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ABSTRACT

This report is a user's manual for the Fail-Safe Abort System TEMPerature
Analysis Program, FASTEMP.. This program was used to analyze fail-safe abort sys-
tems for an actively cooled hypersonic aircraft (Contract NASA-Langley, §é§}-1363l),
FASTEMP analyzes the steady state or transient temperature response of a thermal
model defined in rectangular, cylindricél, conical and/or spherical coordinate
system., FASTEMP provideé the user with a large selection of subroutines for heat
~transfer calculations. The various modes of heat transfer available from these
subroutines are:

o Heat storage

a  Conduction

o Radiation

o Heat addition or generation

o Convection

o Fluid flow

These modes of heat transfer can be simulated by the program in the solution
of one, two, or three dimensional heat transfer problems. The modes may be modeled
by rectangulér, cylindrical, conical and/or spherical geometries. Any combination
of modes and geometries is allowed for analysis of either transient response or
steady state temperatures,

The program obtains its solution using the backward-difference method. The
maximum number of nodes that may be solQed depends upon the thermal model and the
solution method used‘with an absolute maximum of 9999 nodes.

The program is written in a combination of Fortran IV and Assembler language,
COMPASS, for the CDC Series 6000 aﬁd CYBER Series Computers. Minimum core require-
ments are 470008 core locations on the Scope operating system.

This report contains general information on the program and is designed to aid
the engineer in setting up a problem and obtaining solutions with a fast turnaround.
Program structure, solution techniques, input data and program output are discussed.
A sample problem is presented and program usage is discussed. The program input/

output is designed for utilization of customary engineering units.
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1. INTRODUCTION

This user's manual for the FASTEMP Heat Transfer Computer Program contains
general information on program usage. The heat transfer program consists of a
Thermal Analyzer (control subroutine) and user called subrputines, which are des-
¢ribed in this user's manual. The computer code was written in Fortran IV and
Assembler language (COMPASS) for the CDC 6000 and CYBER series computers. The
user called subroutines are described in Appendix A.-

‘This program was developed to analyze transient and steady staté
heat transfer problems. A problem is set up by defining a model which is made
up of a finite number of lumped elemental volumes or nodes. Nodes are connected
with the appropriate heat transfer terms. The user may model a very complex
problem and is only limited by the amount of core available and solution accuracy.
(Solution accuracy is discussed in Section 7.) The user may set up one, two or
three dimensional problems using the following modes of heat transfer:

o heat storage '

o conduction

o radiation

o convection

o heat flux

o fluid flow
The modes of heat transfer may be modeled with rectangular, cylindrical, conical

'and/or spherical geometries.

The program obtains a solution for temperatures using the backward finite
difference method for the heat balance equations. This method results in a set of
simultaneous equatiéns which are solved. Several matrix solutions are available
which optimize core or computer time. The maximum number of nodes (equations) in
the thermal model depends on the selection of heat transfer modes and the matrix
solution chosen as well as available computer core. The absolute maximum number
of nodes which may be run is 9999 nodes. This limit is imposed by programming
constraints using a four column field to specify node numbers.

The primary output of the computer program is a tabulation of the tempera-
ture of each node at problem times specified by the user. Additional output is
printed for some heat transfer subroutines as described in Appendix A.

This user’'s manual is based on the program write-ups presented in References

(1) and (2). The program reported herein and the referenced program are data

1
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compatible although operational on different computers for over nine years. Refer-
ence (2) program contains additional subroutines which allow building thermal
models uSing phase change, aeroheating or orbital flux calculations, and cther

analysis oriented subroutines,

2
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2. PROGRAM STRUCTURE

FASTEMP contains a thermal analyzer control subroutine which interfaces between
the user and the computer system; The user initiates the job by compiling a sub-
routine (EQDAT) which calls heat transfer mode subroutines. The compiled EQDAT
subroutine is loaded with the thermal analyzer controller and the library of user
called subroutines and execution is initiated. The user then supplies data for the
called subroutines and a model is analyzed by the program. A heat transfer problem
may be analyzed using a full set of data, called a basic case, or a partial set of
data which are changes to a previously run case, Input for basic and change cases
is discussed in Section 4.)

Job control language (JCL) cards are also required for each job to load and
execute the program. The JCL is a function of the computer system and is not covered
in this report.

After loading, the execution of the main program is initiated. The control
subroutine calls the subroutine EQDAT whiéh is required and.compiled for each job.
This subroutine in turn calls the subroutines needed to describe the model to be
analyzed. The call establishes the order in which the subroutine data must be input
to the program. An example of Subroutine EQDAT is shown below:

‘ SUBROUTINE EQDAT
CALL SRA
CALL DRA

. Subroutines called by user
CALL RRA
RETURN
END

In developing an effective tool useful for analysis of both small models (less
than 20 nodes) and large models (over 100 nodes), the program was structured into
input, setup and éomputing sections.

Theée are designed as the M (minus), the Z (zero), and the P (plus) phases -
of the program as denoted by the sign of the control key. The M phasc preprocesses
the input data cards for a case, Error messages are written if any Jata cards are
missing (if fequired), unrecogniéable or in the wrong order. If thc case being
processed is a change case, the cards will be merged with those¢ of the case being

changed. The program has two levels of change case capability. Any number of

3
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change cases may be run which change the basic case. A change case may also be
run which changes the most recent change case. The Z phase reads the numeric
input values, performs error checks, computes constants using geometrical data and
stores the data for use by the P phase. The P phase computes the heat flux terms
for each node, solves the heat balance matrix for node temperatures, and controls
the output of the program.

Several computer clocking points are provided in the program. The computer
.time at the beginning of the M phase will be printed with the message time
expended = XX CP (SEC). The computer time at the end of the Z phase will be
printed-with the same message. At the end of a case, the clocking printed is
the amount of time for the P phase (time step calculations). All clocking times
are-computer central processor times and are printed in seconds. v

The Thermal Analyzer control subroutine uses a dynamic core allocation sub-
routine which allows the core requirement for the program to vary in size as a
function of the size of the model being analyzed. The program prints the number
of locations used by the subroutines and that remaining of the core size specified
for the job at several stages in the running of a case. The printed messages are
sélf explanatory. '

The P phase is used to compute temperatures from data supplied by the user.
The analysis is a time transient calculation at intervals composed of a user sup-
plied time step schedule, A time step is processed in the following manner. The
P phase calls Subroutine TIMST to calculate the time step interval from user data.
Then Subroutine EQDAT is called. Subroutine EQDAT calls the heat transfer method
subroutines which compute and store the matrix coefficients for each heat transfer
term. Properties which are a function of node temperature are evaluated at the
known temperatures at the beginning of a time step. Values which are a function
of problem time are evaluated for backward finite differences at the time at the
end of the time step. Subroutine SOLVE is called after the matrix coefficients
have been computed and stored by Subroutine EQDAT. Subroutine SOLVE calls the
maﬁrix solution subroutine (MSOLV), and the print subroutine (PRINT). Subroutine
MSOLV is called to compute the node temperatures and Subroutine PRINT is ealled
to output the results (if requested). The computed temperatures are stored as the
known temperatures for use during the next time step, the matrix locations are set

to zero, the problem time is updated, and the above computations are repeated.

4
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3. SOLUTION METHODS

A heat transfer problem is analyzed by defining a model consisting
of a finite number of nodes. The nodes or elemental volumes are considered
to be isothermal at any given time during the analysis. A heat balance
is written for each node using the heat transfer subroutines which are explained
in Appendix A, Most of the terms in the heat balance are heat flux terms,
however, some are energy terms, e,g. fluid transport terms (m Cp AT). 1In this
report the term heat balance includes heat flux terms and energy terms, The heat
balance for a node is not restricted to any number of terms for a given mode of
heat transfer, and the heat balance for a node may be written as: ‘

XQ stored = IQ conduction + ZQ convection + $Q radiation + IQ misc.

All terms in the equations have the units of Btu/hr. Program temperatures- are
in degrees Rankine internally although input of initial temperatures and output
of computed temperatures may be in either Rankine or Fahrenheit at the users
option. A consistent set of units is used for dimensions, e.g., lengths are
input in inches and areas in square inches except where otherwise specified.

The thermal analyzer uses heat balance equations formulated for each node
using the backward finite difference method (Reference (3)). A set of simultaneous
equations results with coefficients stored in matrix form. The user may optionally
select one of several different matrix solutions (called METHODS) to optimize the

core requirements or solution time.

3.1 BACKWARD DIFFERENCE SOLUTION (METHODS 3 THROUGH 8)

The backward difference heat balance equation expresses all heat fluxes
in terms of the temperatures and boundary conditions at the end of a time step.

The general form of the backward difference heat balance for one node is:

p C V(T'-1T°
_ P

_ Eé 1o ot v v 4 _ vh '
=X (Tm T') + hA (Tm T') + oeFA (Tm ™) + Qm

DT ‘
where T' = unknown node temperature at end of time step
T° = known node temperature at beginning of time step
T; = known boundary or unknown surrounding node temperatures at

the end of time step

This expression is used to represent a set of simultaneous equations, linear in
. 4 .. .
in T with the exception of the T radiative heat flux terms. An approximate
linearized term is substituted for radiative terms to allow the simultaneous solu-

tion of equations which are linear in T. (The approximation used for linearization

-
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is presented in Appendix B.) The backward difference equation solution is always

stable, However, increasing the time step increases truncation errors in the

solution and the user must tailor his time step to the boundary conditions. A

general discussion of this aspect is given in Reference (3).

Thermal models produce matrices which can vary widely with respect to the

connection of equations represented by the matrix coefficients. The thermal

analyzer has several matrix solution methods to allow the user to specify the most

efficient solution technique for a given problem. The efficiency of the specialized

solutions results from reductions in computer core storage and/or running time. A

brief description of methods 3, 4, 6 and 8 supplied in this program is given below.

Method 3 -

Method 4 -

Method 6 -

Method 8 -

This method uses a full square matrix. Method 3 may be
used for any backward difference problem, however, it

will waste computer core space for many problems.

This method ﬁsesia tridiagonal matrix which consists of
terms on the principal diagonal and the first term on

each side of the principal diagonal; This solution uses
minimum computer core. This type of matrix results,

for example, from a one dimensional thermal model.

This method uses a K-diagonal matrix which consists of

the principal diagonal terms and K terms on each side of
the principal diagonal terms. The value of K (the half band-
width) may be sbecified by the user or automatically com-
puted by'FASTEMP. FASTEMP will also determine the minimum
storage for the heat balance equations and set the solution

method to 6, if advantageous.

This method uses the Gauss-Siedel iterative solution

The only matrix terms stored are the principal diagonal
terms, nonzero off diagonal terms, and the constant terms.
This solution will use a very small computer core space
for many problems compared to the other methods discussed
above. No computations are performed on zero off diagonal

terms. The relative economy of using this solution will

‘increase with problem size. The method is not recommended

for models with zcro or low mass nodes.

6
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4. PROGRAM INPUT

The input for a FASTEMP analysis consists 6f three distinct types: Job
Control Language (JCL) cards, subroutine specification cards, and model input
data. Tigure 1 shows the order of the input card groups for a job that con-
sists of one case. Data input forms are given in Appendices A and C.

The JCL input is shown in Figure 1 as groups 1, 4 and 12. These cards are
a requirement of the computer system being used. The JCL card input is not
presented in this user's manual since the computer system requirements are
frequently changed. The user should contact the computer support group for
the current JCL input requirements.

The user is allowed to code FORTRAN subroutines for inclusion in EQDAT calls.
These are input as shown in Figure 1 as group 2. Group 3 is Subroutine EQDAT which
calls the heat transfer subroutines, e.g., SRA (heat storage), DRA (conduction), etc.

The model input data is shown in Figure 1 as groups 4 through 10. This
data describes the model being analyzed and is explained in the remainder of
this section. Group 11 is the last FASTEMP data card.

4,1 PROGRAM SPECIFICATION CARDS

FASTEMP uses a dynamic loading technique which loads into the camputer core

only those subroutines required for each job. The Thermal Analyzer Subprogram

is called by the main program and in turn requires user coding of subroutine EQDAT,
The hgat transfer method subroutines described iﬁ Appendix A must be '

called from Subroutine EQDAT. The subroutines supplied are independent and may

be called in any order. However, the input data for the heat transfer method subrou-

tines must be in the same order that the subroutines are called in Subroutine

EQDAT. Failure to do this will cause a program error and a message to be .

printed. An example of Subroutine EQDAT is shown below:

Card Column Contents
7-22 SUBROUTIONbEQDAT
7-15 caLLPocra
7-14 CALLbSRA as many subroutine
calls as required
7-12 RETURN
7-9 - END
7

MCDONNELL DOUGLAS CORPORATION



REPORT MDC A3791

H3IAHO YV L1NdNi - L 3HNDIL

[4
spsen 1or
3003
spie | A¥4 1404
€ 1011831,103dg weiboay v ¥asn
v =3
ON3
spled NYNL3Y
uoriedsydadg .
weiboiy YHS 1IVO
s 1vOD3 3NILNOYENS
SPIRD 1Of |
ONVHD qONVHI
9 SPIED {04U0] a5y " J1SVE ¢ONVHD
21Sve
%. 13Svd
c spiey e1eq asen) ~ MWMMW
LER )
: INIvA
8 sp4eD anjeA aiqe) uoisuaung { s3MVA
SNIWIQ
013 ‘'WHY
spieD) POYIa :
13)5URI | 183K vaa
vds
HOAWVS
spieganng ( g q
TLILOL
ANQIDOL

T

—7

pi1e] puy asen wm(UbOZm |

pieg pu3 qor gor ozh|_

P13 100 _

FASTEMP

MCDONNELL DOUVGLAS CORPFPORA TION



REPORT MDC A3791
FASTEMP '

All calls to heat transfer method subroutines start in column 7 and
are standard FORTRAN cards. Heat transfer method subroutines may be
called more than once in Subroutine EQDAT but they must be separated by a
call to a different subroutine to correctly separate data groups. Data input
format options are grouped and may be a reason for calling a subroutine more
than once as explained in Section 4.4.

The card names must be punched in the card columns shown. Integer values
on the case cards are indicated by a single card column number and must be
right justified. Real values are designated with two card column numbers and

must be punched with a decimal point and within the field shown.

4.2 CASE DATA CARDS

The CASEA card specifies a title for the case which is printed as the first

line on each program output sheet., The CASEA card format is:

Card Column Name Value
1-5 CN CASEA
7~-80 TITLE User title

The CASEB card contains the alphanumeric case name, the number of nodes, a
print control, an orbit control option, the solution method number, and a

nonsequential node option. The CASEB data card format is:

Card Column Hame Value

1-5 cn CASLEB

10~15 NCASE Alphanumeric case name

20 NCA Humber of nodes '

25 MPRNT Master print control

30 N@RBIT Number of orbits

35 METHOD Finite difference solution method
3 - backward difference (square matrix)
4 ~ backward difference (tridiagonal matrix)
6 - backward difference (K-diagonal matrix)
8 - backward difference (Gauss-Seidel .

iteration)
50 . 1SH Nonsequential node option

0 - use sequential nodes
1 - use nonsequential nodes
The master print control may be used to surpress or to print subroutine

and curve data input. [’BNT is used in conjunction with a print control on the

9
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subroutine and curve data cards (NPRNT). The value IIPRNT + WPRNT is computed

for cach subroutine and each curve and the following criteria is used:

if (MPRNT + NPRNT) > O subroutine or curve data not printed

if (MPRNT + NPRNT) < O subroutine or curve data printed
The orbit control option, NORBIT, is used to recycle the program through the

time history NORBIT times with initial temperatures'continually updated. This is

used primarily to simulate orbit operation but can also be used to calculate

steady state conditions.

Cases may be run with either sequential or nonsequential node numbering.

The sequential option requires the nodes to be numbered 1 through NCA and the

node numbers and equation numbers are the same. The nonsequential node option

allows node numbers
are assigned in the
The CASEC card

maximum temperature

of 1 through 9999 and the equation numbers (1 through NCA)

order that the nodes are encountered in the input data.

contains the case beginning time, the case final time, the

allowed, the minimum temperature allowed, the initial

temperature option, a constant to be added to all initial temperatures and a

solution method par

ameter. The CASEC data card format is:

“‘Card Column HName

1-5
11-20
21-30
31-40

41-50

51-60

61-70

CN
BTIME
FTIME
THAX

TMIN

TEQAL

ADD2T

Value
CASEC
Beginning time
Final time
Maximum temperaturé allowed (°R) - any
compﬁted temperature above this value will
cause termination of the case
Minimum temperature allowed (°R) - any
computed temperature below this value will
cause termination of the case
Initial temperature option if TEQAL
> 0 - set all initial temperatures to TEQAL
= 0 - read initial temperatures from CASET
cards
< 0 ~ use final temperatures from preceding
case as initial temperatures
Constant which is added to all initial

temperatures

10
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CASET cards are'only.required if the value for TEQAL on the CASEC card is
zero. An initial temperature must be input for each node, five temperatures
per card. For a sequential node case, the temperatures must be input in the
order 1 through NCA. TFor the nonsequential use, the initial temperatures must
be input in the order of the equations, The equation order is a result of the
order in which the program encounters the.node'numbers in the user's subroutine
data and care must be exercised when modeling change cases which add or remove
subroutine data cards and would change code number appearance order.

A number of cases may be run serially with the final temperatures of each
case used as the initial temperatures for the following case. The number of
nodes in the following case must be less than or equal to the number of nodes
in the preceding case. A larger number of nodes in the succeeding case will
cause an error to be counted, values to be assumed for the missing temperatures
and one time step to be run. Initial temperatures will be assigned using the
equation order from the previous case.

The CASET data card format is:

Card Column Name Value
1-5 CN CASET
11-20 '
21-30
31-40 TI Initial temperature values
41-50 (input in equation number order)

51~60

The case data is checked for errors, during the Z-phase, and errors may
cause the following messages to be output:

1) number of nodes wrong

2) method wrong

3) matrix half.béndwidth wrong

4) Dbeginning or final time wrong

5) Tmax or Tmin wrong

6) too few CASET cards

7) too few temperatures from last case
Missing or .incorrect data values are assumed and counted as errors. The assumed
values which are used may cause or hide other errors. If errors are detected,

the program will run only one time step.

1
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4.3 DIMENSION TABLE CARDS

The dimension table is used to input values which are required by the heat
transfer subroutines. The dimension table input is optional since it need not
be used for heat transfer subroutines data input. (See discussion of subroutine
'data input - Section 4.4.) The dimension table is input by a group of cards.

The first card in the group must be a DIMENS card which has the following

format:
Card Column Name Value
1-6 CN DIMENS
10 NVAL . Number of dimension table values

The remaining cards in the group may be either VALUE or VALUES cards. The
VALUE card specifies an index and one dimension table value. The VALUE data

card format is:

Card Column . Name Value
1-5 CH VALUE
10 IND Index of Value
11-25 . VAL Value

The VALUES card specifies the value of four consecutive dimension table values.

The VALUES data card format is:

. .Card Column Name Value
1-6 CN VALUES
10 ~IND Index of first value
11-25 VAL1 Value IND
26-40 VAL?2 Value IND+1
41-55 VAL3 Value IND+2
56-70 VAL4 Value IND+3

Dimension table values may be input in any order. If a value is input
more than once, the last value specified will be used for the case. If a table
value index is out of the range specified for the table, that index
will extend the table by as many values as required only when IND > NVAL from
DIMENS card. Dimension table values which have not been defined will contain a

large number (1.265 x 10322

). The card columns indicated for the number of
dimension table values (NVAL) and the value index (IND) specify the right hand column
of a fogr digit integer field, and digits in these fields must be right justified.

The data card columns for the table values represent real data fields and

12
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values in these fields should be punched with a decimal point with right
justification necessary for exponent (if used).

4.4 HEAT TRANSFER METHOD SUBROUTINE CARDS

The heat transfer method subroutines are used to describe the model being
analyzed. Subroutines are available to compute various modes of heat transfer,
e.g., heat storage, conduction, radiation, convection, heat flux, and fluid
flow. These subroutines aré available with rectangular, cylindrical, conical and
spherical geometries to facilitate the description of the model.

The subroutine data is input in groups of cards.. One group of subroutine
data is input for each subroutine in the same order that the subroutineé are
called in Subroutine EQDAT. A group of data input for a heat transfer method

subroutine must start with a zero card number. The zero data card format is:

Card Column Name Value
1-6 SN Subroutine name (SRA, DRA, etc.)
14 NCARD 0 ‘
22 HPRNT Subroutine input data print control if

(NPRNT + MPRNT)
> 0, input data not printed
< 0, input data printed

26 NFMT Format if NIMT =
2} general format 1

2 general format 2
30-70 IVAL Integer data for some subroutines -

4 column fields
The subroutine name must be punched starting in card column one. All other
values on this card are integer values and must be right justified in the card
columns shown. The remaining cards included in the group of data input for
each éubroutine are input with either General Formal 1 or General Format 2.

General Formal 1 provides for the input of decimal data directly on the

subroutine data cards. The data card format for General Format 1 is:

Card Column Name Value
1-6 SN Subroutine name (SRA, DRA, etc.)
10 cC Change code (Sce Section 4.9.3)
14 NCARD Card number
13
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18 NX1
22 HX2
26 NX3 Integer data fields
30 X4
31-40 X1
41—50 ) X2
51-60 X3 Real data fields
61-70 X4

The subroutine name must be punched starting in column one. Integer values
are indicated by a single card column number and must be right justified.

Real values are designated with two card column numbers and must .be punched
with a decimal point within the field shown. (Any exponent is right justified.)
General Formai 2 requires the use of the dimension table described in
Section 4.3, Only integer values are input on the card. Some of the integer

values refer to locations in the dimension table where the decimal data is

input. The data card format for General Formal 2 is:

Card Column Name Value
1-6 SN Subroutine name (SRA, DRA, etc.)
10 CcC Change code
14 NCARD Card number
15;70 NX1-NX14 14 fields with 4 columns each

The subroutine name must be punched starting in column one. All other values
. on this type of card are integers and must be right justified in their data
fields. '

Card numbers are not required for a base case or change case; however, if
individual cards are to be altered or added in a change case, card numbers
must be used to identify the cards to be changed or added. No order of card
numbers’ is required and any number of cards may use the same number. All
cards with the same number are dropped in a change case, if requested.

All subroutines are available in General Format 2; however, the number of
subroutines available in General Format 1 is considerably smaller. Some heat
transfer method subroutines require more data input than is possible on a

single card using General Formal 1.

14
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The use of General Format 1 has the advantage of having the numeric values
on the subroutine input card where they may be easily checked. An advantage in
using General Format 2 is that the same dimension table location may be used for
a series of node dimensions or multipliers and changing one value in the dimension
table effectively changes these values used throughout the case. A model may
be set up in such a way that both general formats are desired for the same
subroutines. This requires that the subroutine be called twice in Subroutine
EQDAT and be separated by another data subroutine. A complete description of
the heat transfer method subroutines is given in Appendix A.

The heat transfer method subroutine data is checked for errors, during the
Z phase, and. the following messages may be output:

1) HNode number wrong .

2) THNode connection wrong

3) Subroutine references wrong dimension table value

4) Subroutine called had no data.

Additional information is output after the heat transfer method subroutine
data has been processed in the Z phase:

1) A nonséquential node case will output an equation number/node number

table which allows the equations to be identified. This is reqﬁired
to check out matrix error messages

2)--A iéble listing the number of references for an equation number

35 A table listing the number of internodal connections for each equation

4) The total number of internodal connections

5) The maximum internodal connection band (the matrix half bandwidth)

6) A table listing the minimum equation number that is coupled to the

equation listed |

7) A table listing the maximum equation number that is coupled to the

‘equation listed. ’ ‘
4.5 CURVE CARDS

The curves required for a case are each identified by a curve relative number
(NRELN), a type (NTYPE), and a class (NCLAS). Curve relative number is generally
assigned by the user, and the type and class are denoted according to the usage of
the curve. Throughout this manual curves are designated by a three number system,
i.e., "(NRELN, NTYPE, NCLAS).'" The curves are a functional form which consists of
one independent variable as a function of O through 2 independent variables (1
through 3 dimensional curves). The number of dimensions and the independent vari-

ables for a curve are selected by the user. All independent variable values must
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be computed before a curve may be used. Commonly used curve arguments are set up
automatically in the program; however, the user may specify and set up special

curve arguments.

The curves required for a case may be input by two methods; same curve and
temporary curve. Any required curve may be input by any method.

The same curve method specifies that the required curve be the same as
another curve. . Input of this second curve by temporary curve method will

satisfy the input requirement for the first curve. The SAMECR data card format

is:
Card Column Name Value
1-6 CN SAMECR
10 NRELN Required curve relative number
14 ~ NTYPE Required curve type
18 NCLAS Required curve class
30 NRELN2 Relative number of same curve
34 NTYPE2 Type of same curve
38 NCLAS2 Class of same curve

" The temporary curve method ihputs the required curve directly by cards.
The curve is input by a set of consecutive cards. The first card must be the
curve identification card (TCIDNT). This card specifies the curve identifica-
tion, the curve form and other information which describes the curve. The

TCIDNT data card format is:

Card Column  Name Value
1-6 CN : TCIDNT
10 - NRELN Curve relative number
14 NTYPE Curve type
18 NCLAS Curve class
22 - -
26 NPRNT Print control if (NPRNT + MPRNT)

> 0, input data not printed

< 0, input data printed

30 NDIMN Curve "dimension," may be values (0 to 3)
(see discussion below)
34
42 NPTSi Number of points argument i (i - 1, 2)
38
46 NARGi Argument i type (i = 1, 2)
16
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The second card is the curve title card (TCTITL) which is optional. The TCTITL

data card format is:

Card Column Name Value
1-6 CN TCTITL
7-80 (T . Curve title

The remaining cards are the curve value cards. The curve value data card format

is:
Card Column Name Value
1-6 CN Blank field
11-25
26-40 Cv Curve values
41-55
56-70

For curves with a value of NDiMN = 1 or 0, the dependent value is a
constant, i.e., a function of no indepéndent variable. The constant value is
input in the second data field of the value card as shown in Figure 2A.

Curves which are a function of one independent variable, v = f(x), have
a value of NDIMN = 2, The NDIMN = 2 option is a curve which is interpolated
linearly between points. The curve values are input with two point pairs per
ca¥d as shown in Figure 2B.

All curves with multiple independent variables must be input with a
regular grid, e.g., an NDIMN = 3 curve is represented as y = £(x,z) and the sets
of x values must be the same for all values of z. The three dimensional curve
values are input in the following manner: 1) starting on the first curve value
card, the values for independent variable one are input in ascending order,
four per card; 2) starting on a new card, the values for independent variable
two are input in ascending order four values per card; 3) starting on a new
card, the values for the dependent variable are input in the order of all
values for the second independent variable are input in the order of the first
independent variable, all values for the second independent variable and the
second value of the first independent variable, etc. An example of the input
for a three dimensional curve is shown in Figure 2C.

During the loading of a curve, extensive checks are made. Any errors
which are detected are written on the output. These messages consist of the

following:
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l) A curve ﬁas an invalid identification

2) A curve has been input which is not required

"3) A curve has been input more than once

4) The same curve requested is missing

5) A curve has an invalid dimension

6) A curve has an incorrect number of values

7) A curve has incorrect arguments

3) A curve has.independent variables which are nof in ascending order

9) A curve requested is missing.

If any errors are detected, an error message is written specifying that the
curve has been rejected.

The card columns for the data fields of the SAMECR and TCIDNT cardé
specify the right hand card column of a four digit integer field. The data
values must be right justified in these fields. The card columns for the curve
value cards specify a real data field. These values should be punched with a
decimal point with any exponent right justified.

The user must specify the arguments used to perform a table lookup. The
independent variable arguments are specified on the TCIDNT card. The following

. commonly used argument numbers are specified by the program:

Argument Number Argument
1 Time

Method 3 through 8 - end of time step

2 Temperature (can be the temperature of a node
or other values - see heat transfer method
subroutine writeups in Appendix A).

6 50+NN - Temperature of Equation NN.

Other-arguments are automatically computed for the heat transfer method subrou-
tines and these arguments are defined in the subroutine writeups (Appendix A).
The user may set up arguments for a specific use, e.g., altitude, velocity,
Mach number, etc., by using Subroutine Curves (see Appendix A). It is recom-
mended that special.arguments be limited to argument numbers 11 through 19 to
avoid conflict with buiit—in curve arguments.

Two curves are always required for a case: 1) the calculation interval or
time step curve (1, 10, 1), and 2) the print interval for outputting results
(1, 10, 2). The input of these curves may be satisfied by either of the two

methods of inputting a curve, i.e., Lemporary curves or same curves.

18
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NTYPEINCLAS NPRNTT NDININPTS TTNARG TTNPTS 2[NARGZ|NP TS| NARGS [ NPTSA| NARGATNP TS5 [ NARGS
1 - 6 ol s 8l 2l 26f 30| 34 38| 42| 46| 50| 54| 58| ¢ 70
TCIONT | ? 1 1
1 6 7 80
TCTITL | SAMPLE'CURVE'1D®Y = CONSTANT

n 25 26 40 41 55 56 70

constant

FIGURE 2A - SAMPLE CURVE INPUT FOR NDIMN = 1
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FASTEMP GENERAL HEAT TRANSFER TEMPORARY CURVE INPUT 2
NTYPE[NCLAS NPRNT| NDIMNTNPTS TINARG TNPTS 2]NARGZ] NP TSI NARGS | NPTSA [NARGA NP TSS [NARGS
1 6 10| 4] 8] 220 28] 30| 34 38 42| 46 50| 54 58] 62| 66f 70
TCIDNT | ? ? ? 2 5 ?
] 6 7 80
TCTITL | SAMPLEPCURVEY2DYY = f(x)
1 25 26 40 41 55 56 70
X1 ¥(X3) Xo Y(X2)
X3 ¥(X3) Xy, 7(Xy)

FIGURE 2B - SAMPLE CURVE INPUT FOR NDIMN = 2
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FASTEHP GENERAL HEAT TRANSFER " TEMPORARY CURVE INPUT 2
NTYPENOLAS NPRNT| NOMNNPTS TNARG TTNPTS 2NAR G2 NPTS3| NARGS | NPT oA | NARGA NP TS
1 6| 10l 4] 18] 22| 26 30| 34 38| 42| 46 30| 54| 38 70
TCIDNT | 2 2] 2 3] 5] 2] 3] e ' Fj&%
1 67 : 80
remTe | sampie® curiE® 30%Y = £(x.2)
" 25 26 40 41 55 56 70
X, X X, X,
X5
4 4 %3
(X3, 27) Y(X3, 25) Y(Xy, 25) Y(Xo, )
¥(Xy, 25) Y(Xp 23) ¥(X3, 7)) Y(Xy, 2,)
¥(X3, 24) (X, %) Y(X,, 25) Y(X,, 23)
Y(Xey 27) Y(Xs, 25) Y(X5, Z3)

FIGURE 2C - SAMPLE CURVE INPUT FOR NDIMN =3
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4.6 CASE END- CARD

A case end card should be the last card in each case. The case end data

card format is:

Card Column Name Value
1-8 CN ENDbCASE

4.7 COMMENT CARDS

Comment cards may be placed anywhere in the user's data for convenience in

identifying data. These cards will not appear in the subroutine output and are

only printed out by the input sorting section. The comment data card format is:

Card Column Name Value
1-6 CN * A
7-80 CMMT User's comments

4,8 MULTIPLE AND CHANGE CASE CONTROL CARDS

The program provides for multiple cases to be run in a single job sub-
mittal. The first case run is assumed to be a BASIC case and no BASIC card is
needed. -Parametric analyses may be run by inputting a BASIC case and then run-—
ning séveral change cases which vary desired parameters. Three types of cases

may be run after the first base case, i.e., a BASIC case, a CHANGbBASIC, and a

CHANGbCHANG case. These cards immediately follow the ENDbCASE card of the

preceding case.

4.8.1 Basic Card - The BASIC case control card is used to input a full

set of data which is independent from any previously run case. The BASIC data

card format is:

Card Column lame Value
1-5 CN BASIC
b

4.8.2 Change Basic Card - The CHANG BASIC case control card must be

used to input changes to a BASIC case. The changes inserted for this change

case always modify the last BASIC case which was input. The CHANGbBASIC data

card format is:

Card Column Name Value
1-11 N CHANGPBASTC
4.8.3 Change Change Card - The CHANGbCHANG case control card must be
used to input changes to the last change case which was input. A CHANGbCHANG

case may be used after a CHANGbBAS[C case or CHANGbCHANG case. The CHANGbCHANG

data card format is:
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Card Column Name Value
1-11 CN CHANGbCHANG

4.9 CHANGE CASE DATA CARDS

Change cases may input data to modify any of the case input in groups 6,
7, 8, and 9 of Figure 1. Heat transfer method subroutines which were not called
in Subroutine EQDAT cannot be added in a change case. The input data card
groups for a change case must be input in the same order as the base case. To
provide for the use of a subroutine which is not required in the base case, a
call to that subroutine may be inserted in Subroutine EQDAT, and only a zero
card input in the proper order in the base case. Data cards for that subrou-
tine may then be added in the change case. The restriction of using only those
subroutines called in Subroutine EQDAT applies to all cases which are input for
a job submittal.

4.9.1 Case Data Changes - Any of the case data cards may be altered in

a change case by inputting the new case card in the change case. Any card not-
present in the change case data will be taken from the base case. All CASET
cards as well as a CASEC card must be input in a change case if any of the
".initial temperature values are to be changed by CASET cards.

4.9.2 Dimension Table Changes - Any of the dimension table data may be

changed.in a change case. The number of values in the dimension table may be
increased or decreased in size in a change case. Dimension table values may be
input with either the VALUES or VALUE cards. The change case cards are merged
after the dimension table values from the base data, therefore values input in
the change case will replace values from the base case.

4.9.3 Heat Transfer Subroutine Changes - Any of the data for the heat

transfer method subroutines may be changed; Temperature nodes may be added or
deleted or the data for base nodes may be changed. The changes input for a

change case are merged with the'base case data using the change code in column
10 and card numbers in column 1l4. The change code is ignored in a BASIC case.

There are four change options available which have the following change codes.

Change Code Function
X The change code X will delete all cards for a subrou-

tine and must be input on a zero card in the change
case input.

R The change code R indicates that the card(s) from the
base case will be replaced by the card input in the
change case, For this option the card number must
be nonzero. : ‘

23

MCDONNELL DOUGLAS CORPORATION



REPORT MDC AY91 -
FASTEMP

Change Code TFunction

D The change code D indicates that the card(s) from the
' base case with the proper card number will be deleted
from the change case.

"blank" The blank (and other characters not noted above) change
code field will add the card from the change case
input.

Change cards for the heat transfer method subroutines must be input in the same
general format as those in the base case unless a new zero card (using X for
change code) is input to change the format. Change cards may be input in any
order in subroutine data cards with the exception of the zero card, which must
be the first card if it is changed.

4.9.4 Curves Changgs - Curves input as change case data may either be

added to the change case or may replace curves in the base case. No provision

is allowed for deleting a curve and it will be labeled as a curve which is

not required, if it was replaced. A complete curve must be input for temporary
curves, i.e., the TCIDNT, TCTITL and all value cards. No provision is made for
changing individual values 1in a curve.

4.10 JOB END CARD

The last card in a job submittal is the ENDJ@B card. This card informs

the program that the last case has been read. The ENDJ@B data card format is:

Card Column  Name Value
1-6 CN EiDJI®B
24
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5. PROGRAM OUTPUT

The output of the Thermal Analyzer Subroutine consists of three types of
information: 1) output of the input data; 2) output of the results; and 3) output
of error and warning messages. Most of the output of the input data is optional
as specified by the user. The method of controlling the output of input data is
discussed in Sectibn 4. Output of the program contains some sections which are
always printed,however, the majority of thé output of the results of a case is
under the user's control (e.g. node temperatures may be output at any problem time).
Output of node temperatures is controlled by the print interval curve (1, 10, 2).
Error mességes are output specifying incorrect input data. Errors found in the
input data cause the program to compute one time step only and to terminate the
case. (See Section 7 for an explanation of the procedure used.) ‘

The first page of output gives the computer time at the beginning of the
M-phase and the number of core locations available for storing the data for the
case and the matrix.

The next page of output for each case gives the computer time at the start
of the case, the date, and the subroutines called by Subroutines EQDAT and S@LVE
which require input data. Cards which have been rejected in the M-phase processing
are also printed on this page (see Section 2). This output is continued on
succeeding pages as required.

The next page of output gives the case specification data from the CASEB and
CASEC data cards. The title from the CASEA card and the case name from the CASEB
card replace the standard page header title and case name on this page and all
following pages of output. Any errors in the case data will cause messages to be
printed on this page of output.

The next page of output gives the dimension table if one is used. Any unde-
fined dimension table values will contain the number 1.265 x 10322,

The next output from the program is the input data for the heat transfer
method subroutines called by Subroutines EQDAT and S@PLVE. This output is optional
and the user may specify individually which subroutine data will be printed. The
output for each subroutine starts on a new page and continues on subsequent pages
as required. Errors in the heat transfer method subroutine input data will cause
messages to be printed on the output immediately after the card containing the
error is processed. Any CDC hardware error codes occur for the next card which

is not printed prior to error and should be noted when debugging jobs.
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Following the processing of the heat transfer subroutine data in the Z-phase,
several tables are output which contain information about the heat balance matrix.
If a nonsequential node number case is input, a table is output of node numbers
versus equation number. Tables are output which give: the number of times each
node number is referenced by a heat transfer method subroutine; the number of
internodal connections for each node; and the total number of internodal connections.
The maximum internodal connection band or matrix half bandwidth is also output.
Two tables are printed which contain the minimum and maximum equation that a given
equation has connections in the thermal model.

The next section of the output is the curve input data. This output is also
optional and the curve data printed may be specified by the user. Same :curve
messages are output with the temporary curve data. Error messages will be output
for curves which are incorrect and have been rejected.

| After the curve data output, two messages are output giving the number of
locations available before and after the core was requested for the matrix. The
time used to the beginning of the P-phase is also output.

The results of the problem solution may be output as specified by the user.
The temperatures for each node may be output at any problem time. Some heat trans-
fer subroutines have additional output which, if desired, is printed at each
computed time step. Tables of maximum and minimum temperatures for each node and
the problem times for which they were computed are output after the last time
step is computed.

The next page of output gives the P-phase computer time elapsed for the case,
the number of time steps computed and the number of errors detected. This is

normally the last page of output for a case.
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6. SAMPLE PROBLEM

The sample problem presented in this section illustrates the setup of a
model for a typical heat transfer problem. The sample problem does not contain
all of the possible combinations of program options which are available, however,
enough of the options are used to allow the user to gain a familiarity with the
general setup of the deck.

The sample problem is a three dimensional heat transfer analysis which has
both steady state and transient computations. Modes of heat transfer considered
include heat storage, conduction, radiation, convection, and interface
conductance.

The model used in this analysis is shown on Figure 3. It consists of a
symmetrical section of the lower insulated surface of an actively cooled
hypersonic aircraft external skin panel. Aerodynamic heat transfer through the
insulated surface is absorbed by methanol/water coolant circulated through'Dee—shaped
tubes bonded to the inboard surface of the skin. Coolant temperature at the
panel inlet was assumed to be 0°F and coolant flowrate equal to 77 1lb/hr per
tube. The panel skin and coolant tube were assumed to be constructed of
aluminum with the back-up material of 4 lb/ft3 Johns-Manville Microfiber insula-
tion, and the outer skin of titanium. The basic model dimensions (i.e. panel
length, tube diameter, tube pitch, and material thicknesses) are shown in
Figure 3, with corresponding node number identifications. A total of 208 nodes
was used. The nonsequential node numbering option was used, which allows
identification of different materials or sections of the model with groups of
node numbers.

All nodes of the model are three-dimensional and are described by rectangular
geometrv, with the exception of those for the coolant within the tube, which are
defined by cylindrical geometry. Nodal dimensions as well as values required by
the heat transfer subroutines were input on the dimension table. Figure 4
illustrates the dimension table input parameters for the sample problem. The
variable terms shown on the dimension table refer to model node dimensions and
coolant Revnolds number transition from 1aminar_(ReL) to turBulent (ReTj flow.
Use of the dimension table, as illustrated here, provides a considerable degree

of flexibility for implementing model or subroutine changes.

27

MCDONNELL DOUGLAS CORPORATION



REPORT MDC A3791
FASTEMP ~

The mission profile used for this sample problem included an initial steady
state cruise condition at Mach 4.5 and an altitude of 90,000 ft. During this time
flowrate through the coolant tube was maintained at 77 lbm/hr, with a panel
inlet coolant temperature of 0°F, At a time of -15 seconds, a total failure of
the cobling system was imposed. This was followed at a time of 0 seconds by
initiation of an abort descent trajectory resulting in lower aerodynamic heating
rates. It was assumed that the cooling system failure was of a nature which
caused instantaneous depletion of the coolant in the tube. Aerodynamic heat
transfer rates during cruise and the abort trajectory were input in terms of
external surface heat transfer coefficients and adiabatic wall temperatures
versus time. These were calculated separately from other analyses based on
aircraft geometry and parameters of flight altitude, velocity, and angle of
éttack versus time. Two cases were run for the sample problem. The first case,
or base case, calculated coolant and panel structure temperature distributions
and coolant pressure drop during cruise prior to cooling system failure. The
second case, or change case, calculated panel transient temperatures versus
time from cooling system failure (-15 seconds) through the abort trajectory
(6003séc6haé)L

Initial temperatures for .the base case were input for each node as an
example of the CASET card input. This was not necessary for this problem since
steady state equilibrium temperatures were computed by starting the case at a
time of -300 seconds and computing time steps with no heat storage until time
equals -15 seconds. (See Section 7 for a discussion of the method used to
compute steady state temperatures.) Temperatures were computed at the calcula--
tion intervals of 30 seconds for the base case and 5 seconds for the change
case as given in curve (1, 10, 1). Print output of all node temperatures is
controlled by curve (1, 10, 2) and was performed at 100 second and 15 second
intervals for the base case and change case, respectively. Material property
vélues (e.g. density, specific heat, thermal conductivity, etc.)_as well as
interface conductance values were input in curve form either as constants or
versus time or temperature. Cufve inputs were also used to describe other
parameters required by the heat transfer subroutines such as external surface
heat transfer coefficients, adiabatic wall temperatures, coolant flowrate,
coolant friction factor, etc. A total of 29 curve inputs was used for the

sample problem.
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Heat storage was computed for all nodes except those of the coolant by
Subroutine SRA. Conduction was computed by Subroutines DRA, DRB, and DRC.
DRA was used to compute a conduction heat flux between nodes of the same

" material (e.g. nodes 1 and 11). DRB was used to compute a conduction heat.

flux between two nodes of different materials which are separated By an inter-
face conductance (e.g. nodes 1 and 30l). Subroutine DRC waé used to compute
conduction between two nodes of the same material which are separated by an
interface conductance (e.g. nodes 1 and 101). Aerodynamic heating to the
external surface (nodes 601-639) was computed by Subroutine VRA, with heat
transfer coefficient and adiabatic wall temperature inputs. External radiation
heat fluxes from nodes 601-639 to a 59°F sink temperature were computed by
Subroutine RRA. The forced convection Subroutine VCA was used to maintain
the coolant at the panel inlet (node 200) at O°F by inputting a very high heat
transfer coefficient and a 0°F adiabatic wall temperature. Subroutine FLUID B
was used for the base case to compute convection heat transfer between the
coolant and the tube wall as well as pressure drop down the length of the tube.
Laminar flow was assumed for this case to apply below coolant Reynolds numbers
of 2100, with a step change to turbulent flow at higher Reynolds numbers.

Figure 5 shows a listing of the input data cards. This listing includes
the program specification cards (i.e., Subroutine EQDAT). The job control
language (JCL) cards are not listed in Figure 5. Figure 6 shows the output.
for the sample problem. Sheets 1 through 23 show all Qf the output possible
from the Thermal Analyzer Subprogram for this sample problem during the M and
Z phases. The user may partially or totally prevent the output of the sub-
routine data (Sheets 5 through 15) and the curve data (Sheets 17 through 21).
The remainder of the output (Sheets 24 through 28) show the output from the P
phase. A change case was setup for this model as shown in Figure 5, to run the
transient analysis. Figure 5 shows the method to eliminate a complete
subroutine's data (X in column 10 of FLUID B card). This simulates loss of
coolant fluid at -15 seconds. Only part of the output for this transient

is shown.
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 1)
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 2)
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 3)
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 4)
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 5)
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 6)
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 7)
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FIGURE 4 - SAMPLE PROBLEM INPUT DATA CARD LISTING (SHEET 16)
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FIGURE 5 - SAMPLE PROBLEM OUTPUT (SHEET 2)
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FIGURE 5 - SAMPLE PROBLEM OUTPUT (SHEET 10)
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FIGURE 5 - SAMPLE PROBLEM OUTPUT (SHEET 11)
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REPORT MDC A3791

FIGURE 5 - SAMPLE PROBLEM OUTPUT (SHEET 33)
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REPORT MDC A3791

FIGURE 5 - SAMPLE PROBLEM OUTPUT (SHEET 35)
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FIGURE 5 - SAMPLE PROBLEM OUTPUT (SHEET 37)
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- 7. PROGRAM USAGE

Section 4 has specified the data input for a case by discussing the several
types of data required. This section includes several additional requirements and
general suggestions for usage of the program. The section on data input also
discusses errors in the input data as it is sorted and read. This section discusses
additional errors which may occur and what the computer program does in response
to these errors. '

7.1 MISCELLANEOUS REQUIREMENTS FOR PROGRAM USE
The (1, 10, 1) curve (calculation interval) and the (1, 10, 2) curve (output

interval) are required for every case. An error is counted if these curves are
omitted from the data input. (See paragraph 7.2 for an explanation of the proce-
dure the computer program takes when a case contains errors.)

Subroutine CURVES is used to perform table lookups on curves not specified
on heat transfer method subroutine data input cards and to set up arguments which
may be used for table lookups in curves specified in the heat transfer method
subroutines. An example of this application is the altitude versus time and
velocity versus time curves which are frequently used to analyze an aircraft
mission. Neither of these curves are called for by the heat transfer method sub-
routines directly, however, the information may be needed for the computations,
Subroutiﬁe CURVES must be called in Subroutine EQDAT prior to calling any
subroutines which may need arguments setup. Failure to call Subroutine CURVES first
will cause a value of zero to be used on the first time step and may cause a
division by zero error. (All undefined argument values are zero). The curve
arguments may also be setup one time step late for the remainder of the case
depending on the argument used. 4
7.2 SOLUTION ACCURACY

Solution accuracy may be influenced by several factors which are under control

of the user. The backward finite difference solution does not alter the time step
input by ' the user. Increasing the time step tends to increase truncation errors
for transient heat transfer problems. The higher the rate of change of tempera-
ture with time, the larger the error is in the computed temperature at the end of
a time step. One of the causes for this is the evaluation of properties at the
last known temperatures. The linearization used for T4 in the internal radiation

heat transfer subroutines also causes errors in the computed heat flux which

: 87
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become larger as the rate -of change of temperature increases. The user should
specify the time steps for a case to reflect the heating rates input for the model
boundary conditions.

7.3 STEADY STATE SOLUTIONS

Cases may be set up for steady state only or a transient analysis with steady
state temperatures, obtionally computed at one or more problem times. Cases of the
first type'may be computed by omitting all heat storage subroutines and running
the case for several computations (time steps). This is necessary to allow
temperature dependent properties such as specified heat and conductivity, to be
evaluated at the steady state temperatures since they are evaluated at the old
known temperature. Some heat transfer methods (e.g. internal radiation) employ
an approximation used to linearize the heat balances. These subroutines may
require a few additional iterations (time steps) to reach a steady state solution.
Ten time steps will produce a steady state solution in most cases with no heat
storage. -

Cases which combine steady state and transient portions obviously may not use
the method discussed above. Heat storage terms must be included fof thevtransient
portion of the analysis and zeroed out for the steady state computations. This
may be done by inputting a density curve as a function of time and specifying the
density equal to zero for tﬁe time intervals when steady state temperatures are
desired. The number of time steps required to reach steady state temperatures
will vary as described above (size of step is immaterial).

7.4 USER ERRORS

There are two categories of user errors; those which occur before the P-phase
and those which occur during the P-phase. Errbrs-in the input data are detected
and error messages output in the M and Z-phases of the program. The computer
program continues to process cards, regardless of errors which are detected, until
the completion of the Z-phase. The progrém will compute one time step in the
P-phase if errors have been detected in previous data processing phases. This
is done to check as much of the data input as possible and therefore minimize the
number of runs which must be made to obtain a solution. There are situations
where one error causes avnumber of other error messages to be output.

The computer program assumes values for missing or bad input data to allow one
time step to be computed. A value of 1.0 is assumed for a specified curve that

is missing. A value of 1.265 x 10322 is assumed for dimension table values that
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have not been input. The program assumes the following values if the CASEB card

is not found:

NCA = 10
MPRNT = O
NORBIT = O
METHOD = 3

The program assumes the following values for the CASEC variables if the card is

not found:

BTIME = 0.
FTIME = 2.0
™MAX = 1000
MIN = 2.0
TEQAL = 560.
ADD2T = 0.

Additional case data values are assumed if the following errors are detected:

(1)
(2)
(3
(4)-
(5)

The value of NCA must be greater than one for all methods.

The method number must be valid; otherwise it is set to Method 3.
FTIME must be greater than BTIME; otherwise theyrare reversed.

TMAX must be greater than TMIN; otherwise they are reversed.

TEQAL has three options. TEQAL = 0. causes initial temperatures to be
read from CASET cards. Either too few or too many initial temperature
values being input will cause an error. The additional values of
initial temperature are set equal to 560°R when too few initial
temperatures are input. If TEQAL is negative, final temperatures from
the preceding case (if present) are used for initial temperatures

for the present céée. A value of 560°R is assumed for initial
temperatures if there are less nodes in the previous case than in

the present case. If TEQAL is greater than 2ero, no error checking

is done.

The following user errors occur in the P-phase.

(1)

(2)

Temperatures greafer than TMAX or less' than TMIN cause an error to
be counted and the case is terminated.

Divide checks occur when the computations.re3ult in a-division by
zero and may cause mode termination by the CDC computer. Input data

should be checked for zero values.
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A warning message is output each time a curve is extrapolated. A curve
argument outside of the range of the input values for the independent variable
causes a linear extrapolation using two points closest to the value desired.

' This message does not cause an error to be counted as the value may or may not
represent an error. The user should check the extrapolated values to determine

their suitability.
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APPENDIX A
SUBROUTINE DESCRIPTION AND DATA SHEETS

Heat Storage Subroutines
Heat Conduction subroutines
Heat Convectioﬁ Subroutines
Heat Radiation Subroutines
Heat Flux Subroutines

Fluid Flow Subroutines
Model Subroutine

Miscellaneous Subroutines
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Curve Specification

Almost all FASTEMP subroutines require as part of their input, curves which

describe material properties, source temperatures, coefficients, and other boundary

conditions.

Section 4.5 describes the input and use of these curves. Curves are

de31gnated using a three number system (NRELN, NTYPE, NCLAS) The following is a

standard list of curve NTYPE and NCLAS.

NIYPE

v BN

10
10

11

12
12
12
12

13
13
13

15
17
19
99
99

NCLAS

o O O ©O

[

£ S oW N

O O = O O

LIST OF CURVE NTYPE & NCLAS

CURVE DESCRIPTION
Density (lb/ft3)
Specific heat (BTU/1b°F)
Conductivity (BTU/hr-ft-°F)

- Emissivity

Interface conductance (BTU/hr—ft2—°F)
TIME STEP CURVES
Delta Tau vs. Time (Seconds), NRELN = 1

Temperature printout, NRELN = 1

ATMOSPHERIC PROPERTIES

Temperature (°R)

Pressure (psia)
TRAJECTORY DATA

Altitude (ft)

Velocity (ft/sec)

Mach number

Angle of attack (degrees)
TEMPERATURE CURVES

TAW - Adiabiatic wall temperature (°R)
TR - Radiation Source temperature (°R)

TP - Known temperature for conduction (°R)

MISCELLANEOUS CURVES

h-convective film coefficients (BTU/hr-ft-°F)
Shape factor curves

Fluid flow rates (lb/hr)

Heating Rate curves (BTU/hr—sz)

Multiplier Curve

A-2
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A.1.0 Heat Storage Subroutines

Section Page

A.l1.1 SRA, SCA, SKa, SKB, SKC, SSA A-4

" A-3 .
MCDONNELL DOUGLAS CORPORATION
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Purpose:

Equation:

Data Cards:

REPORT MDC A3791

A.1.1 SRA, SCA, SKA, SKB, SKC, SSA

These subroutines will compute the heat storage terms for thermal
model elements of either rectangular, cylindrical, conical or
spherical geometry. The subroutines are identical except for the
element volume.

The heat storage term added to the heat balance is:

_ 3600 . o

Q=g P Oy VB (T yy-T)/8
where V is the element volume (in.3).
Symbolic Name Value
NN node number
NM - material properties curve relative number
X, Y, 2, § .
RP, RI, RM element dimensions (in. or deg.),
o, ¢l’¢2 used to obtain V
B , arbitrary constant

Required Curves:

p - (NM, 1, 0) - density (1bm/ft3) ‘
Cp - (NM, 2, 0) - specific heat at constant pressure (Btu/lbm-°R)

Restrictions and Notes:

1) All subroutines are available in general format number 2.
Subroutines SRA, SCA and SKA are also available in general
format number 1.

2) Curve argument number 2 is available as the temperature of

node NN.
Subrcutine Geometry: Subroutine Geometry Type

SRA Rectangular
SCA Cylindrical
SKA Conical

SKB Conical

SKC Conical

SSA Spherical
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FASTEMP General Heat Transfer Program SRA - Heat Storage -~ Rect.
_ XY 32 ' °
Qgpa = P cp 7758 B (Tyy - Tyy)/(81/3600)
- ' =
NN - Node Number Required Curves:
X p - (MM, 1, 0) - Density
Y ¢~ Element Dimensions Cp - (NM, 2, 0) - Specific Heat
Z
A B- Constant
Y
e
<
- i _
= —
RC@OT NCARD| NPRNT| NFMT
1 10, 14 18 22 % 30 34 38 42 [ 50 54 58 62 66 70 74 78] 80
SRA 0 )|
RCEDT NCARD[ NN NM X Y Z B
1 10 14 18 22 260 - 30131 40141 5051 60161 7071 80
SRA
v —
1
. A-5
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FASTEMP General Heat Transfer Program SRA - Heat Storage - kect.
= XYZ ' o
Qpa = ° €, “1735 B (Tyy = Tpy)/(41/3600)
NN -~ Node Number Required curves:
X
y}- Element Dimensions p - (NM, 1, O) - Density
B Cp -.(NM, 2, 0) - Specific Heat

B ~ Constant

RCPOT NCARD NPRNT| NFMT

RCODT NCARD[ NN WM (x} ) (y) |{2a] | (B] i
] 1of 14| 18 2 % 30] 34 38 2] 8] 50 s4l  s3f 62 66 70 74] 78] 80
SRA
S

A-6
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MP’
FASTE General Heat Transfer Program SCA - Heat Storage - Cyl.
2 2
18 (RP“-RI“)Z ' o
= C oo

%sca T ° G 360, 1728 B (Tyy - Tyy)/(81/3600)
NN -~ Node Number Required Curves:
R¢ - Outer Radius p - (NM, 1, 0) - Density
RI ~ Inner Radius C_ - (NM, 2, 0) - Specific Heat
8 - Axial Length P
6 - Angle

/./ B - Constant
-

/ -\ z

/ -

B ‘n, Y‘o‘r/
v/
/

RCEDT NCARD NPRNT| NFMT
1 10 14 18 2 % 30 34 38 42 4% 50 54 58 62 66 70 14 78] 80
SCA 0 1
RCEDT NCARD| NN NM R@ RI 2 e B -
1 10 14 18 2 26 30{31 LUEY 50[51 §0[61 7071 80
SCA
—=

A-7
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FASTEMP General Heat Transfer Progiam SCA ~ Heat Storage - Cyl.
mo (R¢2 RIQ)Z
Q =p C ——— _B(T' -7T°
SCA p336" 1728 ( NN TN.N)/(A‘[/3600)
NN - Node Number Required Curves:
R® - Outer Radius p - (NM, 1, 0) - Density
RI - Inner Radius C_ - (MM, 2, 0) - Specific Heat
%2 - Axial Length p
@ - Angle
/./ B - Constant
//' z
P
7 A \ 0/
& \) /
P
RCADT i NCARD NPRNT| NFMT
1 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
"SCA 0 2
RC@OT NCARD] NN M (Rg)[ (RI][ (3] | [e]] [B] T 7
1 10 14 18 2 % 30 34 38 42 4% 50 54 8 62 66 10 74 78} 80
SCA
——
A-8
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FASTEMP General Heat Transfes Program SKA - Heat Storage - Con.
G =oc LI8 (Re®+ Rp RI-2 RI%)E (7! - T )/(87/3600)
| “ska p 3 360. 1728 *TNN NN -
NN - Node Number Required Curves:
R} - Outer Radius p - (WM, 1, 0) - Density
RI - Inner Radius C_ -~ (NM, 2, 0) - Specific Heat
Z - Section Height P
~ 8 - Angle
/WR{\ B - Constant
/// AN £ //
\
-
RCODT NCARD NPRNT] NEMT
i 10 418 22 % 30 34 38 42 4 50 54 58 62 66 70 74 78] 80
SRA 0 1
RCEOT NCARD[ NN M RO RI Z ) B
/ o0 14 18 2 260 30031 40/41 5051 60[61 7071 80
3HA
-

A-9
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FASTEMP

General Heat Transler Program

SKA - Heat Storage - Con.

(Rg°+ R¢ RI-2 RIZ)%

MCDONNELL DOUGLAS CORPORATION

= l i) ] o
T A B T 1728 B (Tgy = Tyy)/(41/3600) N
NN -~ Node Number Required Curves:
R - Outer Radius p - (NM, 1, O) - Density
RI - Inner Radius C_ - (NM, 2, 0) - Specific Heat
2 - Section Height P
] -~ @ - Angle
2 4 . .
/// R, z //
P k%«k‘\ 7'/ ]
A
—
RCADT NCARD NPRNT| NFMT n
1 10 14 18 22 26 30 34 38 42 50 54 58 62 66 70 74 78] 80
SKA 0 2 »
RCADT NCARD] NN M [rg] ([r1]|{8] (le] { [B] 1
10 1 18 22 2% 30 34 38 42 50 54 58 62 66 10 74 78] 80
SKA
—
y
A-10
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FASTEMP General Heat Transfer Program SKB ~ Heat Storage - Con.
2 ' 2
- 116 (R°+RG RM + RM°-3RI)Z
= C = —— 1 - [
L e = ° % 3 360. 1728 _ (Tyy - Tyy!/(41/3600) _
NN - Node Number Required Curves:
R§ - Outer Radius p - (NM, 1, 0) - Density
RI - Inner Radius C_~- (MM, 2, 0) - Specific Heat
RM - Middle Radius P
\\ % - Section Height
SN0 @ - Angle
P /'/RA B - Constant
3~
// z PR«\ .
" e |
mes Yy
/
RCEOT NCARD NPRNT[ NFMT T
1 10 14 18 22 26 30 34 38 42 % 50 54 58 62 66 70 74 78] 80
SKB 0 2
RC@DT NCARD] NN M (r¢] { [RI]{(2] | [0]] [B] | [RM] :
1 10 i 18 22 2 30 34 38 42 4% 50 54 58 62 66 10 74 78] 80
SKB
[~——

A-11
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FASTEMP General Heat Transfer Program SKC - Heat Storage - Con.
2 2 2
- 10 §V&2 po-r0)? [rgsrr - 6V a2+ (RP-R1)°/ 5 o
ke = P ©p 360 1728 B (Tyy = Tyy)/(a1/3600) i

p—

NN - Node Number
R@ - Outer Radius
RI - Inner Radius

Z - Height of Cone

p - (NM, 1, 0) - Density
cp - (NM, 2, 0) - Specific Heat

-] © - Angle
. \\ B - Constant
. / A 8 - Skin Thickness
/( \ / /RI
o u\\'i’;’ — >~ .
\ F
RCPDT NCARD NPRNT] NFMT _
1 100 14 18 ] %] 3 34 B & [ 50 54 58 62 66 0] 74 78] s0
SKC 0 2
RCEDT NCARD] NN M ROIT(rI][[2] | [e]] [B] | 6] 4
1 14 18 n % 30 34 38 42 % 50 54 58 62] 66 70 74 78] 80
SKC ]
e
A-12
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FASTEMP General Heat Transfer Progiam SSA - Heat Storage - Sph.
G, - 0 ¢, 118 (R (Cosg B (T}, - 1O
| Q5gp = © bp 3 160 1728 os#; - Cos¢2) 2} (TNN - TNN)/(AT/3600) ﬂ

NN - Node Humber Required Curves:

! R§ -~ Outer Radius p - (WM, 1, 0) - Density
RI - Inner Radius c_ - (MM, 2, 0) - Specific Heat

9 © - Longitudinal Angle P

@; - Latitudinal Angle

$, - Latitudinal Angle
B -~ Constant

RCGOT NCARD RPRNT] NEWT
1 LR S I O O I . O I O Y S I R D R L
$5A 0 2

RCADT NCARD{ NN M (rell [RI]|{6] {(g1]|(8o] | [B] 1
i wof 1a] 8] 22l ] sl 3] 38 a2 4] sof sl se]  s2]  es] 70]  74] 78l s0
SsA

—

A-13
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'FASTEMP
A.2.0 Heat Conduction Subroutines

Section Page

A.2.1 DRA, DCA, DCB, DCC, DKA, DKB, DKC, DKE, DSA, DSB, DSC A-15
(two nodes, same material)

A.2.2 DRB . ' A-31.
(two nodes or node-source/sink, two materials, :
interface conductance) :

A.2.3 DRC, DCG, DCH, DCI , A-34

(two nodes, interface conductance)

A-14
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REPORT MDC A3791
FASTEMP - RTe

A.2.1 DRA, DCA, DCB, DCC, DKA, DKB, DKC, DKE, DSA, DSB, DSC

Purpose: These subroutines will compute the heat conduction terms between
two elements of the same material. The thermal model elements
may be of either rectangular, cylindrical, conical or spherical
geometry. The subroutines are identical except for the conduction
geometrical shape factor.

' Equation: The heat conduction term added to the heat balance is:
1
Q=3 k (ML) B (T~ )

where (A/L) is the element conduction geometrical shape factor (in.).

Data Cards: Symbolic Name Value
NN node number of one element
NP node number of other element
NM thermal conductivity curve relative number
X, ¥, 28, 6 ‘
R¢, RI, RM element dimensions (in. or deg.)
8, o> b . used to obtain (A/L)
- B arbitrary constant

Required Curves:
k - (NM, 3, 0) - thermal conductivity (Btu/hr-ft-°R)

Restrictions and Notes:

1) All subroutines are available in general format number 2.
Subroutines DRA, DCA, DCB and DCC are also available in
general format number 1.

2) Curve argument number 2 is available as the average temperature
of the two nodes NN and NP.

3) The heat conduction terms are stored as two-way terms in the
heat balance.

4) The subroutines are not valid for METH@D = 7.

Subroutine Geometry: Subroutine Geometry Type
DRA Rectangular
DCA Cylindrical
DCB Cylindrical
DCC Cylindrical
DKA Conical
DKB Conical
DKC Conical
DKE Conical
DSA Spherical
DSB Spherical
DSC Spherical

A-15
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REPORT MDC A391

FASTEMP General Heat Transfer Program DRA - Conduction, One Material - Rect.

| Qg K Y 2B (TNP - TNN)/lZ X ]
NN - Node Number . Required Curves: .
NP - Node Number k - {NM, 3, 0) - Thermal Conductivity
X .
Y }- Element Dimensions
3.
B ' - Constant

=

RCgDT NCARD, NPRNT| NFMT

1 10, 14 18 22 % 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
DRA 0 1 l

RCODT ) NCARD| NN | NP NM X Y 2 B

] 10 14 18 22 26 30{31 40041 50151 60]61 70§71 80
DRA

e
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FASTEMP

'REPORT MDC A3791

FASTEMP

General Heat Transfer Program

DRA - Conduction, One Material -~ Rect.

| Qg =K Y EB (Typ = Tyn)/12 X

NN - Node Number
NP - Node Number

- X

2

B '~ Constant

Y ;- Element Dimensions

Required Curves:
k - (NM,3,0) - Thermal Conductivity

RCADT NCARDJ. NPRNT] NFMT

1 10 14 18 2 % 30 3¢ 38 42 50 54 58 62 66 70 74 78] 80

DRA 0 2 {

RC@OT NCARD] NN. | NP | NM [x){[Y) {(2] {(B] _ 1
10 1 18 2 % k1] L 38 a2 50 54 8 62 66 10 74 78] 80

DRA

—
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REPORT MDC A3791

tr o ————

FASTEMP

FASTEMP General Heat Transfer Program DCA ~ Heat Conduction - Cyl., Angular

360 RO - RI 2

[ Oca 555 maerr 12 ° (Typ - Ty -
NN - Node Number Required Curves:
NP - Node Number k - (NM,3,0) - Thermal conductivity
T R@ - Outer Radius
,, RI - Inner Radius
4 A2 - Axial Length
\\/ ! ke \?\ e - Angle
e b @ - B - Constant

/
\/ Notes:
RI, R§, 0 # 0

— RI # R¢

RCGDT NCARD NPRNT] NEMT l
I R T . I ) T . O I I Y - I I R I T I )
DCA I :l[ T
RC@DT —INCARD] NN | NP | NM RO RI B ) B )
1 T L R . B ol4i: 5051 §0{61 70j71 80)
DCA

i
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REPORT MDC A3791

FASTEMP General Heat Transfer Program DCA, Heat Conduction - Cyl., Angular
_ 360 R - RI 8 _
r.Q’DCA Tt h R+ RI RI 12 8 (Typ = Ty —
NN - Node Number Required Curves:
NP - Node Number k - (NM,3,0) - Thermal Conductivity

B - Constant

R@ - Outer Radius
. RI - Inner Radius
/ 2 - Axial Length
?\ 0 - Angle
.,
/

|-
R |
- R, LR Notes: -{
)/
v/ ) RI, R@, 6 # 0
RI # R¢
—
RCHOT NCARD NPRNT[ NFMT
1 10 14 18 2 2% 30 34 38 42 4% 50 54 58 62 66 70 74 78] 80
DCA (1] 2
RCEDT NCARD] NN | NP | NM [R@] JRI 2] [TeITTeT ]
10 14 18 2 % 30 34 38 42 4% 50 54 58 62 66 10 14 78] 80
DCA
=
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: REPORT MDC A3791
FASTEMP

FASTEMP General Heat Transfer Program DCB - Heat Conduction - Cyl., Axial

mne 2 2
_QDCB =k 5 (R@"- RI")B (Ty, - Ty)/128
NN - Node Number Required Curves:
NP - Node Number k - (NM,3,0) - Thermal Conductivity
R@ - Outer Radius
RI - Inner Radius
2 - Axial Length
8 - Angle
B - Constant

-
JRcgoT NCARD NPRNT] NEMT I
L wf 14 8] 2 ] a0l 3al 38l sl sel  so] sl ssl 2l esf  zol 74l 78l g0
DCB__- 0 1 L I
RCPOT NCARD] NN | NP ] mM Y RI 2 o B
] 1 Y T Y ) ) 0 50} 51 §0f6! 20|71 80
DCB ' '
S —

A-20
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REPORT MDC A3791

FASTEMP General Heat Transfer Program DCB - Heat Conduction - Cyl., Axial
s 182 2 2
T_Q'DCB = k 3¢5 (RE7-RI7) B (Typ - Ty )/122 N
ilii -~ llode Humber Required Curves:
IiP - ilode liumber k -~ (NM,3,0) - thermal conductivity
R$ - Guter Radius :
’» RI - Inrer Radius
— = 2 - Axial Length
ral 6 - Angle
\( B - Constant
/
- < Ré\-e—\, =
R \\ / -
N///
/
— .
RCPOT NCARD NPRNT[ NFMT
1 10 14 18 22 26 30 34 38 42 4% 50 54 58 62 66 70 74 78 80
DCB 0 2
RCODT NCARD] wn [ wp | mM irgl{{r1){[2] {(e) | [B} )
1 10 14 18 2 2% 30 34 38 42 4% 50 54 58 62 66 10 74 78] 80
DCB
o
ORIGINAL PAGE iS
OF PCOCR QUALITY
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REPORT MOC A3791

FASTEMP General Heal Transfer Program DCC - Heat Conduction - Cyl., Radial
9 3
= —_—— T -
| Qcc = ¥ 180 T2 B ( NP TNN)/ln(Rcz/RI) _
NN - Node Number Required Curves:
NP - Node Number k - (NM,3,0) - Thermal conductivity
R@ - Outer Radius
RI - Inner Radius
l Z - Axial Length
AU
B - Constant
P
/7 -~ /
- AL N\ gl 2z T Note: 7
Ry Rpd ,7./ // e R:Q 40
\ k]
! //L RT # R®
o .
RCYOT NCARD NPRNT| NFMT l
1 10 14 18 22 % 30 34 38 42 4 50 54 58 62 66 70 74 78] 80
beg 0 ! l
RCADT NCARD| NN | NP |} NM RO RI % e} B
1 10 14 18 22 26 30f31 4041 50{51 60]61 70171 80,
Dce
==

N
S

3
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‘ REPGRT MDC A3791°
FASTEMP

FASTEMP- General Heat Yransfer Program DCC - Heat Conduction - Cyl., Radial
.16 Z .
| e = ¥ 180 12 8 (Typ - Tyy'/1n(RS/RI) _
NN - Node Number Required Curves: L
NP - Node Number k - (NM,3,0), thermal conductivity
R@ - Outer Radius
, RI - Inner Radius
- — %2 - Axial Length
- “— 8 - Angle
4 ==l;' . B - Constant .
Ko
- Ry RyvOde— 27, Hote: B
‘//,/,,Lf/" RI, RO # 0O
e RI # R@
RCHDT NCARD NPRNT[ NFMT
1 19 14 i8 u % 30 34 38 42 % 50 54 58 62 66 70 74 78] 80
2¢C 0 ?
RCADT NCARD{ NN | WP M [R@]I(RI]( (2] {fe] {(B] 4
1 10 14 18 2 % 30 34 38 42 61 50 54 58 62 66 10 14 78] 80
2CC
S
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REPORT MDC A3781

FAST'EMP General Heat Transfer Program DKA - Heat Conduction, Con., Angular
- 180 2 RM Re -
B a = X 76 T2 (RM (1 - Ino7) - RS (1 - 1n RI)]B(TNP-TNN) /{R¢ - RM) i
NN - Node Number Required Curves:
NP - Node Number -
RS - Outer Radius k - (NM,3,0) - Thermal Conductivity
RI - Inner Radius
_ e, % - Axial Length
il
-\ B - Constant R
Rs A bl 27 A/ ) RM- Outer Radius Notes:
~ R, ! I’ Rt Ry (smaller) RI, RY, RM, 0 # 0O .
\ % RS # RM # RI
/
"
RCPOT NCARD NPRNT] NFMT
3| 10 14 18 22 26 30 34 38 a2 4 50 54 58 62 66 70 74 78} 80
DKA . ) 0ol 2
RC@OT NCARD] NN [ NP | WM (]l (RI}| [2] ] [©] | (B] |[RM] ]
1 10 14 18 22 % 30 34 38 42 4% 50 54 58 62 66 10 14 78] 80
DKA .
——
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REPORT MDC A3791

FASTEMP General Heat Transfer Progiam DKB ~ Heat Conduction - Con., Axial
_ ., 10 RI (R@ - RM)
- ke = ¥ 180 1n|B?_- RI RM + RI] B (Typ - Tyy)/122 _J
[Ré + RT RM - RLJ
NN - Node Number Required Curves:
NP - Node Number
R¢ - Outer Radius k - (NM,3,0) - Thermal Conductivity
RI - Inner Radius
- ~< Z - Axial Length :
pd ~ N 0 - Angle Note: .
A p ’JR}R # B - Constant %, RI, RM, R # O
R % LesL/ 2 1, ™ RM - Outer Radius RI # RM # R¢ .
b~ R \
1y / / (smallest) , )
Wi —
/
/
RCPOT NCARD NPRNT| NFMT T
1 - 110 14 18 44 2% 0 34 38 42 4% 50 54 58 62 66 70 74 781 80
DKB 0 2
RCAOT NCARD] NN NP | WM [rg1{ [R1] (3] | (0] |(B] [ [RM] ]
1 10 \ 18 22 2% 30 34 38 42 4% 50 54 %8 62 66 10 14 78] 80
DKB
——
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REPORT MDC A3791

FASTEMP : General Heat Transfer Program DKC - Heat Conduction - Con., Radial
8/12
a pkc = K T8 nirg * ®/(Z DT B (Typ - Tyy) _
NN - Node Number Required Curves:
NP - Node Number ) .
R§ - Outer Radius k - (NM,3,0) - Thermal Conductivity
RI - Inner Radius
NP 2 - Axial Length
- ~a -0 - Angle Note:
</ ,\I‘ \» B - Constant RI, RM, R@ # O
! RM - Outer Radius RI # RM # R¢
-2
= ’\ \po , /R‘“M (smallest) -
/\
RCPOT NCARD NPRNT{-NFMT
1 10 14 18 22 % 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
| ke _ oo 2
|rceoT NcARD] NN | np | NM (rg]l[R1]|{2) | (e} {(B] |[RM] 1
1 10 14 18 22 % 30 34 38 42 ) % 54 8 62 66 10 74 78’ 80
DKC
—
4
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REPORT MDC A3791

FASTEMP Genesal Heat Transfer Program DKE - Heat Conduction - Con., Axial
uge]
Q =k6180(R¢-RI) ‘ B (T, -7T. )/ 122
- "DKE cos 1in 2E@ cos y-§ NP NN —
: os v 2RI cos y-é
NN -~ Node Number Required Curves:
NP - Node Number
8 R® ~ Larger Outside Radius k - (NM,3,0) - Thermal Conductivity
{ RI - Smaller Outside Radius
- NN NP } Z ~ Height
4 Note:
A g /'/“x 0 - Angle Z, RI, R¢ # O ,
= % \ z B - Constant RI # RM N
\ el // § - Skin Thickness
y - arctan [{(R® - RI)/Z]
/
RCPOT NCARD : [NPRNT| NFMT
1 10 141 18 22 26 30 34 ¥ 8 % 50 54 58 62 66 70 74 781 80
pre) 0 2
RCooT NCARDY“NN | wp | mm (=el{r11| (21} [e] {(B] (&) 1
] 10 14 18 2 % 30 34 38 42 4% 50 54 5 62 66 10 14 78] 80
=
p
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REPORT MDC A3791

FASTEMP . ' General Heat Tiansler Program DSA-Heat Conduction-Sph.,Latitude
_ . 180 (rg-RD) 1 1
Opsa = k75 12 inltan(38,)/tan(30)] BTy, - 7)) i
NN -~ Node Number Required Curves:
NP ~ Node Number k-(NM,3,0) - Thermal conductivity
RP ~ Outer Radius
RI - Inner Radius
8 -~ Longitudinal angle
L e $1 - Latitudinal angle
¢ o 7 $o ~ Latitudinal angle
l\,"_ B - Constant
- -
P _“ Note:
e Ry =11 1? @, ¥, # 0 or 180
1
Re ~ 0#0
%_#¢2
RC@OT NCARD NPRNT| NFMT
| 10 14 18 22 26 30 34 38 42 4% 50 54]. S8 62 66 70 74 18] 80
DSA 0 2 ‘
Jrcept NCARD[] NN [ NP | NM [Re]|(RI]] [6] [ [#1]](e2][(B] 1
10 14 18 22 2% 30 34 38 42 4% 50 54 58 62 66 70 4 78] 80
DS
v 1
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REPORT MDC A3791

FASTEMP General Heat Transfer Program DSB-Heat Conduction - Sph., Longitude
Qo = k 2 {RORD o0 o ) in(tan(2g. ) /tan(ie. )]
| DSB 180 12 NP "NN 272 271
NN - Node number Required curves:
NP - Node number
R@ - Outer radius : k-(NM,3,0) - Thermal conductivity

RI - Inner radius
© - Longitudinal angle

RN @1 - Latitudinal angle
N \ @#o - Latitudinal angle
-] B - Constant
= \ ‘ q
1] ot Note:
Rp ™ et ., 9, # 0 or 180
b - e
‘ g. # 9
1 2
RCADT NCARD NPRNT| NFMT l
1 10 14 18 22 2% 30 34 38 42 % W] 54 58 62 66 70 74 781 80
DSB 0 N
RCEDT NCARD| NN | wp | aM (Ro]][RI]|[0] | [#1]|(@2]]|[B]
10 1 18 22 %6 30 34 38 42 % 50 54 3 62 66 70 74 78] 80
DSB
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REPORT MDC-A391

FASTEMP General Heat Transfer Program DSC-Heat Conduction-Sph., Radial
_ ., T8 RI -
Qgc = k 1gg (cos?) - cosd,) ThI =y BT, -T )
r NN .- Node Number Required Curves:
NP - Node Number
R# - Outer Radius . k-(NM,3,0) - Thermal conductivity
RI - Inner Radius .
© - Longitudinal angle
@1 - Latitudinal angle
\62 N \\ @o - Latitudinal angle :
N // vV A B - Constant .
SR >\/,\ \ v | | 7
: >/R \ Note:
VZ_"; —el RI, RO # O
¢ RI # Rg
TRCPDT NCARD NPRNT| NFMT
11 110 14 18 22 2% 30 34 38 42 4% 50 54 5 62 66 70 74 78] -80
DSC 0 2 '
RCEDT " INCARD| NN [ NP ] M (rg}|[RI]| (0] | (@1]}1@o]|(B] g
i 10 14 18 2 %] 30 34 38 42 % 0 54 58 62 66 10 4 78] 80
DSC .
25 T
i
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FASTEMP

Purpose:

Equation:

Data Cards:

REPORT MDC A3791

This subroutine will compute the heat conduction terms between
two elements or an element and a source/sink. Conduction is
through two materials in a rectangular geometry with an optional

interface conductance.

heat balance.

Terms may be one-way or two~way in the

The heat conduction term added .to the heat balance is:

Q:

(B)(BB)(T

12 X3

k1A

Symbolic Name
NN

NP

Al2

B, BB

Required Curves:
k3 - (NMy, 3, 0) - thermal conductivity (Btu/hr-ft-°R)
ko - (NM2, 3, 0) - thermal conductivity (Btu/hr-ft-°R)

c - (wc, 5, 0)
-Typ - ([NP-Lk000], 13,

12 Xp , 1Lh
CAy»

Value
node number of one element (if connection
is one-way, flow is from this node)
node number of other element or source/
sink curve relative number
a) if O<¢ NP ¢ 4000, NP is a node number
with a two-way connection.
b) if 4000 < NP £ 5000, (NP-4000) is the
the curve relative number of the
source/sink temperature.
c) if NP > 5000, (NP-5000) is a node
number with a one-way connection
from node NN )
thermal conductivity curve relative
number for the element NN
thermal conductivity curve relative
number for the element NP
element length of .ode NN (in.)
element cross-sectional area of node NN(in
element length of node NP (in.)
element cross-sectional area of ncde NP (ine)
cross sectional area for interface
conductance between node NN and NP (in2)
interface conductance curve relative
number
arbitrary constants

2)

- intertace conductance (Btu/hr-ft2-°R)if NC > O
L) - source/sink temperature (°R) if LOO0O ¢ NP¢

5000
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- REPORT MDC A3791
FASTEMP |

Restrictions and Notes: .
1) This subroutine is available only in general format number 2.
2) Curve. argument number 2 is available as:
a) the. temperature of node NN for the evaluation of k.,
b) the temperature of node NP (or source/sink) for the
evaluation of ko,
c¢) the average temperature of the two nodes NN and NP
(or source/sink) for the evaluation of C.
3) The terms B and BB may not be zero
4) The subroutine is not valid for METH@D = 7.

Subroutine Geometry: Rectangular

A-32
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REPORT MDC A3701

FASTEMP
FASTEMP General Heat Transfer Progiam DRB - Conduction, Series with Interface
Resistance -~ Rect.
Qg = BB B (Typ - Ty )/(12 X, /kA) + 22 Xo/k Ry + LBL/C A L) _ ]
B NN - Node Number Required Curves: )
NP - <4000 Node Number k3 - (NM1,3,0)- Thermal conductivity
- >4000, Relative No. for for Node NN
Curve k, - (NM2,3,0)~ Thermal conductivity
Ay Ay, X3 - Path Length for Node NN for Node NP
' A} - Conduction Area for Node NN if NC > 0
. X, - Path Length for Hode NP ¢ - (NC,5,0)- Interface conductance
A, Ao - Conduction Area for Node NP if NP > 4000
"Ajo- Conductance area (if needed) TNP_ (NP-4000,13,4)- Source/sink
— B - Constant ) temperature I
BB - Constant Notes:

A1, A, Ayp, B, BB, ki, kp, C # 0
X1 and Xp # O

RCPOT NCARD NPRNT] NFMT
i tof el ) 22y 2 3o 34] 3| s % sof s4f s8 6| 6] r0f 74f 78} g0
DAz 0 2

RCODY NCARDY NN HP I guM2 ) X1} [A1]}{x2)| [a2]fa12)juc (B} |[BB) 1

i 10 14 18 2 2% 30 34 38 42 % 50 54 3 62 66 10 74 78] 80

]
13
o)
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' REPORT MDC A3791
FASTEMP

A.2.3 DRC, DCG, DCH, DCI
Pufpose: These subroutines will compute the heat conduction terms for
interface conductance between two elements. The thermal model
elements may be of eitherrectangular or cylindrical gecmetry.
The subroutines are identical except for the interface area.
Equation: The heat conduction term added to the heat balance is:
Q=% CAB (T _-T_ )
1hl NP "NN
where A is the interface area (in2).
Data Cards: Symbolic Name Value )
NN node number of one element
NP node number of other element
NC interface conductance curve relative number
Y, 3 element dimensions (in. or deg.)
kg, RI, © S to obtain A
B ' arbitrary constant

Reguired Curves:
C - (NC, 5, 0) - interface conductance (Btu/hr-ft°-°R)

Restrictions and Notes:
1) All subroutines are available in general format numbers 1 and 2..
2) Curve argument number 2 is available as the average temperature
of the two nodes NN and NP.
3) The heat conduction terms are stored as two-way terms in the
heat balance
4)  These subroutines are not valid for METH@D T.

Surr»ruTire Geometry: Subroutine Geometry -
DRC. Rectangular
DCG .Cylindrical
DCH Cylindrical
DCI Cylindrical
A-34
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FASTEMP

REPORT MDC A3791

FASTEMP

General Heat Transfer Program

DRC - Interface Conductance - Rect.

Y B
FQDRC = CI5p B (Typ - Tyy)

NN - Node Number
NP - Node Number

;} -~ Element Dimensions

‘B ~ Constant

Required Curves:
C - (NC, 5, 0)- Interface Conductance

RCYDT NCARD NPRNT| NFMT
i 10 14 18 22 % 30 34 38 42 46 50 54 58 62 66 10 74 78} 80
DRC 0 1
RCEOT NCARD| NN NP | NC Y Z B
) 10 14 18 22 26 30[31 4041 50[ 51 60j61 1071 80
DRC
——

!
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‘REPORT MDC A3791

FASTEMP General Heat Transfer Program DRC - Interface Conductance - Rect.
_ .Yz :
| %pre = C 1Ty B (TNP - ) ) .
NN - Node Number Required Curves:
NP - Node Number ¢ - (NC,5,0) - Interface Conductance
W -
Z} ~ Element Dimensions
- B - Constant
| e |7 i}
RCPOT NCARD NPRNT| NFMT
1 10 14 18 22 2% 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
DRC 0 2
RCADT ncARDY an | wp | nc (vl | [2]}(B} 1
] 10 14 i8 22 % 30 34 38 42 % 50 54 %8 62 66 10 74 78] 80
DRC
—~——
/
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REPORT MDC A3791
FASTEMP

FASTEMP General Heat Transfes Program

DCG - Interface Conductance-Cyl., Angular

QUeg = © gagl-thI)z B (TNP - Tyy)

NN - Node Number Required Curves:
NP - Node Number
R@¢ - Outer Radius ~C ~ (NC, 5, 0) - Interface Conductance

RI - Inner Radius
Z - Axial Length
B - Constant

| -
RCEOT NCARD NPRNT! NFMT
1 10 14 18 22 % 30, 34 38 42 46 50 54 58 62 66 70 74 78] 80
DCG 0 1
RCADT NCARD} NN | NP NC RO RI Z B
1 10 14 18 n 26 3031 40041 504 51 60161 7071 80
DCG
———
4
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' FASTEMP REPORT MDC A3791

FASTEMP B . General Heat Transfer Program ’ DCG - Interface Conductance-Cyl., Angular
_ . (Rg-RI) 2
Qe = € 71 B (Typ = Tyy)
NN - Node Nuxﬁber Required Curves:
NP - Node Number
4 R¢ - Outer Radius . C -~ (NC, 5, 0) - Interface Conductance
RI - Inner Radius
/// ’” Z - Axial Length
/\/ l> B - Constant
. e
Ry N
— R -
t /
/
RCPOT NCARD NPRNT] NEMT
] 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
| Bolele} 0 2
RCOT NCARD[ NN | NP | WC (RO (]| (2] (B]
1 10 1 18 22 26 30 34 38 42 % 50 54 B 62 66 70 74 78] 80
DCG
—
/
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AS EMPA REPORT MDC A3791
FAST

FASTEMP Genesal Heat Transfes Progiam DCH - Interface Conductance - Cyl, Axial
B (Typ = Ty 4
NN - Node Number ) Required Curves:
NP - Node Number
R¢ - Outer Radius C-(NC,5,0) ~ Interface Conductance
RI - Inner Radius '
© - Angle
B - Constant
RCEDT NCARD NPRNT} NFMT
1 10 14 18 22 2% 30, 34 38 42 46 50 54 58 62 66 70 74 781 80
DC= 1] 1
RC@DT NCARD| NN Np B RO RI 6] B
1 10 14 18 22 26 30§31 40141 50151 60[61 70[71 80
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. REPORT MDC A3791
FASTEMP

FASTEMP General Heat Transter Program DCH - Interface Conductance - Cyl, Axial

2 2
n(R@~ - RIT) ©
T B (T T )

| e = © A 360 v = T ]
NN - Node Humber Required Curves:
NP - Node Number
R¢ - Outer Radius i Cc-(NC,5,0) - Interface Conductance
RI - Inner Radius
O - Angle
B - Constant
p— —
RCHOT NCARD NPRNT| NFMT ]
i 10 14 18 22 %] 3 34 38 42 4% 50 54 58 62 66 70 74 78] 80
DCH i 0 A
RCEDT NCARD| NN NP} NC [rg]| [RT] [e] { [B] :
| 10 14 18 22 26 30 34 38 42 4% 50 54 %8 62 66 70 74 78§ 80
DCH

—~——
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REPORT MDC A3791

FASTEMP General Heat Transfer Program DCI - Interface Conductance - Cyl., Radial
c2rRA2 O y(p _oq
| “ncr 1L 360 NP T CNN _
- Node Number Required Curves:
- Node Number C-(NC,5,0) - Interface Conductance)
- Quter Radius
“’ - Axial Length
== [ —] - Angle
- m - - Constant
\% y . —
\
- N i
/
RCGDT NCARD NPRNT| NFMT
1 10 14 18 22 % 30 34 38 42 46 50 54 58 62 66 10 74 78] 80
DCI 1 0 1
-RCADT NCARD| NN NP NC R® Z 0 B
1 io 14 18 22 2 30431 40041 50[ 51 60161 7071 80
DCI
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REPORT MDC A3791

FASTEMP. General Heat Transfer Program DCI - Interface Conductance - Cyl., Radial
2n Rg B [¢]
- %cr = ¢ Tamn 360 B (Tvp - T _
NN - Node Number Required Curves:
NP - Node Number _
, RP - Outer Radius Cc-(NC,5,0) - Interface Conductance
“’ Z - Axial Length
0 - Angle
,’\ B - Constant
'\% m, 2
\ep ~
= \ —
/
RCHOT NCARD NPRNT| NFMT
1 10 14 18 22 2% 30 34 38 42 4 50 54 58 62 66 70 74 78] 80
DCI . 0 2
RCEOT ncARD] AN | np | ne [re) (2] | (o] | [B] 1
10 1 18 2 2% 30 34 38 42 % 50 54 58 62 66 70 74 78] 80
DCI ‘
—
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REPORT MDC A3791

FASTEMP
A.3.0 Heat Convection Subroutines
Section ' : Page-
A.3.1 'VRA, VCA, VKA, VSA Al

(forced convection heat transfer coefficient,
adiabatic -wall temperature)
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- FASTEMP

Purpose{

Equation:

Data Cards:

Required Curves:

-REPORT MDC A3791

A.3.1 VRA, VCA, VKA, VSA

These subroutines will compute the heat convection terms for

thermal model elements of either rectangular, cylindrical, conical

or spherical geometry from a source/sink. The subroutines are .
identical except for the element surface area. Heat transfer coeffi-

cient is provided as known function.
The heat convection term added to the heat balance is:

Q= %uu b AB (T, -Tyy)
where A is the element surface area (in2)
Symbolic Name Value
NN node number
NH heat transfer coefficient curve relative
. ' number
NTAW _ adiabatic wall temperature curve relative
nurber
, B
@, RI element dimensions (in. or deg.)

area option (VCA only)
arbitrary constant

h - (NH, 15, O) - heat transfer coefficient (Btu/hr-ft°-°R)

T - (NTAW, 13, 1) - adiabatic wall temperature (°R)
aw

Restrictions and Notes:

1) All subroutines are available in general format number 2.
Subroutines VRA and VKA are also available in general format
number 1. .

2) Curve argument number 2 is available as the temperature of
node NN,

3) These subroutines can be used to force a node to follow a
prescribed temperature by letting the T curve be the
prescribed value and maging the heat transfer coefficient
a large number (e.g. 10°)

Subroutine Geometry: Subroutine Geometry
: VRA Rectangular
VCA Cylindrical
VKA Conical
VSA Spherical
A-44
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REPORT MDC A3791

FASTEMP General Heat Transfer Program VRA - gzgzection Using h and Taw Curves -
- Y2
[Ovpa = B 1T B (Tpw = Ty : , _
NN - Node Number Required Curves:
Y
Z} ~ Element Dimensions h - (NH,15,0) - Heat transfer
/‘— 2 ——7/ 8 - Constant coefficient
/ Ty - (NTAW,13,1) - Adiabatic wall
NN temperature

Y .

e | i

RCgoT NCARD NPRNT| NFMT T
1 10, 14 18 22 % 30, 34 38 42 4 50 54 58 62 66 70 74 781 80
VRA 0 { T '
RCPOT NCARD| NN | NH RTAW v 2 3
1 104 14 18 2 % 30{31 4041 50451 60(61 70j71 80
VRA
==
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REPORT MDC A3791

FASTEMP General Heal Transfer Progiam VRA - gonzection Using h and Taw Curves -~
ect.
N -] P
Qupa = P 13y B (TyyTyy) : i
NN - Node Number Required Curves:
Y . -
Z} = Element Dimensions h - (NH,15,0) - Heat transfer
S z ‘7/ B - Constant coefficient
Ty - (NTAW,13,1) - Adiabatic wall
/ NN temperature
Y L]
JRCpOT NCARD NPRNT| NFMT
i 10 14 18 22 26 30 34 38 12 6 50 54 58 62 66 70 74 78] 80
VRA - ] ?
RCADT ~ Incard| wN | mE | wTA f¥l 1021 [1{B)
] 10 1 18 2 26 30 34 38 42 4% 50 54 % 62 66 10 74 18] 80
VRA
—
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REPORT MDC A3791

FASTEMP General Heat Transfes Program VCA - g;;vection Using h and Taw Curves -
_ Area
[ Svea = B TI0E B ATy Tyn ! .
' NN - Node Number Required Curves:
1=0 Rg - Outer Rad:.Lus h - (NH,15,0) - Heat transfer
RI - Inner Radius : fficient
Z -~ Axial Length coeiiicien
I T o - Angle Ty - (NTAW,13,1) - Adiabatic wall
_ m B - Constant o temperature
P\ e, I - 0, use Area = —H~ R@Z
/ \s g j{,, F 180
A A L) 2 .2
- Ry /Ry / 1, use Area = Z5% (RP“-RI") —
/
RCPDT NCARD NPRNT] NFMT
l 10 14 18 22 2% 30 34 38 42 4% 50 54 58 62 66 70 74 78{ 80
VCA 0 i
RCEOT NCARD] NN | NH [NTAW [rg]|(rT1} () |0} |[B] J T | ]
1 10 14 18 22 % 30 34 38 42 % 50) 54 8 62 66 0 74 78] 80
VCA
—
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REPORT MDC A3781

FASTEMP General Heat Transfer Program VKA - Convection Using h and Taw Curves
- Con.
2 2
_ ., _u8 gRg-Rlzja + Enimi
SVK.A b %o 1k B (TAw'TNN) _ .
NN - Node Number Required Curves:
R@ - Outer Radius h - (NH,15,0) - Heat transfer
NN ’ RI - Inner Radius ' coefficient
2 - Conic Section Height Taw = (NTAW,13,1) - Adisbatic wall
P N 6 - Angle temperature
,\ 7] ) B - Constant
Ry \\-07,;/! 7 Ry g
= \/ .
. _— .
RCgoT NCARD NPRNT| NFMT| - l
1 . 10 14 18 22 2% 3 34 8. & 46 50 54 58 62 66 70 U 78] 80
VKA - 0 1 ] : i l .
RCPOT JNCARD NN [-NH [NTAW l RO RI Z e B
1 - 1 14 18 22 26 3031 4041 50/ 51 60161 10171 80
VKA
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REPORT MDC A3791

FASTEMP General Heal Transfer Progiam VKA - Convection Using h and Taw Curves - Con.
2 2
_ 10 {(R@-RI Z~ + (RP-RI _
_?VKA =1 3% 1k B (Tyy = Tyy)
NN - Node Number Required Curves: -1
RP - Outer Radius h - (NH,15,0) - Heat transfer
RI ~ Inner Radius .coefficient
Z - Conic Section Height T,y - (NTAW,13,1) ~ Adiabatic wall
NN 8 - Angle temperature
B - Constant
Py
/<
| Ry, \\-eﬂ’./i 7 Ry i
/ /
\y/%
/
RCADT NCARD NPRNT{ NFMT
1 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
VKA 0 2
RCODT NCARD| NN | NE [NTAW {re]llr1]| (2] | [e] |[B] ]
10 1 18 22 26 30 34 38 42 4% 50 54 58 62 66 0 74 78] 80
VKA
o~ ——
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| REPORT MDC A3791 ;
FASTEMP : ~

FASTEMP General Heat Transfer Progiam VGA - (Slg?lvection Using h and Taw Curves
2
_, m6_ R@
[ Qysa = h T35 % (cos(bl - cos@,) B (TAW Ty _
i ‘ NN - Node Number Required Curves:
R@ - Outer Radius h - (NH,15,0) - Heat transfer
@ - Longitudinal Angle coefficient
#1 - Latitudinal Angle Taw - (NTAW,13,1) - Adiabatic
@, - Latitudinal Angle wall temperature
B - Constant
JRCADT ‘| INCARD NPRNT.] NFMT ) . ’
|1 10 14 ‘18 22 2% 30 34 38 42 4 50 54 58 62 66 70 74 78] 80
lvsa 0 2
RCDT NCARD] N [ wu [ntawl - T(rgl[[r1]]le] [le)[lg, 1] (5] 11
1 10 1 18 22 26 30 34 38 42 4% £l 54 8 62 66 10 74 78] -80
VSA : i §
—d .| . | M
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FASTEMP

Section

A.4.1

A.4.2

A.4.3

A.b.4

A.4.0 Heat Radiation Subroutines

RRA, RCA, RKA, RSA
(external radiation,

RRB
(internal radiation,

RRC, RCC, RKC, RSC
(internal radiation,

RRD
(internal radiation,

MCDONNELL DOUGLAS CORPORATION

eF)

two gray plates)

eF)

enclosure)
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FASTEMP

Purpose:

Equation:

Data Cards:

REPORT MDC A3791

A.4.1 RRA, RCA, RKA, RSA

These subroutines will compute the heat radiation terms to thermal
model elements of either rectangular, cylindrical, conical or
spherical geometry from a source/sink. The subroutines are
identical except for the element surface area.

The heat radiation term added to the heat balance is:
1 L b
Q=375 0 ¢ FAB (T, -Tyy*)

where ¢ is the Stefan-Bocltzmanr constant (0. l?%h x 10-8 Btu/hr-
ft2-°R4) and A is the element surface area (in®)

Symbolic Name Value

NN node number

NF shape factor curve relative number from
node NN to source/sink

NM erissivity curve relative number

NTR rediation source/sink temperature
curve relative number

Y, Z

R@, RI ' element dimensions {in. or deg.)

O, ¢, 92 used to obtain A

I area option (RCA only)

B arbitrary constant

Reguired Curves:

F - (NF, 17. O) - shape factor (-)
€ - (NM, 4, 0) - emissivity (-
Tr - (NTR, 13, 2) - radiation source/sink temperature (°R)

Restrictions and Notes:

1) All subroutines are available in general format number 2,
Subroutines RRA and RKA are also available in general
format number 1.
2) Curve argument number 2 is available as the temperature of node NN,
3) These subroutines are notlvalgd for METH@D =
L) Approximations are made fer T  in order to retain a linear
set of equations. These approximations are given in Appendix B.
These approximations require that the temperature change
of the radiation nodes remain small over the transient
time steps. For steady state solutions the approximation is

exact.
Subroutine Gedmetry: Subroutine Geometry
RRA Rectangular
RCA Cylindrical
RKA Conical
RSA Spherical
A-52
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REPORT MDC A3791

FASTEMP General Heat Transfer Program RRA - External Radiation - Rect.
Y 2 h I
@rpa = ° ¢ Fogp B (T, - Ty )
[~ NN - Node number Required curves:
y} _ . . F - (NF,17,0) - View factor
z Element Dimensions e - (M,b,0) - Emissivity
/4.— 2 _7/ B - constant Tr- (NTR,13,2) Source/sink temp.
/ Note: Aﬁproximation used for
NN T

RCYOT NCARD NPRNT] NFMT l

1 0] 14 18 22 % 30 4 38 42 % 50 54 58 620 66 0] 74 78] 80

BRA. 0 ! j

RC@OT NCARD| NN NF NM | NTR Y Z B

1 g 14 18 n 260 3031 L 50051 6061 70071 8¢

RRA

" .
]
]
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REPORT MDC A3791
FASTEMP

FASTEMP General Heat Transier Piogram RRA - External Radiation - Rect.

Y 2 L L
Qrra = © € F 9Ty B (T, - Tyy)

b~

NN - Node number Required curves:

Y ) ] _ F - (NF,17,0) ~ view factor
g{ ~ Zlement Dimensions € - (NM,4,0) - emissivity
B - Constant Tr - (NTR,13,2) source/sink

/‘— z —7’ temperature
N

Note: Approximation used for T

RCODT NCARD NPRNT| NFMT

1 . 10 14 18 n 26 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
RRA 0 2

RCOOT NCARD] NN [ NF NM [ HTR Y} Tisl (sl N
)| 10 | 18 yzi 26 30 kL] 38 42 46 50 54 58 62 66 70 74 78] 80
RRA

Rz T avia
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FASTEMP

RFPORT MDC A3791

MCDONNELL DOUGLA:. CORPORATION

FASTEMP General Heat Transfer Progiam RCA - External Radiation - Cyl.
Area N L
Q,RCA-oeFl B(Tr—TNN) _
NN - Node number Required curves:
R@ - Outer radius F - (NF,17,0) - view factor
1s0 RI - Inner radius € - (NM,b4,0) - emissivity
I1 2 - Axial length T - (NTR,13,2) - source/sink
W © - Angle temperature
B - Constant
,/ m I - 0, use Area = Ig— R 2 Note: Approximation used for Th
77 N\ 7 -y 180 ¢
A ﬂ \ 0 N 2 18 2 .2
- R gx \ / 1, use Area = gga (R¢_RI) -
—_—
RCPOT NCARD NPRNT{ NFMT
1 10 14 18 22 % 30 34 38 42 46 50 54 58 62 66 70 74 78 80
RCA 0 2
RCADT NCARD] NN [ NF [ WM [NTR [IR@JJIRITIIZ] [le] J[B] J1 ]
I ol el 18]l ozl | 30] 34| 3] 42| e sl saf sel 62 66| 7o) 74| 78] 80
RCA
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REPORT MDC A3791 -

FASTEMP General Heat Transfer Program RKA - External Radiation - Con.
cocerp (Rg + RI)\/Z2 + (Rg - R1)° B (Tb Tu )
[ Sria 360 155 (Tp - T , -
NN - Node number Required curves:
R@ - Cuter radius F - (NF,17,0) - View factor
NN RI - Inner Radius € - (NM,4,0) - Emissivity

Z2 - Conic section height Tr- (NTR,13,2) - Radiation source

e ~ 8 - Angle temperature

’\ ’./ ) ) B - Constant L

Ry Note: Approximation ued for T

Ry \-97;/1 7 »
B N/// ]

—_—

RCGDT " [NCARD NPRNT{ NFMT

1 10 14 i8 22 % 30 34 38 42 46 50 54 5 62 66 70 14 78] 80
RKA 0 H

RC@OT NCARD| NN NF NM | NTR R@ RI Z [*] . B

1 10 14 18 22 26 30[31 40041 50[ 51 60]61 70{71 80

'
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REPORT MDC A3791

FASTEMP Generaf Heat Transfer Program RKA - External Radiation - Con.
' o (R® + RI)\B® +(ro - RI)® N
9 = 0 ¢ F 5 T s 1) - ) o
NN - Node number Required curves:
R§ - Outer Radius F - (NF,17,0) - View factor
NN RI - Inner Radius : e - (NM,L,0) - Emissivity
) Z - Conic section height Tr—_(NTR,_J.3,2) - Source/sink temp.
- ~ 9 - Angle
’/ > B - Constant ) y

R¢ \‘\’9 / 7 2 // Ry Note: Approximation used for T
- \/} 7

/ :
RCPDT NCARD NPRNT|[NFMT
[ 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 781 80
RKA 0 2
RC@OT NCARD] NN | NF T MM T NTRJTREITIRIT] (2] | (e] J(B] 1

10 1 18 2 2% 30 34 38 42 % 50 54 % 62 66 70 74 18] 80
RKA
~——
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REPORT MDC A3791

FASTEMP General Heat Transfer Program RSA - External Radiation - Sph..
__ n6_ R n N :
ksa = © ¢ TG 145 (08P - cosfy) B (T, - Ty) 4
- NN - Node number Required curves:
I~ _ R¢ - Outer radius F - (NF,17,0) - View factor
\\\\\ 6 - Longitudinal angle € - (NM,4,0) -~ BEmissivity
NN ¢l - Latitudinal angle T - (NTR,13,2) - Source/sink temp.
N S ¢2 - Latitudinal angle r
™~ N B~ - Constant ’ L
N ¢2 // Note: Approximation used for T
ﬁ"\/r \
= ; - - -
/- - r'-e \
Pé/;"gtt —
RCPOT NCARD NPRNT| NFMT
1 10 14 18 22 26 30 34 38 42 4% 50 54 58 62 66 70 74 78] 80
RSA 0 2
RCODT NCARD] NN- | NF | WM [NTR [[R@T o] [ U811jT¢,T]IB] ]
10 14 18 22 26 30 34 38 42 % % 54 58 62 66 10 14 18} 80
SA
i
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REPORT MDC A3791

FASTEMP
A.4.2 RRB
Purpose: This subroutine will compute the heat radiation terms between twc
thermal model elements of rectangular geometry. The radiation
shape factor is computed for two gray infinite parallel plates.
Fquation: The heat radiation term added to the heat balance is:
1 h L
Q= 1L 0 Y 2 B (TNP - Tyn )
1
(E_ + %— - 1)
1 2
where ¢ is th Stefan-Bo;tzmann constant
(0.1714 x 10-9 Btu/hr-ft2 - °RrY).
Data Cards: Symbolic Name Value
NN node number of one node
NP riode number of other node
NM1 emissivity curve relative number of node NN
NM2 em:ssivity curve relative number of node NP
Y, % element dimensions (in.)
B arbitrary constant

Required Curves:
g, - (NM1, 4, 0) - emissivity (-)
e; - (NM2, L4, 0) - emissivity (-)

Restrictions and Notes: : .

1) This subroutine is availeble in general format numbers 1 and 2,

2) Curve argument number 2 is available as:
a) the temperature of node NN for the evaluation of €1,

) b) the temperature of node NP for the evaluation of €5,

3) This subroutine is- not valid gor METHZD = 5, T.

L) Approximations are made for T* in order to retain a linear
set of equations. These approximations are given in
Appendix B. These approximations require that the temperature
change of the radiation nodes remain small over the transient
time steps. For steady state solutions the approximations are
exact. :

5) The heat radiation terms are stored as two-way terms in the
heat balance.

Subroutine Geometry: Rectangular

A-59
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= N o  REPORT DG AT
FASTEMP . | -

FASTEMP General Heat Transfer Program RRB ~ Internal Radiation - Rect.
1 Y8® 4 4
“RrB °(l T\ B (Tae - T
8 €1 €2 NN - Node number Required curves:
: NP ~ Node number " e, - {NM1,4,0) emissivity for node
Y . . surface NN '
C@ Z} - Element Dimensions €, - (NM2,4,0) - emissivity for node
B - Constant surface NP

Note: Approximation used for Th

ot —
=T *

RCYOT NCARD| NPRNT] NFMT l ] T
|- 0] 14 18 2] x|  3a 3] 42| a6 50 s sl 62 66 700 74f s 8o
RRB 0 ' ] 1 l l l
RCEDT NcARD] NN | NP | M1 M2 | Y 2 B
] 1 14 18 2] 2 331 gl 5051 50{61 7071 8c
RRB

—
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REPORT MDC A3791

FASTEMP General Hea! Tiansfer Program RRB - Internal Radiation - Rect.
- 1 Y?Z i n
SRpp = ° _J;+l_llhEB(TNP_TNN) |
B €1 €2 NN - Node number Required curves:
NP - Node number - £y = (NM1,L4,0) - emissivity for node
Y} - . . surface NN
@ -] lement Dimensions €5 - (NM2,L4,0) - emissivity for node
B - Constant surface NP
k
Note: Approximation used for T
/-— Z 7
Y-
=7 |
RCADT NCARD NPRNT| NFMT
1 10 14 18 22 2 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
RRB 0 2
RCEDT NCARD} NN | NP | NM1 | NM2 {Yjf[z])|[B]
10 ) 18 2 % 30 34 ki 42 4% 0 54 8 62 66 10 14 78] 80
RRB
—
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FASTEMP

Purpose:

Equation:

Data Cards:

REPORT MDC A3791

" A.4.3 RRC, RCC, RKC, RSC

These subroutines will compute the heat radiation termc between
thermal model elements of either rectangular, cylindrical, conical
or spherical geometry. The subroutines are identical except for

the element surface area.

The heat radiation term added to the heat balance is:
! ' 4 4
Q-mocFAB(TNP-TNN)

where o is the Stefan-Boltzmann constant {(0.171k x lO'8 Btu/hr -
ft2 - °R*) and A is the element surface area (in2).

Symbolic Name Value

NN node number of one element

NP node number of other element

NM emissivity curve relative number

NFA shape factor curve relative number from
node NN to node NP

Y, B , .

R@$, RI element dimensions of node NN (in. or deg.)

G, ¢1, %

I area option (RCC only)

B arbitrary constant

Required Curves:

€ - (NM, 4, 0) - emissivity (-)
F - (NFA, 17, 0) - shape factor (-)

Restrictions and Notes:

' 1) All subroutines are availsble in general format number 2,
‘Subroutines RRC and RKC are also available in general format
number 1, :

2) Curve argument number 2 is available as:
a) the temperature of node NN for the evaluation of €,
b) the temperature of node NP for the evaluation of F.
3) These subroutines are not valid for METH@D = S, 7
L) Approximations are made for TY in order to retain a linear set
of equations. These approximations are given in Appendix B.
These approximations require that the temperature change of
the radiation nodes remain small over the transient time steps.
For steady state solutions the approximations are exact.
5) The heat radiation terms are stored as two-way terms .in the
heat balance,
Subroutine Geometry: Subroutine Geometry
RRC Rectangular
RCC Cylindrical
RKC Conical
RSC Spherical
A-62
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REPORT MDC A3791

FASTEMP General Heat Tiansfer Program RRC ~ Internal Radiation - Rectangular
_ Y B L k4

_QRRC-OEFmB(TNP—TNN) _ .

NN - Node number Required curves:

NP - Node number F - (NFA,17,0) - View factor

Y € - (NM,4,0) - Emissivity

Z§ T Element Dimensions ’

C@ B - Constant }
Note: Approximation used for T
—-— 37 : |
i 4
B
|
RCGOT NCARD NPRNT] NFMT Or J
1 10 14 18 22 X 3 34 ki 42 46) 50 54 58] 62 66 10 74 78] 80
RRC 0 l I J
RC@DT NCARDl NN NP NM | NFA Y ) 3
1 10 14 18 2 26 30131 4041 5051 60(61 10§71 8o
. : i

BRC 4
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"RFPORT-MDC A3791

FASTEMP General Heat Transfer Program RRC - Internal Radiation - Rectangular
Y Z L N
Src = 9 € F T B (Typ = Tyy) i
NN - Node number Required curves: :
NP - Node number F - (NFA,17,0) - view factor
Y . . e - {NM,4,0) - emissivity
z{ =~ Element Dimensions

C@ B - Constant L
Note: Approximation used for T

-
= , . /~— 7’

RCPOT NCARD NPRNT] NFMT
1 10 14 18 2 % 30 34 38 42 4% 50 54 58 62 66 70 74 78] 80
Irrc - 0 )
RCADT NCARD} NN | NP | NM | NFA {y} |{2] {B] N
i0 I 18 2 % 30 34 38 42 4 50 54 58 62 66 10 74 78| 80
RRC '

—
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REPORT MDC A3791

FASTEMP . General Heat Transfer Program RCC -~ Internal Radiation-Cyl.
_ Area L Lk )
_QRCC =9 F oy B (T, - _lNN)‘ : .
NN - Node number Required curves:
NP - Node number . F - (NFA,17,0) - View factor
R@# - Outer radius node NN € ~ (NM,4,0) - Emissivity
RI - Inner radius node NN
2 - Axial length )
6 - Angle Note: Approximation used for T
B -~ Constant e .
I - 0, use area = 160 RQZ i
8 1 - 18 (R2 _ g3 ‘
, use area = 365 ‘g I
RCPOT NCARD NPRNT{ NFMT
1 10 14 18 22 26 30 34 38 42 4% 50 54 58 62 66 70 74 78{ 80
RCC 0 2
RCEDT NCARD] NN | NP M [ NFA J(Rp)[(RI]] [B] |[e] | [B]] 1 ]
1 10 1 18 22 2 30 34 38 42 4% 50 54 %8 62 66 10 14 78] 80
RCC
—
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MCDONNELL DOUGLAS CORPORATION

FASTEMP General Heal Transfer Program RKC - Internal Radiation - Con.
B 8 {R@ + RI)\/z2 + (Rp - BI)2 b 4

[ %Ree T ° ¢ F 360 LT =B (Typ = Ty .
NN - Hode number Required curves:
NP - liode number F - (NFA,17,0) - View factor
R@ - Larger radius node Ni € - (NM,4,0) - Emissivity
RI - Smaller radius node NN
Z - Conical section height L
6 - Angle Note: Approximation used for T

~ B -~ Constant ' '
- P
< s — R _l
[ \ / I
Ry ‘e ov—"" A
\ //

RCODT NCARD] NPRNT| NFMT |

1 10 14 18 22 % 30 34 33 2 46 50 54 58 62 66 4 78] 80

- R C 0 1}. I

RC@DT NCARD[ NN | HF [ LM | 4FA ¥ EN 2 e B

1 10 14 18 22 26 30§31 1041 50|51 60]61 71 80‘

PXC »
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REPORT MDC A3791

FASTEMP Genesal Heat Transfer Program RKC - Internal Radiation - Con.
2
. _ 8 (R + RI)\ZZ? + (R§ - RI) i 4
“rec = ° ¢ F 365 m B (Typ - Tyy) _
NN - Node number Required curves:
NP - Node number F - (NFA,17,0) - view factor
R@ - Larger radius node NN € - (NM,4,0) - emissivity
RI - Smaller radius node NN ] )
Z - Conical section height Note: Approximation used for T
6 - Angle ’
_ ,\> B - Constant
Ve
- g \ ,ﬁ./ g /"RI —
Ry {0
\\ / //
\ //
—
RCPOT NCARD NPRNT] NFMT
1 10 14 18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
RAC 0 ?
RCODT NCARD[ NN | #P | M | NFA [[RAJ] [RI] (2] | (0] |[B] ]

=
[~
=
~3

% 30 3 38 42 4 50 54 58 62 66 70 14 78] 80
BXC )
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o * REPORT MDC A379]1
FASTEMP S

FASTEMP General Heat Transfer Program RSC - Internal Radiation - Sph.
2
_ n6_ R@ b Yy
_.Q'RSC =oeFyg 1LL (cos¢l - cos¢2) B (TNP - TNN) . A
: NN - Node number * . Required curves:
NP - Node number F - (NFA,17,0) - View factor
e Rf - Outer radius node NN e - (NM,%,0) - Emissivity
© - Longitudinal angle
. ¢l - Smallest latitudinal 4
\ angle Note: Approximation used for T
¢ Ve ’ @, - Largest latitudinal ’ :
N2 7 2 angl
s \ g-e
- °J\/ ~ N\ A B - Constant B
/- /R ,o'“‘ ©
= Fe
RCHOT NCARD NPRNT|' NFMT
1 10 14 18 22 26 30 34 38 42 % 50 54 58 62 66 70 74 78] 80
RSC 0 2‘
RCAOT NCARD] NN [ NP | nM [ nFA [[Re] (el | (g1 21| [B] 1
1 10 18 2 % 30 34 38 42 % 50 54 58 62 66 70 74 78] 80
RSC
Y [ K
y
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FASTEMP
A.4.4 RRD
Purpose: This subroutine will compute the heat radiation terms between a
thermal model element and up to three other elements in an
enclosure.
Equation: The heat radlatlon terms added to the heat balance are:
kL
where g is the Stefan-Boltzmann constant
(0.1714 x 10-8 Btu/hr - f£t2 - °RM),
Data Cards: Symbolic Name Value
NN node number
N1, N2, N3 node numbers of other surfaces (up to three)
A surface area of node NN (in?)
FN1, FN2, FN3 shape factors from node NN to node N1,

N2 and N3 respectively

Required Curves:
None

Restrictions and Notes: .
' 1) This subroutine is available in general format numbers 1 and 2

2) This subroutine is not valid for METH@D = 5,T7.

3) Approximations are made for T in order to retain a linear
set of equations.  These approximations are given in Appendix B.
These approximations require that the temperature change of )
the radiation nodes remain small over the transient time steps.
For steady state solutions the approximations are exact.

L)- The heat radiation terms are stored as two-way terms in the
heat balance.

Subroutine Geometry: Rectangular
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-
FASTEMP General Heat Transfer Program RRD - Internal Radiation - Rect.
B0 PR
Rrp = 9%y 15 (Tyr — Ty -
NN - Node number Required curves:
N1 - Node number None

N2 - Node number
N3 - Node number
Ayny- Area of Node NN '
FN1l- View factcr node

NN to N1
FN2- View factor node
= NN to N2 . e i —
FN3- View factor node Hote: Approximation used for T
NN to N3
RCGOT NCARD NPRNT! NFMT T
1 = 107 - 14 18) - 22 % 30 34 38 42 4% 50 3 5 62 66 10 74 78] 8C
| T i |
RRD 0 )] : .
RCADT NCARD} NN | N1 N2 N3 ANN FNl FN2 FN3 .
1 10 14 18 22 i 30131 1041 5051 60161 70471 -8l
RRD
s
y
1
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FASTEMP :
FASTEMP General Heat Transfer Program RRD ~ Internal Radiation - Rect.
PAew v b
%ep = ° w1 105 (Tyr - Tw! _J

-

NN - Node number Required curves:
N1 - Node number None
N2 - Node number
N3 - Node Number
ANN- Area of Node NN
FN1- View factor from
) node NN to N1
FN2- View factor from
node NN to N2 -
F FN3- View factor from ' )
node NN to N3 Note: Approximation used for T
RCAOT NCARD NPRNT] NFMT
1 10 14 18 22 2% 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
RRD 0 2
RCEDT NCARD| NN | N1 N2 [ N3 Jann][{FN1]iFn2]fFu3]
10 14 18 2 26 30 34 38 42 % 50 54 58 67 66 70 74 78] 80
RED
y
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A.5.0 Heat Flux Subroutines
Section ' ’ Page
A.5.1 QCRA, QCCA, QCKA, QCSA _ A-73

(heat flux, one multiplier)
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Purpose:

Equation:

Data Cards:

REPORT MDC A3791

A.5.1 QCRA, QCCA, QCKA, QCSA

These subroutines will compute the heat flux terms for thermal
model elements of either rectangular, cylindrical, conical or
spherical geometry with a prescribed heat flux imposed on its
surface. The subroutines are identical except for the element

surface area.

The heat flux term added to the heat balance is:

-1
Q=9 1AFB

where A is the elemeht surface area_(ing).

Symbolic Name

NN

NPER
NQ

Y, 2
R¢, RI
O"bl’d)g
I

B

Required. Curves:
P - (NPER, 99, 0) - multiplier (-)
q - (NQ, 99, 0) - heat flux (Btu/hr - Ft?)

Restrictions and Notes:
1) All subroutines are available in general format number 2.
Subroutines QCRA and QCKA are also available in general

Subroutine Geometry:

format number 1.

Value

node number

multiplier curve relative number
heat flux curve relative number

elcment dimensions (in. or deg.)

are: option (QCCA only)
arbitrary constant

2) Curve argument number 2 is available as the temperature of

node NN.

Subroutine

- Geometry
Rectansular
Cylincrical
Conical
Spherical

CRIGINAL PACE IS
OF POUR QUALITY
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FASTEMP - :

FASTEMP General Heat Transfer Program QCRA - QCURVE - Rect.

_ 13
%qcra = ¢ TEL P B : -

NN - Node number Required curves:

Y} ~ Element Dimensions .
P - (NPER,99,0) - Multiplier

Vanadi —'7 B - Constant q - (NQ,99,0) - Heat flux

s
L/

RCGOT NCARD NPRNT| NFMT
1 10 14 18 27 2%, 30, 34 38 42 46 50 94, 58 62 66 70 74 78] 80
QC%KA i 0 i
RCYDT ~ {NCARD| NN |NPER | NQ Y F3 B
1 10 14 18 22 26 30 _31 40041 50] 51 60]61 70171 80
QCRA i
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L
-~
FASTEMP ner _ -
M General Heat Transfer Program QCRA QCURVE Rect.
Yz
%cra = 2 105 P B i
) NN - Hode number ’ Required curves:
Y} - i ) P - (NPER,99,0) - Multiplier
2 - R Element Dimensions Q - (8Q,99,0) - Heat flux
/ 4 B - Constant ’ )
S/ / »
Y .
- L -
4 RCPOT RCARD RPRNT] NEWT
1 1) 14 18 22 2% 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
QCRA 0 LL CarE
RCEDT NCARD] NN [ NPER iQ (Y] (8] | (8]
) 14 18 2 26 30 34 38 42 4% 30 54 %8 62 66 10 14 78] 80
QCRA
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FASTEMP General Heat Transfer Program QCCA - Q Curve - Cyl.
_ _ Area
%cca =9 TRL P B -
NN - Node number Required curves:
R@ - Outer Radius P - (NPER,99,0) - Multiplier
=0 RI - Inner Radius q - (§Q,99,0) - Heat flux
3 -~ Axial length
I=1 9 -~ Angle
0 B - Constant 78
///"/ I - 0 use Area = {55 R 2
0/ -2~ _ 78 2 2
- &Rﬂ%\ 7" 1 use Area—%(Rﬁ - RI%) -
$ \
/—
RCPOT NCARD NPRNT| NFMT
1 10 14 18 22 2% 30 34 38 42 46 50 54 58 62 66 70 74 78] 80
Qcca 0 2
RCEDT NCARD] N | NPEH NQ [RGTITRIT 2] [Tl JIBT J I ‘ ]
1 10 14 18 2 % 30 34 38 42 4% 50 54 3 62 66 70 14 78] 80
QCCA
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FASTEMP General Heat Transfer Program QCKA - Q Curve - Con.
Q -5 (RP+RI) VE° + (Rg-RI)° PB
| “aCKA T T 300 1Bk -
NN - Hode number Required curves:
R@ - Larger outside radius P - (NPER,99,0) - Multiplier
RI -~ Smaller outside radius g - (NQ,99,0) - Heat flux
NN Z - Conic section height
0 - Angle
Pl N B - Constant
e
Re \'\‘ [} 7[./' 2 // Ry n
I \y’/
/
RCGDT NCARD NPRNT| NFMT
1 10 14 18 22 % 30 34 33 2 46! 50 54 58 62 66 70 74 78] 80
JCRA 0 i
RCEDT ncarD| nnv [EPER| mQ [rg] {RI] {z] (o] (B]
1 i 14 18 22 26 30131 4041 50151 60}61 70)71 80
0L
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FASTEMP General Heat Transfes Program QCKA - Q CURVE - Con.
a _ u8_ (Rg + RI)\/B2 + (R§ - RI) PB
[ ~qcka - ¢ 360 155 N

NN - Node number Required curves:
R@ - Larger outside radius P - (NPER,99,0) - Multiplier
NN RI - smaller outside radius q - (NQ,99,0) - Heat flux
. < Z - Conic section height
Ve 0 - Angle
’\ > ,,./ ) B - Constant
Re \\-0-‘./3 // Ry
/

SV

/
RCADT NCARD NPRNT| NFMT
1 10 14 18 22 2% 30 34 38 42 4% 50 54 38 62 66 70 74 781 80
QCKA 0 2
RCEOT NCARD] NN | NPEH KNQ (rglfirI])|{2] [ {e] |[B] p
1 10 14 18 22 % 30 34 38 42 % 50 54 38 62 66 70 14 78] 80
QCKA
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FASTEMP General Heat Transfer Program QCSA - Q Curve - Sph.
2
6 R@
- _ - PB
TSQCSA 9 785 10T (cosQ)1 cos¢2) ]
NN - Hode number Required curves:
T~ . R$ - Outer radius P - (NPER,99,0) - Multiplier
N~ 6 - Incremental longitudinal q - (NQ,99,0) - Heat flux
NN angle
RN \\\ #1 - Smallest latitude angle
NS N\ ¢2 - Largest latitude angle
N ¢2 // “ B™ - Constant
ﬂ /s . \ —
p— /3/ /// \..-6 d\ )
Fb///_/,;—ﬂ¢ —
RCEOT NCARD NPRNT] NFMT
1 10 14 18 22 26 30 34 38 42 4% 50 54 58 62 66 70 74 78] 80
QCSA 0 2
RCOOT . NCARD] NN |NPER | NQ (2g] 1 | (4 lite,] | (8] N

QCSA
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FASTEMP
A.6.0 Fluid Flow Subroutine
Section ‘ Page
A.6.1 FLUIDB A-81

(fluid convection with wall heat transfer).
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Purpose:

Equations:

REPORT MDC A3791

A.6.1 FLUIDB

This subroutine will compute the heat terms for a fluid flowing
by one or more surfaces. The fluid to wall heat transfer coeffi-~
cient h may be input by the user as curve data or may be computed
by the subroutine. Options are provided in the subroutine for:

Option 0 - bulk temperature method

Option 1 - outlet temperature method

Option 2 - modified h method

Option 3 - modified m and h method
This subroutine can also be used to compute the pressure drop
in the fluid control volume.

The heat terms added to the heat balance are:

3600 P Cp V By

v oy -
1728 At (TF TF ) Qm + Qw
where:
: - .__. v ot
Option 0 Qm m CpB3 (TNI TN¢)
hA B2

W = 1o T~ TP

= +
To 1/2 (Tyr TNo)
* - = LA 1 - 1 A
Option 1 Qm o CPB3 (TNI TN¢)
hA 32

W = T1a5 Tyw - TP

T = Tye

hA 32
(Z —IZZ—)/m Cp 83

Option 2 - B

~
|

. v oy
=m Cp B3 (T TN¢)

m NI
hA B2 8
Q, = 45 [(e” - 1)/8] (Tr:m-Tr:.)
Tr = Tnp
A-81
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FASTEMP
hA B2
Option 3 - B = (2 T4a ) /m Cp B3
B
C=9__;_u
B(e” - 1)
s _ 8 _ v m
Q, =m Cp B3 B [(L-0C)(e 1)])(TNI TNé)
_hA B a1 ey e
Qw = 1442 [TNW C TNI 1 c) TN¢]
Tp = Tyg

The fluid element control volume equation options are:
user specified
V=Xl
rectangular

V=X1--X2"X3

cylindrical
= I 2
v 4 X2© . X1

.. If the fluid to wall heat transfer coefficient is computed by the
subroutine, the equivalent diameter, De;”and the -cross sectional
area, Ac’ options are: -

" user specified

D = X2
e .
A = X3
c
rectangular
p = 2X2 - X3
e X2 + X3
A = X2 ' X3
c
cylindrical
De = X2
=T, 2
A, =3 X2

The wall area equation options are:
user specified
A= X4
rectangular
A=X4 - X5
cylindrical

: A-82
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A=1m - X4 - X5
If the curve relative number IH is not zero, the heat transfer
coefficient must be input by the user as curve data. 1If IH is
zero, the heat transfer coefficient will be computed by the sub-

routine according to the relations
EXL3 y EXL4

D
_ EXL1 EXL2 e . . b
Nu=C Re Pr (L ) (u )
o w
for the laminar case when Re < ReCL;
D EXT3 y EXT4
_ . RoEXTL | , EXT2 | e e
Nu = Coopon ° Re Pr o) (u )
o w
for the turbulent case when Re > ReCT;

Nu logarithmic interpolation between the laminar Nusselt

number evaluated at Re and the turbulent Nusselt num-

CL
ber evaluated at ReCT.
when ReCL < Re < ReCT’ where:

h D

Nu = Nusselt Number = Ii‘g

B . p,V'D_ 12 @ D_
Re = Reynolds number = =
oy 3600 ub Ac

3600 Cpb My

Pr = Prandtl Number = ——————

5

b and w denote properties evaluated at the bulk fluid and wall

temperatures, respectively.

If the user specifies a value for ILC in the subroutine zero card,
‘the constant and exponents for the laminar Nusselt number equation

are obtained from the dimension table as foliows:

CLAM = value in dimension tablg location ILC
EXL1 = value -in dimension table location ILC+1
EXL2 = value in dimensioq table location ILC#+2
EXL3 = value in dimension table location ILC+3
= value in dimension table location ILC+4

EXL4

If ILC 1s zeéro or is not specified, the following default values

A-83
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will be used in the laminar equation:

FASTEMP
CLAM = 1.86
EXL1 = 0.3333
EXL2 = 0.3333
EXL3 = 0.3333
EXL4 = 0.140
If the us

333
333
333

er specifies a value for ITC in the subroutine zero

card, the constant and exponents for the turbulent Nusselt number

equation are obtained

CTURB = value
EXT1 = value
EXT2 = value
EXT3 = value
EXT4 = value

in dimension
in dimension
in dimension
in dimension

in dimansion

from the dimension table as follows:

table location ITC

table location ITC+1
table location ITC+2
table location ITC+3
table location ITC+4

If ITC is zero or is not specified, the following default values

will be used in the turbulent equation:
 Coygg = 0-0225

EXT1 = 0.80

EXT2 = 0.3333333

EXT3 = 0.0

EXT4 = 0.140

If the user specifies a value for IF in the subroutine zero card,

the pressure drop in the fluid control volume will be computed.

The equat

AP =

r-h
]

r‘
h

ion is:
. 2
1 (4fL) (m/3600)
144 D 2
e 2 gC p(Ac/144)
= Pin - AP

psi

friction factor input as a curve versus Reynolds number

(curve ar

gument 30)

X1 variable

The inlet pressure is optional and is obtained from the card 1

type. If the inlet pressure is specified, the outlet pressure

A-84

MCDONNELL DOUGLAS CORFPORATION



REPORT MDC A3791

FASTEMP
replaces it allowing the pressure through a series of control volumes
to be computed. The inlet pressure to the first control volume can
be specified by the MPPA subroutine.

If the pressure drop option is specified, the following printout
is obtained for each fluid control volume at the print times
specified by curve 1, 10, 2.
FLUIDB NI N@ AP Pout Re Nu f
(The Nusselt number is without the viscosity factor,
which 1is dependent on each wall section.)
Data Cards: Symbolic Name Value
NCF@L number of cards to follow
IFM fluid method
= 0 bulk temperature method
= 1 outlet temperature method
= 2 modified h method
= 3 modified @ and h method
RECL - ecritical Reynolds number for laminar flow
RECT critical Reynolds number for turbulent flow
ILC index for laminar Nusselt number constants
or zero
ITC index for turbulent Nusselt number constants
or zero
IF friction factor curve relative number or
zer6
Card 1 L.C last card in control volume
= 0 no
= 1 yes
NI fluld inlet node number
Ng . fluid outlet node number
1FP fluid property curve relative number
IMD mass flow rate curve relative number
iGv ' control volume geometry option
A-85
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Card 2

B1

X1
X2
X3

XL@
B3
PIN
LC

IH

I1GA

B2 -

X4 }
X5

Required Curves:

Restrictions

= d g O

f

=

and
1)
2)

REPORT-MDC A3791

L}

-1 user specified

0 rectangular

1 cylindrical

volume term multiplier

element dimensions for volume

flow development length
flow term multiplier
control volume inlet pressure if IF # 0O

last card in control volume

0 no

1 yes

wall node number

wall heat transfer coefficient curve
relative number or zero

area geometry option

= ~]1 user specified
= (0 rectangular
1 cylindrical

area term multiplier

element dimensions for area

- (IF, 27, 0) - friction factor if IF # 0
- (|IFP|, 1, 0) - fluid density (1b/ft3) if IFP > 0
- (|IFP|, 1, 1) - gas constant (ft-1b./1b - °R) if IFP < 0
- (|1FP|, 2, 0) - fluid specific heat (Btu/lb - °R)
- (|1IFP|, 3, 0) - fluid thermal conductivity (Btu/hr-ft-°R)
if IH =0
- (|1FP|, 8, 0) - fluid viscosity (1b_/ft-sec) if IH = 0
- (IMD, 19, 1) - fluid mass flow rate (lbm/hr)
- (IH, 15, 2) - wall heat transfer coefficient (Btu/hr-ft“-°R)
if IH # 0
Notes:
This subroutine is only availlable in general format 2.
Curve argument number 2 is available as the bulk fluid tem-

= + T .
perature TB 1/2 (TNI‘ N¢) For evaluation of My,

A-80
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curve argument number 2 is avallable as the wall temperature

TNW' |

3) If the presure drop option 1is used, curve argument number 30
is available as the Reynolds number for the fluid control
volume.

4) For IFP < 0, fluid density 1is computed using the equation
p = P/RTB. Pressure is obtained from curve argument number
12.

5) This subroutine is not valid for METH#D = 1,2,5,7.

6) The finite difference method may be unstable if the bulk
temperature method (IFM = 0) 1is used. The other methods
(IFM = 1,2,3) are always stable.

7) Data cards are input in groups for each control volume.
A fluid element card (Card 1) must be input as the first
card for each control volume. These are followed by as
many wall element cards (Card 2) as required. The last
wall element card for a control volume must contain a 1 in
column 18 to indicate the end of that control volume.

8) The gp in the heat storage term is valid for a liquid flow
or a constant pressure gas flow. For a variable pressure
gas flow the Cp should be changed to CV‘ This can be

approximated by the input of B, as CV/Cp' However, in many

cases the heat storage term wiil be negligible compared to
the other terms, and can be neglected, i.e., input Bl as
zero,

9) The expressions.for fluid methods 2 and 3 are based on an
analytical solution with negligible heat storage term.
Fluid method 3 is for any number of wall nodeé, fluid method
2 is for onl& one wall node per control volume. Fluid method
1 is valid when most of the fluid in the control is near the
fluid outlet temperature, i.e., when hA > m Cp. Fluid method
0 is valid when the fluid in the control volume is near an
average between the fluid inlet and outlet, i.g., when m Cp
> hA. Fluid method 0 will be unstable if hA > Cp. Fluid

method 1, 2, and 3 are always stable.
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10)

REPORT MDC A3791

If no value is specified for the number of cards to follow,

'~ NCF@PL, the subroutine assumes that 100 cards of card type 1

will be input. This value is used to allocate core storage.
If multiple calls to this subroutine are made within a case,
or if the number of data cards is less than the assumed
number of 100, the user can reduce core storage requirements
by specifying a value for NCFPL. For the purpose of this
estimate, three cards of card type 2 are equivalent in data
storage requirements to one card of card type 1. For example,
if four cards of type 1 are input and'twelve cards of type 2
are input, the value.of NCFOL is equal to (4 + 12/3) and is

input as 8.
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F

FAST EMP General Heat Transfer Program FLUIDB - Fluid flow
v ' o . XL$ ~ flow development length
°C, 1778 By (Tp - Tp)/(A1/3600) = @ +Q, B3 ~ flow term multiplier
PIN - optional control volume inlet pressure
NW - wall node
NCF@L - number of cards to follow 1GA - area geometry option

= -1 user specified A=X4

= 0 rectangular A=X4 XS

= 1 cylindrical A=n-X4 X5
B2 - area term multiplier

IFM - fluid method
=0 bulk temperature method
=1 outlet temperature method
=2 modified h method
=3 modified @ and h method X4y _ element dimensions for area

RECL - laminar critical Re x5
RECT - turbulent critical Re .
ILC - index for laminar Nu constants iiqzéigd curves:
ITC - index for turbulent Nu constants
ic -~ last card in control volume ? - (IF,27,0) - friction factor
=0 no if IFP>0
=1 yes ¢ - (IFP,1,0) - fluid density
NI - inlet fluid node if 1FP<0
Ng ~ outlet fluid node R - (|1FP|,1.1) ~ gas constant
IGV-- - volume geometry optioa ¢ - (|1FP|,2,0) - fluid specific heat
=-1 user specified V = X1 @P- (IMD,19,1)~ fluid mass flow rate
= 0 rectangular V = X1+X2:X3 1f IH=0
= 1 cylindrical v = n/4.x22.%1 k ~ (J1FP{,3,0) ~ fluid thermal conductivity
Bl -~ volume term multiplier w ~ (]1IFP[,8,0) - fluid viscosity
X1 1f IH#0
X2 - element dimensions for volume h ~ (IH,15,2) - wall heat transfer coefficlent
X3 Note: Not valid for method - 1,2,5,7
RCADT NCARD[NCF@L [NPRNT] NEMT 1™ [recLfiRecT) 1Lc| 1TC 1F
1 10 14 18 22 2% 30 34 38 42 4% 50 54 58 62 66 70 74 781 80
FLUIDB 0 2
RCODT NCARDI LC | NI | Ng | IFP | IMD | ICV }[B1]][X1])} [X2] [xa]][nm [B3] {PIN)
Card 1 10 1 18 2 % 30 34 38 42 L) 50 54 5 62 661 10 74 Iﬂ 80
RCGOT NCARD} 1.C | Nw | IH 16A |{B2] | [X4] | (XS] 1
Card 2 10 1 18 22 2 ki H 38 42 % 50 54 % 62 66 10 14 78] 80
FLUIDB
——

;&QDUCIBILITY OF Yy
AL PAGE IS PQOR
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FASTEMP
A.7.0 Model Subroutine
Section Page
A.7.1 @NEDMR A-91

(one dimensional models)

A-90
MCDONNELL DOUGLAS CORPORATION



FASTEMP REPORT MDC A3791)

A.7.1 @NEDMR

Purpose: This subroutine will compute the heat storage terms and the heat
conduction terms for a one-dimensional thermal model composed of
rectangular elements.

Equation: The heat storage terms added to the heat balance are:

_ 3600 t _ o ©
= 1728 ° G, Vi B (Ty0 - T ) /bt

where i = N1 to N2

" For each rectangular element:

XYZ/ 2/(N2 - N1) for i = N1 or N2
XY &/ (N2 - N1) for i # N1 or N2
XY & for i when N1 = N2

v,
i

f

The heat conduction terms added to the heat balance, if N1 # N2,
are:

Q=KB (T, - T,)

1
where 1 = N1 to (N2 - 1).

For a rectangular model:

K=kvYg/ 12 Axi
where AXi =X / (N2 - N1)

Data Cards: Symbolic Name ‘ Value

1D directional option for @NEDMC

N1 . node number of first element

N2 ‘ node number of last element

NM : material properties curve relative
numbers

X, Y, & element dimensions (in)

B ‘ arbitrary constant

Required Curves: p - (NM, 1, 0) - density (lbm/ft3) _ ,
C - (NM, 2, 0) - specific heat at constant pressure
P (Btu/1bm - °R)
k - (NM, 3, 0) - thermal conductivity (Btu/hr-ft-°R) if
- N1 # N2
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Restrictions and Notes: 1)

REPORT MDC A3791

This subroutine is available in general format
numbers 1 and 2.

2) Curve argument number 2 is available as:
a) the temperature of each node for the evaluation
of the density and specific heat
b) the average temperature of each connected node
pair for the evaluation of the thermal
conductivity.
3) The heat conduction terms are stored as two way
terms in the heat balance.
4) This subroutine is not valid for METHOD = 7 if
N1 # N2.
5) Care must be taken if this subroutine is used with
the nonsequential node number option.
Subroutine Geometry: Subroutine Geometry Type
@NEDMR Rectangular
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FASTEMP General Heat Transfer Program ¢NEDMR - One Dimensional Model ~ Rect.
L. N1 - First Node Required Curves: —
N2 - Last Node p - (NM,1,0) - Density
X - Material thickness Cp- (NM,2,0) - Specific Heat
v between nodes .. and N2 k - (NM,3,0) - Thermal Conductivity
: Y -

> N2 2 Element Dimensions Note: May cause node number/equation

B

- Constant number conflict if using nonsequential
node number option.

H‘-——x—or\
M
L]

RCEDT NCARD] NPRNT| NFMT l

1 wl el sl 2l s 3] 8] a2 ) so) s sl 62  es) 70l 4] 78] 80
PNEDMR 0 1 T

RCgOT ~ [NCARD Ne | N2 | NM | X Y z B

- I s 18 2 28l 30031 4041 50151 60161 7ol 80
@NEDMR

—

A-93
MCDONNELL DOUGILAS CORPORATION



REPORT MOC A3131

FASTEMP General Heat Transfer Program @NEDMR - One Dimensional Model - Rect.
= N1 ~ First Node Required Curves: —
i N2 -~ Last Node p - (N\M,1,0) - Density
X ~ Material thickness Cp- (NM,2,0) - Specific Heat
y between nodes N1 and N2 k - (NM,3,0) - Thermal Conductivity
7 ; Y
» N2 3} - Element Dimensions Note: May cause node number/equation
B

- Constant number conflict if using nonsequential
node number option. -

™~
.

N1
RCPOT NCARD NPRNT| NFMT {
1 100 14 18] 2 % 0] 3 38 42 % 50 54 58 62 66 700 74f  18f 80
PNEDMR 0] - 2
RCYOT NCARD N1 | w2 | wM | (X} 1Y) §0B) {{B) .
1] 14 18 2 % 0] 34 38 2 %] 54 58 62 66 700 74 78] 80
PNEDMR i
e v d
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FASTEMP o b
A.8.0 Miscellaneous Subroutines
Section Page
A.8.1 CURVES . 206
(curve argument)
A.8.2 MOPA A-98

(miscellaneous operations, subroutine)
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FASTEMP
A.8.1 CURVES
Purpose: This subroutine allows the user to store curve argument values
from the result of a table lookup from a curve.
Data Cards: Symbolic Name Value
NREL Curve relative number, type and class
NTYPE to be searched
NCLAS
NARG Curve argument number to store result

Required Curves: As specified by NREL, NTYPE and NCLAS

Restrictions and Notes:

1) The subroutine CURVE is designed for general use.

2) This subroutine must be called before any other subroutine
which expects to use its results.

3) The value of NARG is ignored if the type and class of the
curve matches the atmosphere/trajectory identifications
shown on the data sheets.

4) 1If a velocity curve is specified (__, 12, 2), the sub-
routines will also compute and store the Mach number.

If a Mach number curve is specified (_, 12, 3), the sub-

routines will also compute and store the velocity.

- ) A-96
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FASTEMP
FASTEMP General Heat Tianster Program CURVES ~ Curve Argument Loading
4
-,12,1 - Altitude (arg. 3) NARG - Curve argument loca-  Required curves: .
-,11,1 - Freestream temp. (arg.8) tion to store value ob*ained - (NREL,NTYPE,NCLAS) as specified
-,11,2 - Freestream pres. (arg.7) from curve.
-,12,2 - Velocity (arg.h) Note: Curve order may be important
-,12,3 - Mach number (arg.5) If velocity specified, Mach The curves shown will be automatically
-,12,% - Angle of attack (arg.6) no. will be computed Mg = stored in their proper curve argument.

-,11,3 - Freestream den. {arg.9) Vu/Ll9.1VTy :
If Mach no. specified velo-

- ) . city will be computed Vg = —
49.1V/ T Moo
RCPDT NCARD NPRNT| NFMT 1 T )
1 ol 1l e] 2| w) 30) 34f 38| 42 e[ sof cvt s8] 620 esl 0] 74| 78] 80
RCODT NCARD NREﬂﬁTm1 VCLAS[ NARG ]
' 0] w4l gy 7| ] 30l 3a) 3] ap) 4] sof saf sel 62l es] 70| 74 78| 80
CURVES 1 12 1
2 11 1
3 11 2
4 12 2
c 12 3
6 12 i
7 11 3
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FASTEMP

Purpose:

Equation:

REPORT MDC A3791

A.8.2 MPPA

This subroutine allows the user to perform miscellaneous
operations for the computation and modification of dimension
table values, curve argument values, and curve values,
The result of the miscellaneous operation, R, is computed from
one or two variables (V1 and V2)

R = f (V1, V2)

depending on the operation code, I@PR. The options are:

I@PR Result
0 R=1V1

+1 R =Vl + V2

+2 R =Vl - V2

+3 R =Vl x V2

+4 R =Vl s V2

+5 R = minimum (V1, V2)

+6 R = maximum (V1, V2)

+7 R = V1V2

+8 R = average (V1, V2)
-1.0 if V1 < V2

+9 R=¢0,0 if V1 = V2
+1.0 if V1 > v2

-1 R = |Vi]

-2 R =\/V1

-3 R = log V1

=4 R =242n V1

-5 - R = 10V1

-6 R = eVl

Note that when the operation code is positive two variables
are used to compute the result, otherwise only one variable is
used. The two variables can be either dimension table values,
curve argument values, or the result of a curve lookup; The
result can be either a dimension table value, a curve

argument value, or can be stored as a one dimensional curve
value for later lookup.

An option code, IPPT, is also provided to specify when the
operation is performed. When the option code is zero, the
operation is performed on all time steps. When the option
code is +1, the operation is performed only during the first

time step.

A-98
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FASTEMP

Data Ca;ds:

Symbolic Name

IRT

IRN

IRC

IVIT

IVIN

IVIC

I@PR
vzt
IV2N
v2c
1¢PT

Required Curves:

Value

result type
+1 dimension table value
0 curve argur .t value
-1 one dizensiunal curve value
result number
if IRT = +1, dimension table index
if IRT = 0, curve argument number
if IRT = -1, curve relative number
additional result number for curve
(IRT = -1 only)
four digit code, ttce, giving
the curve type (tt) and class (cc)
variable one type
= 41 dimension table value
0 curve argument value
= =] curve lookup value
variable one number
if IRT = +1, dimension table index
if IRT = 0, curve argument number
if IRT = -1, curve relative number
additional result number for curve
(IVIT = -1 only)
four digit code, ttcc, giving
the curve type (tt) and class (cc)
cperation code
variable two type (see IVIT)
variable two number (see IVIN)

o

1

additional variable two number (see IVIC)

option code

As required by the result and variable type codes.

Restrictions and Notes:

1) This subroutine is available only in general format number 2.

2) This subroutine must be called before any subroutine which

expects to use its results.

3) This subroutines dynamically uses the dimension table for

all variables and results, i.e., the required dimension

table values are obtained from or stored in the dimension

table every time step.

4) Although this subroutine may store dimension table values,

these values may only be referenced by this subroutine or

other subroutines which dynamically use the dimension table.
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General Heal Transfer Program

M@PA - Miscellaneous Operations

FASTEMP
R = f (V1, V2) Type Value Operation Value
+1 dimension table value 0 R = vl
- 0 curve argument value 1 R =Vl + v2 n
IRT result type -1 curve value 2 R=Vl - v2
1RN result number 3 R=Vl x v2
IRC additional result Number Value 4 R=V] + V2
number (IRT = -1 only) if type =+1 dimension table index 5 R = min (V1, V2)
Vit variable ovne type if type = 0 curve argument number 6 R = max (V1, V2)
IVIN ~ variable one number if type =-1 curve relative number 7 R = v1V2
IVIC additional variable one (also additional code gives. 8 R = av (V1, V2)
number (IVIT = -1 only) 4 digit code, ttcc, for curve -1 if V1 < v2
IV2T - variable two type type and class) 9 R=4 0 if V1 = v2
IVIN - variable two number +1 if V1 > V2 -
I~ vae additional variable two Option Value =1 R = |V1
number (IV2T .= -1 only) 0 performed for all time steps -2 R =v/V1
IQPR - operation code +1 performed only during first -3 R = log V1
I¢PT -~ option code time step -4 R = 2n V1
-5 R = 10V1
-6 R = eVl
RCAOT NCARD NPRNT| NFMT
1 10 14 18 22 26 30 34 38 42 46 54 58 62 66 70 74 78] 80
M@PA 0 2
RCEOT NCARD| 1T IRN | IRC | IVIT| IVIN{IVIC [I¢PR | IV2T| IV2N|IV2C {I$PT 1
1 10 14 18 22 2 30 34 38 42 46 54 58 62 66 10 14 18] 80
M@PA :
Segpe——
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FASTEMP
SUBROUTINE INDEX

SUBROUTLINE SECTION SUBROUTINE SECTION
CURVES A.8.1 RCA A4 1

RCC A.4.3
DCA A2,1 RKA A.G.1
DCB A.2.1 RKC A.4.3
DCC A.2.1 RRA A4, 1
DCG A.2.3 RRE A.4.2
DCH A.2.3
DCI A.2.3 RRC A.4.3
DKA A.2.1 RRD A.4.4
DKB A.2.1 RSA AL, 1
DKC A.2.1 RSC A.4.3
DKE A2.1
DRA A.2.1 SCA A.l.1
DRB A.2.2 SKA A.1.1
DRC A.2.3 SKB A.l.1
DRD A.2.4 SKC A.l.1
DSA A.2,1 SRA A.l.1
DSB A.2.1 ~ SSA A.1.1
DSC A.2.1

VCA A.3.1
FLUIDB A.6.1 VKA A.3.1

VRA A.3.1
MOPA A.8.2 VSA A.3.1
ONEDMR A.7.1
Qcca : A.5.1
QCKA A.5.1
QCRA A.5.1
QCS/‘. A.S.l
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APPENDIX
Linearization Methods

The solution of a general set of nonlinear simultareous equations is a diffi-
;ult and time consuming problem. In a thermal analyzer program the heat balance
equations must be setup and solved every time step. This is not practical even
for a model consisting of only a few nodes. All nonlinear terms in the heat balance
are, therefore, replaced by approximate linearized terms. These approximations are
given below.

{1} Radiation Approximation (all radiation subroutines)

The radiation heat flux error may be written as

Q

qapgrox._ actual

q

error =
actual
where
@ Tu

qactual
For the forward finite difference me*hod the temperature used is that at the
start of a time step

T = T°

-resulting in
oL

qactual T

which is z known value and requires no approximation. For the mid finite
difference method the temperature used is that at average time

— _]; (o] t
T 5 (T + T')
resulting in
q cc (T° + T')h
actual

If the expression is expanded in a Taylor series about the point T°, evaluated
at the point T', and only the linear terms in T° retained, the approximate
radiation heat flux is given by

q e 3T°3 T' _ ool
approx.

The radiation heat flux error may then be written as

TY
error = 3 ( 7o - 1)

For the backward finite difference method the temperature used is that at
the end of time step

T=T
B-1
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resulting in

L
]
qactual T

If this expression is expanded in a Taylor series about the point T°,
evaluated at the point T', and only the linear terms in T° retained, the
approximate radiation heat flux is given by

03 mt . ok
qapprox. cchT®S T! - 3T

The radiation heat flux error may then be written as
1
error = UL (EL- - 1)
TO
Figure (B-1) shows the radiation heat flux error. It is seen that the error
is small only when the temperature change over a time step is small.
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FIGURE B-1 - RADIATION APPROXIMATION ERROR
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FASTEMP
APPENDIX C
DATA INPUT FORMS

Form Description ' Page
Program Specification . . . . . . . . . .+ « . . . e Cc-2
Case Data Input . . . . . . « « . . . c-~-3
Dimension Table Input 1 . . C~-4
Dimension Table Inpﬁt 2 . C-5
Dimension Table Input 3 . . . C~6
General Format Number 1 . . . . . . . . . . . . .« o o o o o o oL c-7
General Format Number 2 . ' . . . C~8
Temporary Curve Input 1 . . . . Cc~9
Temporary Curve Input 2 . . . C~10
Same Curve Input . . . « « o & 4 o . e v e e e e e e e e e e e e c~-11
Case Control Cards . . . . . . . T I T c-12

C-1
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FASTEMP GENERAL HEAT TRANSFER PROGRAM SPECIFICATION

SUBROUTINE ® EQDAT

RETURN
END

-
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REPORT MDC A379]

FASTEMP GENERAL HEAT TRANSFER CASE DATA INPUT
NCASE - case name NSN — nonsequential node option
NCA — number of nodes 0 - sequential nodes
MPRNT - moster print control 1 ~ nonsequentiol nodes
NORBIT - number of orbits '
- METHO@D - finite difference method
3 ~ back ward (full motrix) BTIME -~ beginning time
4 ~ backward (tridiogonal matrix) FTIME -~ final time
. ' TMAX ~ maximum temperature (absolute)
6 - backward (K diogonal matrix) TMIN ~ minimum temperature {absolute)
" ADD2T ~ volue added to initia! temperatures
8 - backward (Gauss-Seidel iteration) TEQAL -~ initiol temperature option
TEQAL > 0 setall to TEQAL
TEQAL = 0 reod in (CASET cords)
TEQAL < 0 use lost cose answers
B ol 7 Title “80
casea ®
NCA NCA TMPRN 3 NS| 1T
L o] [8PSEys| NCho["PRETNORBITFETE IMP T 45| NHo] s
cases | |
BTiIM TMAX : fMIN TEQAL ADD2
) 6 11 E 20)2) FTIME 3031 40741 5051 a 60161 T 70} 71 80
casec®
b
. G
/,
77
A s,
1 AL AN
C-:
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FASTEMP GENERAL HEAT TRANSFER DIMENSION TABLE INPUT 1

NPTS
1 6 10

DIMENS

No.
1 6 9-°IO 1 25126 40141 35[56 70

VALUES | 01

c-i
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FASTEMP GENERAL HEAT TRANSFER DIMENSION TABLE INPUT 2

No.
) 6] 8=10 111 25126 40141 55156 70
VALUES | 089

————

181
185

C-4
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FASTEHMP GENERAL HEAT TRANSFER : DIMENSION TABLE INPUT 3

NO.
64 8-1011) 25]26 40} 41 55156 70

VALUES | 189
1| 19
197
201
205
209
213
217
1
225
229
233
237
24)
245
249
253
257
261
265
269
273
277
- 281
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FASTENP GENERAL HEAT TRANSFER PROGRAM GENERAL FORMAT NUMBER 1
RCODT NCARD] NX1 NX NX3 | NX4 X1 X2 X3 X4 :
1 6l 10 14 18 222 26 30{3) 40} 41 5051 60161 70|71 xS 80

}
|
1
1 — L
.
|
Vi
i
i
c-7
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FASTENMP GENERAL HEAT TRANSFER PROGRAM GENERAL FORMAT NUMBER 2
NX NX1
‘RCGDT 10 %:X NXZI2 X326NX43° NX5, NX638 N)(742 NXB“ 30 NX& X ! NX1 NX}?6 N)(l7 NXT5NXT§ [NX
C-
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FASTENP GENERAL HEAT TRANS FER TEMPORARY CURVE INPUT 1
NRELNJNTYPEINCLAS NPRNTINDIMN[NPTS 1[NARG
1 6 10 173 N 26| 30 34 38
TCIDNY
1 67 _ 80
TCTITLJ
11 25 26 40 4 55 56 70
RELN[NTYPE[NCLA NPRNT|NDIMN|NPTS JJNARG 1
] o] EYS 14 13 26 ch ) 38
TCIONT
1 6 7 ov
'rcrm.]
n 25 26 40 41 55 56 70
NRELN[NTYPE[NCLAS NPRNT]NDIMN JNPTS 1[NARG 1
1 6 i 14 1 22 26 30] 34 38
“CIDNT
1 67 80
TCTITLI
1 25 26 40 41 55 56 70

C-:
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FASTEMP GENERAL HEAT TRANSFER TEMPORARY CURVE INPUT 2

NTYPE [NCLAS NPRNT| NDIMNINP TS TINARGYINPTS 2JNARG 2| NPTS3 | NARG3 | NPT54 | NARGA NP TS5 [NARGS
1 6f d0] 4] 18l 220 26| 30l 34 38| 42| 46l 50|  s54f 58 62| 661 70
TCIDNT J
1 6 7 80
TcmLJ

n 25 26 40 4 55 56 70
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FASTEMP GENERAL HEAT TRANSFER SAME CURVE INPUT-
NRELNINT YPE|NCL AS ' NTYPEINCLAS
6] 10| 14| 18 30l 34 as
SAMECR
y
C-1i!
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FASTEMP GENERAL HEAT TRANSFER CASE CONTROL CARDS
| Cross out unnecessary cards
END l)(.',ASE Last card of each case
BASIC First cord of each basic case (except first)
CHANG b BASIC First cord of each change basic case

CHANG P CHANG

First card of each change change case

END JoB

Last card of each main subprogram data pack
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