPUT

3.3.1 Overlay

To facilitate interpretatibn 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 éet is as follows:
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O 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 %aper which can
then be laid over any basic output matrix. The resulting disﬁlay
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 gainéd (or lost) by
dummy material blocks (see Section 6.2)., A quantity which may be
called the "residual heat" (RESIDH) is calculated as follows:

RESIDH = (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 perceﬁtage 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 abceptable 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 (9.999E11) for dummy materials.

3.4. OPTIONAL OUTPUT

There are six types of bptional 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

Ry

is given by
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q=K (Tl - TZ)

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= (6)(C)

where )
G 1s 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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T =2

where A = heat flow area at the'grid line between the points, ft2,
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 interfacg 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.

..‘x'

* Gap lines are special cases of grid lines as defined in 2.1.6.

“‘
e
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3.4.5 Punched OQutput

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 1is 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‘executablé
statements other than RETURN. By compiling the reqﬁired Fortran ' |
instfuctibns 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.
/
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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
éiven in Section 4.2. A further aid to input formulation 1is the
input 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
ternms 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.

1

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 107¢ (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
ﬁroblem 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 108 Btu/ft3-°R

or greater.
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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 1l 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 gWARN$ 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 1Indicators

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

3

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

specified by means of the following indicator word groups.

Indicator Coordinate System'
RECTANGULAR GEOMETRY cartesian
CIRCULAR GEOMETRY circular

CYLINDRICAL GEOMETRY - 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 6utpﬁt’options descfibed in Sections 3.4 and 3.5 may be
specified by means of the following indicators.

Indicator : - - Option
STEADY STATE o : Use the steady state option; calculate

the steady state solution only.

ALL DECIMAL TEMPERATURES Print decimal rather than integer
' temperatures for all iterations

where basic output is printed.

RESISTANCES . Print geometry factors and node
volumes.
CONDUCTIVITIES ' - 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

GAP EXPANSION

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.
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Indicator

ALL GAPS

CENTIGRADE

ITERATE

LONG INPUT

Card Description

Option .

Used with GAP EXPANSION option;
print gap thicknesses for all
iterations where basicloutput'
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). .

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.
COMPUTER RUN".

See Section 4.2, "CARD INPUT FOR A
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2. 1If the long input option 1is 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 Max imum
Number of X grid lines 3 (1Q-1)

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 Descfiption

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 Maximum
Number of Y grid lines 3 (JQ-1)
NOTES:

1. Theta grid lines may extend over a complete circle but there
will be no thermal connection between points adjacent to

theta = 0° 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. T7he grid line values of its boundaries given in inches or .

in degrees for

6. Gaps located on the high block boundaries in either

the theta coordinate. I

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
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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, axfal) 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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Second Card A . .

Columns

1-12 X (radial) gap thickness on the high X boundary
13-24 X (radial) gas gas number, any of 1 though 15
25-36 'Y (theta, axial) gap thickness on the higﬁ Y

boundary ) :
37-48 Y (theta,'axial) gap gas number, any of 1
through 15 .

¢ 49-72 not used
If only one of the high block boundaries has a gap, the words for
the other gap thickness and gas number are left blank. If there is .

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

Blank Card (after the last set) ‘ oo

Limits : ' ~ , . ‘.l '

Minimum Maximum
Number of blocks:
total A : -5 LQ v
internal 1 LQ less number of external )
‘blocks
external 4 . -LQ less number of internal 4
. ' blocks :
number of block 2 (1Q-1)
boundaries in the X ’ :
direction : ‘ '
number of block . 2 (JQ-1)
boundaries in the Y :
direction '
number. of gapllines 2 : IGQ
in the X direction
number of gap lines 2 ' JGQ /
in the Y direction : ’
. . / [z
number of materials 1 15 ‘ » . i
number of coolants 2 15 '
number of gases 0 15

54




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 O inches and of the high and low theta

boundaries on the coincidence of 0° 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 ¢ 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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(a) LIMITATION ON GAP THICKNESS (b) LIMITATION ON ADJACENT
INTERNAL COOLANTS
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Fig. 5. Gap and coolant limitations
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10.

For internal coolant blocks having a flow direction within
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.

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 geparated 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.

For coolants, the inlet temperéture, 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.

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.
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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 360° 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

car§ 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..



Header Card

Columns
7-18 INITIAL TEMP

Data Cards

Columns :

1-12 low X (radial) bounding grid line

13-24 high X (radial) bounding grid line
25-36 low Y (theta, axial) bounding grid line
37-48 high Y (theta, axial) bounding grid line
49-60 initial temperature of the region, °F
. 61-72 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
Minimum Max imum
nunber of internal 1 number of internal
point regions points
number of external 0 number of external
point regions points
NOTES:

1. If this section of input is omitted, all temperatures
except those specified otherwise in MADATA and FL@DAT
will be O°F initially, unless a punched deck (4.1.11)
is included.
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2. Omit the header card and the blank card if this section
of input is omitted.

3. 1If 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

4.1.8 Coolant Limits (see 2.5.1 and 2.5.2 under coolants)

Under the coolant thermal parameter function names giveh in
.2,5.1, it is seen that heat transfer coefficient, mass flow rate
- and inlet temperature each have three separéte 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‘nages is to pérmit the:functions
fto be defined differeﬁtly 1n 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 fanges 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  FL@W DATA
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Data Cards (3 per coolant)
First Card
This card identifies the coolant and gives the limits for

functions LH~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 absolute value of coolant number
13-24 Reynolds number limit 1
25-36 Reynolds number limit 2
37-48 Reynolds number 1limit 3
49-60 Reynolds number limit 4
61-72 not used

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 Meaning
0.0 no limits given; only the function
FLO-A(X) is to be used
!
1.0 the limits are values of current

time in hours

2.0 the limits are values of coolant
outlet temperature in °F

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

Columns
1-12 flow dependence number
13-24 limit 1
25-36 limit 2
37-48 limit 3
49-60 limit 4
61-72 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 Meaning

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

1.0 the limits are values of current time
in hours ‘

2.0 the limits are values of coolant flow
rate in 1lb/hr

3.0 the limits are values of coolant

- outlet temperature in °F.

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

N 37-48 limit 3
49-60 limic 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, 1029, 1020, and 1020;
) a flow dependence number of 0; and an inlet temperature
dependence number of 0. 1In other words, only the functions
‘ | H-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
°F. When formulating the functions FL@$-A,B,C(X) and
) TIN-A,B,C(X) it should be remembered that the variables
TIN and T@UT, whose ranges are defined by these limits

) are in °R. .
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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 stéady—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 additjon, basic
output will be printed for the last iteration performed within each
time period unless the brint fréquency for that period is 0.0. 1If

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 ocutput 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

Limits
Minimum Max imum
number of time periods 1 20
NOTES :

1. All of Chapter 5 should be read before formﬁlating 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
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 bevomitted;
otherwise, three cards must be supplied. In addition, a header card

precedes the data and a blank card follows it.
Header Card

Columns _
7-16 PARAMETERS

Data Cards

Give the function control constants in the sequence Al through

Al18. 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 ohly when it is desired to superséde
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 calculatibn. 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 1

There is only one card in the first card set. The format is

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 iteratidn 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.




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 0.0°R 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 1 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
control, cards, 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, FL@DAT,
and CUSTPM, and the relocatable elements for all other code l

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

+
VASG,AX
VASG,T
vCaPY
VFREE
VADD,P
VHDG ,P
VF@R,WS
-20

Material and gas thermal parameter functions (4.1.1 and

Note 4)

VF@R,WS
-20

Coolant thermal parameter functions (4.1.1)

VF@R,WS
-20

TAC2D*TFMAB-76-1.
13,U,XXXX _ (Note 1)
TAC2D%TFMAB-76-1.,TPFg.

TAC2D*TFMAB-76-1.

. DRUM ‘ (Note 2)
THERMAL PARAMETER FUNCTIONS (optional)
MADATA/S ,MADATA/S ,MADATA/S (Note 3)

FL@DAT/S ,FL@DAT/S ,FL@DAT/S (Note 3)

CUST@M/S ,CUST@M/S,CUSTPM/S (3.6 and Note 5) ‘

User supplied programming

Function Subprograms if used (see Appendix C)

VPREP
VMAP, S

TAC2D/1i,TAC2D/ABS,TAC2D/1

where 1 = A or B (Note 6)

VPRT,T
VHDG, P
VXQT

Input sections 4.1.2 - 4.1.12

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

" TAC2D/ABS (Note 8)
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Include this card only when the option TAPE (3.4.6, 4.1.3
and Appendix G) is being used. XXXX = reel number.

The drum card is required dnly 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.

The S option may be omitted (VF@R,W) to suppress the
listing of MADATA and/or FL@DAT; however, FORTRAN
diagnostic messagés will also Se 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 FLODAT need not be included in a case where no thermal

parameter functions are given.

1f 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.

Omit this section if no additional programming is required.

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 versiong.

b. The S option lists address limits for the sutroutines
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. .
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(This heading card, which 1is optional, causes the specified

heading to be printed along a single line ai the top of
every output page produced after program execution.

Printed on the next line will be the first problem title

card.
{

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 namé 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 At least one
Format 12A6

Title Cards
Section 4.1.2

Any Descriptive Title

title card other
than '$WARNS'
(see below) is
required. Title
cards may be in

any order.

Symbol ZZ(1)
Word 1 -2 oot ) i
~ Column 1-6 7-10 11-12 ptional.
Format A6 12 omitted, IWRN =
20. This card
may be located’
B anywhere within
Warn Time Card L ‘Warn Time the title card
Section 4.1.2 A (Sec) set.
N
K
#WARNS
Symbol 2Z(1) TWRN

BLANK CARD

Required,




K/

»

Word 1 2-12
Column 1-6 7-72 Use as many
Format 11A6 option cards as
T desired. They
B may be in any
‘ order. One
gzziiznczriss k - Options. See following cards for specific format of certain options, option card
o N The indicators, beginning in col. 7, may be abbreviated to the first indicating the
K six characters. - ‘geometry. type
, is required.
Symbol “OPTION(1)
Word 1 2-3 4 5 6 7 8 9
Column 1-6 7-18 19-24]  25-3 31-36 37-42 43-48 49-54 If any of the
Format 246 ¥6.1 F6.1 ¥6.1 F6.1 F6.1 steady state
parameters is
Temperature Residual Maximum Beginning | Maximum not specified,
Steady State B ‘B |perturba- | tolerance.| itera-~ - | iteration | iteration the default
Option L L jtion (°F). | Defaults tions. parameter.| parameter. value will be
Section 2.4 A A |Defaults to 0.01. Defaults | Defaults Defaults usged.
: N N |[to 1°. to 10,000.} to 1. to 500.
K K
STEADY STATE
Symbol OPTION (I) DELT TOL ITMAX DTFAC DTMAX
Word 1 2-4 5 6
Column 1-6 7-19 20-24]  25-30 31-36 I£ MNGAPR or
Format 246,A1 F6.1 F6.1 MNGAPZ 1s not
" specified, 0 1is
assumed.,
B B Minimum Minimum )
Gap Expansion L L radial axial gap -
Option A A gap - (in. or
Section 2.6 N N (in.) radians)
K K
GAP EXPANSION o
Symbol OPTION(I) MNGAPR MTTAPZ
* e ~J
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‘o—'\
f

L3
." N

Word 1 2-3 4 S 6 7 8 9 10
Column -8 7-13 14-241 25-30 31-36 37-42 43-48 49-54 55-60 No default
Format A6.AL _F6.1 F6.1 F6,1 F6.1 F6,.1 F6.1 values are
assumed,
B B |Conver- Init{ial |Desired |[X(radial) | Y(axial, | Initial
Iterate Option{ L L |gence change to} tempera- |index no. | theta) value of
Section 2.7 A A ltolerance | PAR]1 ture of TCONV index no.{ PAR
N N (°R)  |(fraction)| (°R) of TCONV
K K
ITERATE
Symbol OPTION(I) PMT DELPAR TCONV RLOC ZL0C PAR]
Required.
BLANK CARD
Word 1 2 .. eetec.
Column 1-12 13-24 ...etc. Sg ‘g::ig lines
Format E12.4 E12.4 ...etC. §inimu; .
Maximum = IQ-1
S A di
X Grid Line Radial-X Radial-X ( ;‘; ppendix
Cards grid line 1 grid line 2 | ...etc.
Section 4.1.4 (in.) (in.)
Symbol RL(1) RL(2) seeetC.




viL

Required.

BLANK CARD
Word 1 2 csstC,
Column 1-12 13-24 .eo.@LC. Six grid lines
Format El2.4 E12.4 ...etc. per card.
Minimum = 3
Maximum = JQ-1
(See Appendix
Y Grid Line Axial-Y-theta| Axial~-Y-theta E)
Cards grid line 1 |grid line 2 ces@tC.
Section 4.1.5 (in. or °) (in. or °)
Symbol ZL(1) ZL(2) ...8tc,
Required.
BLANK CARD
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BLANK CARD

Word 1 2 3 4 5 6 1
Column 1-12 13-24 25-36 _37-48 49-60 61-66 67-72 Cols. 61-72
Format E12.4 E12.4 E12.4 E12.4 El2.4 E12.4 F12.4 may be specified
B only for coolant
blocks. If left
Low High Low High Material Coolant |Problem blank, HEIGHT
Slock Description) r.gjal-x | radial-x |axial-Y- |axial-¥- |no. or flow  |depth defaults to 360°
Section 4.1.6 boundary boundary theta theta negative direction|(in. or®) (cylindrical
te of block of block boundary boundary coolant no. ‘geometry) or 12
(in.) (in.) of block of block no. in. (rectangular,
(in. or °)| (in. or °) circular
Symbol RBL(K) REH(K) ZBL(K) ZEAR) 1 MB(K) TPATA(N) | HEIGAT geometry).
Word 1 « 2 3 4
____ 1-12 13-24 25-36 37-48 This card (if
Format E12.4 El2.4 El2.4 E12.4 required) and
the preceding
Block Description| Radial-X Radial-X Axial-Y- Axial-Y- card must be
Card 2 gap thick- | gap theta gap theta gap input as pairs.
Section 4.1.6 ness material thickness | material Use as many
(in.) no. (in. or °) | no. pairs as
necessary.
Symbol RDG(K) MGR (K) ZDG(K) MGZ (K)
Required.
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- The following sections (4.1.7-4.1.11) may be input in any order

BLANK CARD

-Word 1 2-3
Column 1-6 7-18 Optional (see
Format 2A6 explanation)
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 FL@DAT) will be O°F initially, unless a punched
- K deck (4.1.11) 1is used.
INITIAL TEMP
Symbol OP(1)
Word 1 2 3 4 5
Column 1-12 13-24 25-36 37-48 49-60 Optional (see
Format E12.4 El2.4 E12.4 E12.4 E12.4 previous
_ explanation).
Initial Low High Low High Temperature g::d:sazany
Temperature radial-X radial-X axial-Y- |axial-Y- of region necessar
Data Cards boundary boundary theta theta °r Sary.
Section 4.1.7 of region |{of region | boundary |boundary
: (in.) (in.) of region | of region
(in. or °)| (dn. or °)
Symbol RMIN RMAX ZMIN ZMAX TEM |
Required only
if preceding
set of cards
is included.
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Word 1 2-3

Column 1-6 7-15 Optional (see

Format A6,A3 explanation)

Coolant Limits B If this card and the next set of cards are omitted, all the

Heading Card L. flows will use the low range functions H-A(X), FLO-A(X) and

Section 4.1.8 A TIN-A(X). Otherwise, input the cards in groups of three for

N each flow using additional functions.
K
FLPW DATA

Symbol 0P (1)

Word 1 2 3 4 S

Calumn 1-12 13-24 25-36 37-48 49-60 Optional limits

Format El2.4 E12.4 E12.4 El2.4 El12.4 for heat trans-

_ . fer coefficient

Coolant Limits | Coolant Reynolds | Reynolds | Reynolds | Reynolds functions. See
heading card.

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)

Word 1 2 3 4 5 /

Column 1-12 13-24 25-36 37-48 49-60 Optional limits

Format E12.4 E12.4 E12.4 E12.4 El2.4 for flow rate
functions. See

Coolant Limits | Flow Linit 1 | Limit 2 | Limit 3 | Limit 4 heading card.

Card 2 dependence | (hr. or °F) (hr. or °F)(hr. or °F) |(hr. or °F)

Section 4.1.8 no.

Symbol FLODEP (N) | FLIML(N) FLIM2 (N) FLIM3 (N) FLIM4 (N)




g
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Word 1 22 3 4 5
Column 1-12 13-24 _25=36 37-48 49-60 Optional limits
Format El2.4 E12,4 E12.4 E12,4 E12.4 for inlet
temperature
functions. See
Coolant Limits | Inlet Limit 1 Limit 2 Limit 3 Limit 4 heading card.
Card 3 temperature| (hr, 1b/hr |(hr, 1b/hr |(hr, 1b/hr [(hr, lb/hr
Section 4.1.8 dependence or °F) or °F) or °F) | or °F)
no. ‘
L_Symbol TINDEP(N) | TLIML(N) TLIM2(N) TLIM3(N) | TLIM4(N)
Required only
if preceding
set of cards
has been
included., It
is placed after
BLANK CARD the final group
of three
Word 1 2-3
Column 1-6 7164 Optional (see
Format A6,AL explanation)
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 0P (1)
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Word 1 2 3 4
Column 1-12 13-24 25~36 _37-48 See previous
Format __E12.4 _E12.4 E12.4 E12.4 remarks. Use
v _ ) as many cards
Time History End of timé Time step |Print Unit as necessary.
Data Cards period M (sec, min frequency indicator
Section 4.1.9 |(sec, min or] or hr) number 1.0 = sec
hr) 2.0 = min
3.0 = hr
Symbol FTIME (M) DTIME(M) | ITAPE (M) TUNIT
Required only
if preceding
set of cards
has been
included.
BLANK CARD
~
Word 1 2-3
Column 1-6 7-16 Optional (see
Format A6,A4 explanation
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. I1f any parameter is specified, all.three
Heading Card N cards must be included.
Section 4.1.10 K
_ PARAMETERS
Symbol OP(I)




Word 1 2 ...etc,
Column 1-12 13-24 ...€tC, ontional. If
Format E12.4 E12.4 ...etc. ptional.
2 = included, this
set must have
Function Control { Value of Value of three cards.
Constants parameter parameter |...etc. See previous
Data Cards Al A2 remarks.
Section 4.1.10
Symbol AL A2 ...etc.
"N
Required only
if preceding
set of cards
has been
x included.
BLANK CARD
Word 1 2-3 .
Column 1-6 7-18 Optional. See
Format 2A6 explanation,
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
Symbol OP(1)
- H '} "“J‘ v (IR Y , 0’ ()

g -
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Section 4.1.11

Word 1 2 3 4
Column 1-12 13-24 25-36 37-48 Optional. See
__mmat E12.6 FlZ.l F12 .1 F12.1 explanation on
heading card.
Previously Current Number of |Number of Iteration This card is
Punched time radial axial number the first card
Temperatures (hr) points in |points in of a punched
Card 1 the problem|the problem .~deck.’
Section 4.1.11 )
Symbol CURTL TAMAX JAMAX NITER
Optional. See
explanation on
Previously heading card.
Punched
Temperatures X
Card Sets - Punched temperatures.
2 and 3

BLANK CARD

Required only
if the pre-
ceding set of
cards has been
included.
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Word 116 ;-357
1 Column - -1
‘——Lm-ggmac A6, A2 Required.
End Data Card B
Section 4.1.12 L
: A
N
»K
| END DATA
Symbol 0P (L)




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
1s 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.- If, for instance, warning and allowed
execution times of 10 and 300 seconds, respectiQely 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 cond:l_tion within the computer system. An example is the
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.
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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 4

C

- i
At A
P K.y
j=1 J R

i

where

Ati is the maximum statle time step for point i, hr

C, is the thermal capacitance of point i, Btu/°R

1
K,, is the thermal conductance between point 1 and its

ji
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,

2!

At o -
K,
El i1

1
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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 Aty, the
error due to instability at point i will appear as a diverging
oscillation. Although the valﬁe 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 Ati among all materia}
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 proﬁbrtionality
provides some qualitative basis upon which it may be endeavored
to make all Ati |

calculation model for any given problem.
\

values as large as possible in designing the

5.1.2 Practical Approaéhes

In steady-state calculations, the transient solution is not of
interest. Stability related errors which may occur because At
exceeds some At1 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 f}
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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 1is

reduced.

The stability related error which is incurred when At exceeds
Ati at points i is a part of the transient solution. Therefore, 1if
the transient solution is of interest, At much be chosen sufficiently
small that this error becomes neglibigle. As previously stated, the
At1 values cannot be calculated for the implicit method of solution
used in TAC2D. However, the initial minimum value of Ati over the
points 1 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 Ci and K, , in the proportionality of 5.1.1

jdi

are strongly temperature and/or time dependent, it is possible that
both At* and the Ati can decrease'asztﬁe calculation progresses. In
such ,cases, the time step value indicated above should be gradually
reduced throughout'the calculation. The procedure outlined above

is intended only to~proyide an approximate estimate of the maximum
time stép which may be used. Assurance that errors related to
stabllity are negligible within a transient solutiqh can be obtained
only by rerunhing the problem with smaller time steps until the
results obtained at corresponding times do not diffef 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

resﬁlts most significantly are'discuésed 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 énd/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 regérded 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

.

s
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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 10710 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 coolaﬁts, 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.

93



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. Whenevef'radiétion is
present, the unit value of the overall conddétance between a

_ material point and an internal coolant point contains a component

uo_ Yy
3, (Tsl TSZ)
hr = T, = T
174
where
hr is the component of overall unit conductance
representing radiation, Btu/hr ft2°R
T, is the temperature of the material point, °R
Tcl is the temperature of the internal coolant point

adjacent to the material point, °R
Tg, 1s the local temperature of the internal coolant
block boundary separating the material point

at Tl and the coolant point at Tcl’ °R

Ts, is the local temperature of the internal coolant
block boundary directly opposite the location of
Tsl’ °R

31_2 is the overall interchange factor for one-dimensional
radiation between the temperatures Tsl and TSZ’

dimensionless
Within a given iteration, the T, used to calculate hr is the value

from the preceding iteration, whereas the Tl used to calculate

coolant temperatures is the value obtained from the current iteration.
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The result is that when coolant temperatures are calculated there is
an inconsistency between hr and the value of T1 - Tcl on which hr is
based. In calculations where an internal coolant temperature
closely approaches the adjacent material temperature, hr becomes
large and also sensitive to very small changes in T1 - TC. 'Under
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 probleﬁs 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 T, - Te, are checked before overall con-
ductances between materials and internal coolants are
calculated. At locations where ITl - Tcl| <.0.10°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 thét coolant temperature errors will not be propagated

to adjacent coolant nodes.
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Unless the steady state option is being used, one of the error messages | .
‘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 afe 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 corfective ﬁeasdres 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 eliminatéd 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
calculatiéns:

N . .

1. The current net radiative heat flux between the adjacent

materials at each section of surface along the fléw 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 Secﬁion 2.1.4). o
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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 materiél 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 he;t 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 fl&id and adjacent

materials are identical, when the other method failed to produce

acceptable results.
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This radiation algorithm can introdch 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

narrov.
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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 ha§ 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

teﬁperature 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 parametefs. 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

ogpecial 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

100



H-A(X) = 107° Btu/hr-ft2-°R

TIN-A(X) = 460. °R
FLO-A(X) = 10% 1b/hr
SPH-(X) = 1. Btu/1b-°R

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)] x [SPH-(X)] = 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, Tw and Tc’ respectively is described
by a film coefficient, hc’ There is radiant heat exchange with
gome 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, o. The
combined heat transfer is described by an effective overall heat

transfer coefficient, he which is
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4 _ ol
Fo ('1‘w TC)

h = + h
e . (Tw - Tc) c
If h, = 10. Btu/hr-ft2-°R
= .50

.1713 x 1078 Btu/hr-ft2°r"

]

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 hc is simply not included. The external source-
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

"{nlet" 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. 108).

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- |
meteis of these dummy materials can be selected to impose the desired

boundary conditions.

Examples 1 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 Tc. This temperature will override the

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 ;onfiguration. 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 1 would réquire urinecessary compromise
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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 h1
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 conditibns 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

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 functioms

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

1 = number of (2 = linear)

points to (3 = parabolic)

be used (etc.)

As an example, suppose the thermal conductivity RCPN-(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 é4:

DIMENSI@N TEMP(4),COND(4)*

DATA TEMP/100.0,200.0,300.0,400,.0/
DATA C¢ND/0.0275,0.0308,0.0342,0.0384/
RCPN4 (X) = TERP (TEMP,C@ND,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.
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 1S 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 MANY 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
CHECKS THE AXTIAL-Y-THETA- GRID DATA IS OUT OF ORDER
CHECK7 THERE ARE TOO MANY BLOCKS. :
CHECKS 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
CHECK1l1  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 .
FLODAT1 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.
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SUBROUTINE FLOWCA

FLOWCAl1 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

GEOMET1 SOME POINT HAS A NEGATIVE CALCULATED VOLUME.

==

SUBROUTINE GRID

GRID1 THERE ARE MORE GRIDLINES THAN ALLOWED IN ONE OF
THE DIMENSI(::". A BLANK CARD HAS BEEN LEFT OUT.

SUBROUTINE INITEM

INITEM1 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 AXTIAL~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 AXTAL-Y-THETA

. GRID BOUNDARIES
INITEM7 AN INITIAL TEMPERATURE HAS NOT BEEN ASSIGNED TO SOME
‘ INTERNAL POINT.

SUBROUTINE INPUT

INPUTL 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

INPUTS5 THE LOW AXIAL-Y-THETA BLOCK BOUNDARY OF SOME BLOCK
DOES NOT COINCIDE WITH A AXTAL~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

MP1 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 RADTAL-X GAPS.
POINTS3  THERE ARE TOO MANY AXIAL-Y-THETA GAPS.
POINTSS A PART OF THE SYSTEM HAS BEEN DESCRIBED BY MORE THAN
ONE BLOCK.
POINTS6  NO FLOW DIRECTION HAS BEEN ASSIGNED FOR SOME COOLANT.
ot 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 GAP HAS BEEN SPECIFIED ON THE HIGH RADIAL-X
. BOUNDARY OF A COOLANT.
- POINTS10 A GAP HAS BEEN SPECIFIED ON THE LOW RADIAL-X
BOUNDARY OF A COOLANT.
) POINTS1l A GAP HAS BEEN SPECIFIED ON THE HIGH AXIAL-Y-THETA
BOUNDARY OF A COOLANT.
B POINTS12 A GAP HAS BEEN SPECIFIED ON THE LOW AXIAL-Y-THETA
BOUNDARY OF A COOLANT.

SUBROUTINE PRETEM

PRETEM1 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
AXTAL~-Y-THETA BOUNDARY TEMPERATURES OF A GAP.
USE A SMALLER TIME STEP.
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SUBROUTINE TIME

TIME1l

TIME2
TIME3

THE FIRST TIME CARD DOES NOT SPECIFY TIME UNITS.
THE PROBLEM IS NOT AFFECTED IF THE STEADY STATE

OPTION IS BEING USED.

TOO MANY TIME HISTORY CARDS HAVE BEEN READ.

THE INPUT CONTAINS NO TIME HISTORY CARDS AND THE
STEADY STATE OPTION IS NOT BEING USED.

SUBROUTINE CONDUC

CONDUC1, CONDUC2

CONDUC1

CONDUC2

THESE MESSAGES INDICATE THAT RADIATICN 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.

RADIATION WAS NEGLECTED BETWEEN RADIAL-X GAPLINES IGL
AND IGH AT AXIAL-Y-THETA POINT LEVEL J.

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 RAPIATION 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.
COOL1l  HEAT TRANSFER WITHIN AN AXTAL-Y-THETA COOLANT
IS ZERO IN BLOCK L AT AXTAL-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), C@#N(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.

CCPN(X) = 1.29E-3*TFILM(X)**,674

VIS(X) = 6.9E~-4*xTFILM(X)**.674

CP(X) = 1,242

PR(X) = CP(X)*VIS(X)/CON(X)

REYN2(X) = &4,.%FR/(.524%VIS(X))

REYN7 (X) = &4.%*FR/(1.048%VIS (X))

H2A(X) = .021%(RE#%.8)*%(PR(X)**.4)*x(CPN(X)/.167)
H7A(X) = .021%(RE**,8)*(PR(X)**,4)*(C@IN(X)/.333)

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) 1is defined in terms

of ST and DR, it may be used to define H2A(X), but not FL@2A(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.

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:

490.%(6.364E-5%(DR-460.)+.107) for DR < 960°R
490.%(3.333E-5%(DR-460.)+.119) for DR'> 960°R

SPEC3 (X)
SPEC3 (X)

[

N\

)

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)
VFPR,IS VSH/S,VSH/S (Note 1)

FUNCTION VSH(TEM) , o

IF(TEM.GE.960.)G@ T9 10

VSH = 490. % (6.364E-5%(TEM-460.)+.107)

RETURN

10 VSH = 490.#%(3.333E-5% (TEM-460. )+.119)
'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 subprogrém labeled
FUNCTI@N 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

VSH(DR)
1.104VSH(DR)

SPEC3 (X)
SPEC6 (X)

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 1s 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
ATG
Al-A18

CONR
CONZ
CS1~CS7
CURTI
DATI
DELPAR
DELR
DELZ

" DP

DR

DT
DTIME
FIRST
FLIM1-FLIM4
FLODEP
FLOW
FR
FTIME
FIR
FTZ
GAPR
GAPZ
GAS

GK

HC
HEIGHT
HR

INCLUDED IN COMMON

*

* % % % % *

O0F R R ¥ % ¥ X % ok * % F N % % * %

%
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NAME

I
1A
ICOUNT
IDEN
IDENT
IERROR
IF
IFIRST
IFLO
IFLODA
IGHS
IGLS
1G6Q
IGR

H

IHS

IL

ILS

M
IMAX
Ml

1P
IPATH
9
IR
ISHAPE
IT
ITAPE
ITER
IT1
ITIN
10

COMMON DEFINED IN MADATA AND FLODAT

INCLUDED

*

*

* % X %

* % X % »

*

*
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NAME

JGHS
JGLS
JGQ
JGz

JQ
KNOWN

KVT

LASTIP

LQ

MATRG
MATZG
MAXFLO
MAXMAT
MAXNB
MAXRG
MAXRP
MAXZG
MAXZP

MGR
MGZ

INCLUDED IN COMMON

DEFINED IN MADATA AND FLODAT

* % % * %

* % % *

*

*

*

* % % * % * * *
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NAME

MNGAPR

MNGAPZ
MQ

MT

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

*

* % % ¥ % %

® Ok R . % * ¥ *

* Ok X % % ¥ W

* % ¥ X %

121




NAME
RBBIL
RBH

RBL

RCP
RCPC
RDG

RE

REML
RL
RLIMI-RLIM4
RLN
RLOC
RP

RR

RZ
SCALE
SELECT
SPEC
ST
STA
STGH
STGL
SUMTV
SUMV
Sw

TB
TCONV
TCP
TFCOM

INCLUDED IN COMMON

DEFINED IN MADATA AND FLODAT

* 0% R X% % % ¥ % B * ¥ ¥ X * »

#

* * X

*
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NAME
THIGH
THIGHS
TI
TIN
TINDEP
TK
TLIM1-TLIMS4
TLOW
TLOWCP
TO

TOUT

ZATIOB
ZATIOH
ZATIOK
ZBBTH
ZBBTL
ZBH
ZBL
2DG
ZEMH
ZEML
ZL

ZLN
ZLoC
ZpP

INCLUDED

IN COMMON

DEFINED IN MADATA AND FLODAT

*

* % * ¥ X ¥ * »

%

* % %
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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
I6Q = 34, JGQ = 34
LQ = 150

The values of the above parameters are defined in each sub-

routine by a siﬁgle Fortran statement. It 1s relatively simple to

change these values and compille a special version of the code which
has different dimensional limits than the standard version.

The constraint on changing the parameter values is

Pl + P2 + P3 + P4 < CLIM
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where
Pl = 7 x IGQ x JQ
P2 = 7 x JGQ x IQ
P3 = 9 x 1IQ 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 pumber of current iteration. These variables,

- named CURTI and NITER, respectively, are contained in the:
common element named MISCXX. The following card will give

J

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

whenever the tape option is specified in the input of a problem.

CURTIL
FLOW (M)
IGR(I)
TH(K)
IL(K)
ILEN
IMAX
ISHPAE

JGcz(J)
JH(K)
JL(K)
JMAX
LMAX
MAXFLO
MB(K)
NITER
NRG
NZG
RBBTH(IG,J)

RBBTL(1G,J)

current time, hr.

flow rate of coolant M, lb/hr

index of the gapline at radial gridline I
highest radial point index in block K
lowest radial point index in block K

an integer which is always 1

total number of radial points

coordinate system indicator: O = cylindrical,
1 = rectangular, 2 = circular

index of the gapline at axial gridline J
highest axial point index in block K

lowest axial point index in block K

total number of axial points

total number of blocks (material and coolant)
maximum number of coolants (15)

number of the material or coolant in block K
current iteration number

total number of radial gaplines

total number of axial gaplines

temperature at axial point level J of the radial
boundary of a block bounded on its high radial
side by radial gapline IG, °R

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(1,J)

TI(M)
TO(M)

ZA(I)

ZBBTH(JG,TI)

ZBBTL(JG,I)

ZL(J)

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

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:

WRITE(15) ISHAPE,ILEN,IMAX,JMAX,LMAX,MAXFLO,NRG,NZG,
(zA(1),I=1,12),(RL(I),I=1,IMAX), (ZL(J),J=1,JMAX),
(IGR(I),I=1,IMAX), (JGZ(J),J=1,JMAX),
(IL(K),IH(X),JL(K),JH(K),MB(K),K=1,LMAX)

~ WRITE(15)' NITER,CURTI,

S W N

((RBBTL(IG,J),RBBTH(IG,J),IG=1,NRG) ,J=1,JMAX),
((ZBBTL(JG,I),ZBBTH(JG,1),JG=1,NZG),I=1,IMAX),
(FLOW(M) , TI (M) ,TO (M) ,M=1,MAXFLO) ,
((T(1,3),I=1,IMAX),J=1,JMAX)

129



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.

130



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 680°F and
cooled on the other side by a helium bleed flow. There is also heat
conducted into the outer radial édge 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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4, Although the heat transfer coefficient between :he 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. K-2,

As illustrated in Fig. H-2, the entire model 1is sulivided into
blocks, identified by the heavy solid and dotted lines, which 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 wh@ch the tem-
peratures are calculated, are located midway between those grid lines.
The material and cbolant blocks must have regular boundu.: -s which
coincide with the grid lines. The location of gaps within the model
is indicated by the broken lines consisting of the long and short
dashes. These gaps are always located on the high radis! or high

axial boﬁndary of a block.

A listing of the input cards for the problem appear  ollowing
- this text. As the analytical model is described furthe:. reference

can be made to this input listing.

Blocks 1 through 5, labeled with the number in eac:: -lock, are

included in the model to fill the regions between the d:  and the
external boundaries, and are composed of material numbe:r . They
are also used to describe the boundary conditions on th¢ left hand

face of the disk. The constant temperature condition of 680°F is

attained by assigning this temperature (TMAT2(X) = 1140.) to the

material in these blocks. The heat transfer coefficier s :ctween
this helium and the blower disk are simulated by gaps. " . thick-
nesses and thermal conductivities of these gaps (GCON1{. ‘. GCON2(X),

and GCON3(X) are chosen such that their unit conductanc-s are equal

to the appropriate heat transfer coefficients.
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The blower disk is comprised of blocks 6 through 11, . it 1s
specified by material number 1. As shown by RCON1(X), th¢ :iiermal
conductivity of this material is a function of the local ronperature

DR. -
Block number 12 represents the helium enclosed in a . - .y with
natural circulation affected by the centrifugal force fie. . The

natural convection coefficient for this circulation was ca. tulated
as 85 Btu/hr-ft2°F. The heat transfer coefficient betwee: ... Qs
helium and the blower disk was simulated by gaps along th:. "¢ hand

edge and outer radial edge of block number 12, although t: - p on

Y

the left hand edge actually belongs to block number 8. 1°
transfer coefficient between the helium and the blower shaz. . s

modeled with a coolant as will be shown later., The therm:. -

B

r
o

ductivity of block 12, which contains material number 3,
relatively high (RCON3(X) = ACON3(X) = 500.) so that no v' .= : i
gradients occur across the void. This simulates the mixi:

’

to the natural circulation.

The helium bleed flow 1s represented by the coolant t. .. . 13
through 16. The coolant numbers for these blocks are 6 t: w . §,
respectively. As indicated in the coolant thermal param: the
flow rate for these coolants 1s 50 lbm/hr and the specif: : _ is
1.24 Btu/1bm°F. The heat transfer coefficients vary from
coolant to the next as indicated in Fig. H-2, and the inl:. -
perature of each coolant is set equal to the outlet temper. :u - of

the preceding coolant, except for the inlet coolant, i.e. ant

number 6.

Blocks 17 through 19 represent the steel separator pl.. - .
These blocks all contain material number 5, which has the ‘rties
of carbon steel. Block 20 simulates the insulation and c¢: 1% s

material number 4.
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The external boundary conditions are specified wi: . bluocks 21
through 24, and according to the requirements of TAC2D, the' rust be
coolant blocks. Furthermore, as external blocks, the: are ‘a fact
lines, i.e. one dimension of each block has a zero le , h. <Ccolant
numbers 1 through 5 are used for these extermal block:. S$i.ce the
boundary conditions are already partially described by :t-:nal
coolants and constant temperature material blocks, som. of :ihese
external coolants are dummies which have zero heat tr: sfer coeffi-
cient and therefore produce an adiabatic boundary cor =ior.
Exceptions are coolants 1 and 2 which apply, respecti . .y, .long
the high radial boundary and along the poftion of the b ¢i -xial
boundary between the limits v = 0 and r = 3.25 in. 7... hiz . radial
boundary is maintained constant at 680°F by specifyin: a hi.h flow
rate, a high specific heat, and a high heat transfer 2ffi ient

for coolant number 1. The constant blower shaft tem: itur  of
175°F is maintained by also giving coolant number 2 s ' ..::. low rate
and a high specific heat. Here, however, the true he  .:::ufer
coefficient between the helium enclosed in the cavit: ad t 2 blower

shaft is used.

Additional remarks are now given concerning the o osat

cards.* This listing may be examined with reference : ! instruc-

tions given in Chapter 4.

1. Six options are specified. The first CYLIi" <CAL "UOMEIRY,

is required, and the second STEADY STATE, «: s [ - the
steady state option which produces only the -:o ' srate
solution. Note that default values of the : - .. .t:te
parameters are used. The remaining options < 'al - th the

desired output.

* It is important to realize that the thermal paraw. :c- unctions
are FORTRAN statements belonging to the subroutin:: °. ATA and
FLODAT, whereas the cards following the XQT TAC2D/. . .ard are

FORTRAN data cards.
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The cards with the label B give block informati :. One or
two cards are used per block. The first card s cifies

the block boundaries, material number or nega:i. : coolant
number, and flow direction if the block contzi: s = coolant,
For example, block 13 contains coolant number - :.nd it flows
in the negative axial direction (~2.0). The s. nd card, if

required, gives gap information.

The coolant specification cards have been omictt : since

4.
the heat transfer coefficients, flow rates ani Let
temperatures of the coolants are constants. 7! {. insures
that the A ranges of the H, FLO and TIN functi. - are used.
5. No time history cards are included because ¢! : ; 2ady state
option was used. The three function control .c .. ants
- cards have also been omitted since the constu: - -ere not
’ used.
Directly following the input listing 1s the outpus . the TACZb
run for this problem._ It is complete with the except. :  :at pages
relating primarily to the computer system have been r... .. Specific

1.

items which should be noted are:

A message indicating that this TAC2D code has¢ b- 1 verified
according to General Atomic Guide Standard ¢ -3-.3 (see

Reference 9).

A page indicating the code array size and thc . = ions
selected. '

The block description giving the block dime:.. '« . the
material or coolant number, and the gap infc:.: n. Note
that the block number i1s assigned according tc 2 order

of the blocks in the data list.
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10.

11.

12.

The boundary overlay page, which aids in lc:.:- ng the

block boundaries on the output temperature urr v.
The nodal volumes, and the radial and axial : aetric
conduction factors between two neighboring ;. ' ts; that

is, the effective "A/AX" values.

The radial and axial nodal point, grid line, . 1 gapline
locations. Each of these is numbered for la- .  identifica-

tion.

The coolant specification page.

The initial temperature distribution.

A listing of the complete data input deck.

A message indicating that the steady state o»t on is being
used. The values of the steady state parame: - s are given

along with guidelines to determine the valicd: . - of the

solution,

Upper and lower temperature bounds for the sce .dy state

solution,

Temperatﬁre array printouts for the last stc .- state
iteration and for the fifth, tenth, fifteent. and
twentieth smoothing iterations. On the fina® ~empera-
ture array printout (i.e. that for the twent!: 1 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 ;. ue of the

iteration parameter.
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13.

14.

15.

16,

A printing of the residuals at each point excep: the coolant

points. Extremely high residuals (e.g. 9.9999 . ) correspond

to the constant temperature dummy material 2 » . should be
1gn6red. -

The surface temperatures at the radial and axia. raps,
coolant boundaries, or interfaces between diff: -wt
materials. For an éxternal coolant boundary, -: v the

one surface temperature is given. For internal :oolant
channels and gaps, a pair of surface temperatu:r . are

given corresponding to the temperature on each le of

h;

the coolant channel or gap. When a printed su:.

temperature coincides with the inlet or outlet ipera-
ture of a flowing coolant, its value is meanir . s and
should be ignored. Such temperatures have a 1i: . drawn .~

through them on the printout for this problem.

The heat rate (Btu/hr) and heat flux (Btu/hr-f: between
neighboring points in both the radial and axia! rections.,
A positive number indicates that the heat flo- in the
positive coordinate direction and a negative n. :r in the .
. negatlve coordinate direction. Note that at ai. atic
boundaries, the heat flow is not identically O, ¢ instead
a vefy small numbef. This results because an - tatie
boundary actually containsg an h = 1076 Btu/hr - v, A
similar situation occurs for the conduction b+« :n two
coolaht points in the direcﬁion of the coolant . .

The effective radial and axial conductivities.

effective conductivity is that a value which »*~ . the
heat flow between the two nodal points when U ¥- |
by the corresponding geometric factor and the :- 1 point

temperature difference.
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17.

The radial and axial thermal conductances. '  thermal
conductance between two points equals the «fi ccive

- . !
conductivity between these points multipli~i - the

corresponding geometric factor.
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TAC20 EXAHPLE PROBLEM INPUT CARD LISTING

- eore cepocvee

BASGax TAC2D0TFMAB =761

acory TAC208TFHAB=Tb~1¢TPFS, . .

#FREE TAC20¢TFMAB~T6~1.

A00,f «ORUM :

aH0G ,P THERMAL PARAMETER FUNCTIONS

aF OR ,¥5 MADATA/S MADATA/S JMADATA/S

=20

C THE FOLLOWING STATEMENTS DEFINE THE MATERIAL THERMAL PROPERTIES
(o MATERIAL 1 IS INCONEL

RCON] (X326 27E-38(DR-460.)+8,3
ACONJ(X)I=RCON]IIX)
MATERIAL 2 IS HELIUM AT 680 DEG.
THAT2(X)=1140, ‘
c “MATERTAL 3 IS HELIUM WITH NATURAL CIRCULATION
RCON3(X)=500,
ACONI(X)=500.
c MATERIAL 4 1S INSULATION
RCONU (X} =.05
ACONY {X32 .05
c MATERIAL S IS CARBON STEEL :
RCONS (X3231488-20739E~34 LOR-4604)~6.264E 64 (DR-460, )02
ACONS {X)ZRCONS (X

(2]

c GAP GAS 1 GIVES AN EFFECTIVE H:437
GCOK1(X)Z437.e.0001/12.
¢ GAP GAS 2 GIVES AN EFFECTIVE HI723
GCON2(X)2723.5,0001/12.
(4 GAP GAS 3 GIVES AN EFFECTIVE H=905
GCON3(X32905.4.0001/12. .
Cc GAP GAS & GIVES AN EFFECTIVE H=8S
GCONY 1X)285,4,0001/12.
IFOR NS FLODAT/S,FLODAT/S ,FLODAT/S
-20
t THE FOLLOWING STATEMENTS DEFINE THE COOLANT THERMAL PROPERTIES
C CCOLANT 3 TS FLONC Tk HIGH FADIAL BOUNDARY AND
C SIHULLTLS THE HELIUM CIRCULATOR FLOW AND BLOWER BLADES AY 630 DEG .,
FLOIA(XIZ1.F8
SPHILXIZYLEY
NlA(X)-X.[S ;
"”’.‘..‘{? . X Sl I HE BLUwLA Lea T AT 178 UEGe AND THE
c NATURAL CONVECTION HZ85
FLOZAUX)Z]1.E8
SPH2UX)Z1.EN
H2A(X)=85,
FIN2A(X)=635.
c COOLANYS 3, 4, AND S REPRESENT THE ADIASATIC BOUNDARIES
c COOLANTS 6, 7o 84 AND 9 REPRESENT THE BLEED FLOW AND
¢

ARE INTERNAL COOLANT BLOCKS 13, 14, 1S, AND 16, RESPECTIVELY
FLOGA(X)IZSO,.
SPHOLX)IZ1.28




—
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H6AIX =105,
TINGA(X)Z638,
FLOTA(X)=50,
SPHT(X)2] .24
H7A¢X)=580,.
TINTAIXIZTO6)
FLOBA (X)=50,
SPHBIX)21.24
HBA(X)2818,
TINBA(XIZTOLT)
FLO92A(X)=50.
SPHOX)Z1.24
H9ALX)Z1050,
TINSA(X)=TOt8)

STEADY-STATE TEMPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

aPREP
aMAP ¢S TAC20/7A,TAC20/ABS yTAC20/4
aPRY,T
aH DG 4P TAC20 EXAMPLE PROBLEM OUTPUT
axQvr . TAC2D/ABS

CYLINORICAL GEOMETRY

STEADY STATE

CONDUCTIVITIES

RESISTANCES

HEAT FLUXES

SURFACE TEMPERATURES
«0 58 1.16 1.75
3.25 3.375 3.75 4425
S 15 6.25 6.175 7.25
8«0 8.33 8467 9.0
0. «3125 «62S «8175
10426 1.875% 2-.125 2.250
2.37% 325 3625 .0
0. 1.75 Oe «625
Iy 1.75 625 « 575

1. .nG0d :
Ioes .18 18 Toidy
5,78 8.0 O. 1.125
«0001 3. +0001 3.
Q. 1.75 875 1,125
1«75 3.25 625 1.125
0001 2.
Oe 3.0 2125 2.375
: +0001 4.

3.0 3.25 2125 4.0
. 8.0 1.128 24125
8.0 9.0 0. 3.25
O. 3.0 2325 4.0
<0001 L

2440
4475
T«62%

14125
2376

e
2

‘e

2e

1.

l.

ls
1.
1.
3.

3.0
5.25
T.75

1.375
2.625

TITLE
BLANK
OPTION
OPTION
OPTION
OPTION
OPTION
OPTION
BLANK
RG-1
RG~2
RG-3
RG-4
BLANK
AG-1
AG-2
+6-13
BLANK
B1-1
e2-1

TR

[P
85-1
85-2
86-1
87-1
87-2
B8-1
88-2
89-~1
810-1
Bll~l
812~}
812-2

O WNLE WN -



EvT

3.28 3.375
3.25 8.0
7. 7S 8.0
8.0 9.0
3.375 3.7%
3.375 1,75
7.625 7.75
3,75 7.62%
'Oo 9.0
0. 0.
9.0 9.0
O 3.0
3'0 9’.0
INITIAL TENMP
(1] 9.0
END DATA

- 440

2425
4.0
4,0
4.0
2.3178
“.0
4.0

“.o
“.0

" 440

4.0

~be
“Te
-8
-9.
Se
S.
Se
L)
-3
-84
bt 1)
-2,
~Se

680,

b 8
2¢
2.

l.




TAC2D EXAMPLE PROBLEM OUTPUT
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TAC20, FXAMPLE PRARLENM NUTPIT .

*TAC2DaY
«TAL2NeYA

2TACPNATAL Sl e
*TAC2NeTAC2D
*TALC2NeTAC 2D
*TAC2DeTAN 2D
ATAC2NaTAC2D A
*TAC2DaTEC2Ne
*TAC2NeTAC 2D
«TAC2UeTAL2N
*TAC2NeTAC 2N
2TAC2NaTAC 2D
tTAC2NsTACDS
2#TaC2NeTACPN
*TACPNaTAC2D
eTAC2NnTAL N
*TAC2DeTAC2N
*TAC2N*TACOD
eTAC2NeT4LPNs
*TACSDLTAC20
*TACPDaT AN
*TAC2DaTAC2ZN®
*TAC2)aTLL2D A
«TAC2NeTACPN A
*YLCR2NeTAC2D
*#TACSDATAL2N
PTACDeTLC DY
*TAC20eTLC2ODN
xTAC2NeTAC2Ne
«TAC2DeTAC PN
114C30a75r29n
ARNEPLEE Nl

DR AT RN o

TR

PRI VIR IV

7AC?007AC29¢TACZOOT‘C?ntTAC?D-TACQRtTACQD.TACZ“-TA

tTACED-TACRO-VAceh-YACPP-YACZDtTAC?D:!AC?D.TAcan.rac

QYACZDQYACZD.TACEQQYACQDQYACZH.TAC?D-!At?bn?ACZD'TACZD-TACEhtTdCZD'
tTAczﬂtTAf?nﬁTACEUtTACEDOYACeotYAC?”ﬂTAcantTACED-TAcznnYACQDtYAcann
'7‘C?n‘7°C20'7ﬂC20'7AC?D#TACBD'thaotYAczﬂtYACZGiYACQQuYAcanittc?ha
tYACZD'TAF?DhTACannrAc20-1»canarAc?n-TAC?"*TAcznoTAcan-rAcenarAcan-
$TAC2Ds TACANATACANTACDATACDTACNTACINaTACDSTAC2NATACENRTACIN "
'7‘C£D-TAt2“-TACZD.YACZDQTACEOtTACBDtYACZD.TACZD'YAceo.YAcen.rAcap.

T E o

- R VS Y R

. ‘e

TARRREN hAaw "enre RREAN  ARsenn RREBN MARAR & A Pane
[ 3 ] " * - . n * » - * [ ] AR *R N *
* » o . 2  eae » N N T »
. RANGERe @ ThaRe & * wew . YT L TR TP PP
* » . . » T " » . . 2 *
. * . e . e N " N » * 8 *
* * A O RREEE eNEEARE ANPNAR N . * * e »

THIS COPE IS A4 VERIFIED PRODUCTION VERSIOGN HF A Twn FIMENSTILVAL
THERMAL ANALYSIS CODE, TAC2D, THE APPLICAKLE DECoNEATAT]ON Ise
1, BDOMNSTRA,R M, Tagen, & GENERAL PURPOSE Tw(j=DT"1Et e
SHONAL MFAT TRANSFER COCE 11SERS MAve
UAL, Gbe~B1un32, JuLy 1S, 1976,
TAC20D, & GENFRAL PURPOSE .., LONE,
MATHFMATICAL FORMULATIONS AND Pdi)w
GRAMMERS GHIDE, Gam9262, SEPT, 1959,
THE TaC2n CuNE, VFRSTUN TEMANMC 75ei
PART C: CODE VERIFICATIUON A%D HENCH
HMaRK PRNOALEMS, RA=-A13415, JUNE, 1978,

2, PETERSIN,J, F,

3. MOREUS, S, o nILLIAMNS, K,

THIS CONE VFRSINY HES BEEN AVATLARLF SINCF 6eT7a7h, 1T IS Tt

RECO“EMNED VEKTFTEDN VERSIN AND COMTAINS Twi) SUHVERST(1IS, B.iTH
APE STHRED UMDER THE »SINGLE ALF& ANAMP OIF TACZ2N*TFMAH/Thel, ALFA
REFECENCE MO, THSD 196p, THE TREM ARPANCH 18 THE CUODE CUSTONTI AN,

THE ©'QF& SWALL MNTE THAT ACCESS HAS KEE- ALLOWEN T ONLY TwF
SIARIIITINE MANATA/S, FLADAT/S, AND CHSTNv/S, ACCESS T!) HADATA

AMO FLONAT TS UMLY FOR PURPNSES 1 TUPTING MATERTAL AMD CuldLANT
CoTa, BCCFSS Y0 CUSTUY IS FOW THE ENEPOSt OF PROCESSING UR
BT AR SR T ST SRS LaPARILITIES 0F Teg cang

Sty TR Yok TICAD 1SR D 1Y TNGRE
P IS Jiin e or oot P DNRNNS,
a1 Al T Thes FRNC EXECUTTIUN
s 1 PLEIRIEY S PROPER SAGE
T VERTY Siv AF TaCey . 1S
A L A LD £ V) S nt S RV

TERIALN NI AT TG Thb

Sy e
AR B

PO owHAJCH YOI DESIRE

Tal 2Tl PAARYS NN ol R I IV -t

LATE 071576

RARNN
®
*

tRRAN

-
®

PAGE

BC2DeTAC2NATAL2D.TAC2DATLC2DATAC2N#TAC2D e TAC2NTACD
7Acpngrnc?n.racgn.1AcanaracznarAczo.facanatncannvAczot
TACCDATAC204TAC2DATAC2OATAC2DeTACNsTAC2D&TAC2NaTAC20
TACANATACED s TAN2P« TACINATAC2NATAC202TAC2N*TAC2N4TAC2D
TACRDwTAC2DaTACN®TAL2DNTAC2D4TAC2NDTACDSTAC204TAC204
rAceontncenarAcznarAcen-tAczoatacao.taczn-rArenarAc20-
TAC2D&TAC2D#TACZD*TAC2NaTAL2N2TAC2D«TAC2NATACINeTAL DA
TAC20+TAC2D4TACCNaTAC2DATAC2NTAC2NRTAC2D#TAL2DSTAC 20

2TAL2NDaTAC 2N
*TACZNaTAC2De
s TAC2PeTAL NS
«TAC20eTAC2DS
2T8C20xTAC2D
«TACCD2TAC U
2TAC2NeT2C20
#TAC20eT2C200
«Ta4C2NaTALP0
2T4lC2NeT 80200
*TACeDeTACRD®
*TaC2DeTAC 20
w«TACONTAL 2D
2TLC20aTAC2D
eTAC2DaTAC20
«TACZDTAC2D
*[ACCDATAC2D 2
2TACPHaYAC D
*TAC2NaTAaC 2D
«T4C20TAC2D
eTAC2NaTAL2DA
2aTAC2DaTAC 2D
eTAC2NeTAC2D
*TAC2D&TAC2D
2T2C2NaTaC20n
«TACENeTACVUNS
«TAC2NeTAC 2D
2 TAC2D2TAC20n
CTAC20eTAC2UW
2TaC2NeT A0
ﬂTAC60-1:cen-
2180200128200
2T 0N T a0 PN
*»TaCnel e 2D
#TAC20T2C 2D

Talde ~iai 2la
2 TAC2ueTal fun
2TACOMeTar 20
ATAC2UaT ML)
ATAC2DeTAC2 D
«TaC20eTAC20VR

)7ff?”*YifEf-Tif?@-YAC?nnTACEH-fACZDaTACZDQYACZD-YAC?P-TA(ZD.YAC?O:TACZD-
'TAC?“'YCC?”’7A(E“'TAfa”ﬂT6r20ﬁ1ACE“OTACZQGTACZ“OTACEU*TACZD'TAC£0‘1AC20t

'7‘CP”"ACPD'T‘C?“*Y‘CE“'T"é”'Tﬂé?“*TACBW-TAC?“-TACJU*TACQD-IAranaIAceu-tAc»navacpoatAcen.YAcana1Ac¢n-1Ac;n-1acen.rAcgo.

ATACR aTAC 2N« TAC2D R TAC2DaTAC2D & TAC2DRTAL2D

ﬂTAfZDtYACRHQTACZﬁ:TAfZOqTACZDtYACZH-TACZD'TACZDﬂVACZOOTACZG

aTACONHTAC2UNTAC D

tYACZD.TAC2“:1AC&h.T&CZD'TAC?nﬂTACQO*TAC?D-YACBntTACQDtTAC?”tTACEDnTACZDnTACZOQTACZDQ?ACZDQYACBDQTACZD'TGCZHtTﬁCZDOTACZDQ

*TAC2NATAC2NaTAC2D e TACONATAC2N*TLC2NATAC2DaTALPNaYA

C20eaTACPNATAC2N#TAC20#TAC2NWTACIN#TALINAaTACDTAC2D

CTAC2DNeTAL2DaTAC 20

-YAcah-TAC?ﬂ'TAC?D'TAC?O'TAC?"'7AC?O*TACEO:TACEOtTAczotTAcen-TacaD-TAcan-TAC?D'TACZOﬁTACeotfhcen'TACZDtYACEU-TACZD-TAcaoa
-YACZD-TACZDntAceo-rnczn-TAcena?AczotraczonTAceoartceonTAczo-TAcao-YAc20¢tnczoaTAcznarnceo-YAcao-TAczoarnczo-TACZO-TAczoa
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TAC2D EXAMPLE PROBLEM NUTPUY

DATE 671576 PAGE

TAC20 COOEL PRANOUCTION VERSION

1n Jo ') “Q 164
RADTAL =X AXIAL=Y=THETA MAX NO, OF MAX NF MAX NO, OF
POINTS POINTS CUOLANTS 10,40 RADIAL X

‘ GAP LINES
40 ns - 15 as. 34

STEANY=STATE TEMPFRATURE IN A HELIUM CIRCULATOR BLOWER DISC
(WARN TIME IS SET AT 20 SFCONDS)

OPTIONS. .
. CYLINDRICAL GHUMETRY

STEADY STATE

CNNMPUCTIVITIES

RESISTANCES

HEAT FLUXFS

SURFACE TEMPERATULRES

THIS IS A SHORT IMPUT RUN SETUP,
USE A LONG INPUT QOPTION CARD FOR A REGULAR RUN SETUP

J6a L
®wAX NN, OF mMAX MO, OF
AXIAL=YeTHETA MATL -8 COOL
GAPLINES BLOCKS
34 150
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ucao"‘ag'nenmen OUTPUT o ’ .-
STEADYeSTATE TEMPERATURE IN 3

LIUM CIRCULATOR BLOWER D1ISC

BLOCK
NUMBER

OP®NONIEWUN -

LOW RADIAL
C(INCHES)

«0000
N000
1,750n
3,2590
$.,7500
<0000
1.7500
0000
J.unnn
L0600
8,00un
JOOUN
3,2500
3.2500
7.7500
8,0000
3.375¢
3,37%0
T.6250
3.,7500
0000
L0n0o
9,0000
000N
31,0000

HIGH RADTAL
(INCHESY

1.7590
1.750n
3,2530
S5.7500
B ,0000
1.7500
3.2500
3. 00040
3.25"'}
¥, 0000
Q00600
3.nan00
3,3750
8-')”(’0
88,0000
3,0900
3.7500
7.75u0
7,7500
7.6250
9,0000

9000
9,.,000¢0
3.0000
9,000¢C

BOUNDARIES

LO» aXxXlaL
(INCHES)

20000
<6250
0000
JUnnp
LT
L8750
«$250
2,1250
22,1250
1.,1050
JOU0N
2.3750
2.,72500
2.1250
2,2500
3,2500
2.37%60
2.P580
2,575¢
2, 3750
<0000
0000
0000
4,0000
L,0000

BLOCK

*

DESCRIPTION

HIGH axTat
(1HCHES)

5250
«R750
<6250
t,1250
1,125
1,1250
1.1250
2,375¢0
a,0n000
2,17280
3,2509
4,0000
“.0000
2025'\)0
§,0000
d,0n00
LoONi0
2453750
4,0090
4,000n
0000
4,0000
4,0000
4,0000
4,0000

MATERIAL

PR X R VAL VRV VY V)

DAYTE 071576

. *

. L] L] G‘ps

RADIAL MATERIAL
CINCHES)

0001 1

<0001 3
«0001 2
Q001 4

AXTAL
CINCHES)

+0V0}

00018

20001

PAGE

MATERIAL

3 1
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TAC2D EXAMPLE PRPALEM QUTPUT DATE 071576 PAGE

STEADY=STATE TEMPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

BOUNDARY DNVERLAY
& WHFRE COOLANTS ARE PRESENT

" NHERE GAPS ARE PRESENT
o AWHERE GAPS OR COOLANTS NOT PRESENT

THE RADIAL(1) GRID LINFS ARE HORIZONTAL
THE AXTAL (J) GRID LINES ARE VERTICAL

.Q.ﬁ.'iﬂ*'ﬁﬁ.iit!'tiﬁ'lit'l’tﬁ&!tttt.t‘ﬁ*it.ttﬁiﬁ*.Qﬁﬁtt’ﬁttﬂQ".t.*‘ﬁﬂ...".l".*'t.."Q.QQ"Q".”'Q"..Q

’ S s o P fun b
ERNWUENE NP OO~ N ENG

* 12M ® M 13Cx 17M, 20M o 19M# 15Cw 10oC »
* " * n . . . ARRRRRRAAARARRNGR
. . " * « . . * *» ttM *
* " * . . ’ . * * ) .
AfNRARNANRENAARIRHAENAANOR NN - " * . *
PP P 8 0009000008000 000 000000008000 0000080900080 00008¢0¢00
*  AM . ARERACRRRR A AR AN ARRRARAAANRNARNE AR AN AR R AN AR AN N A AINRN AR RRRSIARRRN L]
® 0 es 0080008000000 00000000000 s RN RERANRRARRRRARRARARNONRARRRAAR ARSI ARANANSRERERAIRNANIRONRAR ®
r 10 : . .
1] . L]
% . .
S D ‘n ’ ! ’ AU RN AN AR IR EARABNNOERNNN "
....'....' ."..I......".... P800 P EDPLANSIOOITERNIVOSIPORIOGTSEY
PR R UL Hoew 7” o M . 5” " »
. ' n .
0080000008000 LA AR RN NNENNEN SN L) "
* . M . . .
AR RN A S AN AR AR AR R AR R R R KA AR R A R AR AR F AR AR I R AR R R R AR R AR S R A AR AR NI AR AR AN A RS 2R A AR R R AR R RN E NN R PR A RO AR NS AN RN NN

t 2 3 & S & 7 8 9 10 13 12 13 (4 15 186 17 18 19 20 21 22




6%1

TAC20, EXAMPLE PROBLEM GUTPUT

. i B e B b
= NHENG YO OO =SB NE N

17
16
1s
14
13

0,7000
00,0000
0, 0N00
0,0000
00,0000
0,0000
0,0000
0,0000
0,0000
00,0000
0,6000
0,0000
Gc.0000
0,0000
0,000%0
C.0000
0,0n00

1

0,0000

3. 068003
3,1580=03
3,GR80a0 ]}
2,065%203
2,9453=-173
[N B

0,0000

3,94Nne0}
3,9400«03
3,9U06an3
2.7?71=03
2,06271=03
1,313503

n.,0000n

2+2935e04
2,29 35«0y
2,29%Cend
1,52%1-04
1.529na04
763808
T.bud9a0S
1,8?72vtenu
1.92Maenl
1.57%0<04
15290y
1.5290«04
1.,92RUeGU
1.9112-04
1.9112«04
00,0000

2

0,0nu0

3. 4089201
1,4089an0%
3.uqﬂq.h3
2.7724a03
2.2726<03

e ~ Y
. ‘e Y

Q0000

3.,975%eN3
3.975%=03
3,9755.93
2.05')3.03
2.651303
1.3252e03

0,0000

6,R8nU=04
6,8304«04
o.ﬂBQu-pu
4,5R7004
4,547ne04
2.,291604
2./913504
4,587ne04
6,5870.04
4,5870«04
4,5RTneny
4,S870-04
4,5A51~04
S.,7337=04
5.7337en4
0.,0000

3

0,099

3,7097=03
3,7497-03
3,7497-03
2.,19%R403
2.599man1

Jnvolnny

00,0000
00,0000
0,000
00,0000
0,0000
0.0000
0.,0000

STEADYeSTAYE TEMPERATURF !N.

NOOE  VOLUMES

P

(FTae3)

TME RADIAL(I) DIRFCTION 1S HORIZONTAL

THE AXTAL (J) DIRECTION IS VERTICAL

00,0000

1,1705=03
1,17¢5=03
1,170%03
7.hN368a04
T.8035«04
3,R9R 704
3.901R<04
7.,803%04
7.8035«04
7.2035«04
7.,K035«04
7.“035‘0“
7.7908R=04
9,7548e0l
9,754U<04
0,cQ00

4

0,000

4, 1090803
u.nOHb.nx
4,00 1heny
2.7771an}
2.7271-03
[

0.,000n0

1.839103
1,R391«03
1,8391«03
1,82n01«03
1.2741«03
b5,12%u=04¢
b-‘}O‘OOQ
1,2201e0)
1,226103
1.2261=03
1.226103
1.2263«03
1.2261=03
1,5326203
1.53?‘9-03
0,000n0

5

H.000

4,8315-03
4,4318aN03
4,u81%a03
2.9%43-n3
2.9543%.n12
‘.,'.772.0}

15

00,0000

2.20RS=(3
2.2UB5=03
2,2(85-03
1,4724«03%

. ‘.07200(‘3

T7.3572«014
T.363104
1,0726=03
1,472bw03
1.4726-03
1,4726=03
1.,u726=03
1,4726=03
1,A008a03
1.5“09-03
00,0000

6

N,0000

G4,772U=03
4,7724=03
u,772u=-03y
J,181h=03
L,1R16an]
1.5%n6.01
1.S9C0kR-03
IoiF -0y

L S

0,0000

1,0653=03
1,0653=03
1,0653e03
7.101Re04
T101Ranl
3.9%09=04
3.,9999enu
T 1018e0U
T,1018«0u
7.1018=04
7.1018{0“
7.0988=04
7.,094B=Q4
8,8772«04
8,8772«~04
0,0000

7

0,0000

3,8030=03
3,8030=03
3, 603003
2.5353-13
2.535%.03
1.2577-03%
1.akR7T7-03
2535800

IERSR N

Co o ina-nd
R N R

3.‘0""2'5"

DATE 071576

LIUM CIRCULATDR BLOWER DISC

0,000

S.04%9«0U
S.OUSQ'OU
S,buS59=04
3.,7639<-04

- 3,7639=04

1,882(i«04
1., 862004
3,7639-04
3,7639=04
3. 73904
$.7h 3%y
J.7639=04
3,76589=04
4,7049=-04
4,7049«04
0.0000

8

0,000

1,58103=03
1,3103=-03
1.3103«03
8,7352«04
8,73%52«04
H,3kh16-0u
4, 50T 6=0U
Ay 3s2-0¢
O R ]

B.7357-0¢
[N B B AN Y]

18

0,0000

1,8216=03
1,8216-03
1,8216-03
1,21dUa03
1,2144=0%
6,0720e04
t,0720=04
1,2144e03
1,214Ua03
1-21““'03
1,2144=03
1.014U=03
1,2144=03
1,5180«03
1.5180=03
0,0000

9

0L, 0N00

2,674dS=03
2,hRIUSe0}
2,68U%«04
1.789603
1.7HQh.U3
K,9uR2a0u
B,04kR2«Ny
1,7R896+03
tLTr90 -0
1.7596a03
VLTRR2L0

s

PAGE

0,0000
2,7271-03
2.,7271=03
2,7271-03
1,8161=03
1,8181an3
9.0903-00
9.,0903=04
1,8181=04%
1.,8181=03
14818103
1,8181-03
1,8181«03
1,8181=03
2,2726<03
2,2726=03
0,0000

10

0,0000
3.6740«03
3,6740-03
3,5740«903%
2oUU93-03%
2.Ul93203
’u?ZU7'03
1.2247=07%
2L UG L0
p.tus oy
2.,449303
DLttt
IRUER

3
3,0617-03

<0

%




0stT

=W ENTN®OO0

TAC2D FXAMPLE PRNALEM QUTPUT

1,3135-03
2,6271en3
2,6271e03
2.027103
2.6271=03
2.5271203
2.6271=03
. 3.2839«03
3,283903
0,0000

21

1.3252-03
2.,6503a03
2.,0503e03
2.”503.&3
2.6503«03
2.,6503«03
2.,6503«03
3.3129=03
3.3129=03

0,0000

22

0,0000
0,0000
0,0000
0,0000
00,0000
0,0000
0,0000
0.,0000
00,0000
0,0000

23

DATE 071570

PAGE

6




16T

nczo"w.m.e ‘PRNRLE™ QUTPUT - ‘ .
STEADYeSTATE TEMPERATURE IN

- b et s ol mp bbb
P RNWHENTG YD OO = NWENDG

17
16
15
14
13
12
1t

RADIAL GEOMETRY

0,0000

1,910902
|.°10°-02
l.°10°-02
1.27une0?
1,27uN0=0Q
§,3047403
0,3In%R=0}
1,2700-02
1,27U40=02
je27U0mn2
1,274dNan?
1.2790«02
1,2734=02
1,592u=n2
1,5924=02
0,0000

0,0000

1.86%4¢00

1_ukgr‘ﬂﬂ
N . }',. A

P

it

0,0n00

§,0794400
5,0796000
S,9796¢00
3,3004e00
3, 3484400
1,6932400

N,n00N0

1,7373a01
1.7A7 3«0}
t,7R73any
101915‘01
1,1918=01
$,3% 2802
5,.%%7nan?
1.191%<91
1,1915=01
1.191S=01
1,191S=01
1,1915«01
1,1910=01
1,0AhQUe01
1,4R90an1
0,0000

2

0n.,0n00
2.ihptenn
2R ent:
2.nrntenn
!

LI ST

12

0,0000

1,0612¢01
1.0612+401
1,0612¢01
T,0744e00
7.0744400
3.5372¢00

FACTOR

0,0000

3,8180008
3., 2180-014
3., 814n=n1
2,5uSneny
2.5d$ﬂ-01
1.2717=01
1,2727=01
2.54%de0]
2.5U54e(
2.3”(0-01
2.5u%de0]
2,5454-01
2,54u3ey1
3,1817=01
I R 7=04
000060

3

n,anon

2.2%0KRe0N

2. 2Shnenn
J8AAEND

. I I e 4

13

V000D
0.0000
0,0000
0.0000
0,0000
0,0000
0,0000

- -

CHEAT FLOW AREA/RADTAL DISTANCFE)

DATE 071576

LIUM CIRCULATOR BLOKER DISC

BETHEEN

POINTS

THE RADTAL(I) OIRECTION IS HORIZONTAL

THE AXTAL (J)

0,06000

$.,5317-01
5,5217-01%
S.5317=-01%
J.nR7Be(y
3,6FR7R«NY
1,84240a01
1 ,Ru39a01
3.687Ra01
3, AHTRSOY
J.0R7R<0
3. n87He0
3,0H87R«01
3,0871a0}

1,6097=01

0'0097-(“
0,0000

/]

0, n0nn
2.,483%1+00
PR S I |
2,053 00
1

{4

0,0000

7.,4575«01
7.857%«n1
7.457%«01
0,9717=01
4,9717=-01
2.,4%339401
2,URSRa01
4,971701
U, 971704
4,9717=-01
4,9717=01
4,9717«0}
4,9717-01
6.?1“6-01
6,2146«01
00,0000

5

n,no00

2. hu95+0D
2.6495¢0)9
. 6495¢0n
1,768 8600

et

1S

DIRECTION IS VERTICAL

0,0000

1,3432¢00
1.3432400
1.3432+00
8,9546-01
8,95Uh=01
4, ,4748eny
4, u773e0]
R, 490601
B,9%46=01
8,95uh=01
B,9546=01
R,9544=01
R.QSUQ-Q[
1.1193+00
1,1193«00
0,0000

&

0,0000

3,23R8400
1,23RR400
1,73AReN00
tER24NN

Tt oAan

R

y

0.,0000

3,3697400
3,2697400
3,36597400
2.20165400
2,2U65400
{.1232400
1,1232¢00
242405400
2,2U4b65400
2.2UnS+0Y
2. 24A5400
2.24685400
2.,2U65+00
2. 8UHL400
2.R081+00
00,0000

7

0,0000
5.9390400
5.93%0+190
5.73904n¢
3.5%Q1:00

i

CLon7e

(1,3) AaND

0.u000

2,5986400
2.098h400
2s098K¢0Y
17991400
1,7991e0¢0
5,7954a01
8,9954=01
147993400
1.799t+00
17991200
1,7931+00
1,7941400
1,7991400
2.,26b09400
2,2489¢00
00,0000

8

Oe0ung

H,1UR1+00
d,1d01¢00
B,1u%1400
S,ul21e00
S

7

(I+3,3)

00,0000

1,6951+00
1,6951400
1,6951409
1,1301400
1,130100
5,h504a0]
5,b504e0]
1,1301e00
1.,1301400
1.1301+00
1.1301400
1.,1301+00
1,1301400
1.4126400
1,4126400
N,0000

9

e 0000
$,U429%¢00
5,u295400
5,4295400
T.A19740y
~1C7.400N

P‘Gé' 7 .
»

(F7)

0,0000

1,6670400
‘06670000
140670¢00
felllldegy
1,1114+00
$.5568«01
S.Sgbﬂcox
1.11106400
1.1114+00
1e13162400
1,1114+00
1.1114+00
1,1114+00
1,3F892400
1,3892+00
0,0000

10
00000

4,8832400
u,88342¢00

U, BB32400 "

3.25%5‘00
AR

LN, 0

1eed? 720U
AT R ]
BER NI
=5+00
“he 00

1




TACID EXAMPLE PRAKLEM ALTPIT

1,6932400
3:3“0“000
3.3R64400
33864400
3,3R64400

3,3R04¢00
4,2330400
4,2330400
0,0000

21

[ORVTWP ST ¥ VR -2

(A"

3.3364400"

3,5372400

7,0734e00 -

7.074ue0¢
7.07"“000
7.0744400
7.0744400
T.0Taks00
8, 8429400
8,8u29+00
0,0000

2

o,coo0
0,000
0,0000™
0,0000
00,0000
00000
0,0000
0,000
0,0000
0,0000

23

DATE 071576

PAGE 8.




1391

TACL2D ,EXAMPLE PROASLEM QUTPUT

W ENT RO

17
16
15
14
13
12
11

AXIAL GEOMETRY

0, 0000
0,000
0,0009
G, CN00
0,700y
0,000
G,0000
N, 0600
0, ,NN09
o'unuo
(UML)
0.N0GH
00,0000
0.0000
0,5000
0,u0n0
G009

1

0, 0nnNN

6,2R232+¢00
J,1810¢00
3, 1416400
3,7¢99400
4,7124400
©,2%424NQ
q'la?;%'ﬂo
n.,2832+000
4,7124+09)
4, 712ue00
4, 7129400
4,.7124e¢00
4,7124¢00
4,1R8A400Q
3,7639¢090
T.539R¢n00

1

60,0000

8,6714¢00
4,53%2¢00
4,0352¢00
4,8423¢00
6,052R+00
8,0704¢00

0., NNN0nN

U,6970e)}
2.3085«01
2,388%=n1
2, R1HPant
3,5223-n1
§,6970«01
T.,0856-n4
u.b°7').01
3,822%a00
3,5?;8-01
1.5022R«ny
3.5228-01
3,952°7R=n1
3,1310a01
2., 81K2«01
S.6368e01

2

0.0000

6,9813+00
3, u"0T+n0
3, 4907400
4, 198RenN
5.2%3nN4e00n
5,971 3¢00
1,08724m1
6,9513+00
S.,2360400
S.2360400
S.2%60400
S.2360400
S.23n%¢00
4,6542400
“.1“““000
8.3776400

1°

0,0000

B,1018400
4,0709¢00
4,0709¢n0
4,8851400
6,1063+00
8,1418¢00

FACTOR

G n00N

1.4091400
7.04%0=01
7.0UGReD
8,4507«nt
1.,056R¢00
18073400
2.1137+00
] ,A4091400
1,0S65400
1,0508+400
1.050Ren)
1050”400
1.0S0R+00
9,.,3%uleny
8,45a7=01
1,6929¢00)

3

J,Nnpn

T7.6798+00

3. 5227400
3.R397+400
4, hn77400
S.7596+0y
7.,0795409
1,151% 01
7679520
5.7%94A+00
5.759%6+09
S,759h+00
5.759b+00
S, 759K400
S.1196400
4, 6077400
9.2154400

13

0,0600
0,N000
0, 0000
O,unnn
0,0000
046000
00000

(KEAT FLOwW AREA/ZAXTAL

< -

STEADY=STAPE TEMPERATURE IN ._

NISTANCE)

DATE 0715876

TUM CIRCULATOR BLOWER 01SC

HETWEEN POINTS

THE RADIAL(TI) DIRFCTINN I8 MORIZNNTAL

THE axIaL (J) DIRECTION 1S VERTICAL

0,0n00

2,397%:+0¢
1,198h¢00
1.,194n400
1,83283600
1,797%+00
23373409
3,.59%94+00
2.397%+00
1.7979+00
1,79794 00
179794090
1.7979¢00
1,7/978400
1,5780+00
1,4384¢00
2.8THT400

4

f,000N

B,X776s00
4,188R+00
d, 1Rl L00
S.0Phben0
6,PH32+00
E,3770e00
1.25486e0)
H,a3270400
6,2832+40¢
6,702+ 00
b,2H32400
6,27532+00
6.,2H32¢+00
5.5851+00
S,02864+00

1.0083¢01

14

0.4000

3.764U400
1.8R832400
1,#852+00
2,259Q.0n
2.,RPdR.00
3,7688400
S,6498+00
3, 7660400
2, RPURs0
?,R248404
2,024Re00
2.824R40¢
2.H2URs 00
2.5110¢00
2,2599+00
4,5197+00

S

0,0900

Q. 0757+00
4,537%¢00n
4,93794+00
S.,048%0400

"6, ROBReny

9,07574+00
1.36104n7
9,n757+0¢
b.““b“’OO
6,806R400
b HubHey D
0., 306Be00
6, 8068¢n00
60,08085400
Se4854+00
1.,0891¢01

15

06,0000

4,5231400
2.2015400
2.,7615+00
2.71384+00
3.3923+09
4,5233+00
b,7R59+00
4,%9239+00
3.3929+00
3.3929¢00
3.392900
3,3929+00
3,3929+00
3,0159400
2. 7143400
S.4287+00

(]

G 0000

9,7739+00
4,8R:9400
4, FRL%en0
S5,K643400
73304400
9,7739400
t,46h1401
9.7739+00
7,330440D
T,33044ny
T.3304400
T.3304e00
T.3304¢00
6,5159+00
S.86d3e00
1,1729¢01

16

0.0000

2.1817+00
1.0908¢00
1.090R400
163097400
16352401
2.1R317+00
3.2725¢00
2.1317400
1.,0302¢00
1.6362¢90
1.6362¢00
1.5359400
1,6356200
1,85U2400
1.,3090+00
26180409

7

D,N0NO

T.7BH6400
3,890 3+09
3,R943+00
Y4,07%1400
S,Rd1bL+00
71.7886+04
11683401
7.7848¢00
S.RUl4en
S.,8U1deny
S, RUldenD
5,8u414+00
S.,8414+00
§5,1924+00
4,6731¢00
943463400

17

(1,J) AND

[V A

1,1563400
S5.7814.01
S, 7”1 4=01
5,9377=01
8,6721-01
1.1%03¢00
1,7304400
1.15903+00
8,6721=0}
8,721=01
B,AT21=01
B,6721=01
B8,6721+01
7.7086=01
6,9377=01
1, 5875400

8

g, n0Ne¢

2.6R35400
1, 34870¢
1,8817«000
1e6101400
2,0126400
2.,6n3540¢
4,u2524+00
2.nE 85400
2.1 27h¢00
2.0126400
2.0126400
et 26400
2.0120400
17890400
1.6101400
3.2201+00

18

(1,J+1)

09,0000

3,7307400
1.86%3+40Q
1.,R653¢00
22,2384 00
2., 79”000
3.7307+00
5.5%9860¢00y
3,7307400
2.7980000
2.7920400
2,T9R0+ Q0
2,7940+400
2.79%0+00
2L,URTI+0V
2,23R4400
44768400

9

0,0000

5,4974400
2,71489400
2,741%400
3,2987+000
4,123%u+0y
S,u97d400
@,?ﬂ07000
5,u978400
4,123600
4,1234400
4,1234400
“.1229900
4,1217+400
3.0037¢00
3,2973+00
6,5947+00

19

PAGE .

(F1)

0.0000

5,5851400
2,7925+00
2,7925400
3,3510400
4,18884+00
5.5h51¢09
B,3776900
5.5R%1400
4d,180H400
4, 1688400
4,18ERe010
d4,1688¢00
Ka1REBe0OO
3.7234400

'3,3510400

647021400
10

0.0000

7.5?”3’()0
3.7622¢00
3.76022400
U,51u6400
Seh33e09
71.5243¢00
"3287001
TeS2ub40n
5.6433+00
5,6433+00
5.6433400
5,083340¢
S5.64353¢00
5,0162¢00
He51ube00
9,0292+00

20

9.




A

- NHEVNIOND 0O

TAC2D FXAMPLE PRIMLEM NUTPUT

1.,2106e01
B,0704¢00
6,0528400
6,052R+00
6,0528¢00
6,0528+90
6,052R+00
S.3803+00
4,8423400
Q.,6R4%400

21

1.,2213¢0%

A, 1818400

6,1063+400
6,1063400
6,1083e00
5,1063400
6.,1003400
5,4278+00
4,hR51400
9.7701+400

22

040000
0.0000
0,0000
0,0000
0,0000
04,0000
0,0000
0.0000
0,0000
0,0000

23

DATE 071576

PAGE

10




6s1

A

uczo“me, PRNBLEM NUTPUT

SEQUENCE
NUMBER

1
2
3

&=

© ® ~N ©o o\

11
12
13
14
15
16
17
18
19
20
21
22
23

N & W N

o ® ~«w o

11
12
13
14
15
16
17
18
19
20
21
22

STEADY=STATE TEMPERATURE xn.e

RADTAL BOUNNARY ASSTIGNMENTS

POINT
LOCATINN
(THCHES)
L,00001
229000
87000
1,45590
2.07500
2.70000
3.12500
3,31250
3,56250
4,00000
4,50000
§.00000
5,50000
6,00000
6.50000
7.00000n
7.43750
768750
7.R7500
8,16500
8,50000
8,63500

9,00000

GRID LINE

LOCATION

(INCHES)
.00001
458000
1,16000
1,75000
2,40900
3,00000
3,25000
3,37500
3.75900
4,25000
4,7500n0
5,25000
5,75000
6,25000
6,75000
7.25000
7.02500
7.75000
R.00000
8,33000
8,67000

9.,00000

BOUNDARY NUMBER AT

A MATERTAL INTERFACE

A CONLANT DR a GaAP
1

10

-

SEQUENCE
NUMBER

1

e
3

19
11
12
i3

14,

1S
16

17

v

& w N

o ~N o owv

10
11
12
13
14
15
16

DATE n7{S7e
LIUM CIRCULATOR BLUWER DISC

‘nc'e.u .

AXTAL BUUNDARY &SSIGNMENTS

PUINT
LOCATION
(IMCHES)

.000uq
«15025
JU6875
L 15000

1.00000

1.,25000

1,50000

1.,75000

2,00000

2.18750

2.31250

2.,50000

2,75000

3.06250

3,437%0

3.81250

4,00000

GRID LINE
LOCATINN
CINCHES)
sU0000
0 41250
62500
«87%00
1.12500
137500
1.62500
1.87500
2.12500
2.25000
2.37500
2,62500
2.87500
3,25000
3.62500

4,00000

BOUNDARY NUMBER AY
A MATERIAL INTERFaCE
A CODLANT OR A GaAP




ll'll"""

961

TAC2D EXAMPLE PRNALEM QUTPUT

STEADY~STATE TEMPERATURE IN A HELIUM

CODLANT SPECIFICATIONS

SPECIFICATIONS FIOR CONLANT

THE CNOLANY I8 FLOWING IN THE PNSITIVE AXIAL DIRECTION

THE wEYNDLDS NUMKER LIMITS ARfE 0,0000 1,0000+20 1,0000¢20
~“0 STEP CHaANGES IN FLOA

NN STEP CHANGES IN INLEY TEMPERATURE

SPECIFICATIING FOR CONLANT 2

THFE CNNLANT IS FLOWING It THE PNSITIVE RANIAL DIRECTIOWN

THE REYMILLOS NUMRER LIMITS ARE 00000 1,0000420 1.0000¢20
1N STEP CHaNMGES N FLOA

N0 STEP CHANGES IN INLET TEMPERATIRE

SPECIFICATINUS FOOR COOLANY 3

THE CONLANT IS FLOKING IN THRE POSITIVE RADIAL DJRECTION

THE REYNOLDS NUMRER (IM]ITS ARQE 0,0000 1.0000420 1,0000420
N} STEP CHANGES IM FLOA -

NO STEP CHANGES IN TNLET TEMPERATURE

SPECIFICATINNS FOR CONLANT 4 b

THE CNOLAMT 18 FLNWING IM THE PNSITIVE AXTAL ODIRECTION

THE RFYMOLNS NUMHER LIMITS 4RE 0,0000 1,0000+420 1,0000420
NN STEP CHANGES [N FLNw

N} STEP CHAMGES IN TMLET TEVPERATURE

SPECIFICATINNS FUR CNOLANY  §
THE COTILAMT IS FLOXTING TN THE PNSTTIVE RaNJAL OIRECTION
THE REYSOLDS NUMAER LIM]TS ARE 0,0000 1,0000420 1.0000¢20

N STFP CmANGES IN FLMw
NN STEP CHAMGES IN TWLET TEMPERATURF

SPECIFICATINNS FOR CONLANTY 6

TME CANLANT IS FLAWING IN THE NEGATIVE AXTAL ODIRECTION
THE REY S NUVRER LIYITS ARE 0.,0600 . 1,0000+20 000420
NO STEP NGES IN FLOw 4

v
w ooy

a

CIRCULATOR BLORER DISC

1,0000¢20

£1,0000420

1,0000420

1,0000¢20

1.,0000+20

1,0000¢20

DATE 071870

PAGE

12




LST

TAC2D ByAMPLE PRNBLEY QUTPUT
NO STEP GES IN INLET TEMPERATURE * .

. SPECIFICAYINNS FOR COULANT 7

THE COONLANT IS FLOWING IN THE PNSITIVE RADTAL DIRECTION
THE REYMOLDS NUMBER LIMITS ARE 0,0000 1,0000420
NO STEP CHANGES IN FLOW :

Nf) STEP CHAMGES IN INLET TEMPERATURE

SPECIFICATIONS FNR CONLAMT 8

THE CONLANT I8 FLNWING TN THE POSITIVE AXIAL DIRECTION
THE REYNOLOS NUMBER {IMITS ARE 0.,0000 1,0000420
NO STEP CHANGES N FLNa .

NO STEP CnANGES IN TNLET TEMPERATURE

SPECIFICATINNG FUR CONLAMT 9

THE CNNLANT IS FLAWING IN THE PNSITIVE RANIAL DIRECTION
THE REYNOLDS NUMBFR L IMITS ARE 0,0000 1,0000+20
NN STEP CHANGES IN FLNw .
ND STEP CHANGES IN INLEY TEMPERATURE

1,0000420

1.0000420

1,0000420

DATE 071578

1,0000¢20

1.,0000420

1,0000¢20

‘Padi'l"xs~
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TAC2D EXAMPLE PROBLEM NUTPUT

s e bk S b
SCRNWENG NP OO =N E NG~

-

OOOGOOOOO:’OOOQOOO

0

‘680

6R(
6R0
680

oR0 .

680
oRY
6RO
680
L]
bR
6RO
680
680
[1-D)]

[H

0
6AN
K80
6840
480
680
&80
680
6RN
681
ABO
680
s8N
689
680
AN

0

0
~80
630
bR(0
680
6an
680
680
680
8890
680
630
&80
680
680
680

0

0
680

o080

650
on(
HR0
a80

- /90

Y]
&80
680
680
Koo
680
680
680

0

0
6RO
HAD
o800
LLIY
6RO
HR1)
HRO
6R9
HRH
oR0
6RO
bR
680
&AL
o0A0

)

- »

STEADY=STATE TEMPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

INPUT TEMPERATURE DISTRIBUTION
TEMPERATURES (F) '

THE RADIAL(1) DIRECTION IS HDRIZONTAL
THE AXTAL (J) DIRECTION 18 VERTICAL

0 0 6 o 0 0 0 n 0
680 bHRO 680 680 &R0 6RD 680 680 680
680 6RO 68BN o8B0 AHBO 6RO 680 bHRO 6RO
6RO AROT ABO  6BY 6RO R0 680 6AY - 680
680 6RO 6BU  6RG 6RO  6RO0. ARD HAQ K80
6R0  6RY  &RN &R0 AN 6RO bKD 6RO B0
520  6R0  HRY  ARO BRD ARG  KRD HRO 680
KAD 6RO HBD  ARD 680 RN BRO  HARL  6BO
640  HRO 6RO bHY 680 680 KRN KAD 680
6R0 6RO BRO  6HY bUBN  6RN  HKAOD bHBO 68O
8RN HKAD 6RO ARY H8BO ARO HBO &R0 680
6RO QRO 6RY 6B 6RO oBO B0 8N &HO
6RO 6RO BHN B30 ARD  BRO KU AR BAD
680 6RO 680 680 680 6K40 68D HAR0 680
&R0 HRO 6RO 680 AHO0 AHRO 680 6By b8V
680 6B) b6R0 680 6B0 680 6580 680 480

0 0 0 [} 0 0 0 o -0

Q
680
68v
689
68y
689
.L.1]
LLY]
bR
bhy

. 689

689
680
680

&RY

680

16

0
680
680
680
580
680
[1.14]
680
689
680
6R0
bhen
630
680
680
680

7

0
&80
680
6RO
680
o8y
6RY
&R0
6RO
ba0
680
6hy
#RY
680
680
6R0

18

DATE 071576

0
680
680
680
680
6RO
~80
680
hRY
ol
680
680

680

6HO)
6R0
&80

19

0

680
680

680
bRy
680
680
R
bR
680
bA 1)
680
6RY
680
680
680

20

0

680

680
680

680

680
680
620
680
6RO
311
660
hED
060
660

6RO

et

0
&R0
680
639

680

6890
680
680
bR
689
6K0
580
080
680
689
680

22

PAGE

n
w

14




6S1

ncec'“mewnaun NUTPUT o Q
' STEADY=STATE TEMPERATURE IN

0 1
S L]

1333333828203 042800888802 00803 0008008880003 80022830308083083323203303¢30¢3338830 828822484

]
5

2
0

2
s

PROBLEM
3 3
0 S

-

INPUT CAPDS

4 4
0 S

S S

v

S

]
0

+
.

6
S

STEADY«STATFE TEMPERATURE IN A HELIUM CIRCULATUR ALNAER DISC

CYLIMDRICRY,

STEANY STATE
COMAUCTIVITIES
RESTSTANCES
HEAT FLUXES

SURFACF TEMPERATURES

JN000N
3,25000
5.,750G00
8,000n00

00000
1.,02500
2.,87500

+ 00000
00000
210000U=n]
1.,7500
3,2500
55,7500
JI00Nan]
« 000D
1.7500
+10000=03
00000
00000
3, 0000
L 00NN
8.0000
La0000
LH0000N=03
3,2500
3.,25un
7.7500
88,0000
3.3750
3,3750
1.6250
3.7500
00000
«00000
9,0000
«00000

<SALND
3.37500
6,25%000
A, 33000

« 31250
1.,87500
3.,25000

1,7500
1.7509
1.,1040
3,25uY)
S,7500
8,000
3,000
1,7800
3.,2500
2.0n0n0
3,0000
JONEDN
3,250
8.0000
9,0000
53,0000
4, 0000
3.3750
R, 0000
R, 0040
9,0000
3.75¢00
7.7500
7.7500
7.,62%0
89,0000
+ 00000
99,0000
3,0000

GENMMETRY

—

1,16000
3,79000
h,7%,00
§,07900

62500
2,12509
3.62500

«00UN0
«52500
LH000L0end
L00000
dNNOI0
JNUOGD
L1UNNN0]
JR7500
sh2H00
s unno
2,1250
1900003
2.12%0
1.12%0
JAnnpo
2.3750
LonQ0n
2.72500
2.12%0
2.2500
3,2500
2.3750
2.,2500
2,37150
2.3750
< 00000
« 000060
+00000
4,0000

1.78000
4,25000
T.25000
9,00000

JB1500
2.,75000
¢,00000

62590
JRTIS00
Junnin
«6500
1,1280
1.,12%0
3.n0cC0
1.1250
1.12%0
LNGOO0D
2,3750
4,0000
24,0000
2,125
3,250

4,0000

LN0000
‘4.0()00
2.2500
a,0000
4,0000
a4, 0009
2,37%0
4,0000
4, 0000
00000
4,0000
4,0000
4,0000

2.40000
4,7%000
7.62500

00000

1,12500
2.37500
.00000

2.0000
2,2000
LTI
2,00yd
2.nann
2,000
.C(lnﬂﬂ
1,0000
1.0000
L0pnn0
1.0010
Oneun
1,000
10009
1.0000
3. 0000
L2000n0
ebh, 0000
.7.!)0!_‘(]
R gnan
-9,NNGH
S. 0060
S.0000
S.C000
40000
33,0000
«l,0000
~1,0000
2,0000

’

7 7
0 S

TITLE
R AnK
UPTInyn
UPTIMN
OPTI0N
nering
nerrnN
OPTION
BLANK

3,000000Ge1

5
?

1
2

00
.no
OO0
00
L00
L, 0
N0
W00
. 00
.00
]
. 00
«00
.00
W00
s 00
«00
©2,00
1,00
2,00
1,00
.00
.00
N0
.00
1,00
2,00
2,00
1,00

225003RG-2
LTS00NRG=]
JUONNQORG=4
B ANK
¢ 3750040
250086~
J000004G~3
BLANK
JOutite]
OGN 2w
Jo0bl=2
LOORT-g
RRITES)
RS e
SIS
ILLEYS!
dNUHT-1
JONKHT =2
NN}
JNuRRa2
JNNRGw]
NDLITEY]
LO0nR11eq
JOUR el
JONH12w2
«VORL 3e}
«0NA1det
JOURLISe
JANALbet
L AWES!
NULEY-L
S 0R19=]
ROLYOES
0002wt
00822=1
»00B23wy
+Q0B24at

8
0

(oS

OV & iy

- DATE 071576
LIUM CIRCULATNR BLOWER O1SC

PAGE

19

’
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TAC2D EXAMPLE PRNBLE™ QUTPUY

3,0000 9,0000 4,0000
INITIAL TEmP
+00000 9,00000 «00000
END DATA

4,0000

4,00000

© «5,0000 1,00

6R0,00000

«00B2S=1
BLANK

17=1
BLANK

VATE 071576

PAGE

16
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TAC20 E'XAMPLE PRNELFY NUTPUT ;-

22 e e ATTENTIONR R ee ATTENTION® Ra e AT T ENTION N AR AT TENTIONAMR e ATTENTIONA ARG ATTENTIONS A2 a# ATTENTIONR o anwATTENTIUNR R AR x
.l..0“"....0"“0"'.'0'l't..Qt.'ﬁtt...ﬁt.t'.ﬁ"t.ﬂtth...litt"tt.‘.Qit.ﬁ'hﬁﬁ’*‘lﬂ"ﬁ*’i'.ﬁil*ﬁl’ﬁt"i.iﬁ.l.ﬁ’...’ﬁ_‘.
.ﬁti.iiiﬁ‘....ittt..ﬁit.f00..'.'!'."".!'.!ﬁQ'i..iQ"tt'.tﬁﬁtﬁiﬁ.'..'.t.'...ﬁiiittit'ﬁtt'ﬂﬂQt*ﬁ*Qtt!ﬁ!lﬁ‘l*"'ﬁ'**'aﬂ

THIS VERSTON OF TAC2D USES A NEW STEADY STATE SOLUTION PROCEDURE,
L1 SHOULD PRIVINE YHt wWITh THE UPPER AND LO4FR TEMPERATURE ERRQR
BNUNNS, 48 WELL AS TWE Flnat SOLUTION, IN D9DFR TO INSURE THAT YOU
HAVE A PROPER STEADY STATE SOLUTION, YOU SHOULD CHECX YDUR RESULTS

IN THE FOLLOWING ~AYS3
1.) 18 THE LAST ITERATION NUMBER LESS THAN 10000 ?
2.) I3 THE RESIDUAL LESS THaN «1000e01 2
3.,) DNES THE FINAL ENEFRGY RALANCE AGRFE wITHIN 1,000 %?
4,) 15 EACH TEMPERATURE OF THE FIM4L RESULT BETWEEN THE UPPER AND LOWER BOUNDS ?

S,) AAS THE RUNM KNRMALLY TERMINATED,E,G,THE WARNING TIME LIMIT WaS NOT ENCOUNTERED ?

IF THE ANSWFR TO ALL OF THE AR(WE IS TRIUE, THEN YNUR SOLUTINN SHOULD

BE A VALID STFANY STATE RESULT AT LEAST “ITHIAN TKE PRINTED

UPPER AMD LNAFR TEMPERATHRE KNINDS, IF TnE ANSWER TN ANY (INE IS FALSE,

THE RESULTS ARKE NNTY NFCESSAPILY INVALID, HIWEVER, INSPECT YOUR RESULTS FUR
INCONSISTENCIESTE ONRSERVE TwE UPPER AND LOWER TEMPERATURE ROUMDS,

MOTES THF CURRENT VAL UFS (IF THE STEADY STATE PARAMETERS ARES

DELT = 1.000 PEG F PER PERTURHATIUN

oL = 2100000l ALLNDAARLE FRACTIONAL EMERGY UNMRALANCE
TT™axS 10000 sax ITERATINGS BREFORE FIMAL SMOOTHIMG
DTFal= t.000 wIhlMur TTERATIOG PARAMETER ’
NDTIMAXS sya,0 AXTAUN TTERATION PARAMETER

1F YU FNCOUNMTER AuY DIFFICHLYIES TN ATTAINIMG 4 SATISFACTAORY
STEADY STATE SOLUTINK 1Tk ThTG TAC20 vERSION, PLEASE CONTACTH

. T4Fv SECTINN, SYSTFH4S A4ALYSTIS HRANCH

'9.Qtl!fENTIﬂthnﬂaATth?rthq.ttATTEMTIﬂN-tntaATYENTYOMttQttATTENTIOMti:ttATTENYIUNﬁﬂi*!ﬂTTENTIUN""'ATTENTIUNt*Q!Q
--aﬁaﬂrrtnvlownan-ad11t~7Ion-'aaaATYLhYTﬂNtﬁt*tATTENfInNttaaaAttEhY!nNa'-ttATTENT!uNQ:.nnATTENYIUN*-..-A1TtNTlnM-:ata
aaa-ag!?&"!!QMQeQaaA!!F%I{Q&e%Gﬁfﬂ?!?HYIONiatutATTENTtﬂ”titt'ATTFhIIUNaiataAYTENTIONgkti*ATYENI1“NuaattATT&NIIUNthﬂﬁ
'oa.-AtTENT1nNato'thT}“TIDN:ty.-ATYfN1IﬂﬂctgochTIENTInMg':aaATYENTIONaanatATTEMTInma-ta:ATYENYIHN-.::-ATT&NlIOVn-.aa
a-a'tATTENI[nwtttttATYENTIHN‘tnatATTEuT]ﬂM«gaqﬁAttENTIHM*-«-.ATYEN?]HNyt.ttATTENT]DNtatﬂtATTtNTIUNniktnATTtNTIUNtnﬁtt
nnatnnTTENTIUN----.&T?EN!Iﬂ“t'tGOATTENY)ﬂ“ontitﬂT?tMTIHNaﬁtt«ATTENYIONaQnﬁtAY7&Mf!ﬂth-taATltNTXhhﬁﬁaaahYTENTlONtat'a
Qaatah?TéNTTONtatanATTENYIUNttoatAYTENTIUNtatt'ATtEhTIONt‘t"AYTENTIUN«tﬁtnATTENTIu&naathTTENTt“NnttﬂﬂATTENTIUN.‘:QQ
nhit*ATYENTIUNQQ-'QA1TEN?IUN::.QIATTENTIONﬂ"OiATTENTlnNttatnATIENTIONattttATIENYIUNtt*ttATTEhTIoNiQnttATTgNTIUNtattQ
n--onAVTENTTON'oﬁttATTENTIONnotnnATYENTIO”.Q«&:ATTENTIﬂktta*aATYENY!GN-atQ*AT1EN110N-t¢taAT1tNYIUN..:-.AYYENTlUN.g..g
-n-'aafYENTIONOQQQ-ATTENIIon.a.-aaTTENTION'tnanATTENTIouanttpgtTENTIUNnanttATTENt[uuna«t.Af‘tNT!ONtiaquTTENTXONtath

. DATE 071576 PAGE, . .
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YAC2D EXAMPLE PRAARLEM QUTPUT

[
[N VRNV I B N -

POSITIVE PERTURBATION HAS BEEN INITIATED,..ANMD COMPLETED IN

THESE RESULTS REPRESFMY AN UPPFR TEMPERATURE BOUND«THFRE WERE

ODOOOOOCOOOOODDOO

175
297
298
299
300
300
477
49y
513
542
572
601
630
680
680
6RO

0

175"

297
298
299
300
300
a1s
490
S12
sS4y
S71
600
639
s8An
630
eRN

0

175
297
298
209
299
3op
ute
uRrp
508
S3a
549
594
630
s80
6RG
ohD

L]

179
297
P98
298
290
3ud
483
ar1?
S00
532
565
599
632
66S
680
&HO

Q

175
2917
297
293
299
299
u3la
us3
uTs
Sig
559
589
615
bhS
3.1}
580

[

234
245
ELY
2UR
328
74
dua
sun
S91
LY
bld
651
672
680
on0

0

THE RADTAL(I) DIRFCTINN

THE

179
188
196
204
217
FAR
232
413
Qs
Séd
633
68¢
HAN
nR0
HBO

Y

.1

AXTAL ()
0 0
224 269
e28 213
236 281
2ub 293
256 38
26U 319
2oB 320
NS  u2a
492 S0S8
SeR S17
642  bUy
ARO »BY
LY TUBEN LT
680 BKQ
680 HRO
\] Q

9 10

DIRFCTINN
0 0
303 doa
U6  ulo
353 a0
361 41§
369 420
374 4@l
374 43
usy u9?
S2KR S50
590 on3
650  bSH
680 6HAN
6RO 680
680 6RO
680 6863
0 0
11 12

.3135,20

1

M8,

1,0FG F PERTURBATIONS

1S HORIZONTAL

IS VERTICaL

0
ass
457
a60
Uap
4es
46d
unT
527
S7v
613
657
660
bHQ
6h0
680U

13

0
502
502
S03
S63
S04
S04
508
552
S84
518
LY L
6RN
HRY
1.1
680

14

0
S44
S4l
Su2
S40
s3i8
5138
538
575
(Y
&28
53
680
680
680
680

Q

15

D]
583
SA2
579
574
§7T0
%67
S&47
596
017
6138
658
bR0
680
6A0
680

16

0
618
015
613
607
598
591
589
614
631
bu7
6n3
LY
680
hod
o60

17

]
634
629
629
624
~17
607
600
n2d
539
052
bhS
oHN0
o#0
680
obu

| ]

DATE

632
641
632
6218
623
617
611
633
6us
656
tn?
680
6K0
630
680

19

071576

0
6318
63S
6b4aq
642
bup
aas
odd
690
656
ohl
b69
67%
877
678
0RO

20

0
due
642
652
656
658
560
661
663
(1.1
670
673
676
K77
678
640

21

- PAGE

0
653
693
668
67y
673
673
e7u
675
670
077
678
678
679
679
681

(]

22

0
680
680
680
A80
680
680
660
6480
680
b6K0
680
680

_680

680
680

23

18




?

€91

YAC20 €,

10

N EWVO 94 O

NEGA
THESE

COOOVODODDIOIIDDOIO0 O

MPLE PROHLEM NUTPUT

178
29
2%
297
298
298
urs
499
51
S42
S71
601
530
s8¢
680
680

0

178
298
294
297
29A
298
474
489
S11
S4n
570
b00

b330

hAN
680
680

0

178
298
296
297
297
298
47y
uks
S07
S38
S&R
$9Q
629
bRO
6890
489

0

1718
29S
296
°97
297
29AR
us?
476
499
531
SaS
§99
632
505
6R0
630

0

175
29s
296
296
297
298
u37
452
477
517
559
s9q
634
6h5
6890
680

Y

n
237
ouu
L1
287
324
373
uou
439
Su1
Sh0
61U
hS1
672
6890
LL1Y)
0

THE
THE

0
179
18R
196
204
2ie
219
231
413
usu
Shy
n32
68y
c8(
H8(
680

0

l

y PERTURBRATION HAS BEEN INITIATEND,T,AHD COWPLETED IN
ESULTS REPPESENT A LOWER TEMPERATURE ROUMNDTHERE WERE

»

(]

19,60

M8,

2 « {, DEG F

RADTAL(T) DIRECTION IS HORIZNNTAL

AXTAL (J) DIRECTION {8 VERTICAL

0
224
228
234
248
e5s
264
287
uns
491
LLY.]
eud?
680
HRG
680
680

0

d
269
273

281

293
47
e
320
428
508
5717
LT
6890
640
b8y

b8n

10

0
343
3up
392
3ot
369
373
374
us3
S2R
590
6Son
bA(
KRN
6890
680

0

11

0
404
406
419
as
urn
423
423
497
5SS
603
hS4
bRy
681
.13
680

12

0
ase
as?
459
462
4s6S
LY
us?
527
570
613
657
680

LLIY
&80

13

0
502
So02
503
503
S04
S04
509
552
Y80
618
U9
6A0
680
6R0
6890

14

0
Syu
Sul
S42
5S40
538
S37
538
575
b2
624
653
KA D
[L130)
680
680

1S

'

PERTURBATIONS
0 0 0
S83 617 »32
S82 617 32
S79 614 530
S78  &u?  b2s
570 599 17
567 S91 a7
S67 SH9  bH0O
S96 614 21
617 631 039
638 647 652
658 663 665
680 6HU 680
680 ba0 ol
680 680 689
680 680 680
v 0 ]

16 17 18

DATE 071576

0
632
633
632
628
623
617
611
638
suS
656
667
680
680
6890
680

19

0
6135
63%
&40
huQ
ou2
645
Y]]
650
650
643
649
LY A
678
679
679

20

0
642
LY'¥]
651
654
658
560
bel
663
bbo
670
673
676
678
679
679

21

0
653
653
687
671
613
673
674
675

076

677
678
679
679
680
680

22

0
680
680
680
680
680
680
680
680
680
680
6ROD
680
680
680
680

el
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TAC20 EXAMPLE PRNHLEM DUTPUT

COOLANT NUMBER

1
3
S
7
9

THLET
680

0
0
222

634

OUTLE
68

hi
6%

STEADY=STATE TEMPERATURE. IN A HELIUM CIRCULATOR BLOWER DISC

T
0
]
0
6
8

THE CURRENT ITERATION PARAMETER 18 19

=R ENT 9 DO

178
29
297
294
2399
299
476
49y
S13
Sd2
S7T1
601
630
689
680
6R0

0

D ODODDBOOOODIOCDOO

178

29n
297
?29a
299
299
urs
uK9
511
S41
570
A00
630
6a0
‘BRN
hbo

0

175
296
297
P9R

20K |

299
a7ty
dRAn
S8
S3n
849
$09
30
&AL
nB0
680

0

175
234
297
29k
PIN
299
463
47117
u99
532
LA
539
632
665
6HO
630

0

178
29+
727
297
29¢
209
uly
452
ur?
S1A
559
X
634
668
w30
oRQ

¢

238
245
2nn
2e7
324
373

a0d

aqo
Sut
S60

A1a.

651
671
850
680

0

CONLANT TEMPERATUNES

FLO“.(LR/N?)

100000000 2
1006000 4
1000000 6

50 8
50

193 .
TEMPERATURES  (F)

THE RANDTAL(T) DIRFCTION
THE>A¥1AL (JY DIRECTIOM

00 i) 0 0
179 224 269 3u3l uQsS
1R3 223 273 34s - un?
196 23A  2R1 353 uty
P0u 2da 293 3oy Uts
212 2%k  3IVR  TKO 420
219 244 319 374 423
232 267 320 374 w2}
413 4au u2A  UpY U9y
49% U492 S15 323 5y
Ska SKR ST7 SO0 603
632 642 6db 650 654
6RO 68U HO HRO  ARQ
&R0 ARY  HKRO  HBND KRN
8RN 480 68 68N KB
EB0 68y  6RD  68H  KBY

v . 0 0 0 [

Ky
CONLANT NUMBER

IN

LET
175

0
178
616

OUTLEY

t7s

0
222
634

DATE 071576

FLOW (LA/KR)
100000000

1000

noon

" 50

50

100" ITERATIONS ané BEEN PERFORMED,

IS HORIZONTAL

IS VERTICAL

1}
us?
4583
460
dre
ans
dan
an?
s27
S70
6513
h57
680
680
ABD
114

13

0
502
Sa
504
503
S04
509
50%
SSse
SRs
618
6&9
680
680
68

6RO

14

0
S4u
Sad
S42
Sun
§31R
538
538
875
602
k28

653
ban

HRO
650
680

15

0
LLY]

SRy .

Shy
S7%
ST
SK7T
5h7
S9s
017
638
~58

6RQ

6RY
o80n

16

680

[d
~19
61H
615
b8
599
591
Su9
14
h31
bu?
col
689
680
680
o480

17

0
634
633
LE)Y
029
013
607
600
nou
639
052
565
o8¢
680
580
bAN

{R

n
633
633
633
b2R
623
517
611
633
645
656

67

689

681

680
L1\

19

1}
630
630
6u2
hGQ
543
648
bun
550
656
0k}
ond

678

67A
b79
679

20

0
643
('3
653
(Y
658
&40
b6t
6n3
bbb
6570
673
676
678
679
679

21

0
65u
654
OOH
07%
673
673
74
678
67e
6717
678
679
679
08¢
680

-4

PAGE

0
680
680

680

680
680
680
680
6890
680
680
bHO
680
680
680
680

23

20



—
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TAC2D, EXAMPLE PANHLEM QUTPUT

COOLANT NIIMBER
. |

3
5
7
9

INLEY
680

0

0

222
6133

OUTLET
680
0
0
615
658

THE CURRENT ITERATION PARAMETER 18

N ENG DO

DO OO0 DODIDVIODODOOO DO

175
296
297
293
299
299
4rs
49y
513
542
571
501
630
680
680
680

0

17%
296
297
29Rr
299
299
ars
4h9
511
S41
570
660
63n
HAin
&8¢
689

[i]

175
296
297
298
298
299
a7t
URs
508
S3A
869
599
630

680

680
680
0

179
296
297
29R
29R
299
463
ar?
499
532
S6S
599
h32
hoS
6RO
680

0

175
294
29
297
298
299
437
%
417
518
659
599
634
669
ahHo
&R0

0

STEADY=SFATE TEMPERATURE r.

19

23R8
24%
260
287
328
313
upy
439
S0t
&h0
s14
651
hT2
»80
80

M

FLOW (LB/HR)

COOLANT

100000000
1000000
1000000

.93

THE
THE

h]
173
tRR
1%s
204
212
218
232
413
u9s
Se4d
532
HEBO
o8¢
HBO
bR

0

S0
S0

ELIUM CIRCULATOR BLUWER 01SC

TEMPERATURES
COOLANT NUMBER

TEMPERATHRES

2

q
6
8

(F)

(F)

INLEY

175

0

178

616

OUTLEY

17%

0

222
633

DATE 071576

FLOW (LH/HR)
10nrg00000

1000000
$0
SV

105 ITERATIONS HAVE BEEN PERFORHED,

RADIAL(T) DIRECTION IS8 HNRIZONTAL

AXTAL (J) DIRECTION IS VERTICAL

0
224
228
234
Pus
25n
264
267
405
492
S6A
o442
680
h8Q
680
680

0

0
P69
2713
281
293
hId]
319
329
[Frd-
95
s717
bUb
680
680

680.

680

10

]
343
T4k
315%
3ot
359
374
374
4us3
S28
59¢
650
680
680
680
640

11

0
404
a0
o
419
420
42y
423
4e7
%50
503
654
bR0
680
6RO
&R0

12

[
484
487
d4n0
u62
4es
a4t
an?
527
570
6513
657
660
HR0
oh0
680

13

0
502
sSu2
503
503
504
S04
80S
552
SRH
b1A
6u9
640
680
6R0
680

14

0
504
sS4y
S4p
S4an
538
537
53R
S7%
602
628
653
6R0
6/ N
6560
680

15

0
S84
582
5719
575
ST
S67
“67
S9e6
hil
~34
6586
689

“ofy

68V
680

Y

0
619
617
61d
607
598
591
589
614
LB}
647
663
610
enQ
6130
b0

17

d

634
632
o3y
624
617
607
6N0
824
639
652
565
o8
of)
080
680

18

633
633
632
heh
623
617
610
633
haY
656
ne?
&R0
6By
bal
680

19

0
636
t 3o
XY
su2
bu2
HuUs
L)
650
650
~63
enQ
678
TH
679
079

20

0
bul
YR Y
652
650
658
bs0
bol
(Y .21
666
870
5713
676
678
679
679

21

* PA

0
hS4
654
bbhs
671
673
675
674
675
67e
6?7
678
679
079
680
680

22

0
689
LT
[ ]
680
630
680
6R0
680
689
680
680
680
HR0
680
680

23

38



991

TAC2D EXAMPLE PROBLEM QUTPUT

COOLANT NUMRER

O~ N

INLET
680

v

0

222
633

QUTLET
580

‘»s
657

THE CURRENTY ITERATION PLRAMETER 1S

s s - o
LYV I SV . g

-
-

-~
_—_owWE NG e®OoO

175
296
297
294
299
299
47e
491
St3
Su2
STt
LYLBY
630
640
680
089

0

OO0 IITDOODDOOIDPOCOO

178
29k
297
294
7299
299
u7s
[TE L]
St
Sut
570
aGO
b 3 )
e80
649
6K

1}

175
29
297
29R
29A
299
47y
(A
508
S3a
Sh9
5Qq
o3y
sRN
6A0

0

17%
296
297
294
298
299
unl
ur?
49o
532
S6S
599
K32
668
680
680

n

178
296
27
277
23R
29n
alz7
4s?
ul?
S18
£§89
599
&34
bhs
&RQ
68N

[}]

STEADY-SiATE TEMPERATURE IN A HELIUM CIRCULATUR BLUWER D1SC

FLOW (LR/MR)
$00000000

CONLANT

1000000
1000000

19,93

23A
1S
260
PR7
328
373
6an
439
LYR]
S60
614
651
672
6AR 0
b6H0

0

THE
THE

179
1AR
190
204
212
219
232
413
uQsg
Sk
632
680
nl0
sAY
»8Y

Q

S0
50

"TEMPERATURES

TEFPERATURES

~N

4
(]
8

(F)

RANTAL(L) DIRFETINN

AXTAL (D)

O n
224 269
228 2713%
236 2814
ene  2v3
255 393
204 319
267 320
uas 423
492 5¢%
SKR 977
642 646
Qﬂ“ 680
680 689
6A0  oky
6”0 680

] 0

9 10

DIRECTION
0 0
3043 404
3unm 406
33 4ty
361 018
169 42¢
374 42y
374 423
463 u9?
52R SS¢
890 403
650 %4
o4O 689
aln &80
680  ARO
680 08
0 n
11 12

(F)

COOLANT NUMBER

INLET

178

0

175
615

QUTLET

175

0

eee
633

DATE 071976

FLOW (LB/HR)
100000000

1600009
S0
50

110 ITEFRATIONS HAVE BEEN PERFORMED,

15 RORTZONTAL

IS VERTICAL

0
usé
us?
860
462
ubsS
4ss
us?
s27
570
613
647
h8U
880
6380
h80

13

0
502
502
Sn4
503
S04
Soag
508
5592
S8n
T
649
~AN
680
80
680

{4

0
544
Suly
Sue
S0
538
S37
538
579
ho2
62HR
653
8RO
bRO
HAN
680

15

S8y
542
579
574
ST0
Sn/
867
S9s
b17
6348
~S8
K80
680
6RO
6R0

16

0
619
61hk
613
607
5948
591
589
614
b3
&4?
663
680
eno
640
680

17

0
634
632
530
hod
017
607
oy
[N
633
nee2
06%
&HQ
hARY
b8y
680

18

0
643
632
632
628
622
617
610
633
64S
656
667
680
680
680
680

19

0
636
6%
®4Q
6ne
bu2
5uS
6ud
650
656
663
YL
679
678
679
079

20

0
642
(XY
052
656
658
660
661
663
hob
670
673
676
678
679
679

21

@
653
653
64R
o7
673
073
674
a7%
o7h
677
bla
679
679
680
680

22

PAGE

680
&R0
680
6RO
630
680
680

680
680
680
680
680
080
680

23

22




9T

TAC2D EXAMPLE, PROALEH AUTRUT ©t . DATE 071576 ‘?A,G" 23 .
: STEADY=STATE TEMPERATURE 1 ELIUM CIRCULATOR BLOWER DISC

CONLANT  TEMPERATURES (F)

-COOLANT NUMBER INLETY OUTLET FLOW (LA/HR) CUOOLANT NUMBER INLEY QUTLET FLOY (LB/MR)
1 680 680 100000000 2 175 175 100000000
3 4] 0 1000000 4 0 0 1000000
s 4] Q 10000600 [} 175 222 S0
7 222 616 50 8 516 033 SO
Q 633 &S7 : S0
THE CURRENY TTERATION PARAMETER I8 19,93 . 11S ITERATIONS HAVE BEEN PERFORMED,
TEMPERATIIRES (F)

THE RANTAL(I) DIRFCTINN IS HNRIZONTAL
TRE AXTAL (J) DIRECTION 1S VERTICAL

17 0 175 178 175 175 175 n 0 0 i 0 0 0 0 0 0 ) ) 0 7 0 0 0
16 0 296 295 296 295 29 238 179 224 269 3AY unu 4SSk S02 S48 S84 b)H 634 632 635 bu2 653 680
15 Te 297 297 237 297 29 245 {RA 228 273 34s  40b 457 Sve S43  SE2 b1m 631 K32 A35 HU2 653 650
14 0 298 29R 203 297 297 260 1% 23K 2K{ 393 410 k0 S63 %542 579 613 K29 632 bLU  HS52 66K 680
13 0 299 299 298 298  2Q8 2R pu4 24a 293 - 3mg 418 4n2  Sa3 S40 ST 607 H24 A2B  eUl  b5b 671 680
12 0 299 299 299 299 298 325 212 255 368 In9 420 46S S04 S3I4 579 Y98 o1l 4D &du2 o0%8 o713 6RO
11 0 a76 475 471 463 U437 373 219 264 319 378 423 dkk S04 S3T 567 591 o007 617 bd4S 660 673 680
10 0 491 483 486 47T W52 408 232 24T 320 37U 433 a6? SN% S/ 647 SA0 00 610 6UB b6t 674 6RO
9 6 513 S3y S08 499 4?7 439 413 upS 428 443 191 827 852 STS5 596 A14 w24 K33 850 663 675 680
8 0 542 Suy S3IB 532 SIA 501 69 €92 505 S28 S50 S70 SRp  6u2 #i7 A31 539 6uS K56 bAh 676 6RO
7 0 S71 S7n =A9 565 559 Sbu Shd SR K77 590 403 613 618 heR 618 naT 682 KS6  AAY w70 677 680
) 0 phl 800 599 599 S99 614 . #32 AU2 KGO 650 654 657 649 653 KSBE  ~63 565 66T 609 675 678 680
S 0 030 630 630 632 o34 AS1 bHRY  KEN HARN  ARO  HARL 680 6RN  oBy 0RO 68N bBN  KBD 675 w76 679 &80
[} 0 680 6B0 6RQ 665 b85S 672 oR) 6EN w80 680 B0  6BO  6B0 H8ND B0 630 BRO 6h0 KTB 678 679 580
3 0 6RO ABD b6RN  ABO ARO 6BD  HRD KBGO  KRY  ABD  KARD  HRO HAO  HRO 080 h80 oBU 6HO HT9 079 680 6RO
e O 580 682 680 KBD 680 HBD 8RN B0 68O 6RO pRY HBO  6AN  6AN 63D 58) 680 6BU 879 o079 6RO 680
1 0

0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0




TAC2D EXAMPLE PRNBLEM QUTPUT

COOLANT NUMBER

1
3
5
7
9

INLET
6R0

0

0

222
633

OQUTLE
68

61
65

THE CURRENT JTERATION PAPAMETER IS

W ENe NP O

S o

ODODOOIDDOUODOOOOO

175
2%
297
298
299
299
4vs
u9y
513
LY
571
601
630
6RY
680
LY

0

178
294
297
298
298
299
47s
HRQ
S11
S41
S7n
600
h30
HRO
6840
680

0

179
296
297
298
29R
299
47y
4Ry
8048
534
569
509
X
LD
6A0
o840

0

175
276
297
297
298
299
463
ur1?
599
532
565
99
»32
h65
&80
&80

0

1758
2%
2%
297
298
298
w37
us?
417
S18
859
S99
o34
6hS
68N
689

0

STEADY-STATE TFMPERATURE IN A HELIUM CIRCULATNR BLOWER DISC

T
0
0
0
[
7

19

23R
248
2nl
287
32%
173
84946
439
S01
SHd
old
551
672
680
680

0

FLUw (LB/MR)

COOLANT TEMPERATURES

100000000
10600000
1000000

093

THE
THE

179
1RB
19¢&
20l
212
219
21%e
413
499
S6u
632
6RO
6R(
680
6R0

0

S0
50

TEMPERATIIRES

(F)

COOLANT NUMBER

INLET

175

0
175
616

CUTLET

175

0
222
633

DATE 071576

FLOW (LB/HR)
100000000
1000000

S0
SO

120 ITERATIUNS HAVE BEEN PERFORMED,

RADIAL(T) DIRECTIMN IS HORIZONTAL

AXTAL (J)

0 0
224 269
228 2713
23s 284
U6 293
255 30R
264 319
267 320
49S  u2sn
692 S98
SoR S77
642 bub
6540 &AY
bR 680
680 &KBO
ARO 680

0 0

9 10

DIRE

4
343
3us
353
k)
360
34
374
Y31
524
5990
650
hRO
6RO
640
640

11

IS VERTICAL

2

4

]

8

(F)

crinm

n 0
ang 656
uhe 457
410 459
41s us?
420 u4sS
423 use
w23 um?
u97 s§27
S8 K70
603 613
6Su 657
KRO  ARQ
hAYy  BBO
&R0 BAD
0By 630
n 0
12 13

N
502
502
502
Sn3
S94
Sou
508
552
S#a
6138
b49
&R0
680
bRO
680

[\
Suy
843
S4d1
S40
534
$37
518
575
hU2
heR
653
6HY
680
680
680

15

0
S84
582
579
874
S70
Se?
567
596
nilt
63AR
658
580
6RO
580
68y

16

0
a18
b16
613
607
548
591
569
614
631
647

BCY-B1

hBO
6480
LY TV
680

17

V)
033
639
oe9
b24
ni7
607
600
624
037
~S2
H6Y
6RO
o8y
680
680

[

18

0
632
532
632
628
627
617
610
633
hialy
656
667
bh1
680
650
6860

19

Y}
634
635
KU
641
LY ¥4
6uS
AUR
LEY]
656
6h3
ok
87%
678
679
679

20

0
shu2
bug
652
656
bo#
&ni)
ho
60}
hhb
670
673
676
678
679
679

2

0
653
653
647
XA
673
673
T4
678
hTh
577
678
679
679
680
680

22

PAGE

0
680
6850
H80
&80
&R0
680
680
680
680
680
680
660
b8 O
680
680

23

a4




69T

eregp—
TAC2D 2EXAMPLE . ERNBLEM NUTPUT 7 . = DATE Q71576 PAGE
' STEADY=STATE TEMPERATURE IWN IuM CIRCULATOR BLONER DIscC
CONLANT  TEMPERATURES (F)
>COOLANTY NUMBER INLET QUTLEY FLOW (LR/HR) COOLANT NUMBER INLET QUTLET FLUW. (LB/HR)
1 680 680 100000000 2 175 175 100000000
3 0 0 10006000 G -0 0 1000000
S 0 0 1000000 6 1758 222 S0
7 222 h1d 50 8 616 633 S0
9 633 657 S50
THE CURRENTY IYERAIIOy PARAMETER 18§ 19,93 . t20 ITERATIONS HAVE BEEN PERFORMED,
TEVPERATHLRES (F)
THE RANTAL(I) DIRECTINN 18 HORIZNNTAL
THE AXTAL (.J) RIRECTINN 1S VERTICAL
17 01175 75 (75 1729 171§ Q 0 [ [ 0 0 0 [i] 0 [4 0 0 0 0 0 0 0
16 0129 2% 296 P96 296 | 23R [179 ] 224 | 269 Iu3 UOUu uKe S02 Sdd SA4 61H | 633 | 632 635 bU2 653 680
1S 04297 297 297 297 296 | 24S [ 188 | 22R 1 273 3ub Une 487 S02 543 582 616) 030 | 632 635 ku2 653 |6R0
14 01298 298 298 297 297 | 260 196 | 236 | 21 ST 410 4&Y 502 Suyl 579 413 629 | 032 ] 6av w52 667 (680
13 0299 29% 298 298 Q298 | 2RT 204 | 2uA | 293 61 Ui 4k2 SN3 Sab - S74 bol ) w24 | A28 ]| bul 856 871 |650
12 0 ]| 299 299 299 209 208 | IS 212 | 255 | 30R 3689 4Py 468 Y94 538  STp  S59A | 517 [ 622 ] 662 658 o73 [680
11 o fafe 475 ali1 Udod a37l 1373 1219 b4 319 374 423 GhA S04 8537 SHT  S91 607 | 617 | 6uS 660 673 680
10 0§49y 489 4Rp  UTT  4WSP unbL | 232 26T 320 3T4 62y upl 508 HIR 867  SH3I. A0y 610 ) U8 ba3 b&T4 68O
9 01513 S11 S8 a9 AT77 439 w13 43S 428 U6X 497 827 852 S7S 590 611 K24 K33 HSO 683 675 [aHO
8 0 |S42 S61 538 632 SR S0Y 4095 492 505 SRR S50 570 SH6 602 €17 631 639 645 oS6 bb66 blo |680
7 0 [571 S70 5K9 Sk SS9 Sh) Sed 956R STT S99 603 613 618 628 H3B k4?7 652 AS6 wk3 670 677 |6RO
[ 0 §601 60 599 K99 8599 K14 632 642 646 ASNH  aSU 657 A9 653 658 663 6695 h6T  8s9 673 678 (60
S 0ls 532 634 AKS1 | HAD 680 o6BO 68D KRO 6RO AKRD ARG 6RO RE0 oy bKO | 075 676 679 |aBO
o 0 JoRy K30 oRU | 6% 55 K22 [ HRO 6X0 bRO HBROD 6RO 6A0 HBC KRB0 bBu 830 &) 6H( | 673 678 679 |80
3 01640 HA) 6RO 680 A8y 86 HRO w80 6RU oBO0 6RO BEO RO 6BO 6RU 63D bR HB0 | 679 679 &R0 680
2 01680 680 HAC 68N 6RO 680 6kO 680 680 6EU 6B0 bAD 680 680 6RO 6B0 oR0 HEO | 679 079 680 {080
1 0 [] v 0 v [ o N v 0 0 0 0 0 0 [ 0 0 0 0 0 0
1 < 3 4 S [ 7 8 Q 10 11 12 13 14 15 16 17 18 19 en 21 22 23



"

TAC20 EXAMPLE PRNBLEM NUTPUT

0LT -

DATE 071578

STEADY®STATE TEMPERATURE IN A HELIUM CIRCULATOR BLOWER D18¢

THE CURRENT TIME IS  797,0180 MNURS = 47821,0791 MINUTES 3 2869266,75000 SECONDS

—- W EVO N O

0,0000
o,0000
0,0009
Q0,0000
0.7000
01,0000
U, 0000
0.,0000
0,7000
0,00u0
¢,2000
G,N000

- 0e0NN0

0,0000
00000
06,0000
0,0000

3

0, 0000
B, ud2Sen?

9,7m56w07

1,059C=n6
Q,9052=n7
4,5U91=n7
2,16%6e07
3.20;‘11-“7
1,5759=07
2.3Ruk=?
1,3132=07
5. 1147=04
6,77 31=0R
9,0999411
9,909%¢ 11
9,9999¢1}
0,0000

.

o, 0000
2.7491«00
1.7400=04
1,%74%«0U
{1,994 30y
1,25K 304
7.&6&?-07
3.4303=06
1.60u0=n8
2.1377=0p
1,2034=06
0, 2" =07
5,70k 3207
9.9G9911
L9.999944
9,9999+11}
00,0000

3

RESTHUALS

THE RADTAL(I) DIRECTION 18 HORIZUNTAL
THE AXJAL (J) DIRFCTION IS VERTICAL

0. 0000 0.700n0 _ 0,0000 ' 0,0000°
2,7Ubhens 2,7761=06 1,803C=08 6,u727«07
1.59%0e00 {.4853-04 5, 3R00enb 6,5579%9e07

14795704 1.,070R<04 -~ 7,kBp3ans 9,7268%(7

1,4SBANG  1,777R=04  2,5565=05  7,ASR1en7

1,25RT=06  1,3nd7«06  {,3419=06  3,9425-07

6.43152067  §,6275<07  4,3203e67  2,4214e07
1,2398206 2,1740<06  1,2501%06 2,9954-07
1,2622«06 R _0364-07  3,A5%5e07  3,0333=07
1,91 74=0p 1.1158%=hb 9, 7U4N9en7 4,39382«n7

9,6853=07  7,A4113a07 d,6h2T7=017 2,007%=07 -

S.6%RT7=n7 4. 312107 1,68h%«07 . 1,361R=07
u,5k16an7 4,1770=07 3,0b36e07 N,0000
9,990Q0+1 1.,9243a07 2.,93n5=08 3,4979«04

19,9999+ 11 9,99909+11 9.9999+11 9.9990+11

9,9999+3§  9,99994+1} 9,9999¢11 9,9999+11
U,0000 00,0000 0,0000 0,0000

4 S 6 7

PAGE

26

120 JTERATIONS HAVE BEEN PERFQRMED

V0000
,0000
0,0000
0.0"40
0,000
0,900
0.,0000
0,0U90
d4,02n5«0H
Do 164007

1.,4733«07°

1.17602=07

V9994941

Q.,99Q9¢+ 141
9,9999¢141
9.9999+1 1
0,0000

8

0,0000
9,3707=07

1,5n3007.

1.5702=07
2,7583%3=07
5,6555=07
2,866%e07
0, 0000
S.9841=08
3,8850=07
A, u534any
S, 0665=08
9,97°99+11
9,9999+11
9,999G%+1}
9,9999+)
0,0000 -

9

0,0000

2,8179«07
1.6650e06
9.,6291=07
5.0400en7
3,071007
5.2507.07
0,0000

1,4643-08
2.8181~97

7.535U=08 -

20’057.08
9,99994 1}
99,9999+
3,9999¢+11

. 9,9999+)}

0,0000

10




[ ———

Tl

TAC20, EXAMPLE PRNALEM DUTRUT

_
“CNWEWMD YR OO

n,0000

3.5775«07
2.2 RPe0b
1,419%a00
f0NUIen®
B, 43)0en?
4,5%0a07
0,0000

4,134608
2,7168e07
6,198n08
3.10806a08
Q9,9999+11
9,9009+11
9,9999+1}
9,9999¢11
0,0090

11

n,0000

0'5“‘)?.07
3 RARACNG
2,6523=06
1., 7711066
8,0957«07
S.5149a'7
00,0000

T.6314«08R
2.,6800en7

B,40Ub=03

09,0000
9,9999411
9,9939+11
9,9999+11
9,999%9+11
0,0000

12

¢ 000N

1.,72704e0h
b,170U=06
“'Sh‘)‘-(\b
Q.Phb'.ob
1,2910=0b
7.1007=07
(1400400

1,7483=07
3.,13¢9=07
5.,9n76=0R
Q,u00a

9,949948+1}
9.9999+11
9,9999+11
9,9999+11
0.,0000

13

0., 0000

2,19h09«06
B, 779306
6,773hans
4, UTnalh
1,932406
9,9321«07
0,000y

3,26Q4<07
3,99 u=h7
5.“750.08
2 0008
9,999Q¢1 1
9,9900e1}
9,9999¢1 {
9,9998411
0,900

14

0,6000

3,4509=04
1,2196=45
9,4Un% N4
6.595%<0p
3. 0568anp
1.2682<06
0,000

3.,9738=07
3.,453307
0,n000

7."1““-03
9,0uqUet
Q,940ne1 ¢
9,99994+1}
9.,9999+11
0,0000

15

0,0000

4, 29R3=06
2.,U5uRaCS
1,3423-05
A,1579«006
3.10()1.0(\
S,U137«07
0,0000

1,3730=07
A,660Uanh
3,0518=07
2.06“"-07
9,9999+1}
9,9999+1 ¢
9,7999¢11
9,9999+11
0,0000

16

0,000

3.,2070e0s
9,4232=0%
?.7170=0%
F,8078=07
S5,0238=06
4,0924eiln
00,0000

G, h068=07
6,4132«07
8,5uuS5-07
0,5%23«07
9,9999¢1}
9,99994+1)
9.9999+11
Q.9999+11
V,0000

17

DATE 071576

0,0000

2.35%8«07
2,78)8«04
T.1203«0%
S.9805=0%
$.9980-09
1,4477-05
0,9000

1.9308«06
1,1871«00b6
1.3179«06
0,1943=07
9,9999+11
9,9990+1 1
9.,9999+11
9.9999+11
0,0000

18

0,0000
0,3000
0,0000
0.,0000
00,0000
0,0000
D,60060
0,0000
2,0318=06
1,477006
1,5121+06

©7,8001«07

9,9999+11
9,9999+11
9.9999+11
9,9999+11
0,0000

19

PAGE .27,

00,0000

0,0000

0,000

4,6215=08
1.7699«06
4, ,874be0)b
4,1039a0b
3,4974=0p
1,8900=0%
1,04U2e06
1,b561=08
1.8254=90
4,4087<07
1,0077=06
5.2561=07
09,0000

0,0000

20



L

T4aC2D EXAMPLE PROHLEM NUTPUT

_NWENDO N® O

0,00N0

0 0000
0,000
1,901 3«05
8,97213=04
2,1536=nh
7.,8990=07
4,7163=07
7,7201=07
1,10uN=00
1,542 3«06
1.,1604=06
5.7%0\0.07\
1,067%=06
00,0000
00,0000
00,0009

21

0,0000
o.,n000
G.0n90
#,5G050a0b
4,9333e0p
2, UhTbelt
9,9895e07
1,5723e07
8,1911«0A
2.,R914a07
T u4NPen?
6,9522=17
2.7521e07
D,0000
8,3R%4a07
0n,0000
0,0000

22

00,0000
N,0000
V0000
0,000
042000
U M0G0
0, 0000
0.(\(}00
0,000
04,0000
V,07C0
0,000
00,0000
00,0000
o 0000
60,0000
00,0000

23

o)

”

DATE 071578

PAGE

28




€LT

ncao.“o;_e PRORLEM NUTPUT

THE CURRENT TIME 18

AW ENew®

s s P e e pub e
ODrmUWENVNE~

SURFACE TEWPERATURES

296
297
2QR
299
290
ule
4oy
513
S42
S71
601
430
Y.
6R0
6RO

680

STEADY=STATE TEMPERATURE IN

797,0180 HOURS @

672

ALONG

295
294
297
298
299

RADIAL GRID LINES

243
249
263
288
323

47821,0791 MINUTES

AT

-

DATE 071576

LIUN CIRCULATUR BLOWER D1SC

2869264,75000 SECONDS

CONLANT

bmé'ev o

120 ITERATIONS WAVE BEEN PERFORMED

HOUNDARIES, GAPS OR

THE RAOIAL(I) DIRECTION GRIDLINES ARE HONTZNNTAL
THE axIay (J) OJRECTION POIMTS ARE VERTICAL

232
239
253
e79
313
354

663
675

680
680

222
224
234
ful
253
202

224
2es
2356
24b
256

224
228
236
24k
2ss

633
630
629
624
617

17

653
6350
629
624
617

MATERT AL

633
031
h29
629
218,
608

18

INTERFACES

636
634
632
631

o810
on0
680
680

19

678
679
679
680

(F)

680

680

880
680
680
680
080
680
680
680
680
580
680

22



TAC2D EXAMPLE PRMRLEM NUTPUT DATE 071576 PAGE 30

STEADY«STATF TEMPERATURE IN A HELIUM CIRCULATOR BLOWER DISC

THE CURRENT TIME 18 797,01R0 HOURS = 47821,0791 MINUTES = 2869264,75000 SFCONDS 120 ITERATIONS MAVE BEEN PERFORMED

SURFACE TEMPERATURES ALONG AXIAL GRIND LINES AT CORLANY BOUNDARIES, GAPS QR MATERIAL INTERFACES (F)

THE RADIAL(I) NDIRECTION PNINTS ARE WORIZONTAL
THE AXIAL (J) DIRECTION GRIDLINES ARE VERTICAL

16 296 296 296 296 295 238 0 224 269 343 404 456 S02 Suu S84 618 633 90 0 ] 0
14 637 646 659
11 299 299 289 299 299 319 374 u23 46 S04 S37 567 S9i

469 Uo7 464 4S5 432 319 374 423 usb Snu S3T7T  S67 591
10 0 264 319 374 423 den S04 537 567 S91 606 0
e 345 353 388 436 470 S0% S35 562 SRh 6US 616 625
5 6R0 &6B0 &BO0 &BD 6RN HRO 663 H6S 668 671 672 673

680 680 680 »RO0 R0 680 6BO 680 680 K80 6A0 680

7LT

4 645 b4l bBU
680 #BY 680

3 680 6R0 660
. 80 680 680

1 620 AKBO 6RD  HB0 wBy B0 ©B0 KRB0 6BO o8B0 bAO 680 685 680 bHBO 680 AKBH 680 679 679 680




. DATE 07187
FLIUM CIRCULATUR BLOWER DS

p"ass'.r ‘

120 ITERATIUNS NAVE BEEN PERFQRMED

TAT2D,EXAMPLE PRNBLEM OUTPUT ’
STEADY~STATE TEMPERATURE In

THE CURRENY TIWE 19 797,0180 WOURS @ 47821,0791 minytes = 28569264,75000 SECANDS

S.T

HEAY "RATE ' IN RADIAL DIRECTION BETWEEN POINTS  (1,4) AND (1¢1,4) (BTU/HR)
THE RADTALCTY NIRECTION 18 HORTZONTAL
THE AXTAL () DIRFCTION 15 VERTICAL
37 0.0000 0,0000 n,00n0n 0,0000 0,00n0 v,0000 0 000 0,0000 0,0000 0,0000
16 =4,8503e11 6,6S02¢00 2.661R¢01 6,09544+0 1,2106e02 2o1997302 2.9091¢02 *2eUhnDe02 wb, T52B¢nD »b,1964400
1S i, Pp18e1y b6.T4TN4+00 2, 66D7740] $,7538401 1.,117202 1,963k/e02 2, R372402 =2,0820402 *6,7343400 ~p,1215000
14 =4 6742wty b, B9 030N 2,06%UAsp} S.TRES Y 9.,652R+01 t,4nb6Uenp 3.1903402  «2,2029402 *5,8075400 =5,95%48400
13 =3,0489a1% 4, 7847409 1.R870Re0 3,9300401 S5.5924+0 1 2.65R2401 2.7770¢02 =1,5394+02 “4,7717¢00 =3,7611400
12 3. 0635w11 S.:249+00 1.9630+0¢ 4,1539+909 S.579A8401 ~6,70S84ny 3.7688402 =1 ,0009¢02 w5 2728400 =3,4130800
11 =2,5080e1 R, 57170} 4,5%4s00 1,68134071 T 6,u00ne0]. 2., 8918402 2.5820402 «8,2757401 ~9,5290402 «d,1134s02
10 e2,0701ely 8,9333.41 Uyh9e04+ng f1ohBu3eny 6,317R¢04 2.1923402 54927300 «3,22u2-07 “2,934%«07  ©2,9699a07
9 «5,59uT7e1y 1.797%00 Q26K 34np 3.2061401 1.127% 02 3,50K82402 6.016n7+02 1edh1d+02 =2,0697He02 ©3,9157402
8 «5,9117%e11 1.,570R400 T.6763400 2, 4138401 T.37874+094 1,502%¢02 1,4789+02 Se7657401 «1,5R74402 “2.,6380402
7 «6,2328.1¢ 1,2022400 S.217Ren0 1.3119401 3.1510401  wy,1263401 “B,690hs01 «7,9277401 “1,0nBb6402 ©1,5398402
6 =5,553%.11 7.8197.01 2.5116+00 1,2986400 =1 2443400 =1,4B820402 o4, 4508402 w],2250602 =5,3422401 5,2220401
S b6 kT31a1y 4,1900.01 6,317B=p]  «1,0uu9,40) =1,2906491 w3, 6163402 4, 4159402 000060 | w3 tukke(} 1.,6958a01
4 *7,41u7eqy 0,0000 “3,FR24=02 £,4149¢01 =3,2053¢00 =6,1344401  »1,28A9402 «5,4994-0} 1,724Uv0) =) ,5958«01
J e9,2721e1t 2,272602 60,0000 *7,033%02 00,0000 147079401 «4,2848=01 «3,4315-01 4,3109«0) «2,1198«01
2 w9,2721=11 2.2726002 00,0000 =7.033%992 O,0000 1.7079=01 o4,2848«01 *3,4315=01 4,3109-01 *4,2395=9)
1 0,0v00 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
1 2 3 ] S b b4 8 9 10




9.1

TAC2D EXAMPLE PROBLEM QUTPUT

17

-t - - . -
= NWEVMONDOO =N IWENG

n,0000
«S, 708,00
S, h00UsN0
=5,3%45400
«3,3920409
a3, 1746e0Q
a9, 0TRUS(Q
oY, unfteny
el 2230402
.?.0739002
o], 728002
*5,Hh859401

0.0000

1.895Re01
*2,3697=0}

0,0000
060000

0,0000

«5,3432400
5, 2850400
«5,0872400
«3,2120400

3, 0792400

ol ,8T134n2

=3,0762=07

=d 3090402
“?,7115402
-’.5"96002
e4,1250401
Pt ¥i}O
2,UN57«01
2.61%en}
5,239t<01
0,6000

12

n, 0000
=5,14G96400
b VUHTeNY
=4 ASHRL00
3, 0773600
“2,9361¢00
=h,3251402
=?.fn33en?
.4 32402
»2,52a74n2
=4, 29740

1e2605402

2.2951=01

J,2000

2.R60U=0]}

0,00u0

20,0000

13

n,0000
«5,. 1177400
old ,99K54(0
ot TAI9400
«2,9907¢00
P BOKEDeOY)
«?, 7875402
2 6TBU=y7
-u.ouxo¢02
«2, 8388402
-1,675874+02
«t,5756401
ol _QRJBany
w2, 4950a01

0,0000

0,0000

- 0,00n00

14

00,0000
'5.?’"’54"0
e5,1480+00
«d 9411400
@3, 056940
-2,7735+00
e7.3630¢02
“P:5%26=07
oll 0390402
=3, 0l ine0?
=], 9891402
»] 1063402
(2.69U1=0]

0,u000
®5,3A90«01
.3‘ ‘SHQOCOI
0,0000

15

'
¢

n,n000

*S5, 6052400
=5.5137400
*5,5166+00
w3 . 503Uenn
=3,10%3+490n
=7.40u3¢02
=2, 3714007
«d 0950402
«3,1770¢02

®2.,161h¢02 .

=1.3213+02
3,2933~01
6.5893%01
4,1183«01

T 4,1183-01

G.0000

16

0,0000

=5,95734+00 -
«5 TAOKQ() .

«5,35324+00
9“.5“35000
-y AB10400
4,9018+02
=2,2951=07
i 003402
=3,5721+02
a2, 865702
.l'l701?08
N,N000
nb,NU15+01
=1,5104+00
«7,5519«01
040000

17

DATE 071576

00000
1.1929302
=9,7624401¢
©2,5905+02
-é.Z)?ac’QOe
wd,3496+02
«3,0875+02
«5,1531+02
«3 7924402
-2,4303402
®1,12235402
=8,2R854=01
*8,2R87=01
f,0361+00
o] ,N301400
0,0000

18

f.0000

) ,7478=09
«2,094%%9«09
=4,5338402
wd ,Qu9Uep
«7,0067¢02
.U BH40+402

*1,5580e00

»6,7855+02
4 2730402

Ce2,5108402

~H, 1144401
1.,8172+02
65,7790+01
5,1421+01
2,9540+01
0,0000

19

PAGE

0,0000
«31,2837«07

*3,2837-07

6,1712¢02
.Sa 1251’002
~5,63944+02
=P ,7285+02
=2.3015402
o4, 76405402
o5, 7444402
=2,5%71+02
=1,3%74s02
“2,7121+01%
*d,7930=01
5,8327+00
9,3997+00
0,0000.

20




LLT

nczo'f'on.e PROBLEM AUTPUT

17

00000
«5,6128«07
®«5,6125«07
wh _ Q00uen2
«5,RIn7402
05,5290 2
@2, 5hT841)2
“2,4090402
-u.}uHSvQ2
«3,5340402
*2,n220402
«]1,7319402
e9,3707+01
wS,4114901
®3 243Re01
2,618+01
0,0000

21

0,0000
«2,AURGL08
«? ,8URQaNA
o] ,4H899+03
-h 01402
S AN2T7+02
@«2,676240?
w2,4202402
«d , 2919402
=3,49594+02
©2.6534e02
w],84563e02
«{,1700¢02
«7,0384401
«l ,3T75+01
-3, 0680e01

0,0000

22

00,0700
0,n0NG
0,0000
n,0000
o, 00NN
00,0000
v Nuno
00,0000
N.,0900
N,0000
00,0000
0,0000
0,0000
C,ut00
0, 0000
00,0000
o,0000

23

DATE 071576

PAGE,




8L1

TAC20 EXAMPLE PRMBLEM OUTPUT

THE CURRENY TIME IS

0,0000
«2,9003=04
«2,9713«04
-?.°7(\°.0u
.2.0A57.ua
«2.9915«04
e, Thuh=0U
oy YNHSend
«S5.17232e«04
«5,419%<04
-S.’l}s-ﬁ“
06.007“.ﬂu
e, I0NRad
oh A000=04
b, AN00=NL
-t ,80NNe0d

0.0000

1

MEAT FLUX
RETWEEN PNINTS
0,0000 0,0000
7.0074402 1,Un21403
7.10Q04de02 1,4020403
T.201740:2 1,419R+03
7,56u2402 1.,47R5+n3
7.9494%4+02 1,5614¢03
2. T11RenNQ 7.1726402
2. BP39+02 T.,82020402
2.8uan8d,302 7.320A402
2,64923402  6,0AU9402
1,9001409 4,123%5+02
1.23h0e02 2.0h3%402
b, 6296401 4,9928¢01
v, 0000 =3 060Us00
2.,8737«00 0,0060
2.,R737e00 A,7000
0,0000 00,0000
2 3

DATE 071576

STEADYeSTATE TEMPERATURE IN A MELIUM CIRCULATOR BLOWER DJISC

797.0180 KOURS

47821,0791 MINUTES =

IN RADIAL ODIRECTION

(1,J}

BASED ON
AND

(l1et, 02

THE

2860264,75000 SECONDS

AREA

GRIDLINE

(BTU/HR=F Tax2)

THE RADIAL(I) DIRECTINN IS HORIZNNTAL

THE &XTAL (J)

0,0000
2,1°R7403
2.0733403
2.020K¢03
2, 08RT40}
2.,1813+03
1.,7210403
1,76n4s53
1,6795+03
1.2h405403
0 ,R67T74+02
&,B027401
=5 4738402
3.3010403
®2,9477+00
«2,9077+00
00,0600

4

0,0000
3,0827+03
2. RUlR40 Y
2,4581403
2.1301403%
2.1313¢03
U, H9%5403
4,R765403
4,3nh0403
2,R1RU«O3
1,2036403
U ,752R¢01
«ld,329Re02
=] ,2743402
00,0000
0,0000
n,0000

S

DIRECTION IS VERTICAL

0,0000
4,unr12403
U4, un0teny
2eRbS1 403
Fe1230402
«2,7491403
1e76834CH
1.239R404
1,0720404
LaT77489GY
3, 4u16402
4, 5287403

-4,9390¢03

=1,8765403
4,1753+00
4,1753+00
0,0000

6

0.,0000
. S5,4704403
Se3353+03
§,99934+03
7.8332+03
10631404
1,4560404
3,3u3%«04
1.7112+04
4,1716403
-2,4525403
-1.2550000
e],2U%06+04
«3,6299403
«9,6690+00
«9,5690400
00,0000

7

PAGE

34

120 ITERATIONS HAVE BEEN PERFORMED

(n

040000
‘@l 4696403
«d 0118403
«~3,9890403
=4, 1R1G+03
e, 3UduU+03
ey, 494T74+03
«} 751509

3,9695+403

1,56614+03
-2,1534+03
U, 9h00403

049000
=],8913+01
*7.4506+00
7.4506400

00,0000

8

C,0000
!, 100S5+02
=1,0975402
“1,1086¢02
®1,1665¢02
®1,2H90402
*4,5590404
af,uniNa=0s
b ,59%1403
3, RBu5+03
=2.,n122¢03
«1,3un0403
=8,4309+400

4,2154¢00

B,u309+00

8,4309400

0,0000

9

0,0000
=8,9104+01
=8,8028+01
«8,5631401
=R, 1127401
*7.3619+01%
«3,9315e04
-],2812=05
eH ,UR9S403
®5,6903+403
*3,3214+03
*],1264403

3,6579400
*©3,6579+00
=«3,6579400
«7,3158¢00

0,0000

10




6L1

TAC20' .ns "PROBLEM OUTPUT

17

- - . . -
= RNWEWVMOE NP OOC—=NWEND

0,500
o7,5445401
«7,217240%
-b,900R401

=8,5U72401

b, 120Re01
«3,5042+04
-‘.‘Fﬂ}-ﬂs
-8,3d31403
«5,7395403
«3,3351403
w],0R940en3
0,0000
3.6587+00
3, 6587+00
0,0000
0,00060

11

00,0000
eb,2317+01%
.b.’l79001
-5, KRT1e01
=5,000934]
«5,3h104014
=3, 0R42en4
e] 1SpRe0§
«7,5724%:03
=5,0439403
2.77S7403
«7.202%9¢02

0,0000

3.6593+400

3,6593400

T.3187400 _

0,0000

12

v 0o
«5,G73uen}
=S, 3IA88+0
S 185k40
il ONE2s0Y
el 6A1140)
=2 ,0846¢04
.Q.])Qu-ob
eb Luriengy
-U.CE$1003
=]1,322R+q03
2.0192403
3,6598+00
N,0000
5,6598400
00,6000
00000

13

89,0000
=G, 0003401
el BRTIRG 0
oU hTHhOeNY
=d 3165401
wd, 11900}
) 27nnend
7. 857104
=5,92ahK403
=l 1033403
«2,U579¢03
-9, 6049402
«7.3203en00
=3, A602+00
O utan

00,0000

0,0000

14

n,neoo
.u.7ﬂ55¢0]
ld,0500401
“lU,8787+01
.l 151640}
«3, ThhT4031
®2. 00000 Y
e, AT791«0p
“5,4RS0+03
=4 nNY01eny
2, 7014603
i, 3In6T7+03
3.68604400
De0GO
3 H60U40N
«3,6004400
n,0000

15

0,0090
-4,75874+01
e4 0790}
ot ,hSCUsNY
o4 429990
=3,97210401¢
1 ,8725+04
*5,9971enp
=5,1746403
4, u172+03
=2.7333403
=1, U1TAsn3

U,1667+400

R,5319+00

4,1660+00

4, 1060400

00,0000

16

n,0000

4, 71749404

-U.buhg#nl
«5,092240]
-5.“623001
S, nhE3e0t
«2,1408+04
*5,S187«0h
*5.%30A+03
-0, 2947403
-2.6““?005
°1,1067403
0,000
»7.263%200
-],4527+01
«7,2635400
0,0000

17

DATE 071576

0,000
F,406R402
«7,098%402
.10“551003
w2, 64520408
«3,9A22403
‘702333‘03
cbheblanelly
=6,9955+03
“4,4931403
®2.,0747403
«1,3275+03
-9.“0U5000
=9 HOUS+Q
9,80u5400
«9,. 4045400
00,0000 -

18

$,0000

1 ,338%2«08
=],6011=08
=3 4836403
«5,6715403
«h,07u9403
“l,14474+04
*3,SnlUbely
o7 7756403
-y 8964403
“2,8840403
«Q 29R84e¢02
2,0827403%
1,0060403
4,7139+02
2,7061¢02
0,0000

19

ince's‘ '

00,0000
.2,U4092-06
w2,U092=06
el ,5276+03
=5,6419403
*5,2062¢03
*6,0056¢03
*5,2418+03
.5, 2170403
ol 1208+03
.2,8‘“‘0“3
o] ,U938en3
«2,9848+02
*5.,274B+00

5,13514+01

4,7540401

00,0000

20




081
N NN O

TAC2D EXAMPLE PROBLFM™ QUYPUT

00,0000
.5.°Sb}.n°
«3,95A3=94
©b,1371403%
“5,1 730403
=5,84461403
«S,uln2s03
5, 094403
=i ,59H0403
«3,. 7% 7403
“2,7734e03
=] H312¢03
-t .0&37003
«5,721R+02
«2,9139402
el ,7441402

0,0000

21

0,0000
-l .QS(](\.Q’
! ,93406=n7
*9,9R13+03
©7,032%403
«5,91054+403
*5,3793403
wl Q305U eny
el 3717403
=3,5601403
=2,702R403%
«1,8R0b403
el ,191R+03
«7,1692402
=3, 968Rs02
«2,50004+02

0,0%00

22

0,0000

U.0000 -

0,0000
0.,0000
(PRI Rt
0.0000
0,u000
0'0"“0
N enna
90,0000
90,0000
N.b000
V0000
0.0000
Q0000
0,0000
0.06000

23

DATE 0731576

PAGE

38




I, C20 EXAMPLE

181

THE CURRENT TIME IS

10

W ENOe NP O

0,000n
0,00u0
0,000
0,000n
De,nUNQ
V0000
00000
Goullln
0,000
0.0000
0,0000
0.,0000
0,0000
N,0000
0,0000
0,0000
0,0000

1

PROBLEM AUTPUT

STEADYeSTAJE TEMPERATURE

HMEAT RATE 1IN AXIAL

0,0000
7.9551+018

 8,2%97404

B3,A9%1e0¢
9.5“07001
1,u1814n2
1,0Sn0en2
1,0682e¢07
1.,0741402
1,0920402
1.107R8+02
1,1199¢02
1127702
1.1319¢02
4,7748102
00,0000
ol 990606

2

0,0 0N
2.2651402
2., UbH1 402
2.,6h22402
2., HRpus0R
3,0227402
3, 14n2e¢07
I, 1330e02
3,7211¢92
3,2957+02
3,3567¢G2
3,59hR402
I, 8191402
3,8173402
0.,0000
80,0000
®],4972+08

3

DIRECTION

BETWEEN POINTS (1,J)

AND

THE RADIAL(I) OIRECTION IS HURIZNONTAL

THE AXTAL (J) DIRECTINN IS VERTICAL

U, 000N
3,8U91402
G, 19086402
4,9191402
U 8277402
5,U789+02
5,2518402
8,3704402
S.U91he0Q
Qe /193+02
S.5R41+02
S,9629+02
§,949R402
S,A390402

=2,43ndap]
0,0000

«2,5471«05

)

0,0000
6,0366002
b,004Te(2
T.1571402
7.5u0Bed?
T ANUSen2
T,8Uh2402
8,3223%02
A, 72n3e02
9,5927¢02
1.0NR94+03
1,0273403
{.0248¢03
1,0223+03
9,54%95¢02
0,0000

*4,0018«05

S

00,0000
7,2298402
8,2029+02
9,06855+n2
9,5157¢n2
9,37A1+02
T 9R35¢+092
1,0236403
1,179%0¢003
1,8177¢03%
1.5002¢03
1,4574403
1e31U5¢0%
11017403
1.1036+03
0,0000

wll ,8066e0S

]

00,0000
8,104S=0b
YPRLITTHN
1.5832+02
3, 3668002
S5,8781+02
1,6317403
1,0007+03
T.8159+02
1.,0373403
1,0291+408
9.,5335+02
b,56U2¢02
3,7050+02
3,0914402
00,0000
«2,3180=05

7

(1,J¢1)

DATE 071576

UM CIRCULATOR BLUWER DISC
797,0180 HOURS. o 4Y621,0791 MINUTES = 2869264,75000 SECONDS

P‘GF"IIS7,'

120 ITERATIONS HAVE BEEN PERFORMED

(BTU/HR)

00,0000

2,0752=08
4,0b62-08
4,8R2peny
Sl 5“9“.08
0,7R92+98

8,1157=08

2.178B-09
1.18n8403
T.2633402
6, 8599402
h,u367¢02
9.u620¢02
0.0(")0
1.1702=01
0,0000
v],22806+08

8

N, 0000
1,3071=05
2.,38067402
4,5685+02
b,70ut¢02
A,1918+402
9,7392402
1,0386402
2.k97T1403
2,0811+403
2,20ub+03
2,2372+03
2.3503¢03
8,5368«01
¢,0000
0,0000
«3,9638408

9

De0000
2434uTw05
5,6042«01
1,1685+00
2.0167400
3,0272+00
4,RBB2+(00
4,6385+01
3,4273+03
3.,3035403
301065003
3,1513403
3,1525+¢3
-b.3°16'01
a5 b814a0]
0,0000
®5,9341=05

10




281

TAC2D EXAMPLE PRNBLEM DUTPUT

0,%000

3.3h76=05
4,RAIUSNY
1,0005400
1,560he00
§1,9276+00
Pe1hnT+00
S.0RSAe00
3,2051+03
J.1h63e03
3,1328403

3,1139+03 .

3,1097403
7,1906201
“6,3916=01
5,7524=01

«6,6759=05

1

0,0000
4, d410n=ns
3,5R62=01
7,0911=01
{,94n0e00
1,2262400
1,330A400
2.hu3T+01
2.,9u83+03
2,9u94e03
2,95594+03
2.,9h%7e03
2,98u49403
0,0000
T.101R=01
00,0000
.7.4‘77005

12

0,00un
5.4746«0S
2,121R=01
4,1009=11
6.,172%01
7.52u0a01
B,001n=01
S.1512+n1
2.6319403
2.5345+03
2.,6972+03
2,7732403
2.,9410+05%
«f,TA5Sant
7.5120=01
«7.,1308«01
=8 ,1594-05

13

0,0M00
- 6,5697=05
4,317%=02
8,1T07=02
1.5036=01
2,3109=01
3,5R92-01
SebluSeny
2.255R+23
2.,2659+03
2.,234S+03
2,1489403

1,9975403

9, 0000
040000
0,0000

=8 9012«05

14

o,u000
7.701%a08
1,73 1=01
«3,1217=01
-U.73“0-01
eh, 3432=01
-l 909040}
3, 9K2Re0
1.9537403
1,9530+0%
1.9307+03
1,90%3403
1.“700903
=1,038Ke00
«3,2123=01
N,0000
«9,6030a0S

1S

0,000
8.9112-ﬂ5
e8,0933=01
-7.1399.“1
«t1,2277400
«},75164+00
«2,0R30e00
oh 6596400
1,66835403
1.,07T7R+03
1,6013403
"1,6400403

1,6325+03

06,0000
10,0000
0,0000

-1 ,0385=04

16

0,0000
7.5233=05
-501215.01
«5,6551a01
s1,d4115+00
e2,4751409
oll , 249040y
®],54b3+02
1.,1389+05%
1 UBRU+OS
1,04809403
1.0785¢403%
1.0236¢03
«8,9133en1
7.9229«01
0,0000
«8,2753«05

17

OATE 071576

0,0000

2.05n1=0S
v1,1335402
«5,8730+01

«2,1715+92.

wld u285¢02
=7,3351+02
=] ,5084sN2
3.7736402
3,22n0402
2,9999402
2,9354+02
2.9831¢02
0,0000
5.4595=01
®2,4568-01
=2,8512=08

18

0,0000
3,475%=07
], 7623008
2,7u53«09
«1,342%=07
-2.00"6-07
«2,8839-07
a5 ,5840=09
T.,2140402
5,5R28+02
S, 1083+02
5,0215+02
5.3323+02
0,0000
0,0000
5,0313«01
«5,8390=05

19

PAGE

0,0000

38

4, 780807

00000

2,356%402
6,7229+01
5.,1575+01
1.9297+02
Ug,0050¢02
1,68u8¢02
3.,7261+02
4,254le02
4,2144402
3,6683+02
1,5800e02
6,9733+01
2,3%47+01

©7,9872205

20




€81

nczo‘pu PROSLEN NUTPUT

- P d gt e e
S NUEWVO NP 0O =NWNDENG N

0,0000
Se1R2)an?
Q.N000
S,hiduTe02
2.2268402
1,5006402
1.0178402
1,7793+02
1.7512+02
2.‘“’15002
2,35564+02
2.2897402
1,9150402
1,1994402
6,6739401
2,5771+01
«8,5654=05

et

0,00C0
5. 311 7R«n?
00,0000
7.742% 02
2.02%0402
9,.613%+0
h,Ro5%3+1
6.,43067+01
6,3775+01
5,916240
7,3344401
7.0310401
S.RA83e 01
4,05nueny
2,4309¢01
1.0030en1
=8,6UnT7e05

22

00,0000
90,0090
2.0300
0000
0.,0000
0. 1100nNH
0, NNNO
D.0000
0,0000
0,0000
0.6200
0,0000
09,0000
[}
NeCGN0
[FII{Y Y]
00,0600

23

DATE 071576

md.o' )



8T
- fUWEVNO NP0

TAC2D EXAMPLE PRNRLEM NUTPUT

THE CURRENT TIME 1S

0,0000

. 0,00060

0,0000
C,n000
06,0030
0,0000
0,0000
0,000
0,0000
0,0000
0,000
0,90a0
0,000
0.,0000
0,0000
0,000
0,0000

1

HEAT _FLU

0, 0000
{1, 02%s04
11227404
1,2117404d
1.3062400
1,338%1404
1,6439m404
1,4514404
1, 4h3Se0y
1, URRC+NY
1,5098+04
1,525% 04
1.536%0004
1.5422+04
6,5104400
0,0000
=6,80N0=04

2

DATE 071576

STEAOY«STATE TEMPERATURE IN & HELIUM CIRCULATOR BLOWER DISC

797.0180 HNURS =

X IN AXIAL

47821,0791 MINUTES =

DIRECTION

BASED (IN

BETREEN POINTS  (1,J) AND  (1,J+1)

0, 0000

{1.02BR¢04
1.1210h404
1,20Q2¢04
1.3n051404
1.3743404
1.,479n¢04
{.,0057404
1.4R30404
1.49n9¢0y
1.52496+04
1.542R+04
1.5511¢04
1.55¢1¢04
0,00¢C0

0.,6000

=5,8000«04

3

2869264,75000 SECONDS

THE ARFA

PAGE 40

120 ITERATIONS HAVE BEEN PERFORMED

GRIOLINE (J)
(BTU/HR=FTa22)

THE RADIAL(1) OIRECTION IS HNRIZANTAL

ThE AXIAL (J) DIRECTINN IS VERTICAL

0,0000
1.,927b404
1,1209404
Foe20nS5e0d
1,.,2F49404
1.3559¢04
1.,4020404
1,4338404
1. lnol+nU
1.5726G¢0y
1.5749404
1.5919%:04
1.,SRYu+ (Y
1.5590+04
«6,5104900
D,0000
.b.BOOn-na

4

0,0000
1.0297+04
1.1291+04
1,2161404
1,2813+04
1,3755+04
1,3%32404
1,8141+04
1,493004
1.6300+04
1, 71068404
1.,7457+404
1, 761%+04d
1,7372+04
1.6227+04
00,0000
b, BEON=DY

S

0,0000
1,6230404
1,1h92+04
1,2R13+404
1.,34008+00
1.3267¢004
1,129 ¢04
1,41 e00
1,h688404
2. 0056+04
2,1223+04
Ceth1A40U
1.8539¢04
1,6035404
1,5612¢04
C.N000
«6,8000e04

)

00000

2.3781e04
2.0771403
4,6402403
9.,87b68403
f,7264e0 Y

3,026T¢04"

2.9357404
2.0928404
3.0430n¢04
3.018R¢04
2.7967404
1.9260¢04
1.1049+04
9,0705403
0.,0000
b, 8000=04d

7

0,0000
1s1U4HAa(b
2, 6934=00
2,7025=06
2+9830=00b
J,757R=00
4,4926«900
1,2060e07
a,56n7+04
140232404
3.5202¢+04
3,96274¢04
Ss01498+04
0.,u000
6,5104+00
20,0000
=5,8000=04

]

G, 0000
2,2423«04
4,094834+93
7.8322+03%
1,1094ds04
1,4053+04
1,pTuR404
1,7316403
4,97u0404
4,2500e04
3, 4852404
3.637%0u4
4,u595+04
1,d40u8¢01
0,0000
90,0000
~5,8000=04

.

0,0000
2.,688B200
6,4219+00
1.,339040}
Ce3110401
3,46894+0)
5.0014¢01
S.3154402
3,9274404
3,7856+404
3,6652¢+04
3.,6112+04
3,0125404
-7o3202’00
*5,5104+00
00,0000
«b,8000e04

10



68T
“NWENBe w2 O

TAC20 .

17

1o
1S
14
13
12

10

0.,1000
3.4302a0u
u,985u400
1.019140}
1.,58%n¢n1
1.9563%401
2.,2070+01
$.7912401
3.,2h17404
3.,225%e04
3.1910+04
3,1718+04
3,1675+04
7.3242400
“5,5108400
S.AS5%Ue00
=b,5000e04

11

,0000
4,0u2A0U
3.2R76eNQ
6,500he00
9,5923400
1.‘?““01
1.2200401
2,38K9402
2,7102Re0u
2. 70%UnNs 0y
2.70974+0u
2,72244+04
2.7%4eny
00,0001
6,5104400
0,0000
b 8000e04

12

LE RROBLEM NUTPUT

0,n000

4 ,S6P8=04
1.7683400
3.“227000
S.1d4uen(
b6.,c79Pe00
7,3H52+00
4,2929¢02
2.193us+Ny
2.218h4+04
2.2U78¢04
2.3111¢04
2,U810+04
7,3242400
6,51Nn4+00
-S.BSQUQOO
=5,8000-04

13

0,0n00
S.01hSany
3.,2953-01
°02“1°’01
1,1827400
Y.l65d400
2.,7419400
4,2861402
1, 7% ue00
1,7310404¢
1,7070+04
1.642u40U
1sU954Ue0y
00,0000
W, 0000
0,0000

e ANN0=04

14

V,0000
S,u¥t1any
=1.2243400
2, 2014400
=3,3411+00
®3,7679400
«3,5258+00
2,5NKA+02
1.,3777+04
1.3779+04
1.3657+04
f.3438kenu
1.3190404
*7,3242449
©5,510d+00
0,0000
-6,B000e04

15

n,onno
5.“351-0“
=2,9009,40)
=4 0753400
«K U97us00
o1, 1870¢01
PR LY TITYE|
=l 3IN0T7+01
1.,1023+04
1,09R6+04
1.0873+04
1.0705+¢04
1.0690404
00,0000
0,0000
60,0000
«6,A000«04

16

0,0000
6.18337=04
«ld, 20084400
el 0469¢00
=1,1%598¢01
e2,1303+01
«3,4915+01

e1,2708+03

Q,5589+0 3
R, 9u3heny
8,61924+03
8,4515+n3
B, 4114403
«7,3242400
6,5104+00
0,0000
«6,8000=04

17

DATE 07157

0,0009
0,33u%00
«2,7034403
] .35053¢403
«5,1731+03
«9,5999403
“1,7U9Q+04
*3,5974+03
9,0120403
7,0948403
7.1547+03
7.0009+03
7.1147+03
00,0090
1.3n21¢01
«5,8594400
«5,8000=04

18

n,0000
4,04508e06
«2,U515=07
3,195Pa08
e],5n2R=008
“2,4357=0d
=3,3349=06
.6,500da0y
8,3979+403
6H,u9490403
S.,74b0b6+03
S.84564+03
6,2086¢03
D 100U
0,0000
5.,8594400
'6'8000-00

19

PAGE .1- -

00,0000
4, 0hbde0s
0,0000
240039403
5,71835+02
4,386H402
1.,6814903
3,4575+03
1,4330403
3.1693¢403
3,61687403
3,58u6+03
3,1202+03
1,3439¢03
5.9313¢02
2.,0029402
«6,793704

20




981

TAC20 EXAMPLE PROBLEM QUTPUT

0,0000
4,109%506
Q0 0000
4,00n5¢03
1.7659+0%
1.1947¢03
1,2837¢03
1,%11003
1,5847¢03
1,7007403
1,R6R103
1,B157+03
1.,5157¢03
9,5111+02
5.,2569492
2.,0u37e02
=b,7925«04

21

0,0000
4,18 y2«"p
0,0006

6, 0RnNenNY
1.5903403
7.5%09+02
S, ¥1nben2
S,1022+02
S.u132¢0:2
S. 482402
S.7T6%4+02
5.5259402
4, 52RAe02
3 1902+02
1,910ReN2
T.8914+01
b, 7969«04

22

0,0000
0.0000
0,00vuy
0, N000
0,000
Ve00900
0,0000
0,0000
Qennen
0,000
0.nN00
0,0N00
V,N0YN
0.0000
00,0000
0 NNON
00,0000

23

DATE 071576

PAGE

az




{81

nczo'.& PROBLEM QUTPUT

THE CURRENTY TIME 19

[ e
mRWEWVNDG D 0= NW EVNT

.

0,0030

B.,5626e12
8,562h<12
R,5626e12
8,562he12
3,557hat?
B.Sheﬂ-lz
805626.12
B,5626=12
B, 562he12
8,562he12
8,5626=12
A, ,SKh2het2
8,562b6e12
8,5626=12
8,5026=12
00,0000

1

EFFECTIVE

0,000

S.0000¢02
5,0090e02
5.,0000402
5,0000402

S.,00C00e02 -

1.0331¢0}
1.,u393+0))
f.04Ab40Y
1,0612+01
1,073Re01
1,0804¢01
1,0990¢01
1.,06000+04
l.oﬁOOoﬁQ
1.0000404
0,0000

2

.
.

47821,0791 MINUTES = 2869264,75000 SECUNDS

RAOGIAL CONDUCTIVITY BETwWEEN ©OINTS (I.,J) AND (I¢1.J)

0,0000

S.unice02
S,0000402
S.,00L0¢02
S,00004+02
S.0NUNS02
1.,0329401
t.u3n2+0d
1,0976401
1,6693«01
1,0732+0)
1.,MR61¢01
1,0969¢01
1.0000+04
1,0000404
1,0000404
0,0000

3

THE RANIALCI) DIRFETION 18 HORIZONTAL
THE AXTAL (J) CIRECTYINN 18 VERTICAL

06,0000 00,0000 00,0000 0.,0000

S.0000e02 S, 0000802 2.A%02+00 1.,4798+00
5,000080 5,0000402 2.830+00 1.,u4803400
5.0000402  5,0000s02  2,632h400 1.4815+00
S, 0000402 5,0000402 2,835%5+00 {,483Uqe00
S.,00n0602 S.0000e02 2,483,400 1.4859+09
1.029440¢ 1.,0227«01 1,0090401 1o URI2400
1.0356401 1.6PHQ+01 1,0172+01 3,0590=08
1.0450¢01 1,03%0en 1,0293+01 1,0139¢0}
1,CHR4s0 Y 1,08U3e01 140490401 1,06430e01
1,0721+01 1,070240) 1,06R9401 1,h98B+0Y
1,08584+01% 1., 0RSR4NY 1,0876401 1,M9484+01
1.0993401 t.1004401 1,1029+01 6,7393+00
1.1d4%+0] 1.1140¢01% 1.,1148+01 5.7612+00
1.,0000e04 1,0000404 1,0000404 1.,0000¢04
1.0000¢04 1,0000404 1,0000¢04 1,0000¢04
0,0000 00,0000 00,0000 00,0000

4 S 6 ?

DATE 071576

STEADY-STATE TEMPERATURF I'N A HELTUM CIRCULATOR BLOWER D18¢
797.0180 HOURS

PAGE |

5

120 ITERATIONS HAVE BEEN PERFORMED

I

(BTU/HReF TeF)
0,0000 ., 1000
2,0433e0n 8,9%023<02
el i2e0p 8,9623=02
2.4 3040y 4,902 3«02
2.,n8294+400 H#,9623=02
2,0427400 R,09623en2
24 1U25400 3,0523+01
1e¥NUNeOH 1.,0000=08
1e00037401 1.0084+01
1,0402¢01% 1.0431001
1,0722+401 1,0747¢04
1,1150¢01 1,1050+01
1,0000404 1.0000+04
1,0000e04 1.,0000e¢04d
1,0000¢04 1,0000¢04
1,00004+04 1,0000e04
0,0000 0,0000

8 9

¢

0,0000

5,0000=02
5.6000-02
S.,0000=02
S,0000e02
S,0000e02
3.0179+01
1,0000=08
1.0200+01
1,0503+01
1,0790+01
1,1067401
1.0000?0“
1.0000¢+04
1,0000¢04
1,0000e04
n,0000

10



88T
—NWENG N® O

YACZD EX4MPLE PROBLEM DUTPUY

0,0000

5.0000=02
S.UNNNe}2
S,0N00a02

5,00nhe0 .

S,ANuNe(2
2,979740}
1,000e08

S 1.034740%

1,0600601
1,0RUSNY
1,1085+01
1,0090404
1.0000404
1,0000¢04
1.,000n+04
0,0000

11

0,0090

S.,0000=an2
5,0NNNanp
S, utyyen?
S5.3)00en?
S, uftnen
2.9u25+0
1,0000=08
1,00R340
1.,0690401
1,0H98401
1,1099+01
1.0000¢04
1.0000404
1,0000004
1.,0n30404
0,0000

12

0,0000

S, 000002
S, uNpnen2
S.000)=n2
S.00N=n2
S.nuf0e(2
2.9075+01
1,0000=08
1,0601+01
1,0766401
1,0929+01

1,10R0¢ 0

1,0000404
1.0000+04
1.0000+04
1.0000¢04
0,0000 :

13

06,0000

S,00G0=02
5, UN(0=n2
S, u0NelM
S.0N(INe)
SN0 )al
2.R7S4ue01
1, 0000eCR
1,0709401
1. uPlde0y
{,096M+01
le10HNENY
1., N000+04
1,0000404
1,0000404
{.0000¢04
04,0000

14

9.,0000

S, 000002
S.0n0Nen2
5.0000a02
S, 000002
9., 000N
2.hU50401
1., 0000enA
1.08¢0¢0%

©1,0002401%

1,1701¢01
1.1099:01
1.,.0000e04
1,0000¢04
1,0000404
1,0000¢00
C,0000

15

00,0000

5,0000e02
$,0000=02
5,0000=02
5{00"0’02
S,0000002
2.8P13401

1,0000=08 -

t ulTTe01
1,0960401
11060401
1,1119+01
1.0000e04
1,0000404
t. 0000404
1.0000¢04
0,0000

16

0,0000

5,63%8e02
6,015U=02
b,h35%e02
b,535%=02
6,6355=02
2.4032+401%
1,1000=03
1,0932+01
1.1002¢401%
1,1068¢01)
1,1153+01
1,00¢0+04
1.C000e0L
1.0000¢04
1,0000¢04
0,0000

17

DATE 071576

01,0000

1,102440%
1.1026+01
1.1026401
1,1029¢0%
141033409
1.1039+0%
{1 ,UNINe08B
1,1046+01
1.1097’0‘
141147404
{1,00000U
1,9000¢04
1,0000404
f,0000+04
0.,0000

;8

W,0000

1,0000=10
1,000n=10
9,R162400
9,4188400
9,8204+09

9,R24R40D

2.,2963-08
1,10434+01
1,1081+401
101‘18’01
1,1154+01
1,7378+01
1,0383401
1,0386¢01

" 1,0387+0%

0,0000

19

PAGE

0,0000

1,0000~08
1,000008
151055001
1.1070¢01

11076401

1.1085¢01%
1.,1095¢01
1-1103001
1,1123+401
141145401
1.11060401
1,1185¢01
§41194¢01
1,1199+01
1,1201¢01
0,0000

20

44
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TACD 89_._5 ORNGLEM NUTPUY

s i D g s e D S
CNUEWNG NP OO—=NWENC N,

0,0090

1.,000n0an8
1,00NN=08
111154101
1e1132+014
1.1140¢01
tet145e01
1.,1149¢0¢
1.1155+01
1.1164901
{17401
1, t16us0
1,1192+0%
1,1197¢0}
1.1200+01
1.1201¢01
0,0000

21

00,0000

1.0000et0
1,0000et(
t. 1001401
1,107740%
1,10R3401
1.1086401
1.10HReNY
1,10914+01
1.1095e01
1,1100eny
1,1104sng
1,1108401
1.,1110+0%
1.1112¢01
0.0000

22

00,0000
00,0000
w0000
04,5000
0,000
0,0000
0,01N0
),000G0
0,0000
00,0000
0,0000
0, N00
0,N000
0,N000
00,0000
00,0000
0,00n00

23

OATE 07157¢

PAGE
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06T

TAC2N EXAMPLE PRNALEM DUTPUT

DATE 071576

STEADY-STATE TEMPERATURE IN A WELIUM CIRCULATOR BLOWER oIsc

THE CURRENT TIME 18 797,0180 HOURS a  47821,0791 MINUTES = 2869264,75000 SECONDS

EFFECTIVE AXTAL CONDUCTIVITY BETWEEN POINTS (I,J) ANb (1,3+1)

THE RADIALC(1) DIRECTION IS HNRIZONTAL
THE AXTAL (J) DIRECTION IS VFRTICAL

1?7 0,0000 0,0000 0,0000 0,00n00 0.,0000 0,0000 00,0000
16 6.7000 1,324%6e00 1,3246400 1,32uhe00 1.32086400 1,324b6400 1,5625=08
18 0,0000 S, 0000402 S. 0000402 S5.,0000402 S,0000402 S,0000+02 9,3303¢0n
1 00000 S.000Nne02 S, 0000402 Se00NNeN2 S.0000+02 5,0000+402 9,3781400
13 0,300N S,00)ne0 S.tuaben? $5,0000402 S.0000¢02 S,0000402 9.8573¢00
12 00,0000 S.0000402 S, 00060402 S5.0000802 S.000neN2 S,0000en2 Q9. 60AS+0y
11 0.,0N00 1,271S+04 1.,2715400 1,271us09) 1,2712+0¢0 1,27u8+00 Q.7951400
10 0,0000 1,03540e01 1.135R+0% 11,0341 - 1,0304401 1.,0199,01 9,9592¢00
9  0,00u0 1,0457401 1.0451401 1.04¢6001 1,0000+401 1,030201 1,0125401%
8 03009 1,055%1+01 1,094S+01 1.0932+01 1,0501¢401 1.002u401 1.030h401
7 00,0000 1,0R76401 1.,0672+04 1,0662401 1,0h4140 1.0598+01 1.0S6UeNy
6 Ne0000 f.0Ry2e0Y 1.0799+901 1.0793¢01 1.07R%en ¢ 1.0773+01 1.,0Ru74+01
S 00,0000 1,092R3401 1,0926401 1,0923+01 1. 092Reut 1.0933e0% 1.1001¢01%
4 0,0000 6,8357400 6,4354+00 6.,4353¢00 1,106R401 1,1N75+01 1.1123+01
3 0,3009 1,0000004 1.0000¢04 1.,000040n4 2,5027+01 2.5033+01 2+:5092+01%
2 0,6000 1,0000+04 1,000n404 1.0000+04 1,0000+04 1.,0000¢04 1.,0000404
1 0.,0000 1,3021=08 1.3021»08 1,3021=08 1.3021=08 1302108 1.3021=08
1 2 3 ¢ 5 6 7

120 ITERATIONS MAVE BEEN PERFORMED

(BTU/HReF TeF)
0,0000 0,0000
1,0000e10 . 1,562%«08
1.,0000e08 3,00894+0)
1.000008 3,0905401
1000008 3, vu01408
1,000008 3,n799%+01
1,0000e08 3. 07546018
1,0090=1¢0 S.5008400
S,6626¢00 5,6953+00
1,0234¢0) 1,0210+01
10538401 1,05060¢01%
1.0853¢01 1,1nB1401
2.1977+01 2.,2u55+01
1,0000404 1.,0000404
1.0000¢00 1,0000¢04
1.0000404 1,0000¢04
1. 302108 1.3021=08

8 9

PAGE

0,0000

1,5625«08

Se0NYN=N2
5,0000=02
5,0000e02
5'0000'02
7.4938e02
$,4950+00
S5,678640y
1,0290+40%
1,0608¢01)
110900001
2.,2092+01
1,0000404
1,0000404
1.,0000+04
1.3021208

10




161

TAC20,

—NAENT N O

0,0000

14562508
S,0000e0?
SN )M an?
S.0010=0?
5.0000e0:2
7.093Ran2
S.8RHRT¢+00
§.,7073400
1,0413401
1.00HU401
1.09%hen
2.212R¢01
1.0000¢04
1.0000e¢04
1.0000+04
1.3021=08

11

0,9000

1.562504
S,NNnNen2
S, 0fNen?
5,000l
S,Oﬁno-ﬂa
T,491%7en?
S.u822409
EPRALLE N
1,05340eny
1,0750e0)
1 09R2en 4
2.2163¢011
1,0000004
1,0000e¢04
1,0000404
1-302t=08

12

MPLE PROBLEM NUTPUT

0.0000

1,5625=08
S.UQuoe0?
S.thnnen?
S, 001102
S¢0G00en2
7.&056.02
S.4759+70
S.7€622¢00
1.,0640401
1,0425401
110110y
2e218n901
1,0000404
1.,0000+04
1. 0000e0U
1,3021=08

13

G 0000

1,5h25«0R
S, N00Netp
S.N0NNar2
S, Atittang
S.00600e0:?
7,“035.02
S.47004+00
S.TR36400
1,0728401
10879401
1.1006401
1,0179+01%
1,0000¢04
1,0000¢08
1,0000+04
1.3021=08

14

0,0000

1.5625«08
5.0000e02
S.0000an?
5,0000=02
S 000002
7.14934a92
S.dhUsenQ
§,8029400
1,0R12+01
1.0924401

1.19344+01 -

1,0Vn5+01
1.0000e04
1,0000+04
1.0000404
1,3021=08

15

0,00600

1,5625«08
5,0000e0
S.0000=02
5,00N0anp
5.,0000m0?
7.0930e0p
5.,4593+00
S.H2ud+en0
1.,0891¢01
1,0980401
1e106T7 404
1,01954+0
1.0000¢04
1,0000404
1,0000404
1,3021-08

16

. 000000

1.5625=03
S.000n=02
S.0000=02
S, 0000e02
S,un0H0ap?
T.4933202
S.dSU7400
S5.0834%+400
1,0957+01

1,1028401

1-‘096001
1,0203¢01
1.0000404
1.,0000404
1.0000¢04
1.3021=08

17

ODATE 071576

0,000

169625=08
2.7647401
e7671401%
2,7700401
e 7769401
2.7B4leng
S5.4516400
S.8432e¢00
10997401
1,1057¢04
1¢1114e0¢
{o020R+01
1.UN000¢04
1.0000+04
1,0000¢04
1,3021=038

18

0.0000

1,un00=10
1.0000-08
1,0009=08
1,0000-08
1,0000=08
1,0000a08
1,0000e10
S,85%01¢00
1,1029+01
1,1079401
ta1126401
1.0211+01
1.0000404
1,0000¢04
1.0000e04
113021-08

19

ngs.m .

0,0000

1,0000e10
2,0000-08
13194401
1.1036+01%
1.5041+01
1.1046¢01
1.1089¢01
1,1072+01
1,1088401
1.1‘15’01
1e11464001
11171404
1.1188+01%
1,1197+01
141200+0%
‘.3021‘05

20
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TAC20 EXAMPLE PRDBLEM QUTPUTY

_‘-‘-ﬂ’—-ﬂ—‘
Vi ENTG

=
-

_
—- W EWVO ND OO

0,6000

f,uN00=19
2.0000408
1,3229+01
1,108Q401
1,1105+01
1.,1112+01
1,1120+01%
1.1123+01
1.113%401
1,1152+01
1.1167¢0%
1,1180¢01
1.,1190+01
1,119001%
1,1199+01
1,3021=08

21

0, 0n00

1,007 =10
2.0 NenB
1,327704
1.,1156e0]
1.,11A9401
1,1173+01
1. 11760401
11179401
1, 1182401}
1.1117801
1,1191401
1,1195¢01
1,110040¢
1,1201401
1.1202+01
1.3n021«08

22

0,0000

0,0000
0.,0%00
N Huna
0.,0%00
N 0000
0,06G00
0,0040
0.,0000
0.0600
0,0000
0.0000
0,000
a0,000n0
0, 0000
0,0000
0.,0000

23

OATE 071576

PAGE
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TAC20 FXAMPLE PROBLEM NUTPUT DATE 071576 NGE“'. .
STEADY=STATE TEMRERATURE IN CULATOR BLOWER D18¢

THE CURRENT YIwE 19 797,018C HDURS = 47821,0791 MINUTES = 2869264,75000 SECONDS 120 ITERATIONS HAVE BEEN PERFORMED

RADTIAL THERMAL CONDUCTANCE RETWEEN POIMTS  (1,J) AND  (141,J) (BTU/HReF)

THE QaNTAL(T) NIRECTINN IS HORTZONTAL
THE AXTAL (J) DIRECTINN 1S VERTICAL

17 0,0000 0., 0000 0,0n00 0,000 o,unnn 06,0000 0,0000 0.0000 0,0000 0,0000
16 1.,630213 R, 9%ndent 1,9090402 2.7654402 3,72RA402 3.8014400 4,9R67¢00 S.5140¢00 1,5192=01 6,3352=02
IS_ 1.0302e1(} K, 93hUsy) 1,909ne02 2.765%402 31.7248402 3,A025¢400 4,9A83+09 95.5158400 1,5192-01 8,3552«02
14 1.61n2a1} R,93044n0] 1.9090402 2.705%402 3,72RA¢02 3.,8047400 4,9921400 S.5)34+00 1.5192-01 8,33%2«02
13 1,M%08e1} S,967A8N0¢ 1,2727e02 1,8U89402 P UungHINY 2,9301400 3, 3324409 3,6753¢00 1.9128=01 5,556H=02
12 1,79CRat} S,957heuy 1.2727402 {1,R43Q9402 2 UHSRLHD 2.,5426400 3,3381400 3,67%0400 1,0128=01 $.554B=02
11 S U4dRetdy h14Qra(] 1,.31724400 1,396h400 P.SuPe0D L, 5149400 1,6727400 1,83734+00 t.,7247+408 1,6770401.
10 EPLTY PE A 6,191h=nt 1,321 8400 1,9195400 2.,5578400 4,5%45+00D 3,03n0-04 B,a9994ay9 S,e50%=y9 5,5568«09
1,098 3 1,749%¢00 2oetAH5+400 3,A539+00 S 1AS%hen) 2,216A200 2.2777+01¢ 1.,8057e0} 1.139n+01 1,1356401
1,390k} 1,260%e00 2.69R94010 3,983 +00 5.2017+00 9,3933400 2,3u%14071 1.,2714401 1., 1768401 1.,1673401%
1, 090813 1,279%¢00 2.7317+00 3,95%6400 Se320T¢00 9,5719+00 2,4033401 {1e9289+01 1,2145%+018 1,1992+01
. 1,"90Ra13 1,29u5¢00 2.,7605+00 U,unu2+00 S 39k24ny 9,7393+ny 2.4595+01 1,9843+014 1,2u87+01 1,2299¢0])
1,000R=13 1.300Se0y 2.7970+09 N 0861400 S, HT07400 9.8T7S5h6+00 1.5140+01 1,7991+04 1e13u1+04d 1e111de04
1,0908=13 1.,1910+03 2,5943¢03  4,221u00 5.53RUs00 9,9830400 1.5169¢01 1.7991+0n4 1.,1301404 1.1114404
1,3635«13 1,4R0U4en3 3,1617¢403 H,n0Q07¢403 6,21U4ne03 1,1193404 2.,8081¢404 2.,2489+04 1,8120¢04 1,36892+04
1,3635«13 1,469den3 $.1817+03 4,6097403 5,2146+03 1,1193+04 2.,80681¢04 2,2489+04 1,8126404 1,3892¢04
0,0000 0,0000 - 0,0000 0,0000 "0,0000 0,0000 0,0000 0,0000 00,0000 0,0000

- NWENC N® O

1 2 3 ) 4 S 6 7 8 9 10



7671

TAC2D ExAMPLE PRNALEM NUTPUT

— - o o o s s -
e NAUENT ND QD= NWENE

0.0000

9,3Vhnap2
9,314C=02
9,3140.02
6.,2120=02
b.P120en?
1.85104+014
5.212n«09
1.2345+401
1.3109¢01
13474401
1.,3772+01
1.,2424+04
1,20268+04
1,5530+04
159530204
N,00060

i

0,000)

1.0301e0]
1.0341«01
1,0311=01
o Bhlten?
O.Ah7l-hP
2.0°2074+01
6,8h71ar0
1,4397+01
1. ahH2eN0Y
1 490u¢0 Y
1,.,5Puueny
1.,373e+nd
1,373us04
1.7168+04
1.7168+04
0,10030

12

n nnen

1,124%«01
1,1283=01
1,1233%=04
T.5922uen?
7,5220«n2
2.1RT7140)
7.9220«09
1,59a9¢04
1,p197¢01
{P1U240])
1.,6hR3401
f.,50u1¢04
1,5n060404
1,8RS+0Y
1.AR05¢04
0, 0000

13

N, u0Q0n

1.22h5=01
{,2265=01
1,22h%ny
E,1709=02
8,176%a02
2.3517+01
B,174300
1.7507+01
177174018
1.72923%s0
1.R2121401
1.,60347+04
1,635440u
2.0042+40u
2.04U42+404
0,0000

14

0,0000

1,374Rapy
{,3°uRan
1, 8240R=01
A, B317«02
8,8317a02
2,5134401
8,R317.00
{, 07K+
t.,9250401
1,72U32+0})
1,96054+01
1.,755K404
1.7663+04
2.20794+04
2.2079+04
D,0000

15

g,n0600

1.6194a0
f,n1G64=01
1,61090an0y
1,07956=11
f.0796e0
3,0489+0
1,795=n8
2e3UHb+0
2.366Ueny
2.3838+01
2.4007401)
21533404
2.1592+404
2,6990¢04
2.6990¢04
0,0000

16

00,0000

3.9408a0]
3.‘)“03-01
3,2duBen]
20527;'0l
2e0P72=01
5,5405+01
1.9797=08
de32R2¢01
4, 3959+01%
4,3823+401
4, u080e01
3,.9978¢04
3,95%u+04
4,9492+04
4,2492+04
90,0000

17

DATE 071576

0,000

8,9824+0))
3,93 3H401
8,98 15401
$S,9912+01
S.7933+04
2.99”1+01
2,7160=08
9.97100401
6,0002+01
b,0280401
5,05%1401
S,u299+04
S,u321+04
b,7901+04
6,7901404
0,090

18

00000

S,u4295«10
5,U295=10
S,3247ent
3.5%41+01
3,5546¢0)
1,7781+01
¢,1S0N=08
3,9973+01
dn108e0y
G, nP83+01
4,0375+01
3.75%9+01
3,7984+01
4,6992+01
G,6995401
040000

19

PAGE So

0,0000

4,5R812«08
4,8832«08
5,3997e0%
3.'.\035‘“1
3, 6058401
148043001
1,8059+n}
J,01une0]
3,6209¢01
3.6251 401
3,6351e¢01
3,6811401
J,60u0¢01
4,5571+01%
4,5579+01
0,0000

20
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TAC20 svu: PROGLEM OUTPUT

0,0000

5. 07%9h=N8
S,0179608
5. 6880401
3,7697401
3, 772440
1 RATLeNO1
1 RRTR¢O1
3,7775+01
3.,7806¢01
3.7839401
3, 7RT2e404
3,7R09401
3,7916¢01
4,74G94+01
4,7415+01
0.,0000

et

00,0000

1.,06012=09
1.0&12.00
1,173A4n2
7.,835240)
7.,8un3ent
3,9213%+01
3,9220+01
7.8u6lenl
1,8191201
T ,A%23+01
7,8554e01
7.0579+401%
7,8597+01
9,8261+01
Q. 8268401
0.3600

22

0,0G60¢
o.,v00n
0.0000
0,0000
0000('0
0,0000
a,0000
0., 0000
v, 000N
0,0000
0,u000
0.0P00
90,0000
g, uoon
Q000
0.0NON
0,0000

23

DATE 0715768




961

TAC20 EXAMPLE PRNBLEM NUTPUT

17 0,0000
16 0,0000
15 0e00C0
14 0,0000
13 0,0000
12 0,0000
11 G0N0
10 0.0000
9 0,0000
8 0,0000
7 0,NN0N
[ 0,0000
S 0.9000
4 09,9000
3 0,0000
2 0,000G0
1 04,0000
1

AXTAL

0,0000

6,2217=01
1,1743+02
11743402
1,4093enp
{1, 7010402
5,9722en1
T7.30194900
4,9118+00
3,7168400
3.7808¢00
3,R054e00
3, RUQSenp
2.2071400
3.1314403
2.,81R2¢03
7.339199

2

CATE 071576

STEADY=STATE TEMPERATURE IN A HELIUM CIRCULATOR BLOWER D1SC
THF CURRENT TIME 18 ‘ 797,0180 HOURS =& 47821,0791 MINUTES = 2869264,75000 SECONDS

0,0000

1. 8h6S400
3.522R¢0n2
3.522K1¢02
4,2”27%+02
S.2RU24092
147214400
2.1893+01
1.0727+01
J.1108401
1,1278401%
1,1413+401%
1154601
6, R012400
9.3941+03
8,4547+03

2.2017=08

3

THERMAL CONDUCTANCE BETWEEN

POINTS

(1,3)  AND

(Tode!)

THE RADTALCI) DIRECTION IS HORIZINTAL

THE AXTAL (J) DIRECTION IS VERTICAL

0,000
3.1754400

- 5499381402

5,9931+02
T.1915en2
8,9837402
3,04784y0
3.7191401
.90 1Kent
1,R945401
1,91694+0)
1,.9¢08+01
1,96 3%04
1150940¢
1,5960¢04
1.6380¢04
3,7457=08

4

0,0000

4,9890+00
9.u161402
9,4161402
1,1°799+03
1,0124403
4,7879¢00
5.8273+01
30017n001
2.9nK2401
3,0060¢04
3,0465+01
3.0RAQ0401
3.126K401
6,2R42+01
2.2599¢04
5.,8850=08

S

0,0000

5,9913400
1.1308+0%
1,1308403
1,3569+03
1.6951403
5.7475409
6,92L9¢014

U,6h07¢01 -

3.5367401
3,5959+01
3.5550401
3.709640%
3,7576¢01
T.5897+01
2.7143¢04
7.0086=08

b

0.0000

3,4089«08
1,0178+01
1.,0230+01
1,23804+01
1.5719401
2e12R2401
3,2591+01%
2.2090¢%01
1,6R6%+01
t.728h¢01
1,7683401
1.79964+01
18193401
I.5858¢+01
‘QSOQO'OQ
3,4089=08

7

n

PAGE

52

120 ITERATIUNS HAVE BEEN PERFURMED

(BTU/HR=F)

0,0000

1.1563=19
S.THlUu=09
$,7814=n9
6,9377=09
B,6721=09
141553=98
1.73Uu=1y
6,5u76+00
He8753400
F.1562¢00
9,411%«00
1,9059401
BebT721403
7.7086+03

T 6,9377+03

1.8067=08
8

0,000

51“291-06
S.7712+01
5.,7649401
0,907A+01Y
8,01746401
1.1473+02
3,0782+0)
20 1095\?01
2,85%67+01
2,9546401
I, vaddeny
6.171140%
2,7980404
2,4BT71+404
2,2384+04
$,8291=08

9

0,0000

8,7267«08
1.393=01
13963201
1,675%=01
2,0944d=01
d4,18%ue01
4,6035+01
3.1704401
4,3103+01
4,8434401
4,5695401
9,25384+01%
4,1888+04
3.7234e04
3,3510+04
3-7267‘08

10
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ncao"pu: PROBLEM NUTPUT

[ RT

9,R17508
1,879Re01
1,570t
1.AR5Nany
2,3562-01
4,70%5«01
S,1730401
3,5860401
4,9071e0}
S.037401
S.15h1¢01
1.042”+02
4,732uen4
4,18RR+04
3,7699¢04
9,8175«08

i1

60,0000

1.090Pen?
1,76453«01
1,7852%ny
2.094dwpy

S.6180a01

5.231b001
S, Ta10401
4,00UQ401
5,5195+01
S.03U0+01
S5,75048¢0]
1,16954n2
S,2380e04
4,6%42+404
U, 1RH8+04
{,V9C807

12

00,0000

1.199%=07
1,9199«01
1,919%ant
2,373%a01
2.,K790e01
S5.750TeNt
6,3079+01
4,4251¢01
6,1235+01
b.2350401
6,3420¢01
1.,277R8+02
S.7596+04
Se119h404
U, 6077404
1,1999«07

13

a,aran

1.3ﬂ90'07
2,004let]
2,03Ulany
2.5133«01
3.,1416e01
d.277R=q}
b A7 346Ny
d, b0
L, ,7uu7401
H 8297401
b,9154+01
by 3955401
6,2R32+04
S5.5851+404
S.N2hbe0U
1,30%0a07

14

g.00u0

1,4181=07
2,20K59«01
2,2hK9a01
2,72727.01
3.80034=01
6., 81119«01
T.,4391+0)
S.2h654+0)
7.350440
7.,4359401
7.5t0860e0]

6,9329+0¢
‘6,8ubBe0u

6,NS)S+04
5,u4454¢04
1,4181-07

15

00000

1.5272=07
2,8035a01
P i35«
2.9302-014
3.hb52«91
7.373%=01
R, 0037401
S, 6HATeN]
T,9583°+01
B, 0URUYNY
b,1125+01
T.u730401
7.,3304400
6,5159+04
S5.,R6u3+0u4
1,5272-07

16

0,003¢

1.2170=07
1,9471=01
1,9471=01
2.313048a0}
2.9207=01
S,A3K2a01
he372heny
4,5443401
5,6002+01
b,8417401
b,ub18+01
$.9599+01%
5,8414+04
5.,1924+04
4,07314d4
1,2170=07

17

DATE 071S76

000000

“.l9£°-08
3,7098e01
S,7127+0t
4,i599+01
5.584T«01
7.4709¢01}
2e19uue0y
1,5689+01

2,21V 52401

2.225340)
2;&307‘01
2.0544+014
2,0120¢04d
1. 7890404
1.,01v1+04
(,1929=08

18

00,0000

S,4978=10
2,7489e08
2,7T4b9n8
3,0987=08
4,1234-08
S.4Q97R«08
8,2u67=10
3,2163+01
4,5475+01
4,5682401
4,5877+01
4,2095+01
4,121704
3.6637+04
3,2973¢04
8,5868=08

19

S

‘<l
p'Acr.'

0,0000

7.5243=19
7.,5243=08
4,96374+04
4,9822+01
6,2306401
8.3113+01
1,24K2¢+02
8,3311401
b02571001
0,2725+01
66,2687+
6.3038+01
b,3138¢01
$,6165+0}
5,0563¢01
1,175707

20

i

8
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TAC2D EXAMPLE PRORLEM QOUTPUT

0,0000

5."7““-10
B8,0704an8
S.33k0e0]
S3607e001
6,7214e0}
H,9mT7Ren Y
1,3081402
B9 10401
6,7015+01
6,7502401
0,7501e01
b6,76571+01
6.,7730e01
6,9239e01
5.“?3'."0‘
1,2610=07

21

00,0000

A,101Ra1)
8,14 ReNK
S, u49+ny
S.,a58004n1
b,8202¢+01
Q 094040
1,3hUQe0
9,1019+0%
6,82R83+01
68211401
6,R13Re(
HA3BFe0
b, AIR2¢01
6,0796¢01
S.4722+0}
1.,2722=07

22

.,0n00
0, 0100
n,0000
0,000
punnQ
N, 0900
0,0000
0,0000
0,000¢0
00,0000
0,0000
0,0000
11,0000
0,0000
00,0000
0.,0000
00,0000

23

.

[

DATE 071576

PAGE 54
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TAC2D EXASPLE PRAALEM OUTRUT - DATE 071576 ¢
' STEADY=STATE TEMPERATURE IN A 1UM CIRCULATOR BLAWER DISC
THE CURPENT TIME IS 797,0180 HOURS = 47821,0791 MINUTES = 2R69264,75000 SECUNDS 120 ITERATIONS HAVE BLEN PERFORMED
HEAT BALANCE i -
' J
HWEAT GENERATED ) HEAT LOST/GAINED BY COOLANTS HEAT GAINED/LOSY BY DUMMY BLOCKS
MAT NUM HLK NUM BTU/HR COoL NUM HTU/HR MAT NUM BLK NUM BTU/HR

2 1 3, 366905801

2 2 ®1,10315u9403

2 3 ©2,36690676403

2 4 «1,6032365+04

. 2 5 T =7.,6655798403
° 2.8935150403
? 2,8420302404
8 1,0740022403
9 1.S1429A7403
3 1,0014303=03

4 8,3689A9y0=t0 : )
L 1 -4, 756322403 :
O 2 2.0130140403
] S.1275%08«04
LI EY Y Y LY Y Y2 L X N L T . J -..-..f....-..-.
0,0000000 ' 2.7177100404 . ' =2.7167731404

\

RESIDH & (WEAT GENERATED)=(MEAT LOST/GAINED BY COMLANTS4HEAT GAINED/LOST BY DUMMY MATERIALS)= -9.3688965000

SAEXTIT LOCex002113

OFIN ' ' R

-

1230567890123“567600123“5678Q0123“5678001230567800123056789n123“§h76¢0123“50739012305b7890123“567“901?30567590123&567890*:8FGANn, 0n
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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 cafds 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

iy
there is no gap information and blank for a coolant.

200
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Sections 4.1.7-4.1.11 must be input in the following order.

The order may not be arbitrary.

Specified Initial Temperatures (4.1.,7). This section of
input must be included (even if a punched deck is used);
Two cards are required for
The first

however, omit the header card.
specifying the initial temperature of a region.
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 1-12,
format El2.4,

Coolant Limits (4.1.8). This section of input is also
optional under the long input format.
header card and retain the final blank card (even 1if the

However, omit the

coolant limits are omitted).

Time History (4.1.9). Also optional under the long input

format. However, omit the header card and retain the final

blank card (even if the time history is omitted).

Function Control Constants (4.1.10). This section of input

If no function control constants are

Omit the header card but

must be included.
needed give three blank cards.
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).

Previously Punched Temperatufes (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).

End Data Card (4.1.12). Omit.

201
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