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FOREWORD

This report entitled "Thermal Analyzer Computer Program for the
Solution of General Heat Transfer Problems," IR 18902, was prepared by the
Lockheed-California Company under NASA Contract NAS 9-33L9. Although
originally developed by Lockheed in 1956 and continually updated over the
past several years, the Thermal Analyzer Program was extensively modified
for use under this contract.

Other reports prepared under this contract are:

IR 18899 A Transient Heat Transfer and Thermodynamic

Analysis of the Apollo Service Module Propulsion
System - Final Report

Vol. I - Phase I Transient Thermal Analysis
Vol. II - Phase II Thermal Test Program
IR 18900 A Transient Heat Transfer and Thermodynamic

Analysis of the Apollo Service Module Propulsion
System - Summary Report

IR 18901 An Introduction to Spacecraft Thermal Control

IR 18903 Thermal Analyzer Computer Program for the Solution
of Fluid Storage and Pressurization Problems

IR 18904  Computer Program for the Calculation of Incident
Orbital Radiant Heat Flux

LR 18905 Computer Program for the Calculation of Three-
Dimensional Configuration Factors

This report was written by Mr. H. D. Schultz of Lockheed's Thermo-
dynamics Department. The contributions of Messrs. R. B. David, F. R. Mastroly,
and J. R. Gardner, also of the Lockheed-California Company, to this report are
gratefully acknowledged. Mr. David was responsible for the programming and wrote
Section VII and Appendices D and E of this report. Messrs. Mastroly and Gardner

ﬂ! wrote computer manuals for two earlier versions of the Thermal Analyzer Program.

Much of the content of the present report was adapted from the previous manuals.
i ":r“"—-“\’" o2
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SUMMARY

This report dlscusses the application of the Thermal Analyzer Program,
developed for the IBM 70&0/7094 direct coupled digital computer or the IBM
TO94 digital computer, to complex transient heat transfer problems, The
report also discusses a separate data "debugging" program developed for the
IBM 7040 digital computer, which allows examination of the program input
data prior to submitting the problem for execution,

The transient heat transfer solution is obtained by converting the
physical system into one consisting of lumped thermal capacities connected
by thermal resistors, and then using the lumped parameter, or finite differ-
eénces, approach to solve for the temperature history of the system, This
solution, although discontinuous in space and time, can be obtained to any
desired degree of accuracy by proper selection of lump size and computing
interval within certain limitations as described herein,

The program affords direct solution of complex transient problems
involving conduction, convection, radiation, heat storage, and ablation,

In addition, by being able to specify any quantity as an arbitrary function
of any other, it is possible to include such problems as change of state,
variable thermodynamic properties, arbitrary variable boundary conditions,
and Other non-linear effects, | »

This report discusses the method used to transform the physical heat
transfer problem into a resistance~capacitance (R-C) network (which is
analogous to an electrical circuit), the numerical evaluation of the equiv-
alent electrical elements, and the method of presentation (input format)
required to input the problem into the computer, Several example problems

illustrating most of the program features are included.

PRECEDING PAGE BLANK NOT FILMED
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I - INTRODUCTION

Transient thermal phenomena may be studied experimentally, analyzed by
graphical or relaxation methods such as the Schmidt plot, or calculated by
direct solution of the appropriate differential equations or finite difference
equations and approximations, Such methods are usually quite tedious and
difficult even for relatively simple cases, and may be inaccurate if the prob-
lem is at all intricate,

With increasing aircraft speeds, and with space exploration a reality,
the need for accurate transient heat transfer analyses of complex systems has
become more acute. Detailed analyses are required for accurately predicting
transient structural temperature distributions during high-speed flight, com-
ponent and environmental temperatures in a space vehicle, the ablation require-
ments for a reentry body, and in many other cases where hand computations do not
suffice. Conventional aircraft, which employ many thermal systems, also require
detailed temperature analyses to assure proper system design and operation.

Because of the increased need for detailed thermal analyses, artificial

methods are often substituted for the exact solutions of the proper differen-

tial equations as a means of obtaining a solution. The method selected for
this program is one of many such methods in use and employs the electrical

resistance capacitance analog. There are two reasons for this choice:

1. The equations describing any general heat transfer problem are of
the same form as those describing an equivalent electrical R-C
network. The electrical network equations are simple to set up
in finite difference form, and consequently the heat transfer
problem may be solved to any desired degree of accuracy.

2. The network setup is easy to visualize in relation to a schematic
diagram of the physical problem,

To facilitate the solution of such an analogous network, the Lockheed--

California Company has developed the Thermal Analyzer Program, The purpose

LOCKHEED 1-1
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of this report is to enable & heat transfer engineer who is unfamiliar with
the program to use i’t; successfully in solving his problem. A basic familiarity
with heat transfer laws is assumed, and hence primary emphasis is placed on
the conversion of the physical problem into one that can be interpreted by

the computer, Examples demonstrating the program features are included,

LOCKHEED 1-2
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IT - PROGRAM DESCRIPTION AND CAPABILITIES

The Thermal Analyzer Program is written in FORTRAN IV for the IBM
T0LO/ 7094 direct coupled digital computer or the IBM 7094 digital computer.
It computes transient temperature distributions in configurations of arbitary
complexity, using the electrical resistance-capacity analogy. Solutions are
obtained by converting the physical system into one consisting of lumped
thermal capacities connected by thermal resistors, and then using the lumped-
parameter, or finite-differences approach to solve for the temperature
history of a system.

The program permits direct solution of complex transient problems
involving conduction, convection, radiation and heat storage, Furthermore,
since it is possible to specify any quantity as an arbiﬁrary function of
any other, it is also possible to solve such pfoblems as change of state,
variable thermodynamic properties, arbitrary variable boundary conditions,
and other nonlinear effects,

In developing the Thermal Analyzer Program, a primary objective has

.been to maximize input flexibility, and hence to keep the program as general

as possible. Input format has not been restricted to any particular geometry,
rather it is such that resistors and capacitors can be connected in the same
manner as could the actual equipment components., Additions or other changes
to the network can éasily be made by adding or removing cards in the program
inputrdeck. |

An outstanding feature of the program is its ability to accept various
subroutines, or functions, as required by the particular problem, Currently
available are various general-purpose and special functions which permit
numerous mathematical operations beyond solution of the electrical network
itself. These functions are discussed in Section IV,

Standard FORTRAN statements are accepted, allowing the user to add

his own subroutines as required, More important, this flexibility in

LOCKHEED 2-1
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handling subroutines allpws new ones to be added without altering the.basic
program;

The program has the capability to run consecutively several cases -
which are basically similar, but differ in the value of certain parameters,
An example of this is a parametric study of the effect of varying the
surface emissivity and absorptivity of a space vehicle, A second restart

feature is available in which several cases are run consecutively with the

s
|
i
|
|
|
|
|

results of the first used as inputs to the second, and so on. The temper-
atures at the end of each case are recorded on tape and used as the initial
temperatures for the subsequent case,

The program also allows the user to specify the format for printing
the answers. In addition to the tasbulated answers, an option provides for
machine plotting of the results.

The steps required to solve a problem using the Thermal Analyzer

Program are as follows:

1. The physical problem is set up and defined, ii
2, The physical problem is specified in terms of time, temperature, .
and a thermal network analogous to an electrical network
consisting of resistances and capacities. This re-definition
and re-description of the problem is known as lumping, and puts
the problem in the only form which the computer is able to solve.

3., The network is described in detail in a form which allows it to
be accepted by the computer program and solved, This involves
writing up the program in a standard format.

b, This description of the network is transferred to punched cards
which are then put into the computer.

5. The computer program solves the problem and provides the answers.

6. The program then provides for printing these answers in a format
which can be prescribed by the user.

7. The answers thus printed are then interpreted by the user to
provide the desired solution for the original problem,

Step 1 It is assumed that anyone using this program will be able to describe

and specif& his problem, The user must have a detailed kndwledge of the

O

LOCKHEED 2-2
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configuration, including conduction paths and surface properties if
conduction and radiation are important heat transfer modes. In addition,
it is assumed that boundary conditions, such as external heat inputs and

adiabatic interfaces, are known.

- Step 2 The most crucial and time-consuming step is the conversion of the

physical problem into an equivalent resistance-capacitance network., The
user must divide the physical geometry into sections called "lumps" and
then calculate the resistance and capacity of these lumps. The capacity

of each lump is the thermal capacity (mass times specific heat) of that
portion»of the physical problem which the lump represents., The use of

the lumping process implies that a given portion of the actual structure

is at a uniform average temperature. In lumping a problem there are many
factors which influence the size, shape, and number of lumps to be used,
Among these are the nature of the physical problem, the amount of detailed
information desired, and the anticipated transient response rates and
temperature gradients. Some of the considerations involved in problem
lumping are discussed in Section III, where several examples are presented.,
Once the method of lumping has been established, each capacitor and resistor
is assigned an integer designation number. Although the designation numbers
are arbitrary, a systematic numbering scheme is usually employed for
convenience, The user then computes the network resistor and capacitor

values, following the general procedures outlined in Section III,

Step 3  After computing the network parameters, the problem must be

described on input data sheets (General Purpose Data Sheets or FORTRAN
Coding Sheets) in a prescribed manner. The input format is described in
detail in Section V. The problem description is divided into five distinct
blocks and two subroutines, The first three blocks define the network and
give the initial values of the temperatures, resistors, and capacitors.

The fourth block is a list of sub-blocks of data required for the problem
solution, An example of the type of data that might appear here is the

point-by-point description of a curve which is to be used by the functions

(descrived below) for interpolation, Each data sub-block is assigned an

LOCKHEED 2-3
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arbitrary designation number so that it may be referenced later in the
program, The fifth block of data lists the printing interval, the final
time of the case, and the initial time. The latter two times correspond
to the real time of the physical problem, 4 _

The user must then prepare a standard FORTRAN subroutine (the FUNCT
subroutine) in which he specifies the miscellaneous functions, or operations,
which the program must perform. In general, the FUNCT subroutine specifies |
all operations necessary to solve the problem with the exception of the
actual heat balance., An example of a function is the interpolation of a
curve described in block h, to perhaps specify the external heating rate
to & portion of the network., The FUNCT subroutine may also be used to call
in special subroutines such as aerodynamic heating, ablation, curve plotting,
and several others., A complete list of the available functions and special
subroutines is given in Section IV,

The last item which the user must code on input sheets is the PRINT
subroutine, in which he specifies the quantities that are to be printed out
at each printing time, and the desired output format. The program has been
set up so that essentially every quantity of interest has an addressable
storage location and may therefore be printed out. Section V describes
the format used in writing the PRINT subroutine.

Although the FUNCT and PRINT subroutines are ordinary FORTRAN
subroutines, standard input formats are presented in Section V, and the

user need not have a knowledge of FORTRAN to prepare these routines.

Steps 4 and 5 The information on the input sheets is transferred to

punched cards which are then input to the computer, and the problem is

solved. The actual running of the program is described in Appendix D,

Step 6 The answers are printed on a line printer using the format prescribed
by the user in the PRINT subroutine. As mentioned above, machine plotting

of the results is optional.

Step 7 Interpretation of the answers to provide the desired solution for

the original problem should present no difficulties.

LOCKHEED 2-h
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III - PROBLEM SETUP

BASIC THERMAL SYSTEM AND ELECTRICAL ANALOG

The Thermal Analyzer Program requires that the problem be described as
an equivalent network using resistance, capacity, and temperature to define the
heat transfer situation,

Thermal resistance refers to resistance to heat flow, analogous to
electrical resistance which refers to resistance to current flow.

In any case involving heat transfer between two points, at tempera-
tures Ti and T

k

, the heat flow is given by an equation (analogous to Ohm's
electrical law) as follows: '

q = ".—‘ﬁ‘_“ | (3-1)

Some simple examples might be given here:

; _ AT g o Ax
For conduction, q = kAAX => R = Ty
For convection, q = hAAT => R = iz

If q is in Btu/hr or Btu/sec, R must be in hr.°F/Btu or sec.°F/Btu,
respectively. '
Transient analyses differ from steady-state analyses in that heat

storage in a material undergoing a heating or cooling process is accounted

.fof, thus causing a time lag in the temperature response of the material.

‘The quantity of heat thus stored, and the description of the temperature
response, will depend on the properties of the material itself. These
properties determine the gquantity called "thermal capacity,'" which

LOCKHEED 3-1
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same manner as electrical capacity l

behaves in an electrical network. Thermal capacity must be in the units of

heat quantity per degree of temperature (e.g., Btu/°F) and is a function of

the material's density, specific heat

capacity of a material represents the

.

and volume. Physically, the thermal

amount of heat stored in a given volume

for each degree of temperature rise experienced by the material.

For most materials, property values such as thermal conductivity,

emissivity, and specific heat will be

a function of temperature. In those

cases where this variation is significant, it may be taken into consideration

in the program through the use of curves as discussed in Section IV.

PROBLEM LUMPING

To transform the physical problem into a form suitable for the com-

puter, it is necessary to convert it into an equivalent resistance-capacitance

(R-C) network. This is accomplished

by dividing the physical system into

sections called "lumps" and calculating the resistance and capacity of these

lumps. A "lump," then, is any portion of the physical problem which (though

not necessarily physically disconnected) will not be connected to any other

portion of the problem except by resistors. The discussions to follow outline

some of the considerations involved in problem lumping.

Ilocation of Lumps

Although the lumps may take any size or shape, they should bear a

simple relationship to the physical geometry. As a general rule, the nodes

(the points where the lump capacities

are assumed to be concentrated) should be

locatéd at those points where temperature data are desired, and these in turn

are dictated by the nature of the problem itself, This is illustrated by the

following examples. In each instance, the node locations are determined first

and the lump boundaries located afterwards.

Example 1, Re-entry Structure

consisting of an inner and outer skin
skin protected by a ceramic coating.

influenced by other such sections and

LOCKHEED
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- Figure 3-1 shows a re-entry structure
separated by a z-section, with the outer
It is assumed that the section is not

that the problem is two-dimensional, (:)
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GEOMETRY

CERAMIC COATING
OUTER SKIN

re—Z7 - SECTION

h
INNER SKIN

THERMAL NETWORK

CERAMIC COATING

S IO VVPINg S ~s+—— QUTER SKIN

Figure 3-1. Physical Geometry and Corresponding Thermal Network
: for a Re~-Entry Structure
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i.e., no heat flow in and out of the plane of the drawing. However, it is a
simple matter to connect many such sections into a complex three-dimensional
problem. For this example, the femperature of the ceramic surface and the ._
underlying structure is of primary importance. Also, it is assumed that large
lateral temperature gradients exist near the z-section, with smaller gradients
‘furﬂher out. With these poinfs in mind, the resulting network is as shown in

the lower sketch in Figure 3-1.

With regard to lump boundaries, the usual procedure is to place
them so that the nodes are approximately in the center of the lumps
‘except, of course, at the boundaries of the various layers. The problem
of lump boundaries and the calculation of resistors and capacitors are

discussed in detail in subsequent sections.

Example 2, Electronic Equipment Rack - Figure 3-2 shows an electronic

equipment rack consisting of intersecting webs on which heat dissipating

components are mounted. The corresponding thermal neﬁwork is shown in the

lower sketch. Since component temperatures are of primary interest here, the
various capacities are assumed to be concentrated at points corresponding to
equipment locations. However, this places the nodes inside the web boundaries

as shown at the free ends of the two webs. 'At the juncture between the two

webs, a string of zero capacitance nodes (designated by @ in Figure 3-2 and

often referred to as "dummy" nodes) is required to effect a connection between

webs. This teéhnique is particularly useful in a complex network where many

such interconnecting webs are involved, since it allows each web to be treatedv

separately and then connected to other such webs at the various dummy nodes.

Example 3, Spacecraft Window - A section of a spacecraft window

exposed to convection and radiation on both surfaces is shown in Figure 3-3.
For this problem, one-dimensional heat flow is assumed. Three lumps have been
arbitrarily assumed for the conduction network through the window, with nodes
appearing at the boundaries to properly account for convection and radiation,
“both of which depend on the surface temperature. .
The preceding illustrations are of but a few of the many lumping

situations which arise. Probably the most important factor in problem lumping (:)
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‘Figure 3-2. Physical Geometry and Corresponding Thermal Networ:
for an Electronic Equipment Rack
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Figure 3-3. Physical Geometry and Corresponding Thermal Network
for a Window Section
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is experience, ano this cannot be acquired merely by reading reports. Also,
since no two situations are identical, it is impossible to cover all conceiv-
able situations in a single report. It is hoped, however, that the examples
presented here and in subsequent sections will provide some insight into thex‘

pfoblems involved.

Choice of Iump Size

In selecting the optimum lump size, recourse must be made to logic,

and, most of all, experience. Here again, the nature of the physical problem
will dictate to a great extent the final decisions. Generally, the choice of

lump size will be based upon these factors:

1. Consideration of inaccuracies introduced into the system resulting
from the finite difference method of solution. These inaccuracies
decrease (not necessarily linearly) as lump size decreases.

About the only definite statement which can be made is that lump
size should be as large as possible without causing excessive
inaccuracies.

2. Anticipated temperature gradients and relative rates of transient
response. Where it is suspected that large temperature gradients
will occur, nodes should be placed closer together than those where
these gradients are smaller. This is especially true when the
thermal diffusivity of a particular layer is very small, with the
resulting temperature gradients across it being highly nonlinear.

3. Convenience in visualizing the network and making calculations.

4. Program capacity. Ordinarily the capacity of the computer is not
approached; on occasion, for extremely large and complex problems,
this becomes an important consideration.

5. Consideration of machine time, which costs money. Not only do
small lumps increase the number of nodes to be computed, but also
they result in a smaller computing interval (difference in real
time between successive steps), thus greatly increasing machine
time.

METHOD OF SOLUTION

As previously indicated, the Thermal Analyzer Program solves equations

"in finite difference form by means of an R-C electrical analog finite dlffer-

ence method. The comparable values in the two systems may be noted as follows

LOCKHEED 3-7
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THERMAL, : BELECTRICAL
Temperature. Voltage
'\
Heat Flux . Current
Resistance Resistance
Capacity Capacity -

At a given node point k,

the solution is obtained by applying Kirchhoff's Law at a point, or

T. 0 - Tk 9 . _ C di (3—2)
Z % = *x qTg
R,
J J
where
Tj P = Temperature at time 6 of any arbitrary node j connected to
J
node k by a resistor Rj
Rj = Resistor connecting nodes j and k
Tk 0 = Temperature of node k at time 6
2

Tk,0+A9= Temperature of node k after time increment A
Ck = Capacity of node k

Qe = Arbitrary heat input into node k

LOCKHEED 3"8
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By making the assumption that the surrounding temperatures, TJ » remain constant
over a time interval A6, it is possible to {ntegrate equation 3-2 directly.
However, as a result of a comparison study, it was found that better results

were obtained by using the equation which results from assuming

Tk o So0+40” Tk, 0 (3-3)
a0 A9 3

and solving for Tk,e +AB directly than by using the integrated equation.

This comparison was made by running the same problem using both equations and
varying the computing interval A@. It was found that the linear equation,
i.e., that obtained by using equation 3-3, was far less sensitive- to A6, and
that the results obtained using the integrated equation approached the linear A
results as A@—0. Although the integrated equation is "exact," it is sus-
pected that the linear approximation, which "leads" the exact solution (it
predicts higher temperatures in a warming system, lower temperatures in a
cooling system), tends to anficipate the results. As a result, the equation
used by the computer to solve the heat balance at a node was derived by com-

bining equations 3-2 and 3-3 to obtain

T - T
_A# J,0 k,0
Tk, 0+ A48 C Z R, Ty | T, (3-4)
J
If the value of capacity Ck is zero, e.g., in a steady state problem, 'I‘k g in
° 2
Equation 3-2 is replaced by Tk,&"‘AG to give
T,
1.6
zj: R, %
Tk, 0 +A67 ‘ (3-5)
L '
"
J
LOCKHEED 3-9
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If no capacitor is attached to node k, i.e., Ck unspecified, no heat balance

is computed at node k and Tk remains unchanged.

It is to be noted that the new temperature at a node 1s based upon the

Nees

temperatures at the previous time point. To make the new temperatures inde-

. pendent of the order in which they are computed, each node is provided with

two temperature sto#ages, one for the "old" temperature, Tk,a , and one for
the '"new" temperature, Tk,0*130 . At the beginning of each cycle, the value:z
in the two storages are identical. During the heat balance, the temperatures
in the "T at @" block are used to compute new values which go into the "T at
(9 + A§)" block, the old temperature values remaining unchanged. At the end
of the heat balance, the temperatures in the "@" block are set equal to those

in the "(@ * A@)" block and the process repeated.

METHOD USED TO DETERMINE COMPUTING INTERVAL

In the section on lump size, it was stated that smaller lumps result
in a smaller Af. At each time point €, the machine computes the time constant,
or RC product, of each node for which a non-zero capacitor is specified. This
time constant is defined as the product of the capacity of the node times the

equivalent resistance to that node. This equivalent resistance is defined as

"the parallel combination of all resistors connected to the node in question.

Therefore,
Ck
(re), = —5— (3-6)
25
&
J
where (Rc)k - time constant of node k~ seconds (if R in sec - F/Btu).

Since, for conduction, R = §/kA, and for capacity, C =P cA§, the RC product
of a node is a function of the square of its thickness (8) in the direction of

the heat transfer, viz.

LOCKHEED ‘ 3-10
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. : 8 )
RC = ——'C—'—' = f[ﬁ . pCBA] = f[gﬁ- * 8 ] (3-7)
T '
R,
j J

To obtain the computing interval, A@, the computer searches the network
to find the minimum RC product and compares this with the printing interval (the
real-time increments for which the output is desired). The computer then takes
whichever is smaller and multiplies it by a certain fraction to obtain ASG.
Ordinarily this factor is 0.25, and unless changed by the user in the FUNCT
subroutine, it remains so. However, there are times when a factor other than

0.25 is convenient, for example:

1. Increasedsz/RC (possibly as large as 0.9) can be used when only
a small percentage of the nodes have small RC products compared
with the others, and when a major reduction in machine time can be
obtained at the cost of a small reduction in accuracy.

2. Reduced.AﬁVRC (as small as 0.1 or even smaller) should be used when
it is desired to have the machine compute more frequently during
certain portions of the program. In conjunction with the MMF
function to be described subsequently, this procedure enables the
computer to pick up the maximum and minimum temperatures of a
particular node with a greater degree of accuracy. Since it is
possible to make AB/RC a variable, a reduced AH/RC during one
portion of the program can be offset, as far as machine time is
concerned, by an increased A@/RC during the other portions of
the program.

CALCULATION OF CIRCUIT PARAMETERS

This section presents the general procedures employed to calculate
capacitors and resistors, and the methods used to accommodate the various
modes of heat transfer (conduction, convection, and radiation). The procedures
required to transcribe the network parameters to data input sheets are described
in Section V.

In the discussions which follow, it is assumed that ordinary engineer-
ing units will be used for program input. Specifically, the following units

are assumed:

LOCKHEED 3-11
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a. Heat Flow, Btu/sec

b. Temperature, °F

c. Time, sec

d. Resistance, sec °F/Btu
€. Capacitors, Btu/°F

In cases not involving radiation, any consistent set of units may be employed
for program input. Also in such cases, the time scale can be changed and all
temperatures input as absolute (°R or °K) quantities. However, for radiation
resistors the machine adds 46C°F to the appropriate temperatures, and since a
dimensional quantity, the Stefan-Boltzmann constant, is incorporated into the
program as discussed later, it is not recommended that units other than those

tabulated above be used for cases involving radiation.

Resistor Values

Resistors must be of the dimension time °F/Btu. For most practical
engineering problems, particularly those involving materials with low RC
products, the most convenient unit of time is seconds. Consequently, resist-
ance is given in sec °F/Btu, and the heat flow is in Btu/sec. The form of

the resistor depends on the particular mode of heat transfer involved.

Conduction Resistors -~ In all cases, conduction resistors are computed

by the formula

o

d [+]
R = 3600 / ﬁ,ig—z;—g (3-8)
G
3-12
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qx
where:

k = thermal conductivity, Btu/hr ft °F

A = cross-sectional conductive heat transfer area, ft2
% X = distance along conductive path, ft

R = resistance, sec- °F/Btu

For a rectangular parallelepiped or a cylinder with vertical sides, or
; for any configuration with constant cross-section,'vertical sides, and parallel
1

faces,

R = 3§XO 3 e £ (3-9)

Radiation Resistors - Since the radiation interchange from surface 1

to surface 2 is

) u)
€. A F_ _ol7 -7
_ ] 2 12 "1 12 (1 2
ql“2 = R 3600 Btu/sec,

(3-10)
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(where Ty = absolute temperature of node i ~ °R)
R will be of the form

600
R = 32 , 2 (3-12)
T T
elgAlFlga(l + T, )( 1t 7)
where:
612 = emissivity factor
2
Al = area of radiating surface, ft
F12 = shape factor from surface 1 to surface 2
o = Stefan-Boltzmann Constant = 0.1713.x 10'8 Btu/hr ft2 °Rh
The thermal analyzer program computes the radiation resistor
T )2 T e o) - \ (3-12)
oK, [(Tl + 160)° + (T, + 460) ][(Tl + 460) + (T, + 60)]
given the value
- Nk I vl (3-13)
rad 3600 sec

The value for O must not be included since it is built into the

program. Note that since the program adds 460°F to each temperature, all

temperatures must be in °F.

In addition to the above, it is possible to have the computer evaluate

its own value for Kfad as will be discussed in Section IV.

Convection Resistors, No Change in Fluid Temperature -

_ 3600 sec °F _1h
R = —3 S (3-1k)

[ ran,

(o]
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where:

R = resistance, seé—°F/Btu

h heat transfer coefficient, Btu/hr—ft2-°F -

A

For common sections when an average value of h can be used for the

convective heat transfer area, ft2

given area Ah,

°F
R - ffii 0 (3-15)

Convection Resistors, With Change in Fluid Temperature (Duct Tempera-

ture DroE) - The problem may be approached from two directions. The first
assumes that the time for the fluid to pass a lump portion of the duct wall is

very small compared with the time constant of the wall lump, i.e.,

@

L LheP

T T 36oop c A v <1
w W W W

and that-the thermal capacity of the fluid element is very small compared with

the thermal capacity of thq wall element, i.e.,

C p c A
2 . 2V ° o« 1
C p. c A
W wow W
where:
L = total passage length, ft
OL = time for fluid to flow through the passage, sec
Tw = wall time constant, sec
h = heat transfer coefficient, Emu/hr—ft2-°F
P = perimeter of passage, ft
P = density of wall material, lb/ft3

\4
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c, = specific heat of wall material, Btu/1b °F @
Aw = wall crosé-section, ft2

C, = thermal capacity of fluid, Btu/°F | ~

C, = thermal capacity of wall, Btu/°F

p, = density of fluid, lb/ft3

c, = fluid specific heat at constant volume, Btu/1b °F

Ac = passage cross-section area, ft2

A\ = velocity, ft/sec

This problem is treated as in methods 1 and 2, in the following paragraphs.

If these ratios are not very small, the problem must be treated as in method 3.:

1. With uniform temperature in the passage walls in planes normal to
the airflow direction,

SECTION (i-1) efa———SECTION i+——bi G

I
I
I
I
|

FLOW DIRECTION

3600
A W cp

=
il

3600
W e, (eB- 1)

o
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at the inlet end
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where:.

R,
i

| SECTION (i-1) —s=}a———— SECTION | ————=

LR 18902

h A /W ¢,

heat transfer coefficient, Btu/hr-ft2-°F
convective heat transfer area, ft2
weight flow of fluid, 1b/nhr
fluid specific heat at constant pressure, Btu/lb-°F
wall temperature, °F

air temperature at inlet of the passage, °F

air temperature at passage outlet, °F

2. With temperature gradients in the passage walls in planes normal
to the flow direction as well as in the flow direction, the setup
becomes somewhat more complicated.

T

FLOW DIRECTION

3600

(n A)i é- e -B (1 - e—ﬁ‘)-l

3-17
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and at the outlet end

r = 3600
EENCRR TCR Y )
R 3600 (eB- 1)

where

N
]
INg3
B
8
H\_/

h
B = 2 e
=1 P

and T., T . and T are defined as before.
i’ "n-1 n :

3. If the conditions OL/'I‘w « 1 and Ca/cw <« 1 are not met, the

problem may be set up as follows:

|
|

R
Q
—0—{>>c> AW
|
Tn-] I
'# Ax
FLOW DIRECTION
_ 600 3600
Ca _pcv Ach R - 2L Rb

a We
p

- %

This is a more general case; however, the conditions necessary

for using Methods 1 or 2 are met in ordinary passage flow. O
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;i Derivations and plots of the equations bPresented above are given in

Appendix C. The symbols——>—— indicate that the inlet air temperature at

section (1) is to be set equal to the outlet air temperature at section (i-1); o

i.e., to cause the temperatures to be influenced by upstream heat transfer but
independent of downstream heat transfer. Failure t6 do this will cause the -

equations describing the network response to contain terms not present in the

luﬁped parameter eqpétions of the thermal system. For those cases where

method 1 or 2 can be used, the computer is equipped to transfer the new temp-

erature at the exit of one lump to the "new" temperature block of the inlet
temperature of the next lump downstream. This transfer is made in the Func-
tion routine by the statement T(i) = T(i-1). The statement TN(i) = TN(i-1)
should also appear if it is desired to print out the temperatures since T(i)
will be destroyed in the heat balance before printing'occurs. As an example,

consider the network:

] Ti01 Tz Tios

! In the FUNCT subroutine, the instructions

T{103) = T(102)
T(105) = T(10k4)
ete.

should appear. The capacitance of nodes 102, 104, etc. should be specified as )

zero. Nodes 103, 105, etc. should not be mentioned in the cépacitor block.
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In the event that method 3 is required, the same instructions must
appear in the FUNCT subroutine, but the true capacitance must be specified

for the fiuid nodes. The dummy nodes (T in the figure on page 3-18) “

n-1
should not be mentioned in the capacitor block.

Capacitor Values

The thermal capacity of a lump is calculated in all cases through the

formula
T &
C=A8[_ ETEdT+/pcAax (3-16)
Tl o :
where:
C = +thermal capacity, Btu/°F

. 1or3 |
p = density, 1b/ft .
¢ = specific heat, Btu/1b°F |

Tn most cases of practical interest, P and c are constant over a large tempera-

ture range, and the above formula reduces to

C=pcf A ax (3-17)

where.

f A dx = volume of lump, £t

o

Variable Resistors and Capacitors

In many cases of practical interest, material properties, and hence
resistor and capacitor values, are temperature dependent. To handle this
problem the user can input the value as a function of temperature in curve

form, or the machine can be given tables of the material properties and <:>
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directed to compute -its own values of resistance and capacitance as described
in Sectioﬁ V. To accomplish the latter, the Thermal Analyzer Program has a
special library tape containing thermal properties of several commonly used
structufal materials, insulations, propellants, and pressurant gases. The
data contained on this tape, and the functions required to call for it, are

dlscussed in Section IV.

Heat Inputs

Heat inputs to a particular node can be called out directly in the
function subroutine as a constant or variable quantity, as described in
Section IV. Many times, however, it is convenient to specify the heat input

to a particular node in the form of a temperature through a resistor, where

k
by the relationship

-If Ti > T,, then g is eésentially independent of T, and Rk can be computed

T,

= —=
% T g

As an example, to input 15 Btu/sec into a particular node set Ti =15 x 1010
(for 15 Btu/sec), and therefore

R, - 15 x 10%° - 100 sec °F
- Btu
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IV - FUNCTIONS AND SPECIAIL SUBROUTINES

. The FUNCT subroutine is the most important and the most powerful
section of the Thermal Analyzer Program. This subroutine contains a listing
of all arithmetic operations, curve interpolations, and special functions
including radiation, which are to be performed during program execution. The
functiqns are executed at the start of each cycle (before the heat balance) in
the order specified, a characteristic which becomes important when the execu-
tion of one function involves the result of another. This section presents a
brief description of the functions and special subroutines available, what
they are capable of, and where input errors are most likely to occur. The

FUNCT subroutine input format is described in Section V.

DEFINITION OF TERMS

In the following discussion, several terms are used repeatedly to refer

to the various elements of a given function callout. These terms are defined

below:

1. Floating-Point Number - All numerical values are input in floating
point, and as such must contain a decimal point. The number 30.6
is an example. TFor very large or very small numbers, such as 1010
or 10'10, the capital letter E is used to signify a power of 10.
For example, 1.30FES5 means l.3OxlO6 and 6.91E-4 means 6.91x10'h.

2. Fixed-Point Number - Fixed point numbers are integers, either
positive or negative, and as such are characterized by the
4 absence of a decimal point. They are used to designate data sub-
' blocks and in numerous instructions to indicate the number of
! steps or items involved in the execution of that instruction.
| .

3. Literal Numbers - These elements are characterized by a letter
followed by a number in parentheses, such as T(6), R(1k), etc.
These are the addresses of the various items of numerical data,

! A i.e., the location in the computer core where the data is stored.
c:> ‘ They tell the computer where to look for the numerical data
{
!
|

required to perform a given instruction. As a result of this,
they are referred to as "addressable elements."
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| In discussing the various functions the following notations are used:

1, When the variables of a function are arbitrary circuit elements,
the independent variable is denoted by X and the dependent
variable by Y.

2. N denotes the designation number of a data sub-block.

3. Unless otherwise specified, the letters A, B, C, D, E, F, G
E denote floating point constants whose values may appear eX-
plicitly in the function callout, or may be stored in an-
addressable element,

., When the variables of a function are temperatures, Y refers

to the temperature at time 6 + A8 and X refers to the
/ temperature at time 6,

LIST OF ADDRESSABLE ELEMENTS

Each item of numerical data of interest to the user is assigned an
address which can then be used to refer to that item, A list of these

addresses follows:

(1) "01d4" temperature of the i-th node (see below)
TN(i) "New" temperature of the i-th node

R(1i) Resistor number i

c(i) Capacitor number i

RC(1) The RC product at C(i)

Q(i) The arbitrary heat input into c(i)

P(LN + i) The i-th number in the data block whose designation
number is N, and where IN = LOC(N) (see Section V).
In determining the i-th number the designation number
itself is not counted, Also, when specified in this
manner, the PER in a periodic curve is not counted.

M(1) The i-th miscellaneous element, where
M(1) Current time, @

M(2) Initial time
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M(3) Final time

§ 1 | M(L) Print interval

3 , M(5) Computing interval, A6

M(6) Minimum RC product of the network

M(7)  The factor by which M(6) is multiplied to
produce M(5). Unless changed by the variables,
a factor of 0.25 is used. .

M(8) Print trigger, normally zero. If a variable
puts any non~zero into this storage, a print-
out of the output block will result at the

/ A end of that cycle. ’

. M(9) The number of that capacitor which produces the
: minimum RC product.

M(11) The time of the next regular print

M(12) The recovery temperature in the Eckert Aero-
} ’ dynamic Heating Subroutine (see Appendix A).

M(1k)

The computing interval used during the previous
cycle, ie., Ae(e -AQ)"

M(15) The product of M(6) and M(7). Ordinarily,
M(15) = M(5). However, M(5) may be reduced
at a print time.

] M(16) The total number of computing cycles since
the problem was begun.
The missing elements M(10) and M(13) were used in a former version
| : of the Thermal Analyzer Program, written in machine language.
The temperature designated as T(i) is the "o0ld" temperature of node

i and is usually used as the independent variable when calculations involving

temperature are performed, eg., heat balances. TN(i) is the "new" temperature
of node 1 and is used in the functions as the dependent variable, or the new

calculated temperature. At the end of each heat balance T(i) is set equal to
TN(i).
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MATHEMATICAT, OPERATIONS

 Any of the built-in subroutines (or functions) of the FORTRAN IV
systém may be used as an arithmetic statement in the FUNCT routine. Be-
cause\of the many operations available, only a few will .be mentioned here,
For a more detailed listing, the user is referred to the FORTRAN reference
manua&. ’ ‘ ' '

. The arithmetic operation symbols +, -, *, /, ** denote addition,
subtraction, multiplication, division, and exponentiation, respectively.
Unless changed by the use of parentheses, the order of éomputation is under-

stood to be as follows:

| (a) exponentiation (%)
- (p) multiplication and division (¥ and /)
(c) addition and subtraction (+ and -)

For example, the expression

Y = A + B/C - D¥XEXF - G

will be taken to mean
Y =A+ % - DEF -G

Parentheses may be used to override the order in which the operations
are to be computed, If parentheses appear, the expression within the inner-
most parentheses is computed first, following the order of computation given
above. The computation then proceeds outward to the next parentheses, and so

forth, As examples, the expression
Y = (A + B)/C - D¥*(EXF) - G

will be taken to mean
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!

and the expression
| .

Y = A + (B/(C - D))**(EXF - G)

will Ye taken to mean

’ EF-G
B
Y=A+(m)

In addition to these arithmetic operations, the common mathemati-
cal functions such as logarithm, exponential, sine, cosine, square root,
arctangént, and absolute value are avallable to the program user. Since

|
their use is self-explanatory, they are listed below with only a brief

explanation.

Function Description

LOG Logarithm to the base e

EXP Powers of e or
exponential

SIN Sine of an angle whose
measure 1s given in
radians

CoS Cosine of an angle whose
measure is given in radilans

SQRT ) Square root

ATAN Arctangent or angle in radians

’ of a given tangent value
ABS Absolute value

As an example,

Y = A + SQRT(B**C)
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. Y=A + JBC

In the| FORTRAN language it is also possible to have functions of functions,
As an Txample

3

Y = EXP (SQRT((COS(2.%A)) **2, + B))
means
, ) e(00822A + 3)1/2

l Y

CURVE INTERPOIATION

One of the most commonly used functions involves some sort of
curve interpolation, of which three types are available, viz., linear,
parabolic, and linear bivariate, With curve 1nterpolatlon, any address- (j}
able element listed above can be made a function of any other, or others,
including itself, In addition to specifying simple interpolation, the
instructions may be modified to provide for multiplying the curve value
by some other number which can be either a fixed factor or some other
variable,

A description of the various interpolation routines follows. The
use of these routines will be further illustrated by the example probvlens
of Section VI.

Linear Interpolation

This is the simplest and most commonly used interpolation routire,
The callout is

Y = LIN(X, N)

where

T

Y = linear function of X given by curve U (:)
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|
|
| .
As an example, consider
|
T(1) = 1IN (M(1), 23)
The temperature of node 1 is a linear function of time given by

curve| 23,

Curve 23 mighﬁ appear as shown below:

CURVE 23
/ 800
| 600 }
= 4000—
-
200 }
0o 200 400 600 800 1000 1200 1400

M(1)

The curve would be described on -input data sheets as follows:

COLUMN

— 1 5 10 15 25 35 45 55 65 69 72
DEC 23 ' - koo
DECO6 0. Loo. ~ 600. Loo. 1k400. 800.  Loo2
DECO1 0. : 4003

DEC -23 Look

The input fcrmat is described in detail in Section V, Briefly, a
card containiqg DEC in columns 1, 2, and 3 and the curve designation number
in columns 6 through 10 must precede the data, and a card containing DEC in
columns 1, 2, and 3 and the negative of the curve designation number in

columns 6 through 10 must terminate the curve, The curve designation numbers

LOCKHEED h‘7

CALIFORNIA COMBPANY



*

are aébitrary. The actual curve is described by listing the coordinates
of the points circled on the plot. Each independent variable must 1m-
medlately precede the corresponding dependent variable, and the 1ndependent
variables are listed in increasing order. The integers in column 5 specify
the.n ber of floating point values on that card., The zero on the third
card is a flag indicating the end of the data., Either a four- or five-
digit éard sequence number, at the user's discretion, is placed in columns
68 through T72. ‘

In the above example, if current time, M(1), lies between O. and
600. , interpolation for T(1) takes place along the straight line connecting
these twg points. If M(1) lies between 600. and 1400., iﬁterpolation takes
place afong the straight line connecting these two points. If M(1) is less
than 0., or greater than 1400., the case is terminated.

As mentioned previously, it is also possible toAhave periodic func-
tions. An example of a periodic curve is the external heat input to a shell
node of an orbiting satellite. The fact that a curve is periodic does not
alter the function specification; only the curve itself need be modified.
Consider the example '

Q(17) = LIN(M(1), 26)
where curve 26 is to be described by linear interpolation and is periodic.
This curve is described to the program by the period (3 sec) followed by the

curve itself as shown below.

: CURVE 26
< 12¢
= 10}
~ c 8 ' ~ ~
7 \/\\\\” S~
4}
21
2 1 _p I [ 1 f 1 1 1 )
-8 ) -4 -2 0 2 4 6 8 10 12 14
M (1)
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CoLUMN
—_ 1 s T 25 3s 45 s5 65
. DEC 26
PER 3. |
DECO6 0. 8. 2, 6. 3. 8.
DECO1 0.
DEC -26

i

The iidterpolation itself takes place exactly as in the linear interpolation
described above, with the exception that the independent variable cannot lie
outside the curve since the curve is understood to be ihdefinitely extended
in both directions as indicated in the diagram,

f When fitting a linear curve to a sharp discontinuity, such as a heat-

ing cycle,

o , T
& » T
& » T
6 » T
% » T
6 » T
6, » T,
etc.
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If the Lrogram finds itself computing at & time at which one of the discon-
tinuitiés occurs, it will recognize the former value of the dependent vari-
able. For example, if a computing point should occur at 61 or 93’.Tl will

be chos\n as the proper temperature; if a computing point occurs at 62, T2 will
be chosen. This problem will occur only if a computing time point occurs
exactly at a point of discontinuity.

§

Parabolic Interpolation

Where additional accuracy is desired, parabolic interpolation may be
employed. However, it requires greater care in the selection of input points

as discus§ed below. The callout is

Ly

PAR(X, N)
where
Y

parabolic function of X given by curve N
As an example, consider
¢(15) = PAR (T(15),1)

The capacitance of node 15 is a function of the teﬁperature of node
15 as given by curve 1. Curve 1 is to be described by parabolic interpola-

tion. The curve and the data points input to the program are shown below:

o N O ®

C(15)

I 1 L

A L

C 40 80 120 160

T(15)
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COL lw
i /s 05 25 38 45 55 65
| ' DEC 1 ,
4 DECO06 0. 0. Lo. 3 60. .2
4 DECO6 100. 3 120. .5 125, .5
; - " |DECO3 160. 5 0.
DEC -1

X If theaindependent variable, T(15),lies between O. and 60., interpolation
takes place by using that interpolating parabola which passes through the
first 3 points and whose axis is parallel to. the Y-axis. If T(15) lies
between FO. and 120., the interpolating parabola is that parabola passing
through [the 3rd, 4th, and 5th points and parallel to the Y-axis. If T(15)
lies between 120. and 160., the interpolating parabola is that parabola pass-
ing through the 5th, 6th, and Tth points and parallel to the Y-axis. If
T(15) is off the curve (less than O. or greater than 160.) the case is
terminatea. A _

These consecutive interpolating parabolas having only one point in
common make it possible to describe discontinuous curves as well as curves

which are made up of parabolic segments and linear segments (as curve 1),
‘3 However, this manner of choosing parabolas always requires that an odd num-
ber of points be used in the curve description.

Since the parabolic curve-interpolation subroutine fits a curve to
each successive series of three points, the choice of curve points is very
3 critical. It must be emphasized that any sharp discontinuity should pro-
vide the end of one and the begiﬁning of another set of three points. TFor
example, Figure L-1 shows fhe different interpretations of the same curve
; which would be given by different divisions. Note the extreme example of

faulty interpolation which can occur in ﬁhe case of a very steep.curve.

When fitting a parabolic curve to a sharp discontinuity, such as the

il

i heating cycle described under Linear Interpretation in this section,

LOCKHEED k-11
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the input specification for the curve should contain the following

coordinates:

LOCKHEED

CALIFORNIA COMPANY

0. ,
6,
6
6
Gl s
i eb ?
62. s
62 s
62 R
6. >
63 s

etc.
4-13
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0
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(] 1 1 ] '
0 e)Cl 8, eb ec 93
9
T, < T, < Tl
0 <@,<0,<8 <6, ete.
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If the program should find itself computing at a time which coincides with
one of the discontinuities, 1t will recognize the previous value of the
depen@ent variable. For example, for the above cyclic temperature, if the
| Tl will be chosen as the

3)

compujing time point should occur at 91 or 6
temperature; if the program should be computing at time 62’ 'I‘2 will

" be choFen.

Bivariate Interpolation

Frequently, there are situations where a variable is a function of
more than one independent varisble. Examples of this are:

/
{(a) Internal losses in electronic components, which are commonly
‘ functions of current consumption and temperature.

(b) Thermodynamic and transport property data, which are usually
temperature and pressure dependent.
The Thermal Analyzer Program is equipped to handle such problems through use

of the linear biﬁariate interpolation routine. The callout 1s
Y = BIV (X1, X2, N)

where

Y is a bivariate function of X1 and X2 given by Table N.

In setting up a table to be described by bivariate interpolation,_thebfirst
word on the first line following the table designation number must be

uuuvvv. vhere uuu is a three-digit number equal to the number of rows in

the table and vvv is a three-digit number equal to the number of columns in
the table. Do not count the row and column that uuuvvv. appears in. Following
the first word of the first line the values of the independent variable X2

are listed. For each of these values there is an entry below it corresponding
to the value of the independent variable X1 appearing at the left. In other
words, the data appear on the inrut sheet 5ust as one might tabulate it on a
sheet of paper, with the addition of the number uuuvvv. The table need not be
terminated with a flag indicating the end of the data since the quantity of

data is specified by the number uuuvvv.

LOCKHEED L1k
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_ | As an example of the use of bivariate interpolation, consider the
probiem of the internal heat dissipation of a battery, where the losses
are g function of both the battery temperature and the current consumption.
In t\is example, the battery will be designated as node 3. It will be
assumed that the current is a known function of time and is to be linearly

interipolated from curve 1. The battery losses in watts are tabulated below:

I

LOSSES (WATTS) VS. IOAD (AMPS)

Current ~ amps —— 0, 1.0 - 2,0 4,0 6.0
l Temperature ~°F ‘
{10. 0. 1.5 3.3 8.1 14,5
Lo. 0. 1.3 2.8 7.0 12;6
70. 0. 1.1 2.4 5.9 10.7
100. 0. 0.9 1.9 4,8 8.8
. 130. ' 0. 0.7 1.5 3.7 6.9

The bivariate curve will be designated as Table 8 and is described
in the data block as follows:

COLUMN
—_ 5 10 15 25 35 45 55 65
DEC 8 '
DECO6  005005. 0. 1.0 2.0 4.0 6.0
DECO6 10. 0. 1.5 3.3 8.1 1k.5
DECO6 Lo, 0. 1.3 2.8 7.0 12.6
DECO6 - T0. 0. 1.1 2.4 5.9. 10.7
DECO6 100. 0. 0.9 1.9 4.8 8.8
i DECO6 130. 0. 0.7 1.5 3.7 6.9

\ DEC -8
The function specification for this example is

Q(3) = BIV(T(3),LIN(2(1),1),8) *v.ooo9h6

LOCKHEED k.15
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where ihe constant is the conversion fgctor frdm watts to Btu/sec. In the
function callout the independent variables, current and temperature, must
appear‘in the order listed because Table & is set-up with temperature
values|listed in the first column. Otherwise, the program would attempt

to horizontally interpolate using T(3) as independent variable and would

. run offl the curve since the values listed range only from O to 6.

1 If there are more than five values of the independent variable X2,
the data cannot be listed on input sheets in the tabular arrangement.shown
above because each card is restricted to a maximum of six floating point
entries. In that event, the elements of the table are listed on input
sheets i@ consecutive order, reading from left to right on each row and
down each column of the table., To illustrate, consider the addition of a

sixth and seventh-column to the tabulation of "Losses vs. Load" as shown

below:
Current ~ amps —s 0, 1.0 2.0 4.0 6.0 8.0
} Temperature ~°F :
10. 0. 1.5 3.3 8.1 14,5 21.8
L0. 0. 1.3 2.8 7.0 12.6 19.7
70. 0. 1.1 2.4 5.9 10.7 16.5
100. 0. 0.9 1.9 4.8 8.8 14,2
130. 0. 0.7 1.5 3.7 6.9 12.1

Table 8 might appear on the input sheet as follows:

COLUMN
——— 5 10 5 . 25 ’ 35 45 55 65
DEC '8
DECO6  005007. 0. 1.0 2.0 k.0 6.0
DECO2 8.0 10.0
DECO6 10.0 0. 1.5 3.3 . . 8.1 1k.5
. DECO2 21.8 ©30.3
DEC06 40.0 0. 1.3 2.8 7.0 12.6
LOCKHEED h-16

CALIFORNIA COMPANY

10.0
30.3
28.1
25.0
22.2

20.0



S

, IR 18902
|
|
COLUMN ,
— ) L 10 15 25 35 45 55 65
DECO2 19.7 28.1
DECO6 70.0 0. 1.1 . 2.k 5.9 10.7
DECO2 16.5 25.0 '
DECO6 100. 0. 0.9 1.9 4.8 8.8
DECO2 k.2 22.2 o
DECO6 130. 0. 0.7 1.5 3.7 6.9
DECO2 12.1 20.0 '
| DEC -8

Although six quantities may be listed on each card, the method shown
above is preferred since the input is easier to read. The only requirement

is thaq the table elements be listed in proper order.

l
RADIATION FUNCTIONS

As mentioned in Section III, "Calculation of Circuit Parameters,"

the machine is equipped to compute radiation resistors by the formula

R = = (4-1)

oK g [(Tl + M6O)2 + (T2 + h6o)2] [(Tl + M60‘) + (T2 + %O)]

where the user computes and inputs to the program in the FUNCT subroutine

the value
e. A_F o
1271712 . sec F
K iad = —3%30 for R ~ oo (4-2)

Three radiation resistor functions are available as discussed in the follow-

ing sections.

Radiation With Constant Factor

This is the simplest and most commonly used radiation function. It

is used in those situations where a fixed Kfa is applicable., The basic

da
callout is:

R(A) = RAD (B, C, Krad)

h-17
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where A is the designation number of the resistor connecting nodes B and C.
As an example, consider the case of a one square foot @late with a
surface emissivity of 0.8 radiating to outer space (shape factor F = 1.0).

For -this case,

_ (0.8)(1.0)(1.0) _ -l
Kraa = 3560 =2,22 x 10

If the resistor designation number is 106 and the plate and space are nodes

T and 1#0, the function callout is

R(106) = RAD(7, 100, 2.22E - L)

The order in which the two nodes are specified 1is immaterial since
the program merely uses this information to solve for the resistor value

using equation L-1.

Radiation With Variable Factor

This is the same as the previous function except the value of Kfad
is a variable., Examples of this are cases where the system geometry varies
with time, or, more commonly, where the surface emissivity is temperature

dependent. The callout is:
R(A) = RAD(B, C, X)

where the value of Kfad is stored in X, which may be either an addressable
circuit element or a curve interpolation callout.
Two examples of the radiation with variable factor instruction are:

R(106) = RAD(7, 100, R(200))

0

R(io6> RAD(7, 100, (LIN(T(T), 13)))

418
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In tﬂe first example, the value of Krad has been temporarily stored in
an u&used resistor location. This procedure is often used when the value

of K ad is to be changed through a restart, as described in Section V. In

cond example, the value of Kra is linearly interpolated from curve

tha se

ol a :

13ustng the temperature of node 7 as independent variable., This instruc-
T

5 convenient when the surface emissivity is temperature dependent.

Radiation With Matrix

In using the radiation functions described above, it is necessary
to know Kfad in advance, and this in turn requires a knowledge of the
geometﬂic view factor Fl2 and the emissivity factor. Calculation of shape
factoryg is beyond the scope of the program and is not covered here (see, how-
ever, references 1 and 2).
' AIn most cases, the emissivity factor is computed by one of the fol-
lowihc formulas:

s

infinite parallel plate

concentric cylinder or sphere with A2 > Al

€
12 A
I, 1 (é. - 1)

‘1 > \%2

two surfaces whose size is small compared with their distance apart

surface Al much smaller than, and completely enclosed by, surface A2

4-19
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Howevﬁr, for those problems where several nonparallel surfaces are involved

and the above formulas are not considered satisfactory, the program is
equipped to compute the overall shape factor 312 in contrast to the geo-

|
metrical shape factor F The method used is discussed in detail in

12°
several heat transfer texts, such as McAdams (Reference 3), and will not be

. covere. here. The method basically is to set up the radiation energy inter-

change‘equations and solve them through use of determinants. It is to be

noted that the machine performs the calculation of Kfa only once, and

d
hence the various quantities such as emissivity must all be assumed to be
constants.

?he Radiation with Matrix callout is

|

R(A) = RRM(B, C, N)

where A is the designation number of the resistor connecting nodes B and C,
and N is the designation number of the table containing the data used to

compute Kfa Since this routine is used where several surfaces are involved,

d.
table N will appear in several resistor callouts. Also, it is possible to
have more than one such system in a given netwcrk, and to have the same
surface appear in more than one matrix. Consider the case of four walls

arranged in a square pattern:

e = 0.1
A =10 ft2
e= 1.0 e=0.3
A= 10 f2 | A= 10 ft2
e = 0.6
A= 10 fi2

LOCKHEED L-20
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The shape factors have been computed to be O.4 between opposite

|
V ’i
1

walls, and 0.3 between adjacent walls., The corresponding circuit is shown

belowr The node and resistor number assignments are completely arbitrary.

T2

T16

The RRM callouts for the above network are:

R(15) = RRM(12, 26, 6)
R(19) = rRrRM(12, 16, 6)
R(12) = RRM(12, 3, 6)
R(23) = RRM(26, 3, 6)
R(7) = RRW(16, 26, 6)
R(14) = RRM(16, 3, 6)

Table 6 contains the following information:

e the order of matrix of configuration factors, which in this
example is k. '

® the matrix of configuration factors (row order)

e cach node number and the area, emissivity, and reflectivity of
each of these nodes.

h-21
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For a Lth order mé.trix, the input would be as shown below. The subscripts
refer to the order in which the nodes are listed, and are not necessarily

the node or resistor designation numbers.

_A

(AF -71/py) Ao A1F3 AFy,
A
AoFoy - (AF 52/ y) AoFo3 AoF ol
‘ A AF
F A_F F__- :
AgFy Fae  (AsF333/ey) 33
’ A
AF A, A AT, (AuFuu - u/plg
f
|
‘Nl’ Al’ el, plW
N FY A P € s p
e 2 2 2 the order in which the nodes
N.. A . e f are listed must correspond to
3% 732 32 P3 the order of matrix rows. ‘
N, A, ¢ @!P
L2 4> S Py

where Ni = node number 1
Ai = area of node 1
€, = emissivity of node i
p, = reflectivity of node i, usually equal to (1 - ei)

The input for this particular example is shown below. (The reflectivity of

node 26 has been taken as 0.01 to avoid division by zero).

e

7 ti""“i" .

A L

i COLUMN

—— ] 5 10 15 25 35 45
\ DEC 6 TABLE DESIGNATION NUMBER
! DECO1 4. ORDER OF MATRIX
% DECO4 -11.1 3.0 4.0 3.0
; DECOL 3.0 -1%.3 3.0 L,
5 DECOL 4.0 3.0 -25.0 3.0
i - DECOL 3.0 4,0 3.0 -1000.
| O
i

L-22



o

IR 18902

coLuMal
—_ 5 10 15 25 3 . 45
. DECOL 12. 10. .10 .90
| DECOk 3. 10. .30 .70
DECO4 16. 10. .60 Lo
DECOU 26. 10. .99 .01
DEC -6

i Note that, with the exception of the curve designation numbers, all
values in the table are input as floating point numbers. ‘

The machine computés the radiation K factor by the formula

,’ €. €. D

1l i°J ij
(k.. .) = AL, | =L
rad i3 3600 Py Pj i3 D
where:

D is the determinant of the matrix

Di,j is the minor of the element (i,j), i.e., the determinant
of the matrix formed by removing the i-th row and the j-th
column.

The absolute value sign around the ratio Dij/D comes about because as the
equations were written, the machine could compute a negative K-factor,

whereas the direct solution of the simultaneous equations involved results

in positive K-factors.

CONVERGENCE AND STEADY-STATE SUBROUTINES

Since most problems to be solved by the Thermal Analyzer involve

transient analysis, the initial values chosen for resistance, capacity,
and temperature assume some importance, If it 1s desired to begin a
transient problem at some steady-state condition and then apply variable
courdary conditions (as would often occur in aerodynamic heating problems),
it is very important that the initial conditions approximate the truc steady-

ate conditions as nearly as possible before the transient conditions are
applied. In many cases, the starting temperatures are uniform throughout

the retwork and thus present no problem. However, many problems, such as

4-23



i .

the transient heating of a reentry vehicle, involve nonuniform starting <:>
| A

temperatures. To handle this problem, the converge (CVG) function is used,

the callout being '

CALL CVG(A, N, M)
where

h;;&@"71JIf; degree of convergence (defined below).

A=

N = maximum number of iterations to be executed in the convergence
attempt. _

{M = number of iterations between prints of the output block.

When this function is encountered in the FUNCT routine, *the heat balance
and list of functions are evaluated repeatedly with time held constant
(although with a finite computing interval) until the temperatures reach
the required convergence, i.e., until the largest temperature difference
of any node on consecutive passes is less than A (usuelly input as 0.005).
When the temperatures have converged, the convergence function is removed
from the function list, the regular output block is printed with "time"
set to the number of iterations required for convergence and with "A 6"
set to the designation number of the last node to converge. The case 1is
then executed in the normal matter. If the temperatures fail to converge
after N iterations, the case is discontinued, with a print of the regular
output block with "time" set to N,

When using the CVG function, it should be remembered that the degree
of convergence, A, is not necessarily the maximum deviation from the true
converged temperatures, but merely the maximum temperature change of any

; node between two successive cycleé. Consequently, it is quite possible that
\ the deviation from the converged temperature could be several orders of
magnitude greaﬁer than A and could amount to several degrees, For this
reason, & small value of A, such as 0,005, should be used.

As input above, the CVG uses the capacitor values as input. To

| : :

i speed the convergence process, an optional form of the input can be used,
|

{

namely - ‘ (:)

L-2oh
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| ' CALL cVG(A, N, - M)

where the negative sign on M is a flag which causes the convergence itera-
tion |to be executed with all capacitors set to zero. However, some care must
be exercised when using zero capacitors in those cases which involve radia-
‘tioh esistors. Because radiation resistors vary.inversely as the cube of |
the c&rresponding temperatures, they are very sensitive to small temperature
changes. If the converged temperatures are very much different from the
initial guesses, oscillations could be set up which will prevent convergence.
In most cases, however, a reasonable set of initial temperatures should con-
verge ?ven if the zero capacitor option is used in cases involving radiation.

When the CVG function is used to solve purely steady-state cases, it
is necéssary to specify some non-zero final time in the time block to guar-
antee that the CVG function is executed properly. The value used should be
6f the order of the minimum RC product of the network to guarantee that a

few "normal" cycles, i.e., with progressive time, are computed.

In addition to the CVG routine, a similar function (STS) is available
which operates on the heat balance only and dces not execute the function list

i during each iteration. Therefore, if there are radiation resistors or heat

? inputs called out in the functions, it is generally preferable to use the CVG

subroutine. The steady-state function callout
: CALL STS (A)

assigns zeros to all capacitors, and causes iteration through the circuit
to proceed until the largest temperature difference of any node on consecu-
E tive passes is less than A. The original values of the capacitors are then

\ restored, a flag is set to ignore the steady-state function in ensuing passes,

and the case continued.

MAXTMUM-MINIMUM SUBROUTINE

R ! In addition to the temperature-time history of -the various nodes,
it is often desired to know also the maximum and minimum temperatures of

1
1
} these nodes, and to be able to obtain them without having to search through
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the normal output data. This is especially true in large programs where
several hundred temperatures may be involved,
| This problem is handled by use of the meximum-minimum function

MF), ithe callout being

CALL MMF( 0, Op> N, S)

where ei and ef are explicit (floating point) numbers, or addressable
elements. During the time interval Gj.< 8 < 8ps the maximum-minimum
function [records all local maximum and minimum temperatures of all nodes
whose deéignation numbers are listed in data table N. The value S indicates
the frequency with which the program is to search the output to determine
the maximum and minimum temperatures, e.g., a 1 requires a search every
cycle, a 2 requires a search every second cycle, etc. The node designation
numbers appear in .table N as floating point numbers. This table is terminated
by a zero flag. To illustrate the use of the MMF function, assume that over
the time interval 0-100 sec, the program is to conduct a search every other
computing cycle to determine the maximum and minimum temperatures of nodes
T, 15, 83, and 94, which will be listed in Table 3. The table appears as
follows:

DEC 3
DECO5 7. 15. 83. oL, 0.
" DEC -3 '

The instruction in the FUNCT subroutine is
CALL MMF(0O., 100., 3, 2)

Generally, the search is required for the entire time span of the case and

the following instruction would be used:

CALL MF (M(2), M(3), 3, 2)

426
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M(Z)Eand M(3) are the initial and final times for the case, respectively.

' The maximum and minimum temperatures are automatically printed
following the regular time history print. This maximum-minimum output con-
tains| the range of the function (since there can be more than oné MEF in a
case)} followed by a table with five non-zero columns. The first column

is the designation number of the nodes (in the same order as given in the
input 'table N), the second column is the list of the local maximums, the
third column is the list of local minimums, the fourth column contains the
times of the local maximums, and the £fifth column contains the times of the

local minimums. The MMF subroutine is illustrated in Example #2 of

ASectioanI.

‘Only distinct local maximums and minimums are recorded. Therefore,
if the rate of temperature change with time for a node does not change sign
during the range of the MMF function, no maximum or minimum is recorded for
that node. On the other hand, if the temperature of a node, after increas-
ing for a while, remains constant for a time, and then decreases, a maximum
would be recorded at the last time point for which the temperature was
constant.

As a result of the manner in which the computer handles MMF data,
there is a limitation on the amount of such data which can be obtained
from a single case. Specifically, there must be less than 6000 maximums
and minimums (representing 3000 cycles) in order for all of them to be
printed. (A case with 200 nodes undergoing 20 temperature cycles would
total 2x200x20=8000 and. this exceeds this limit). If the total exceeds
6000, only the first (chronologically speaking) 6000 will be printed and
all subsequent max-min data will be lost. This limitation can be over-
come by dividing the case into two or more segments, with the additicnal

cases run as restarts using the SAV function described below.

SAVE CURRENT DATA SUBROUTINE

This function makes it possible to use the output of one case as
input to another in conjunction with the restart feature. An example of
its use would be a full-life analysis of a recoverable satellite, with

separate cases being run for ascent, orbit and recovery.
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1
: Ordinarily a restart case uses as its basis the data which existed ‘

at tﬂe start of the previous case. The Save Current Data (SAV) function pro-

vides the means whereby the answers of one case may be used as input into

the néxt. The callout is
CALL SAV (A, B)

At the first time point for which A is greater than or equal to B, the data
currently in core, i.e., the current values of temperature, resistance, and
capacitance, are stored on tape to be used in the subsequent case., In
nearly hll cases A will be current time, M(1). The value of B may appear
explicftly (floating point) or it may be an addressable element, e.g., final

time, M(3). As an example,

CALL SAV (M(1), M(3))

will save the data in core at the end of each case, to be used as the initial

conditicns for the subsequent case.

TEMPERATURE CARD PUNCH SUBROUTINE

This subroutine is frequently used in complex cases as an alternate
restart feature. It provides for the automatic recording of all temperatures
on punched cards in proper format for the initial temperature block. The

function specification is
CALL PUNCHT(6, A, B)

where © is the time at which the temperatures are to be saved, and cards are
required for nodes A through B. .6 may be an explicit (floating point) number
or an addressdble element. A and B are listed in fixed-point notation. IT
the function is specified as CALL PUNCHT(O, 0, 0) the program will interpret
the zeros as a special code requiring the punching of temperature cards for
all nodes.

L-28
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i- | The advantage of this subroutine is that once the temperatures are
recorded, the case may be removed from the computer and resumed later when
machine time becomes available. Also, in complex cases requiring several
hours lof computer time, it is customary to call for punched cards at vari-
ous times throughout the run. Then, if an error occurs, the case may be

i - ' re-run\starting at the last time for which valid temperature cards were

f _ obtained.

To help identify the punched cards, the information in columns

6 through 14 of the case identification card (Section V ') and the time 6

Sl s

are automatically punched on each card. Thus, if this subroutine is used,
it is désirable that the information on the case identification card begin

|
with some code, for example, CASE B-2.

CURVE PLOTTING SUBROUTINE

In many problems it is desirable to obtain the results in curve
form in addition to the tabulated output. To accomplish this, the Thermal
Analyzer Program has a subroutine to write a plot tape which controls a

machine plotter. The function specification for the plotting routine is
CALL TPLIOT(N)

where N is the designation number of the table containing the information
to write the tape. Table N must contain the following items, in the order
listed:

(a) the initial time of the plot. o
T ~ (b) the final time of the plot.

| (¢) the time interval between successive plots (discussed below).
\ (d)  all nodes whose temperatures are to be plotted.

(e) a zero flag terminating the table.

; E All of these entries must be floating point. The plotting routine does not

automatically plot the témperatures at each computing cycle, the frequency
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of the plot being specified by the user. The program subtracts the final

[
time from the initial, and divides that quantity by the specified frequency

(item C above) to determine how often the temperatures are to be plotted.
If these times do not coincide with computing times, the machine will plot

the temperatures for each subsequent computing time. For example, if the

initial land final times are O and 10C sec, the time interval between plots

specified at 10 sec, aﬁd the computing interval set at 3 sec, the tempera-

tures would be plotted at O sec, 12 sec, 21 sec, 30 seconds, etc. If -the

user desires a plot every computing cycle, the third storage location of

table N must be set equal to the computing interval M(5) by the follow-
ing functpon specifications:
l
IN = L0C ()
P(IN +3) = M(5)
CALL TPLOT(N)

Although this routine will only plot temperatures, in practice any
addressable quantity can be plotted simply by storing that. quantity in an
unused temperature location. For example, to plot R(4), one could set
TN(200) = R(4) and plot T(200). Note that at the end of the heat balance,
T(200) is set equal to TN(200), so it is necessary to store R(4) in the

"new" temperature location.

This routine is currently set up to plot a maximum of 5 temperatures

per curve. .If, for example, 8 nodes are specified in table N, the first 5
will be plotted on one curve and the remaining 3 on a separate curve. A
maximum of 20 nodes may be listed pér table and a maximum of 20 tables may
be used.

As an example of the input for the plotting routine, suppése that
it is desired to plot the first and last 100 sec of a case that runs con-
tinuously from O to 500 sec., The temperatures of nodes 2k, 68, 72, and 93
are to be plotted at 10-sec intervals. For this case two tables could be

set up as follows:
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COLUMN\
_— 1 5 10 15 25 35 45 55 65
' DEC 20
DECO6 0. 100. 10. 2k, 68. T2,
|DECO2 - 93 0. '
DEC -20
DEC 2l :
DECO6 koo, 500. 10. 2k, 68. T2
DECO2 93. . 0. ' :
DEC -21

The function specifications are -

CALL TPLOT (20)
CALL TPIOT (21)

In Section VI, plots have been obtained fbr 5 nodes in Example
Problem #2 to illustrate the use of the function and the quality of the
curves. Note that the information on the case identification card (see

Section V) is automatically printed at the top of each curve.

AFRODYNAMIC HEATING AND ABLATTION SUBROUTINES

The Eckert .Aerodynamic Heating subroutine computes the surface
convective heat transfer by the reference temperature method. The primary
advantage of this method is that it allows incompressible skin friction
relations to be employed in evaluating high-velocity-flow heat transfer.
This is accomplished by evaluating the air properties at a suitably defined
reference temperature, which depends only on the wall, local inviscid flow,
and recovery temperatures. '

The Ablation subroutine computes the amount of material that is
ablated (if the temperature is above the ablation temperature) as.a func-
tion of time as part of the heat balance. This solution is applicable to
one-dimensional -heat transfer to a‘pure subliming (non-charring) surface.

These specialized subroutines are discussed in detail in
Appendices A and B. Example problems are set up and written on data in-

put sheets to demonstrate the use of each subroutine.
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‘ from 1 to 32767) placed in columns 1 through 5 of the data input sheet.
?
|
i

| MISCELLANEOUS FORTRAN OPERATIONS

Although a knowledge of FORTRAN is not required to use the Thermal
Analyéer Program, an understanding of a few basic FORTRAN operations is
highly desirable. The following is a brief discussion of some of the most
comﬁo ly used operations, along with some general information useful in
writing the FUNCT subroutine, The topics include -the use of fixed- and
floatfng-point variables, statement numbers, comment cards, and control
statements. The treatment of each topic is brief, and the reader ié re-

ferred to the FORTRAN reference manual for more detailed information.

Variables
{A variable is a symbol or name which refers to a place in memory
where the number or value represented by that name is stored. The name of
any variable consists of one or more alphabetic or numerical characters, the
first of which must be alphabetic (A through Z). The maximum number of
characters permitted in the name is 6 for the 7094 processor, Names begin-
ning with the lefters I, J, K, L, M, or N are variable names for fixed-
point numbers., All other names represent floating-point values, For
example, K15 and NEXT are valid integer variables and A50 and VALUE are valid
floating-point variables, In general, fixed- and floating-point variables

cannot be mixed, As examples:

A¥TI is not permitted since B and A are floating—
point numbers and I is a fixed-point number.

B

'B=A+2 is not permitted since B and A are floating-
point numbers and 2 (without decimal) is
fixed-point.

A + 2, is permitted since A, B, and 2. (with decimal)
are all fixed-point numbers.

jos}
n

Statement Numbers

It is frequently desirable to identify a statement by name or

number. This is accomplished by a numerical statement number (any integer
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The.only other reétriction is that a statement number must not be repeated
in anb subroutine, The use of statement numbers will become more apparent

in the following sections.

1

; Commegt Cards

Occasionally the user may wish to have comments printed out in the

FUNCT and PRINT subroutines. This is accomplished by placing the letter C

] in column 1 of the data input sheet and the desired comments in columns 7
ﬁhrough 72. The comment card is then ignored by the FORTRAN processor, and

1
i serves merely to furnish commentary information in the program listing.

GO TO Sﬁatements
l
- Unconditional transfer statements which begin with the words GO TO

permit the user to alter arbitrarily the sequence in which the program
statements are to be executed. A frequent use of the GO TO statement is
to skip an inapplicable instruction as shown by the first example in the

following section.
To illustrate an unconditional transfer statement, the instruction

{ GO TO 17

means that the next statement to be executed is the one labeled 17, State-

ment 17 may either precede or follow the GO TO statement. All statements

; in between will be skipped and, once statement 17 is executed, the computer
] will execute those which follow, in the order in which they appear.

Computed GO TO statements are used as a switch for branching to one

of several places in the program, depending on the integer value of a test

location. To illustrate, the statement

1 \ ' GO TO (7: h, 28, 9), K

transfers control to the statement labeled 7, 4, 28, or 9 when the current

value of K is 1, 2, 3, or 4, respectively.




vt YR

WA

-ment 4 and succeeding functions are executed in a normal manner.

Conditional Control and Iogical Expressions
I

Frequently it is desirable to execute a particular function, or set
of funEtions, only under certain specified conditions. This is accomplished
by the|IF statement which directs control to one of three different state-

ments, |depending on the value of an arithmetic expression. The statement

IF(X) A, B, C

will direct the computer to immediately execute statement A if the value of
(X) is negative, to execute statement B if (X) is zero, and to execute
statemeﬁ% C if (X) is positive. Any statements between the IF statement
and the next executed statement (A, B, or C) will be skipped. The expres-
sion (X) may be any legal FORTRAN arithmetic expression discussed in the
preceding sections.

' To illustrate the use of the conditional control statement, consider
a lunar spacecraft which is slowly rotating about one axis. The solar heating
rate to shell node 10 is to be linearly interpolated from curve 10, At
45,000 sec, however, the vehicle stops rolling and the heéting rate to node
10 is a constant value, say 0.085 Btu/sec. The appropriate functions might

appear as follows:

IF (M(1) - 45000.) 2, 3, 3

2 Q(10) = LIv (M(1), 10)
GO TO L
3 Q(10) = 0.085

If current time is less than 45,000 sec, statement 2 is executed.
Statement 3 is then skipped by the insertion of a GO TO statement which
directs control to statement 4. The latter is not shown but would pre-
sumably follow statement 3. If current time is equal to or greater than 45,000

sec, the IF statement directs control to statement 3, after which state-
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A logical IF statement has been added to the FORTRAN IV language
so tﬂat decisions can be based directly on the true or false value of a
quantity which is logical rather than arithmetic in nature. The

statement
IF(Y)F

means £hat if the logical expression (Y) is true, execute the statement F
and then proceed to the statement following F; otherwise (if Y is false),
do not execute F, but simply proceed to the following statement. F may be
any single executable statement except another logical IF statement or a
DO statement.

. Comparisons can be made by means of the logical operators LOR,,

LAND,, or .NOT,, or by any of the following relational operators:

Symbol Meaning
AN Equal to
JNE, Not equal to
LT, less than
«LE, Less than or equal to
.GT. Greater than
.GE. Greater than or equal to

Two examples of the use of logical IF statements are given below:

IF (M(6).£Q.80..0R.T(26).GE.500.) GO TO 5

means that if the minimum RC product equals 80 or if the temperature of node

26 is greater than or equal to SOO, proceed immediately to statement 5.
IF (M(1).GE.35..AND.M(1).LE.70.) T(30) = 1100.

means that if current time is between 35 and 7O, set the temperature of node

30 equal to 1100.
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With the logical IF statement it is possible to simplify the func-

|
|
|

tions required for the lunar spacecraft example given above. To illustrate,

the two statements

Q(10) = 0,085

- IF (M(1).1T, 45000,) Q(10) = LIN (M(1),10)

1
v

are equivalent to the four statements listed previously. The second function

merely overrides the first if current time is less than 45,000 sec.

DO Statements

{Mbst computer programs involve a group of steps which are to be
executed in a repetitive fashion. The iteration or DO statement greatly
facilitates the definition and control of these repetitive steps. The

statement
DOAI=B,C, N

controls the repetition of all succeeding statements down through and in-
cluding the statement labeled A. Repetition of these statements is con-
trolled by varying the index called I, from an initial value of B to a

terminal value of C in increments of N. If the integer N does not appear

the increment is understood to be 1. PFor example, the statements
DO13I=1,3
Q(I) = 0.25
R(I + 100) = RAD (I, 100, .3E - 5)

13 CONTINUE

will cause the following operations to be performed:
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= 0.25
‘ Q2) = 0.25
Q(3) = 0.25

R(101) = RAD(1, 100, 0.3E - 5)

- R(102) = RAD(2, 100, 0.3E - 5)

R(103) = RAD(3, 100, 0.3E - 5)

The terminating statement need not always be a CONTINUE card as
shown i¢ the above example. However, the last statement in an iteration
loop caﬁnot be a transfer statement, conditional or unconditional, or
another -iteration statement. The termination of a DO loop with a CONTINUE
card is always acceptable and is recommended as a means to avoid the above
difficulties. Another restriction on the use of DO loops 1s that control
must never be transferred from outside to any card within the iteration

loop with the exception of the first, or DO statement, card.

THERMAL PROPERTIES LIBRARY

The thermal properties library contains tables of physical properties
of a number of propellants, pressurants, simulated propellants, structural
materials, and insulations. Special data search and interpolation routines are

incorporated into the Thermal Analyzer Program to utilize the library data.

Library Tape

The thermal properties and library tape are discussed in detail and
completely listed in Reference 2. The property tables contain data on
density,>specific heat, and thermél conductivity vs. temperature for
liquids and solids; vapor pressure, viscosity, heat of vaporization, and sur-
face tension vs. temperature for liquids; and specific heat, thermal conduc-
tivity, and compressibility factor vs. temperature and pressure for gases.

The properties data are given in the following units:
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'l ~ - Density, lb/ft3 €:}
‘ ' Specific heat, 3Btu/lb °F
\ Thermal conductivity, Btu/hr ft °F
Vapor pressure, psia
Viscosity, 1b/ft sec
t Heat of vaporization, Btu/1b

Surface tension, 1b/ft

The library itself is contained on a reserved tape. Each curve is uniquely
identified by a six-character code consisting of both a material and a prop-
erty identification, Table 4-1 is a complete listing of the identifica-
tion codés and titles of every library table. The use of the library tape
is described below.
A flag in the data-block of the Thermal Analyzer will cause the
compiler to search the data tape for the specific table called for by the
flag. That table will then be stored in place of the flag. There must be

an exact correspondence between the identification of the tables stored on

tape and the flags used to call the tables to be used in the program. The
flag consists of six alphameric characters in columns 6-11, preceded by the
mnemonic code "TAP" in columns 1-3. (See Table L4-1.) The data entry and

flag are as follows:

COLUMN
— . 10 .
DEC 4ol Table No.
TAP  NTO-13 I.D. of table stored on tape

DEC - =401 End-of -table flag

This entry means that the material properties data table identified as
Table "NIO-13" (Thermal Conductivity of Liquid Nitrogen Tetroxide) is to te
stored as Table 401 within the Thermal Analyzer input data block.

In all cases where data are available, the tables are accurate for
linear interpolation within 5% over the appropriate temperature

range. To construct a useful data library, it was necessary to extend (:)
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'\ TABLE L-1
: THERMAL PROPERTIES LIBRARY IDENTIFICATION CODES
TAP NTO-11  DENSITY OF LIQUID NITROGEN TETROXIDE 101012266
TAP NTO-12  SPECIFIC HEAT OF LIQUID NITROGEN TETROXIDE 102012266
AP NTO-13  THERMAL CONDUCTIVITY OF LIQUID NITROGEN TETROXIDE 103012266
AP NTO-14 VAPOR PRESSURE OF LIQUID NITROGEN TETROXIDE 104012266
AP NTO-15 VISCOSITY OF LIQUID NITROGEN TETROXIDE 105012266
AP NTO-16 HEAT OF VAPORIZATION OF LIQULD NITROGEN TETROXIDE 106012266
‘AP NTO-17  SURFACE TENSION OF LIQUID NITROGEN TETROXIDE 107012266
TAP NTO-22 SPECIFIC HEAT OF GASEOUS NITROGEN TETROXIDE 108012266
TAP NTO-23  THERMAL CONDUCTIVITY OF GASEOUS NITROGEN TETROXIDE 109012266
TAP NTO-28  COMPRESSIBILITY FACTOR OF GASEOUS NITROGEN TETROXIDE 110012266
TAP OXY-11 DENSITY OF LIQUID OXYGEN 111012266
TAP OXY-12 SPECIFIC HEAT OF LIQUID OXYGEN 112012266
TAP OXY-13  THERMAL CONDUCTIVITY OF LIQUID OXYGEN 113012266
TAP OXY-14  VAPOR PRESSURE OF LIQUID OXYGEN 114012266
TAP OXY-15 VISCOSITY OF LIQUID OXYGEN 115012266
TAP OXY-16 HEAT OF VAPORIZATION OF LIQUID OXYGEN 116012266
TAP OXY-17 SURFACE TENSION OF LIQUID OXYGEN 117012266
TAP OXY-22  SPECIFIC HEAT OF GASEOUS OXYGEN 118012266
TAP OXY-23  THERMAL CONDUCTIVITY OF GASEOUS OXYGEN 119012266
TAP OXY-28 COMPRESSIBILITY FACTOR OF GASEOUS OXYGEN 120012266
TAP FLU-11  DENSITY OF LIQUID FLUORINE 121012266
TAP FLU-12  SPECIFIC HEAT OF LIQUID FLUORINE 122012266
TAP FLU-13  THERMAL CONDUCTIVITY OF LIQUID FLUORINE 123012266
TAP FLU-14 VAPOR PRESSURE OF LIQUID FLUORINE 124012266
TAP FLU-15 VISCOSITY OF LIQUID FLUORINE 125012266
TAP FLU-16 HEAT OF VAPORIZATION OF LIQUID FLUORINE 126012266
TAP FLU-17 SURFACE TENSION OF LIQUID FLUORINE 127012266
TAP FLU-22 - SPECIFIC HEAT OF GASEOUS FLUORINE 128012266
TAP FLU-23 THERMAL CONDUCTIVITY OF GASEOUS FLUORINE 129012266
TAP FLU-28 COMPRESSIBILITY FACTOR OF GASEOUS FLUORINE 130012266
TAP ODF-11 DENSITY OF LIQUID OXYGEN DIFLUORIDE 131012266
TAP ODF-12 SPECIFIC HEAT OF LIQUID OXYGEN DIFLUORIDE 132012266
TAP ODF-13  THERMAL CONDUCTIVITY OF LIQUID OXYGEN DIFLUORIDE 133012266
TAP ODF-14 VAPOR PRESSURE OF LIQUID OXYGEN DIFLUORIDE 134012266
TAP ODF-15 VISCOSITY OF LIQUID OXYGEN DIFLUORIDE 135012266
TAP ODF-16 HEAT OF VAPORIZATION OF LIQUID OXYGEN DIFLUORIDE 136012266
TAP ODF-22 SPECIFIC HEAT OF GASEOUS OXYGEN DIFLUORIDE 138012266
TAP ODF-28 COMPRESSIBILITY FACTOR OF LIQUID OXYGEN DIFLUORIDE 140012266
TAP CTF-11 DENSITY OF LIQUID CHLORINE TRIFLUORIDE 141012266
TAP CTF-12 SPECIFIC HEAT OF LIQUID CHLORINE TRIFLUORIDE 142012266
TAP CTF-13  THERMAL CONDUCTIVITY OF LIQUID CHLORINE TRIFLUORIDE 143012266
TAP CTF-14 VAPOR PRESSURE OF LIQUID CHLORINE TRIFLUORIDE 144012266
TAP CTF-15 VISCOSITY OF LIQUID CHLORINE TRIFLUORIDE 145012266
TAP CTF-16 MEAT OF VAPORIZATION OF LIQUID CHLORINE TRIFLUORIDE 146012266
TAP CTF-17 SURFACE TENSION OF LIQUID CHLORINE TRIFLUORIDE 147012266
TAP CTF-22  SPECIFIC HEAT OF GASEOUS CHLORINE TRIFLUORIDE 148012266
TAP CTF-28 COMPRESSIBILITY FACTOR»GASEOUS CHLORINE TRIFLUORIDE 150012266
TAP AER-11 DENSITY OF LIQUID AEROZINE 50 " 151012266
TAP AER-12  SPECIFIC HEAT OF LIQUID AEROZINE 50 152012266
TAP AER-13  THERMAL CONDUCTIVITY OF LIQUID AEROZINE 50 153012266
TAP AER-14  VAPOR PRESSURE OF LIQUID AEROZINE 50 154012266
TAP AER-15  VISCOSITY OF LIQUID AEROZINE 50 155012266
TAP AER-16 HEAT OF VAPORIZATION OF LIQUID AEROZINE 50 156012266
TAP AER-17  SURFACE TENSION OF LIQUID AEROZINE 50 157012266
TAP AER-22  SPECIFIC HEAT OF GASEOUS AEROZINE 50 158012266
{ TAP AER-23  THERMAL CONDUCTIVITY OF GASEOUS AEROZINE 50 159012266
| TAP AER-28 COMPRESSIBILITY FACTOR OF GASEOUS AEROZINE 50 160012266
TAP MMH-11 DENSITY OF LIQUID MONOMETHYL HYDRAZINE 161012266
‘ TAP MMH-12  SPECIFIC HEAT OF LIQUID MONOMETHYL HYDRAZINE 162012266
i TAP MMH-13  THERMAL CONDUCTIVITY OF LIQUID MONOMETHYL HYDRAZINE 163012266
{ TAP MMH-14  VAPOR PRESSURE OF LIQUID MONOMETHYL HYDRAZINE 164012266
| .
{
1
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TABLE L4-1
(Continued)

TAP  MMH-15  VISCOSITY OF LIQUID MONOMETHYL HYDRAZINE 165012266
YAP  MMH-16  HEAT OF VAPORIZATION OF LIQUID MONOMETHYL HYDRAZINE 16601336¢

AP MMH-17  SURFACE TENSION OF LIQUID MONOMETHYL HYDRAZINE 167012266

AP MMH-22  SPECIFIC HEAT OF GASEOUS MONOMETHYL HYDRAZINE 168012266

AP MMH-23  THERMAL CONDUCTIVITY , GASEOUS MONOMETHYL HYDRAZINE 169012266
TAP  MMH-28  COMPRESSIBILITY FACTORsGASEOUS MONOMETHYL HYDRAZINE 170012266
,ﬂAP DIB-~11  DENSITY OF LIQUID DIBORANE 171012266
TAP DIB-12  SPECIFIC HEAT OF LIQUID DIBORANE 172012266
TAP DIB-13  THERMAL CONDUCTIVITY OF LIQUID DIBORANE 173012266
TAP DIB-14  VAPOR PRESSURE OF LIQUID DIBORANE 174012266
TAP DIB-15  VISCOSITY OF LIQUID DIBORANE 175012266
TAP DIB-16 HEAT OF VAPORIZATION OF LIQUID DIBORANE 176012266
TAP DIB-22  SPECIFIC HEAT OF GASEOUS DIBORANE 178012266
TAP DIB-28  COMPRESSIBILITY FACTOR OF GASEOUS DIBORANE 180012266
TAP  HYD~11  DENSITY OF LIQUID HYDROGEN ‘ 181012266
TAP HYD-12  SPECIFIC HEAT OF LIQUID HYDROGEN 182012266
TAP, HYD-13  THERMAL CONDUCTIVITY OF LIQUID HYDROGEN 183012266
TAP HYD-14  VAPOR PRESSURE OF LIQUID HYDROGEN 184012266
TAR  HYD-15  VISCOSITY OF LIQUID HYDROGEN 185012266
TAP HYD-16 HEAT OF VAPORIZATION OF LIQUID HYDROGEN 186012266
TAP HYD-17  SURFACE TENSION OF LIQUID HYDROGEN 187012266
TAP' HYD-22  SPECIFIC HEAT OF GASEOUS NORMAL HYDROGEN 188012266
TAP HYD-23  THERMAL CONDUCTIVITY OF GASEOUS PARA HYDROGEN 189012266
TAP HYD-28  COMPRESSIBILITY FACTOR OF GASEOUS PARA HYDROGEN 190012266
TAP HA5-11 DENSITY OF LIQUID HYBALINE AS 191012266
TAP HA5-12  SPECIFIC HEAT OF LIQUID HYBALINE A5 192012266
TAP HA5-13  THERMAL CONDUCTIVITY OF LIQUID HYBALINE A5 193012266
TAP HA5-14 "VAPOR PRESSURE OF LIQUID HYBALINE A5 194012266
TAP HA5-15  VISCOSITY OF LIQUID HYBALINE AS 195012266
TAP HA5-22  SPECIFIC HEAT OF GASEOUS HYBALINE A5 198012266
TAP HA5-23  THERMAL CONDUCTIVITY OF GASEOUS HYBALINE A5 199012266
TAP HA5-28  COMPRESSIBILITY FACTOR OF GASEQOUS HYBALINE AS 200012266
TAP NIT-11 DENSITY OF LIQUID NITROGEN 201012266
TAP NIT-12  SPECIFIC HEAT OF LIQUID NITROGEN 202012266
TAP NIT-13  THERMAL CONDUCTIVITY OF LIQUID NITROGEN 203012266
TAP NIT-14 VAPOR PRESSURE OF LIOUID NITROGEN 204012266
TAP NIT-15 VISCOSITY OF LIQUID NITROGEN 205012266
TAP NIT-16  HEAT OF VAPORIZATION OF LIQUID NITROGEN 206012266
TAP NIT-17  SURFACE TENSION OF LIQUID NITROGEN 207012266
TAP NIT-22  SPECIFIC HEAT OF GASEOUS NITROGEN 208012266
TAP NIT-23  THERMAL CONDUCTIVITY OF GASEQUS NITROGEN 209012266
TAP NIT-28  COMPRESSIBILITY FACTOR OF GASEOUS NITROGEN 210012266
TAP " HEL-22  SPECIFIC HEAT OF GASEOUS HELIUM 218012266
TAP HEL-23  THERMAL CONDUCTIVITY OF GASEOUS HELIUM 219012266
TAP HEL-28  COMPRESSIBILITY FACTOR OF GASEOUS HELIUM 220012266
TAP G60-11  DENSITY OF LIQUID o6 ETHYLENE GLYCOL 221012266
TAP G60-12  SPECIFIC HEAT OF LIQUID <6 ETHYLENE GLYCOL 222012266
TAP  G60-13  THERMAL CONDUCTIVITY OF LIQUID «6 ETHYLENE GLYCOL 223012266
TAP G60-14  VAPOR PRESSURE OF LIQUID o6 ETHYLENE GLYCOL 224012266
TAP  G60-15  VISCOSITY OF LIQUID «6 ETHYLENE GLYCOL 225012266
TAP G60-22  SPECIFIC HEAT OF GASEOUS +6 ETHYLENE GLYCOL 228012266
TAP G60-23  THERMAL CONDUCTIVITY OF GASEOUS «6 ETHYLENE GLYCOL 229012266
TAP G60-28  COMPRESSIBILITY FACTOR s GASEOUS «6 ETHYLENE GLYCOL 230012266
TAP F11l-11  DENSITY OF LIQUID FREON 11 231012266
TAP F11-12  SPECIFIC HEAT OF LIQUID FREON 11 232012266
TAP F11-13- THERMAL CONDUCTIVITY OF LIQUID FREON 11 233012266
TAP F11-14  VAPOR PRESSURE OF LIQUID FREON 11 234012266
TAP F11-15  VISCOSITY OF LIQUID FREON 11 235012266
TAP F11-16  HEAT OF VAPORIZATION OF LIQUID FREON 11 236012266
TAP F11-17  SURFACE TENSION OF LIQUID FREON 11 237012266
TAP F11-22  SPECIFIC HEAT OF GASEOUS FREON 11 238012266
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TAP L92A-3  THERMAL CONDUCTIVITY OF LINDE SI-92 (80 LAYERS/INCH) 483012266
AP L92B-1 DENSITY OF LINDE SI-92 (100 LAYERS/INCH) 491012266
AP L92B-2 SPECIFIC HMEAT OF LINDE SI-92 492012266
AP L92B=3  THERMAL CONDUCTIVITY OF LINDE SI-92 (100 LAYERS/INCH)493012266

TAP L92C-1 DENSITY OF LINDE SI-92 (120 LAYERS/INCH) 501012266

kAP L92C-2  SPECIFIC HEAT OF LINDE SI-92 502012266
AP L92C-3  THERMAL CONDUCTIVITY OF LINDE SI-92 (120 LAYERS/INCH)503012266

TAP L92D-1 DENSITY OF LINDE $1-92 (160 LAYERS/INCH) 511012266

TAP L92D-2 SPECIFIC HEAT OF LINDE SI-92 512012266

TAP L92D-3 THERMAL CONDUCTIVITY OF LINDE SI-92 (160 LAYERS/INCH1513012266

TAP LFWA-1 DENSITY OF LINDE FT WT (40 LAYERS/INCH) 521012266

TAP LFWA-2  SPECIFIC HEAT OF LINDE FLT WT 522012266

TAP LFWA-3  THERMAL CONDUCTIVITY OF LINDE FLT WT (40 LAYERS/INCH)523012266

TAP LFWB-1 DENSITY OF LINDE FT WT (50 LAYERS(INCH) 531012266

TAP LFWB-2  SPECIFIC HEAT OF LINDE FLT WT 532012266

TAP LFWB-3  THERMAL CONDUCTIVITY OF LINDE FLT WT (50 LAYERS/INCH)533012266

TAP LFWC-1 DENSITY OF LINDE FT WT (60 LAYERS/INCH) 561012266

TAP LFWC-2  SPECIFIC HEAT OF LINDE FLT WT 542012266

TAP LFWC=3  THERMAL CONDUCTIVITY OF LINDE FLT WT (60 LAYERS/INCH)543012266

TAP LFWD-1 DENSITY OF LINDE FT WT (80 LAYERS/INCH) 551012266

TAP LFWD-2  SPECIFIC HEAT OF LINDE FLT WT 552012266

TAP LFWD-3  THERMAL CONDUCTIVITY OF LINDE FLT WT (80 LAYERS/INCH)553012266

TAP LHTA-1 DENSITY OF LINDE HIGH TEMP (60 LAYERS/INCM) 561012266

TAP LHTA-2  SPECIFIC HEAT OF LINDE HIGH TEMP 562012266

TAP LHTA-3  THERMAL CONDUCTIVITY OF LINDE HI TEMP(60 LAYERS/INCH)563012266

TAP LHTB-1 DENSITY OF LINDE HIGH TEMP (120 LAYERS/INCH) 571012266

TAP LHTB-2 - SPECIFIC HEAT OF LINDE HIGH TEMP 572012266

TAP LHTB-3 THERMAL CONDUCTIVITY OF LINDE HI TEMP(120 LAYER/INCH)573012266

TAP LHTC-1 DENSITY OF LINDE HIGH TEMP (180 LAYERS/INCH) 581012266

TAP LHTC-2  SPECIFIC HEAT OF LINDE HIGH TEMP 582012266

TAP LHTC-3  THERMAL CONDUCTIVITY OF LINDE HI TEMP(180 LAYER/INCH)583012266

TAP NRCA-1 DENSITY OF NRC-2 (40 LAYERS/INCH) 601012266

TAP NRCA-2  SPECIFIC HEAT OF NRC-2 602012266

TAP NRCA-3  THERMAL CONDUCTIVITY OF NRC-2 (40 LAYERS/INCH) 603012266

TAP NRCB-1 DENSITY OF NRC-2 (100 LAYERS/INCH) 611012266

TAP NRCB-2  SPECIFIC HEAT OF NRC-2 612012266

TAP NRCB-3  THERMAL CONDUCTIVITY OF NRC~2 (100 LAYERS/INCH) 613012266

TAP NRCC-1 DENSITY OF NRC-2 (160 LAYERS/INCH) 621012266

TAP NRCC-2  SPECIFIC HEAT OF NRC-2 622012266

TAP NRCC-3  THERMAL CONDUCTIVITY OF NRC-2 (160 LAYERS/INCH) 623012266

TAP FGLS-1 DENSITY OF FIBERGLASS 701012266

TAP FGLS-2 SPECIFIC HEAT OF FIBERGLASS 702012266

TAP FGLS-3  THERMAL CONDUCTIVITY OF FIBERGLASS 703012266

TAP MQTZ-1 DENSITY OF MICRO QUARTZ 751012266

TAP MQTZ-2  SPECIFIC HEAT OF MICRO QUARTZ 752012266

TAP MQTZ-3  THERMAL CONDUCTIVITY OF MICRO QUARTZ 753012266
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| TABLE L-1

\ (Continued)
TAP F11-23 THERMAL CONDUCTIVITY OF GASEOUS FREON 11 239012266
TAP F11-28 COMPRESSIBILITY FACTOR OF GASEOUS FREON 11 240012266
TAP BERL-1 DENSITY OF BERYLLIUM 291012266
TAP BERL-2 SPECIFIC HEAT OF BERYLLIUM 292012266
TAP BERL-3 THERMAL CONDUCTIVITY OF BERYLLIUM 293012266
TAP AL22-1 DENSITY OF ALUMINUM 2219-T87 301012266

| TAP AL22-2  SPECIFIC HEAT OF ALUMINUM 2219-T87 302012266
TAP AL22-3  THERMAL CONDUCTIVITY OF ALUMINUM 2219-T87 303012266
TAP AL70-1  DENSITY OF ALUMINUM 7075-T6 311012266
TAP AL70-2 SPECIFIC HEAT OF ALUMINUM 7075-T6 312012266
TAP AL70-3  THERMAL CONDUCTIVITY OF ALUMINUM 7075-T6,AS RECEIVED 313012266
TAP ALT70-4 THERMAL CONDUCTIVITY OF ALUMINUM 7075-T6sANNEALED 314012266
TAP MGA3-1 DENSITY OF MAGNESIUM AZ31B-H24 321012266
TAP MGA3-2 SPECIFIC HEAT OF MAGNESIUM AZ31B-H24 322012266
TAP MGA3-3 THERMAL CONDUCTIVITY OF MAGNESIUM AZ31B~H24, 323012266
TAP TeAL-1 DENSITY OF TITANIUM 6AL4V 331012266
FAP T6AL-2 SPECIFIC HEAT OF TITANIUM 6AL4V 332012266
TAP T6AL-3 THERMAL CONDUCTIVITY OF TITANIUM 6AL4V 333012266
TAP T110-1 DENSITY OF TITANIUM A110AT 341012266
TAP T110-2 SPECIFIC HEAT OF TITANIUM A110AT 342012266
TAP T110-3 THERMAL CONDUCTIVITY OF TITANIUM A1l10AT 343012266
TAP (C103-1 DENSITY OF COLUMBIUM C-103 351012266
TAP (C103-2 SPECIFIC HEAT OF COLUMBIUM C-103 352012266
TAP (C103-3 THERMAL CONDUCTIVITY OF COLUMBIUM C-103 353012266
TAP 8321-1 DENSITY OF STAINLESS STEEL 321 361012266
TAP S§321-2 SPECIFIC HEAT OF STAINLESS STEEL 321 362012266
TAP S321-3 THERMAL CONDUCTIVITY OF STAINLESS STEEL 321 363012266
TAP INCX-1 DENSITY OF INCONEL X 371012266
TAP INCX-2 SPECIFIC HEAT OF INCONEL X 372012266
TAP INCX-3 THERMAL CONDUCTIVITY OF INCONEL X 373012266
TAP INCX-4 THERMAL CONDUCTIVITY OF INCONEL Xo SOLUTION TREATED 374012266
TAP RE41-1 DENSITY OF RENE 41 381012266
TAP RE41-2 SPECIFIC HEAT OF RENE 41 382012266
TAP RE41-3 THERMAL CONDUCTIVITY OF RENE 41s 2HR SOLN TREATED 383012266
TAP RE41-4 THERMAL CONDUCTIVITY OF RENE 41s 4HR SOLN TREATED 384012266
TAP L1l2A-1 DENSITY OF LINDE SI-12 (8 LAYERS/INCH)} 401012266
TAP L12A-2 SPECIFIC HEAT OF LINDE S1-12 402012266
TAP L12A-3 THERMAL CONDUCTIVITY OF LINDE SI-12 (8 LAYERS/ZINCH) 403012266
TAP L12B-1 DENSITY OF LINDE SI-12 (10 LAYERS/INCH) 411012266
TAP tL12B-2 SPECIFIC HEAT OF LINDE SI-12 412012266
TAP L128-3 THERMAL CONDUCTIVITY OF LINDE SI-12 (10 LAYERS/INCH) 413012266
TAP L1l2C-1 DENSITY OF LINDE SI-12 (12 LAYERS/INCH) 421012266
TAP L12C-2 SPECIFIC HEAT OF LINDE S1-12 422012266
TAP L12C-3 THERMAL CONDUCTIVITY OF LINDE SI-12 (12 LAYERS/INCH) 423012266
TAP L120-1 DENSITY OF LINDE SI-12 (14 LAYERS/INCH) 431012266
TAP L120-2 SPECIFIC HEAT OF LINDE SI~12 432012266
TAP L12D-3 THERMAL CONDUCTIVITY OF LINDE SI1-12 (14 LAYERS/INCH) 433012266
TAP L62A-1 DENSITY OF LINDE SI-62 (40 LAYERS/INCH) 441012266
TAP L62A-2 SPECIFIC HEAT OF LINDE S!1-62 . 442012266
TAP L62A-3 THERMAL CONDUCTIVITY OF LINDE SI1-62 (40 LAYERS/INCH) 443012266
TAP L&28B-1 DENSITY OF LINDE SI-62 (60 LAYERS/INCH) 451012266
TAP L62B-2 SPECIFIC HEAT OF LINDE SI-62 452012266
TAP L628-3 THERMAL CONDUCTIVITY OF LINDE SI-62 (60 LAYERS/INCH) 453012266
TAP L62C—1 DENSITY OF LINDE S1-62 (80 LAYERS/INCH) 461012266
TAP L62C-2 SPECIFIC HEAT OF LINDE SI-62 462012266
TAP L62C-3  THERMAL CONOUCTIVITY OF LINDE SI-62 (80 LAYERS/INCH) 463012266
TAP L62D-1 DENSITY OF LINDE SI-62 (100 LAYERS/INCH) 471012266
TAP L62D-2 SPECIFIC HEAT OF LINDE SI-62 472012266
TAP L620-3 THERMAL CONDUCTIVITY OF LINDE $I-62 (100 LAYERS/INCH) 473012266
TAP L92A-1 DENSITY OF LINDE S1=92 (80 LAYERS/INCH) -~ 481012266
TAP_ L92A-2 SPECIFIC HEAT OF LINDE SI-92 482012266
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some Properties data by means of extrapolation and/or estimation into regions
where data were unavailable, All such "extended" data are flagged and inter-
polations based on these data are automatically noted by the interpolation
routi‘es, and suitable explanations are printed out. These "extended" data

are nbt necessarily accurate to within #5% but are included as a convenience.

Interpolation Routines

Once the required tables are stored in the data block, the properties
may be called for in the FUNCT subroutine, using'either the linear or
bivari%te interpolation routines discussed previously, or the linear in-
terpolation with integration routine discussed below. Linear interpolation
should be used for the solid and liquid properties data, except for the con-
ductivity of insulations which requires the special integratibn feature.

For gases, the bivariate interpolation routine is required since the
properties are temperature and pressure dependent. The tables are inter-
polated horizontally with temperature as independent variable and vertically
with pressure as independent variable. As a result, the. function specifica-

tion must be of the form

Y = BIV (pressure, temperature, table number)

An integer code has been added at the beginning of each table to indicate

the special nature of the table and the method of acquiring the data, if
applicable. The absence of the code or a code "0" indicates that no special
procedures (such as extrapolation) were required to obtain the data, ana
that interpolation is to take place in a normal fashion. The data classifi-
cation codes and their explanations are given in Table -2,

Since the actual property values in such tables are always positive,

the absolute magnitude of the value is used during interpolation. "Extended"

data are entered as negative numbers, thus allowing the interpolation rou-
tine to recognize when such values have been used, and to print a comment
that this has occurred.  Note, however, that if the code is zero or does not

appear, negative values are treated as negative.

443



TABLE L-2
| ' DATA CLASSIFICATION CODES

- Code Explanation
i 0 Normal curve
1 Extrapolated data
2 - Fitted‘parabola |
\
3 Estimated values
L "Dummy" values
5 Values for 1 atmosphere pressure
{6 Values for saturation line
7 Specialbbivariate interpolation
routine, used in Vicinity of
saturation line
15 . 1 plus 5
16 1 plus 6
71 7 plus 1
73 7 plus 3

A special situation exists for interpolation on incomplete bivariate
curves indicated by code "7." The properties of gases involve the satura-
tion line, beyond which data are meaningless. In the neighborhood Qf the
saturation line, interpolation will be attempted with only one, two, or

three meaningful points. This difficulty is surmounted by entering all

- points beyond the saturation line as zeros. The routine then recognizes the

situation, and shifts its base points until it has four meaningful values.
It then extrapolates to the required point, Note, again, that this will
occur only if g hon-zero code is entered in the table. (See Reference 2.)
If the code is zero or does not appear, normal linear bivariate interpola-
tion will occur, and any zero or negative value is treated as zero or
negative., | '

babhy
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A special linear interpolation and integration subroutine, XLIN, has

been included which determines the area under a specified curve, N, from

X1 to X2 divided by X2 - Xl:

X2
XLIN(X1, X2, N) = ,X—g—%yl / F(X)ax (k-3)
| Xl

This routine is intended specifically to compute temperature-dependent con-
ductivity of insulation. The routine integrates by the trapezoidal rule
from the/left end of the curve to X1, from the left end of the curve to
X2, and %hen divides the difference by X2 - Xl1. Equation (4-3) above then

becomess .

X2 1
XLIN(X1, X2, N) = X—g-—l—-ﬁ- * / F(X)ax - / F(X)ax (L-k)
460 460

XLIN is a variation of function LIN, and uses identical coding in
evaluating the curve at first X1, then X2. It integrates the preceeding
part of the curve as it locates the interval in which it interpolates. Hav-
ing integrated and interpolated for X1, the answers are saved, and a second
pass is made to evaluate the same functions for X2. Then the difference be-
tween the integrals is taken, divided by (X2 - X1), and that value is re-
turned as the value of function XLIN,

The curve, data block ﬁ, is required to be monotonically increasing
in the independent variable, but following the last value of the dependent
variable there must be a flag less than the last value of the independent
variable. This is the same rule that applies to function LIN.

An example of the function specification is
K = xuIn (7(1k), T(15), 28)

where the conductivity fdr the resistor connecting nodes 14 and 15 is to be

obtained by integrating curve 28.

k-5
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V - PROGRAM INPUT

This section déscribes how tb transcribé the sketch of the electrical
analoginetwork to data cards. It also describes how to prepare the subrou-
tines ﬁhich contain the functions and the print format.

The problem description for each case is divided into five distinet
blocks and two subroutines. The first three blocks define the network and
give th; initial values of the temperatures, resistors, and capacitors. The
fourth block is a list of sub-blocks of data required by the functions and
subroutihes. The fifth block lists the print interval, and the initial and
final times of the case. The functions and subroutines used in the case are
listed in FORTRANﬁstatements in the FUNCT subroutine. The PRINT subroutine
contains the list of quantities to be printed at each specified printing
interval, plus the desired output format.

A scheme whereby all circuit elements may be referenced between
blocks is completed by the user as he describes the circuit. In block 1,
each node is assigned an integer which is the designation number of that node
throughout the blocks following. Likewise, in block 2, each resistor is
assigned a designation number. Each set of data in block 4 is also assigned
a designation number. Moreover, the program automatically assigns designa-
tion numbers to certain computeq énd input quantities which are thereby
available to the user. A completevlist of these addressable quantities was
given in Section IV. )

The problem description is written on input data sheets or FORTRAN
coding sheets of a standard form. “Each line of data (blocks 1 through 5)
will become a card with columns 1, 2, and 3 containing a three-lettered
mnemonic code, columns 4 and 5 either containing a numerical value or left
blank, and columns 6 through N containing the data. Columns N + 1 through

T2 are then available for user's comments and a card sequence number, if

desired.

LOCKHEED 5-1
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1
SPECIAL DATA CARDS

| The three-lettered mnemonic code in columns 1, 2, and 3 will take one

of the |following seven forms:

1.

o

LOCKHEED
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Case Identification Card (CID). This is a card placed at the
beginning of each case to identify the output. The letters CID
appear in columns 1, 2, and 3, followed by user's comments in
columns 6 through 72. If the user desires, these comments may
be printed out at the top of each page of output belonging to
that case (see "FORMAT Declarations" discussed later in this
section).

DEC Card. The letters DEC in columns 1, 2, and 3, and ‘a numeri-
cal value greater than zero in columns 4 and 5 indicate that the
data on that card are not to be handled in any special way, but
merely to be entered into consecutive storage. The integers in
columns 4 and S5 represent the number of values or sets of values
on that card, as discussed in the following sections.

Increment Card (INC). This card is used to abbreviate a repe-
fitious list of data. It can only be used in the initial
temperature, resistor, and capacitor blocks, and in the data
block. It is best explained by an example:

DECO1 a b.
INC 2 -3.0 L

means that card DECO1 a b is to be repeated 4 times, each time
incrementing the first number on the card by 2 and the second
number by -3. Thus the 2 cards above are equivalent to the
following 5 cards:

DECO1 a b.

DECO1 a+e b-3.0
DECO1 a+h b-6.0
DECO1 a+b b-9.0
DECO1 a+8 b-12.0

Note that fixed- and floating-point numbers must be incremented

by fixed- and floating-point numbers, respectively. The number

of times the card is to be incremented (4 in the above example)

is given in fixed point as shown. As a further example, suppose
that the following cards are to be incremented:

DECO1 L 5 50 0.

DECO1 5 6 50 0.

DECO1 6 7 50 0.

DECO1 7 8 50 0.

DECO1 8 9 50 0.
5-2
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' l The proper instructions are as follows:

\ © DECOl1 - y o 5 50 0.
a , INC 1 1 0 0. L

L. Periodic Data Card (PER). The letters PER in columns 1, 2, and 3,
with columns 4 and 5 left blank indicate a periodic curve. The
period of the curve is given in floating-point notation in
columns 6 through 15. When a periodic curve is specified, the
PER card follows the IEC card which contains the curve designa-
tion number.

5. End of Block Card (NBK). Each of the first five blocks 'is termi-
nated by a card having NBK in columns 1, 2, and 3.

6. Geometric Resistor Card (RES). This card is used to specify a

| resistor whose value is automatically computed by the Thermal

i Analyzer, given the resistor geometry and the designation number
of the curve describing the material conductivity vs temperature.
i . See page 5-6 for details. '

7. Geometric Capacitor Card (CAP). This card is used to specify a
capacitor whose value is automatically computed by the Thermal
Analyzer, given the capacitor geometry and the designation numbers
of the curves describing the material specific heat and density vs
temperature. See page 5-8 for details.

DATA CARD FORMATS

All CID, INC, PER, and NBK cards have columns 4 and 5 blank. RES and

CAP cards always contain a zero (or a blank) in column 4 and a 1 in column 5.

? DEC cards have columns 4 and 5 blank only when the information contained on the
card is the designation nunber of a curve or table or when the card is a flag
3 in the restart block. In other words, a DEC card will have columns 4 and 5
1 blank if an only if the card does not contain a floating-point number. Other-
wise, a zero (or blank) is plaéed'in column 4 and an integer equal to the
; nurber of floating-point numbers contained on the card is placed in column 5.
The numerical data are contained in columns 6 through 65. The first
; \ field always begins in column 6. Fixed-point numbers have a field width of
| 5 columns and.must end in the last column of the field in which they appear.
i E Floating-point numbers have a field width of 10 columns and do not have to
; z end in the last column of the field except when the E format (indicating a

' power of 10) is used to input the value. It is recommended, however, that
\ all values end in the last column of the field to facilitate checking of the
= o
|

input data.
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'\ Any column to the right of the last field containing numerical data
can b% used for comments. However, certain of these comment columns should
be reserved for a card sequence number. Ordinarily a Lh-digit number start-
ing in column 69, or a 5-digit number starting in column 68 is sufficient.
The chbice and use of sequence numbers is purely arbitrary, and is at the
diséreLion of the user. As a general rule, however, a systematic scheme,
such as that shown in the examples vhich follow, should be employed to
facilitate subsequent changes in the deck and to allow for machine sorting
of the cards. Five-digit sequence numbers are useful in cases where a large
number of curves are required. A commonly used and convenient procedure is
to let the first three digits of the sequence number represent the curve
number,fand the last two digits represent the card number of that curve.
This syétem is used by the Orbital Radiation Program (Ref. 4) which has an
output option to supply the external heating rate history in the form of

curves punched in proper format for the Thermal Analyzer Program.

BLOCK 1, INITIAL TEMPERATURES

In block 1, each node is listed by a designation number (fixed-point)
by which the node will be referenced in later blocks, followed by the initial
value of the temperature at that node (floating-point number). Up to 4 nodes
and their initial temperatures may be listed on each card. An example of a

temperature input listing two nodes on a card is shown below.

COLUMN .
— . 5 10 20 25 35 & 72
DECO2 5 70. 6 105. 1005

d
tini‘bial temperature of node 5 in °F

in a ten column field ending in column 20.

node designation number in a five column
field ending in column 10

L--Q initial températures listed on this card

L-digit sequence number consisting of a "1" (to signify
temperature block) followed by the designation number of
the first node listed on the- card.

Note that fixed-point nﬁmbers_are listed in 5-column fields, and floating-

point numbers are listed in 10-column fields. No columns may be skipped

between fields.

54
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Since in many practical cases a uniform initial temperature applies

\
|

to a large portion of the network, the computer is programmed automatically

to increment initial temperatures. For example:

DECO1 1 70.
DECOL 50 100.

DEC 01 80 20.

would be interpreted as

T(1) through T(49) have an initial temperature of TO°F;
T(50) through T(79) have an initial temperature of 100°F.
T7(80) has an initial temperature of 20°F.

| Note that storage is reserved for nodes 1 through 80 whether they are
used OL not. Thus, these locations may be used for storing miscellaneous
floating-point data.

The initial tehperature block, as well as the resistor, capacitor,

data, and time blocks, must be terminated with an NBK card.

BLOCK 2, RESISTORS

Each resistor is listed by the designation number of the resistor,
followed by the designation numbers of the two nodes which the resistor con-
nects, followed by the initial value of the resistor. In those cases where
all values of a resistor are to be computed by a function, a dummy initial
value (as zero) must be given. All resistors must be given in this block
even though they may be described later (for instance, radiation resistors).
Up to 2 r?gistors may be listed on a card. An example of a resistor input

is shown below.

COLUMN :
—] 5 10 15 20 30 ' 6 72
DECO1 180 150 25 3000. 2180
] .
y t——ini‘tial value of resistor /]

180 in sec’F/Btu

nodes to which resistor 180 attaches

-resistor designation number

-1 resistor listed on this card

L-digit sequence number consisting of a "2" (to signify resistor block)
followed by the resistor number

LOCKHEED 5=5
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An input option provides for the program to compute its own resistor
values, given the resistor geometry and a curve of the material conductivity

as a function of temperature. The resistor is computed by the formula

R 8 __ sec’F
kwd Btu

wheré\
8 = the distance along conductive path
k = the thermal conductivity
w,d = the width and depth of the cross~sectional

conductive heat transfer aresa -

The resistor is automatically computed if described in block 2 as follows:

COLUMN
—— 5 10 5 20 30 40 30 55
RESO1 A B C 1) W d N
where
A = the resistor designation. number
B,C = the nodes which resistor A connects
8,w,d = the length, width, and depth of the resistor
N = the designation number of the curve containing

the material conductivity as a function of
temperature
Any consistent set of units may be employed. A, B, C, and N are listed in
fixed-point notation in o-column fields. &,w, and 4 are given in floating-
point in lO;column fields. - The pfogram updates the resistor value each
computing cycle, after interpolafing for the conductivity as a function of
the temperature of node B. _
This option is applicéble only when the resistor cross-section is
\ uniform. The conductivity curve can be described in the data block, or may

be called in from the thermal propérties library.
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BICC¥ 3, CAPACITORS

| Fach node at which there is a capacitor is listed by that node's
designation number (already assigned in block 1), followed by the ﬁalue of
the éap citor. If the capacity is to be computed by a function, a dummy
- initial| value must be given.
\'At each node for which a capacitor is specified, i.e., appears explic-
tly in the capacitér block,a new temperature is computed for that node.
If, however, no capacitor is specified for a given node, no heat balance is
computed, and the temperature of that node remains unchanged, unless changed
by a fundtion statement.
ﬁp to four capacitor values can be listed on a card. An exainple

of a capacitor input is shown below:

COLUIM
—_—1 5 10 20 & 72
DECOL 25 L117, 3025
b value of capacitor 25 in Btu/°F ‘

capacitor (node) designation number

number of capacitors listed on this card

k-digit sequence number consisting of "3" (to signify
capacitor block) followed by the capacitor designation
number.
An input option provides for the program to compute its own capacitor
values, given the node geometry and curves of density and specific heat as a

function of temperature. The capacitor is computed by the formula

C =9%wdpc ]%_t_g
F.
i where
\ §,w,d = the length, width, and depth of the node
g ‘ p = the material density
? ¢ = the material specific heat
|
s
|
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The cabacitor is automatically computed if described in block 3 as follows:

COLUMN

—_—1 5 10 20 30 40 45 50
APOL A o W d Nl_ N2

where

A = the capacitor designation number

'

Ny = the designation number of the curve contalnlng the materlal
specific heat vs temperature

No= the designation number of the curve containing the materlal
density vs temperature
Any consﬁstent set of units may be employed. A, Ny and No are given in
fixed-po&nt notation in S5-column fields, and 8, w, and d are given in floating-
point notation in 10-column fields. The capacitance of node A is updated
each computing cycle, after the program interpolates curves Nl and Ny for the

specific heat and density.

BLOCK L, INPUT DA"]]A

Biock 4 consists of individual sub-blocks of inpuf data which are
used by the functions. The function which uses the data determines the
nature of the numbers in the sub-block. For instance, the data might be the
point by point description of a curve which the function will use for inter-
polation. Also, the data block is very convenient as a storage for data
constants used for special calculaticns, or as temporary storage to be used
as'requirea during various portions of the program.

Fach sub-block of data is identified by a fixed-point number called
the designation number of the sub-block. The designation numbers are arbi-
trary, but can be used only once. A DEC card with the designation number
1isted in columns 6 through 10 must precede the sub-block, and a DEC card
with the negative of the designation number listed in columns 6 through 10

must terminate the sub-block.

LOCKHEED - 5-8

CALIFORNIA COMPANY

s




®
R

IR 18902

| To illustrate, suppose that the curve plotted below 1s to be described

in the data block.

‘\

1000
CURVE 15

TEMPERATURE
t
S
o

100
O 9 1 i
0 50 100 150 200
TIME
Curve 15 would appear on the input data sheet as follows:-
COLUMN
—— | ] 10 18 25 35 45 56 €s 69 72
DEC 15 Loo1
DECO6 0. 60. 50. 110. 90. 220.  Loo2
DECO5 150. 570. 200. 1000. 0. - 4003
DEC -15 Look

In block L4, the sequence numbers are often assigned as consecutive
integers starting with 4001. In the above example, card LOOl contains the
curve designating number, and card 4OO4 contains the negative of the curve
designation number. The actual curve is described on cards 4002 and 4003
by listing the coordinates of the'points circled on the plotted curve. Each
independent variable must immediately precede the corresponding dependent
variable, and the independent variables must be listed in increasing order.
Tre number of points needed to describe a curve depends on the accuracy re-
quired, and the type of interpolatioﬁ routine employed.  The machine as yet

does not know whether the‘variables are time, temperature, or something else;

\O
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this%information being given in the FUNCT subroutine. The zero on card MOO3
is aiflag indicating the end of the curve. This flag can be any number as
long as it is less than the preceding value of the independent variable,
which|in this example is 200. This point is important, for if all values of
the i dependent variable were negative, then the zero would not be correct.
If, for example, the last value of the independent variable were -50,, the
end-of-curve flag would have to be something like -51.

The designation number of a sub-block may be used in the FUNCT and
PRINT subroutines to refer to a particular element in the sub-block. Before
such a reference can be made, however, a locating statement must be made in
the subroutine in which the reference is made. For exampie, to refer to a
value in curve 15 above, the statement

‘ 115 = LOC(15)
is first necessary. Then the sixth number in curve 15 (in this case the
value 220.) would be referred to as
P(115 + 6)

In determining the sixth number note that the table designation
number itself is not counted. Also, if this had been a periodic curve, the
value given for the period would not be counted.

As stated previously, the data block must be terminated with an NBK
card. Occasionally, a thermal analyzer problem will be run in which block k4
is not required. In this case two consecutive NBK cards must appeér at the

end of the capacitor block.

BLOCK 5, TIME CONSTANTS

Block 5 contains the printing interval, the final time of the case,
and the inifial time of the case. These are the only three quanfities to
appear in block 5, and they must be given in the order listed above. The
unit of time must be consistent with that used throughout the problem,

normally seconds. A sample time block is shown on the following page.

LOCKHEED 5-10
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COLUMN

- B B 25 35 9 72
. DECO3 Do 150. 0., 5001
| | -~ et

1. L initial time ‘ ‘

final time

print interval

\

L-digit sequence number starting with a "

5" (to signify time block) —

These items can, of course, be listed on separate cards, thus allow-

ing room for comments following the numbers.

RESTARﬂ BLOCKS
]

. Many times it is desired to run several cases which are basically
similar, differing only in the values of certain parameters. An example
of this is a parametric study of the insulation thickness required for a
given application where only resistor and capacitor values are changed be-
tween cases. Another example is an Earth-orbiting vehicle, where solar in-
puts can vary depending upon the angle between the Earth-sun line and the
orbit plane. The restart can also be used to string several transient cases
together, with the final temperatures of one case being used as the initial
temperatures for the case which follows. |
To use the restart feature, one or more restart blocks (each one
constituting a separate case) can be added, with each restart block causing
the preceding case to be re-run as a new case with certain changes as indi-
cated in the restart block. A restart block can change any or all of the
data sub-blocks, but if a data sub-block, e.g., a curve, is changed, it must
be restarted in its entirety together with the same desiznation number used
in the ofiginal case and it must'contain the same or fewer numbers than the
data sub-block being replaced. If the curve is periodic, the PER card must
! be included in the restart. Also, a restart block can change the time block,
! but if the time block is changed, it must be restarted in its entirety. If
' more than one restart block follows a case, each succeeding restart block is

| '
1 interpreted to be changes to the immediately preceding case, and not changes
| to the original case.

| A

|
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1Since each restart is a separate caZe, a CID card is inserted ahead
of eachgrestart to identify the output. This card is not mandatory, but
its use!is recommended. The next card is a flag indicating to which block
the Car\s following the flag refer. The flags are as follows (note absence

of decimrl point):

(616)78) U1
—m— ] 10 .
DEC 1l New initial temperatures .
DEC 2 New resistors
DEC 3 New capacitances
DEC Y New time block
DEC | 5 New data sub-blocks

'

!
Immediately following each of the initial value change flags (1, 2, or 3)

are the change cards. Each of these change cards contains two items, the
first being the designation number of the item to be changed and the second
beiﬁg the new initial value of that item. A DEC O card ends each set of
change cards pertaining to a particular class of quantities, e.g., resistors.
If the time block is to be changed, a DEC L card followed by the complete
time block, i.e., print interval, final time and initial tiﬁe, plus a DEC O
at the end is required. A DEC 5 card precedes the new data sub-blocks, with
a DEC O card after the last new sub-block. Each restart block, i.e., all
the changes required for a given case, is terminated with an NBK card.

As an example of a restart, the following changes are to be made

in a case:

n

(a) m(17) = 50.

(b) R(15) = 6000.

(e) c(11) = 0.031

(d) New linear curve 40, where,

y.=17. at x = O.
¥y = 53. at x = 100.

\ (e) DNew time block, where,

l ' M(4) = 10.
E ‘ ‘ M(3) = 500.
| M(2) = 150.

The input is shown on the feolloring pcoge. The order in which the

‘ various blocks are changed is arbitrary.
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DEC
' DECO1
| DEC
DEC
DECO1
DEC
DEC
DECOL
DECO1
DECO1
DEC
DEC
DECOL
DEC
DEC
DEC
DECO2
DECO2
DECO1
DEC
DEC
NBK

One

IR 18902

10 15 20 25

CID RESTART EXAMPLE
‘ 2 Change resistors
15 6000.
0
1l Change temperatures
17 50.
0
L Change time block
10. New print interval
500. New final time
150. New initial time
0
3 Change capacitors
11 .031 A
0
5 Change data block
40 ' New curve 40
0. i7.
100. 53.
0. End curve L0
-40
0 End curve changes

End restart block

very useful application of the restart feature is in the analysis

of an Earth-orbiting vehicle for which several sets of solar inputs may be

applicable depending upon the orientation of the orbit plane with respect to

the Earth-sun line. For this case the basic deck incorporates only the

storage required to accommodate the solar data. To prevent the basic deck

from running, the initial and final times should be input as zero. The

correct time block can then be included in the various restart decks which

load the particular solar inputs for each orbit orientation.

The

!:QCKHEED

s fhAaN:A ComPany

following points should be kept in mind when using restarts:

A restart block can only change values which had been given in
the original case.

A restart cannot change the structure of the network, i.e., the
way the various resistors and capacitors are connected.

A restart cannot add or delete data sub-blocks, but merely change
the data contained in these sub-blocks.

A restart block cannot change the FUNCT or -the PRINT subroutines.
The data within a restart block can be incremented, but those

increment cards used in the original case are no longer appli-
cable and must be repeated if the restart data is to be incremented.

5-13
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FUNCT SUBROUTINE

. The FUNCT subroutine is an ordinary FORIRAN subroutine in which the
user 1ists all curve interpolations, arithmetic operations, and special func-
tions tE be performed during program execution. These functions are executed

at the eginning of each computing cycle, before the heat balance is performed.

'A standard input format is described below so that the user need not have a

knowledge of FORTRAN to prepare this routine. If the user is familiar with
FORTRAN he should still learn to f£ill out the forms as described, but then
should not hesitate to employ his knowledge to supplement ihe capabilities of
the prepared program. |

Tﬁe input form for the FUNCT subroutine is illustrated in Table 5-1.
All of the information shown must appear in the subroutine and, with the
exception of the functions, these are generally the only items which must
appear. With the exception of the first card, the information begins in
column T. A four-digit sequence number is placed in columns 7T through 80 of
each card as a convenience in sorting or making changes to the deck.

The statement $IBFTC FUNCT on the first card identifies the function sub-
routine and must be input as shown. The statement NODECK, NOREF will delete from
the output the internal reference listing for the subroutine and will eliminate
the punching of a binary deck. If either of these items is desired, replace
NODECK (or NOREF) with DECK (or REF ), leaving no blank spaces; e.g., DECK,REF.

The statement SUBROUTINE FUNCT sets up the linkage between the FUNCT
subroutine and the calling program, and must be input as shown.

The variables listed in the COMMON declaration are assigned locations
in a reserved section of core so they will not be destroyed by overlay opera-
tions. Card 6003 must also appear as shown.

The DIMENSION declaration tells the processor how much spaée in memory
must be alldcated or reserved for each collection of elements. Each variable
which appears in the program in subscripted form must appear in a DIMENSION
statement, and tﬁe statement must precede the first appearance of the variable.
For example, on card 6004, 16 storages are reserved for the collection of
elements called M, which are defined in Section IV. The DIMENSION declaration

should Be filled out exactly as shown. If the user wishes to add another
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subscripfed variable to the subroutine, storage may be reserved by including on
card 600% the name of the variable followed in parentheses by the number of
quantities requiring storage space. Alternately, a second DIMENSION card

could be added to accomplish the same purpose. . :

Erom the user's standpoint the EQUIVALENCE declaration is required so
that he Aay refer to the temperatures, resistors, capacitors and heating rates
in terms 5hich are meaningful to him. As an example, it allows the user to
refer to a particular temperature by a T followed in parentheses by the node
designation number. The user must f£ill in the blank spaces within the ﬁaren-

theses on cards 6006 ihrough 6010 with the five integers defined below:

CARD INTEGER

60d6 J=1 + greatest temperature designation number
6007 k=j + greatest temperature designation number
6008 m=k + greatest resistor designation number
6009 . n=m + greatest capacitor designation number
6010 p=n + greatest capacitor designation number

Since columns 7 through 72 are all available for data input, the
EQUIVALENCE declaration could actually be written on two cards, instead of six
as shown. The integers in colum 6 are codes indicating that the information
on that card is a continuation of the information on the previous card.

The REAL statement defines the variables M and LIN as floating-point
values, since ordinarily these variable names are reserved for fixed-point
values. '

Next, all functions which the program is required to execute are listed,
in the order of their execution. The order of execution is generally unim-
portant except when the execution of one function involves the result of

| @another. For the user's convenience, the functions discussed in Section IV are
summarized in Table 5-2. ' _

E The FUNCT subroutine is always terminated with the RETURN statement and
Ethe END declaration. The RETURN statement marks the completion of the intended
itask, and returns control to the calling program. The END declaration merely
!signals the processor that there are no more cards to be translated for that

‘program.
|

! _
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TABLE 5-2.
SUMMARY OF FUNCTIONS AND SPECIAL SUBROUTINES

IR 18902

. FUNCTION EXAMPLE MEANING
LINEAR INTERPOLATION Y=LIN(X,N) Y is a linear function of X given
by curve N
PARABOLIC INTERPOLATION Y=PAR(X, N) Y is a parabolic function of X

BIVARIATE INTERPOLATION

LINEAR INTERPOLATIQN
WITH IﬁTEGRATION

RADTATION WITH CONSTANT
FACTOR

RADIATION WITH VARIABLE
FACTOR

RADIATION WITH MATRIX

CONVERGENCE

LOCKHEED

CALIFORNIA COMPANY

Y=BIV(XI,X2,N)

K=XLIN(X1,X2,N)

R(A)=RAD(B, C,K)
R(A)=RAD(B, C,X)
R(A)=RRM(B,C,N)

CALL CVG(A,N,M)

5-17

given by curve N

Y is a bivariéte function of X1
and X2 given by table N

K (thermal conductivity of
insulating material) is

X2

L F(X) ax

Xo-X1 N ;
X

1

where X1 and X2 are the tempera-
tures of the nodes on each side
of the insulation

Resistor A connects nodes B and
C and the K factor is a fixed
constant.

Resistor A connects nodes B and
C and the K factor is stored in
the circuit element X.

Resistor A connects nodes B and
C and table N contains the data
used. to compute the K factors.

The heat balance and list of
functions are evaluated
repeatedly until the temperatures
reach the required convergence,
A. A maximum of N iterations

are to be performed, and a print
is required every M-th iteration.
If M is negative, convergence
will be attempted with all
capacitors set to zero.



TABLE 5-2 (Cont)
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\ FUNCTION

EXAMPLE

MEANTING

STEADY| STATE-

MAXIMUM=-MINIMUM

SAVE CURRENT DATA

INITIAL TEMPERATURE
CARD PUNCH

CURVE PLOTTING

AFRODYNAMIC HEATING

ABLATTON

LOCKHEED
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CALL STS(A)

CALL MMF(Oi, of,

N,S)

CALL SAV(A, B)

CALL PUNCHT
(6,4,B)

CALL TPLOT(N)

CALL EAH i(j,K,
H:O%:F)

CALL ABL(i,N)

5-18

All capacitors are set to zero;
the function list is ignored,
and the heat balance evaluated
repeatedly until the required
convergence, A, is obtained.

The program searches the output
every S~th computing cycle
between times Oi and of to

determine the maximum and the
minimum temperatures of the
nodes listed in table N.

If A (usually current time) is
greater than B, the data cur-
rently in core are stored on
tape and used as initial condi-
tions in the subsequent case.

The temperatures A through B at
time @ are recorded on punched
cards in proper format for the
initial temperature block.

The temperatures of all nodes
listed in table N are to be
machine plotted.

The aerodynamic heating to node
j is to be computed by the
reference temperature method.

K is the Eckert K factor, H is

the location where the calculated

heat transfer coefficient is to

be stored,czo is the surface

angle of attack, and F is a code
indicating whether node j is
located on an upper or lower
surface. H, a,, and F are

optional inputs.

The surface (ablating) node
number is i and table N contains
the ablator properties used to
calculate the network parameters.
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PRINT SUBROUTINE

l The PRINT sﬁbroutine is an ordinary FORTRAN subroutine in which the
user specifies the quantities that are to be printed out at each printing
intirval, and the desired output format. ILike the FUNCT subroutine, no
knoyledge of FORTRAN is necessary to prepare this routine. However, to take
advantage of the ability to specify the output format, the user is encouraged
to learn the basic rules in writing format statéments. In the discussion
whiéh follows, emphasis is placed on the input for a "standard" print format
which will be acceptable to the user in most cases. This format lists the
data in six full columns, with the corresponding time appearing by itself to
the left of the first row of output. None of the quantities are labeled, but
this %s of little consequence unless a very large number of quantities are
being printed. The advantages of this format are its simplicity and the fact
that it requires no knbwledge of format statements by the user. TFollowing

the explanation of this "standard" format, some of the general rules pertain-

‘ing to the writing of format statements are reviewed for those who wish to

label their oufput.

Standard Print Format

The input form for the PRINT subroutine is illustrated in Table 5-3.
The first eleven cards contain essentially the same information as the cor-
responding cards in the FUNCT subroutine (Table 5-1). The blank spaces in
the EQUIVALENCE declaration must be filled in with the integers j, k, m, n,
and p defined in the preceding section. The REAL statement in the PRINT sub-
routine does not declare LIN to be a real, or floating-point, value since the
variable LIN will not ordinarily appear in this subroutine.

The WRITE statement specifies the quantities to be printed and refer-
ences the statement number of the FORMAT declaration which specifies the

arrangement of the output data. The general form of the WRITE statement is

WRITE (6,N) A,B,Cyeeen

where 6 is the designation number of the system output tape, N is the number
of the corresponding FORMAT declaration, and the quantities A, B, C, etc.,
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. |
are»éo be printed in that order. On card 7012, for example, the statement

I

|

|

WRITE (6,10) M(1),

willlcause the value of current time to be printed first. The user should then
1ist fthe remaining items of interest, separated by commas, in the order in
which| they are to be printed. Any addressable element may be printed out.
Although not required by the program, if the standard six-column format is used,
these' elements should be listed six to a card for convenience in identifying the
outpug. There is no limit to the number of items that may be printed. Any
character other than O (zero) or a blank may be used in.column 6 as a continua-
tion flag. However, the maximum number of continuation cards in any ctatement
is 19./ If more than 20 lines are required, the remaining items are lizted on

additional WRITE statements, all of which begin
WRITE (6,10)

When the designation numbers to be listed in a WRITE statement are consecutive,
they can be abbreviated. To illustrate, if the temperatures of nodes 20

through 85 are to be printed consecutively, an acceptable WRITE statement is
WRITE (6,10) (T(I), 1=20,85)

The FORMAT statement shown in Table 5-3 calls for the values to be
printed out using fhe E format (for powers of 10), with seven quantities
listed on the first line, and six on each remaining line.

The PRINT subroutine must be terminated with the RETURN and END cerds.

The output format described above is illustrated in Example #1 of
Section VI. The following section describes the FORMAT declaration in more
detail for those who wish to take advantage of the opportunity to specify the

output format.

FORMAT Declarations

When the results are to bé printed on one or more lines of paper, the
computer must know how the information is to be distributed among the columns
on each printed line. The information to be printed on a particular line may

be thought of as a unit output record. Some line printers for the IBM 1401
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and 1410 computers can acéept unit output records containing 100 characters
while other printers, such as the 1401 with special features, provide 132
printer coiumns. The following discussion pertaining to output will assume
the use ofla line printer which can accept records containing 132 chafacters.

Regardléss of the printer used, the first character of each record is actually

not printed. Instead, it is interpreted by the printer as a special code for
control of paper movement just prior to printing the record. As a result,
only 131 characters are available to the user to become printed information
on 131 columns of the printed line.

Each unit output record is made up of one or more fields, a field
being a group of one or more columns whose contents can or must be described
separately. [Each field is described by a format code which specifies the
form, size, and location of each field from left to right within each of one
or more records. The purpose of the FORMAT declaration is to make this code
available to the computer during execution of the WRITE statement. The

remainder of this section is concerned with the definition, description, and

use of format codes.

Field Specification Codes - Numerical output will take one of the

following three forms:

1. Integers (I-fields) - Integers are printed out without

decimal point; for example,
+0X

2. Floating Point With Exponent (E-fields) - When using
this form, the decimal point is printed immediately to

the left of the leading significant digit; for example,

i ’ iO.XlX2X3XﬂE + nln2

‘ applies to a request for 4 ‘decimal places.
i 3. Floating Point Without Exponentiation (F—fields) - An
example of this form applicable to a request for

5 decimal places is

| .
] B R R R | O
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In al% three examples, the negative sign will appear if the quantity is

negative, but the + sign will never appear.

A field specification for an I-, E-, or F-field consists of one of the
letters I, E, or F followed by an integer which specifies the size of the
field,|i.e., the number of available columns fo be used. If the E or F field
is specified, an additional code is required to denote the location of. the
decﬂnal point. For example, I6 specifies a six-column integer field, and
F10.5 specifies a ten column F-field with five numbers following the decimal
point. Caution should be exercised in specifying the field width of E-fields
since accuracy to one significant digit only requires an E-field of eight

columns,| i.e.,

|
. + +
_O.XlE + mlnl

As examples of the general output appearance of E and F fields, con-
sider the number -13.175492. The output appearance for several different field

specification codes are shown below:

Code Output Appearance
F10.6 ' -13.175492
F10.3 -13.175
Flo. O ) . -13|
E10.4 0.1318E 02 (invalid)

Note that E-field specifications must provide at least 7 columns in
excess of the number of decimal places required. Regardless of the format

code, the last digit always appears in the last column of the field.

Format Declarations for Records Containing Numerical Data Only - The

general form of the FORMAT declaration is simply a statement number followed

by the word FORMAT followed by the format code in parentheses; i.e.,
NN FORMAT (format code)

Its use is best explained_by examples. Suppose that we wish to print the
variables M(5), T(6), R(18), c(26), J1, and KLOD in that order. The first

LOCKHEED ‘ >-23
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four |are floating point variables, and the latter two are fixed point. If the
WRITE statement were

| WRITE(6,35) M(5), T(6), R(18), C(26), J1, KLOD

thé FORMAT declaration might appear as

i 35‘FORMAT (F10.4, F10.L, F10.4, F10.L, I5, I5)
or

35 FORMAT (4F10.L, 2I5)

{Both formats would result in identical outputs consisting of a 10-
column F-field for the floating point numbers, and a 5 column integer field
for the fixed point numbers. The printed line might appear as follows (note

that the first column is always skipped):

COLUMN
- 2 10 20 30 40 45 50

50.0000 =-31.7183 8267.9526 1.8913 6 ;83

Parentheses may be used within the format code to indicate repetition
of the format description within the parentheses for all succeeding lines.

For example, the WRITE statement
WRITE_(6,10)(TfI), I=1,50)
end corresponding FORMAT declaration
10 FORMAT (6E15.L4/(TF15.2))

will cause the first six temperatures to be printed on the first line usin: the
}' E-field format. Then, the remaining kb temperatures will be listed, sever rer
l line using the F-field format. The slash (/) indicates the end of a recori,

i.e., the end of a printed line, as explained in the next section.
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Printer Carfiage Control - In order to print an output record, the

1 .
line printer must first be told on which line that record should be printed.

With this information, the printer can then move the carriage which holds the
paper\the desired amount Jjust prior to the printing of a line. The printer
receives the desired carriage control information in the form of a one char-
acter |code placed at the first of the output record being readied for printing.
The first position of the record, therefore, is never printed and is always
assumed to be a carriage control code. It is therefore imperative that each
output record be format coded to provide a carriage control code in the first
column.

{Single line spacing means that the paper is advanced one line before
printiné. The code for single line spacing is a blank (o). With some risk
of errof, a blankAis ensured if the first field is an I-, E-, or F-field which
has been provided with more than enough columns to print the given number. A
much safer approach is to force a blank in the first character of the output
record by making the first field a skip field. This is accomplished by incor-
porating in the format code the specification mnX, where mn is an integer
representing the number of columns to be skipped. Some examples are given

below.

In the last example of the preceding section
FORMAT (6E15.L4/(7F15.2))

was assumed to be a suitable FORMAT declaration. A much preferred form, in
which we are certain to have a blank as the leading character of each record,
is

FORMAT (1X,6E15.4/(1X,7F15.2))

When this form is used, each new record described begins with a 1X field.
The first line has the format lX,GElS.h and all succeeding lines are described
as 1X,T7F15.2. ‘

Line spacing is accomplished by use of a slash (/) or multiple slashes
ahead of or following any record description. The above example is now

repeated several times to illustrate this technique:
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Example 1

|
-i
|

FORMAT (1X,6E15.4//(1X,T7F15.2))

|
The double slash causes an extra blank line to appear after the first line is
printj:. The first slash marks the end of the first line and the second slash

marks tthe end of the second line.

Example 2 '
FORMAT (1X,6F15.4////(1X,TF15.2))

By the same reasoning quadruple slashes cause three extra blank lines.
In general, N slashes appearing at the end of a record description will produce

N-1 extra lines after that record.

!
Example 3

FORMAT (1X,6F15.4/(1X,7F15.2)/)

' The slash before the final right parentheses does not cause an extra
line. The combination "/)" has the same effect as the final parentheses ")

by itself.

Example L
FORMAT (1X,6E15.4/(1X,7F15.2)//)

The double slash causes one extra blank line after each record coded

(1X, TF15.2).

Example 5
FORMAT (//1X,6E15.4/(1X,T7F15.2))
The double slash causes two blank lines before the first record is
printed, so the printing begins on the third line. In general, if N slashes

appear at the very beginning of the format code, N extra blank lines will

result.

Hollerith Fields - The use of a Hollerith or H-field enables the user

to provide for the printing of alphameric words or phrases in the form of
comments, titles, headings, etc., to explain the numerical results being

printed. Use of H-fields, while frequently desirable, is optional. An H-field

is of the form ‘
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l . - sssHeee...ccC

sss 1s a space count which may be any integer up to 132.
H is the symbol identifying the Hollerith field.

ccec...ccc denotes the contents of the sss spaces following immediately
, after the letter H; ccc...cce includes all blanks and special char-
acters, i.e., all blank spaces indicated by the symbol O must be
included in the space count.

Hollerith fields are especially useful to print messages, titles, and
headings without calling for the value of variables. Also, they can be used
for linerprinter carriage control. Since the use of a line printer requires
that the first position of any output record be a carriage control character

it is convenient to introduce a one space Hollerith field as the first field

of every output record, as shown below.

Desired Paper Required Carriage Simplest Way
Movement Upward Control Code of Coding
one line o (a blank) ' 1HO
two lines 0 (zero) 1HO
skip to top of next page 1 1H1

To illustrate, the format used as an example above

FORMAT (1X,6E15.4/(1X,TF15.2))

could be written
FORMAT (l'HVD6ElS.h/(lHC)7F15.2))

and in each case the output would appear the same, i.e., single-spaced. If we
wished to start printing at the top of the page, the appropriate format code
is

FORMAT (1H16E15.4/(1HOTF15.2))

To further illustrate the use of Hbllerith fields assume that it is
desired to list the current time M(l), print intervalAM(iS), minimum RC

product M(6), and the node at which the minimum RC product appears M(9).
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Fuythermorp, this information is to be printed on one line and labeled as

follows

T]ME D 9.9.0.00.0.88 SECONDSA AAASCOMP. IN‘I'ERVAL—X}O(.X XXX SECONDSA AAA /\( RC)MIN=XXXX. L,
SEAONDS AT NODEXXXXX.

The\carets (A) indicate that a blank space is to be provided. If a paper
movement of two llnes (double space) is de81red before writing this line, the

approprlate WRITE statement and FORMAT declarations appear as follows:

WRITE (6,837) M(1), M(15), M(6), M(9)

837 FORMAT (6HO TIME=,F8.0,8H0 SECONDS, 5X,15HCOMP. O INTERVAL=F8. 3, 8HO SECONDS,
1| 5X,8H(RC)MIN=,F8.3,16H0 SECONDS O AT O NODE, F6.0)

The following remarks pertaining to the above FORMAT declaration are

appliéable:

1. The zero in the first Hollerith field serves as carriage control,
mov1ng the paper upward two lines.

2. Any character lying within the Hollerith field, i.e., any charac-
ter found within the sss spaces following the H, will be printed
exactly as it appears in the format code. These spaces within the
H-field must be counted carefully to ensure that the correct space
count is used. An error in the space count will usually render the
format code invalid.

3. It is not necessary to separate by a comma an H-field from any
characters which follow it on the right. Thus, in

8H(RC)MIN=,F8.3....

the comma could be optionally omitted after the equal sign. The
comma in

F8.3,16H0 SECONDS. v+«

Is required. The reason is that commas are required to mark the end
of one field code and the beginning of another when the computer

has no other means of determining this demarcation. Due to space
count, an H-field, unlike other field codes, provides sufficient
information for the computer to determine where it ends.

L. The integer 1 on the second line of the FORMAT declaration is a
continuation code, and appears in column 6.
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i The reader should now be in a position to interpret the "standard"
Format code given in the Section "Standard Print Format", i.e.,
|

FORMAT (1HO,7E18.8/(19X,6E18.8))

After the paper is advanced 2 lines, the first 7 numerical quantities are

.iisted, using an 18 column E-field format. On each succeeding line the first

19 spaces are skipped, followed by 6 numerical quantities again using the
E-field format. '

Alphameric Fields - Alphameric or "BCD" information may be

stored internally in the computer and printed out when desired using the

A-field qode. This code has the following form:

Axx
where xx is the field width or the number of columns allocated for the field,
and A is the code letter for this type of field.
The use of A-fiélds will not be discussed in detail except for
explaining the procedure to have the information on the CID card printed in
the output. To accomplish this, the COMMON card in the PRINT subroutine

must appear as
COMMON P,M,MISCEL(23),CID(12)

Then, assuming the FORMAT declaration is statement number 101 and it is
desired to skip to the top of the next page, the WRITE statement and FORMAT

declarations appear as follows:

WRITE (6,101)(CID(I),I=1,12)

101 FORMAT (1H1///33X,12A6)

Thé triple slash will cause the top two lines to be skipped. Thirty-
three spaces are skipped to approximately center the CID information on the

top of the pages The line skipping and centering are, of course, optional.
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VI - EXAMPLE PROBLEMS

Two examplés demonstrating the various program features are presentéd

- in this section. These problems are worked in detail to show the complete

process involved in converting the physical system into an equivalent RC
network and the transcription of this network onto the data sheets from
which the data cards are punched. The computer output is shown for both

problems.

EXAMPIE #1 - Temperature response of an equipment-mounting plate during sub-

orbital test flight of a lifting re-entry vehicle.

Problem Description

A number of heat-dissipating electronic components are mounted on
a 0.10-in. aluminum plate in the equipment bay of an unmanned lifting re-
entry test vehicle. The plate and equipment radiate on both sides to quartz
fiber insulation attached to the internal surfaces of the upper and lower
skins. The skin temperatures are known functions of time from a separate
ascent and re-entry heating analysis. Assuming a mean heat dissipation of
lOO-w/sq ft (0.095 Btu/sec-ftg) and an equipment density of 25 psf, the
problem is to determine the temperature rise of the aluminum plate and
equipment during the suborbital flight. The physical picture and cor-
responding thermal network are shown in Figure 6-1.

The insulation is divided into lumps either 1.0 in. or 0.5 in.
thick, with nodes appearing on the interior boundaries where radiation to
the equipment plate occurs. Although node and resistor designation numbers
are completely arbitrary a systematic scheme is employed for convenience.

The following material properties are assumed.
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GEOMETRY /—— UPPER SLRFACE T =T (8)

2-1/2" QUARTZ FIBER
g INSULATION

] L . 0.10"ALUMINUM PLATE
© PLUS 25 Ib EQUIPMENT
DISSIPATING 100 WATTS

C —

3-1/2" QUARTZ FIRER
ENSULATION

. N\ LOWER SURFACE T =T (5)

NETWORK
T]Y)
. 2R } NODE 2
2
1. &R NCDE 3
SRy NODE 4
T4
4
4 T51g
T "5
' NODE 6
1,9 © NODE 7
R
Tg R7 } NODE 8
To g } NODE 9

Figure 6-1. Physical Geometry and Corresponding Thermal Network
for Example Problem 1
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Property
k = thermal conductivity (Btu/hr £t°F)
¢ = specific heat (Btu/1b°F)
P = density (1b/ft3)

m
L]

surface emissivity

Conduction Resistors

R3 =R6 =R7 =R8 =

R2=
0.5
Rl = po - 36008 _ 3600
2 KA (0.06)(1)

Insulation Aluminum
0.06 NR .
0.25 0.20
3.0 175
0.8 0.1

20.065215 Btu
sec°F

2500 Btu

The resistance through the external skins is neglected, since it is

negligible compared with thqp through the insulation.

Radiation Resistors

The radiation K factors are computed using the effective emissivity

factor given by the infinite parallel plate formula, and a view factor of

unity.
612 = ]__ +l]_ = l = 0.0975
Qe Tt ol
- - 1o FA (0.0975)(1.0)(1.0) _ -5
Capacitors
For‘the insulation nodes:
C2=C3=C7=0C8 =09 = = (3.0)(0. 25)( )(1) 0.0625 3 Btu
Ch = C6 = pcsA = (3.0)(0. 25)(12)(” = 0.0313 E;u
LOCKHEED
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heat of 0.15 for the electronic components:

IR 18902

[ 4 . :

For the equipment and mounting plate, assuming an average specific.
3

C5 = 25(0.15) +pcsA = 3.75 + 175(0.2)(91421—)(1) = 1,0k !E%

No capacitors are required for nodes 1 and 10 since their temperatures are

specified by a curve.

RC Products

Although not required by the computer, the user should be familiar
with the computation of RC products. To illustrate the procedure, the RC
products are computed for this example.

Nodes 2 and 9:

= = €2 _ _ _0.0625 _ _
(Rc)2 (RC)9 T, T I T 104 sec

+
R1 R2 2500 5000

Nodes 3, 7, and 8:

(Rc)3 =(RC)7=(RC)8 = l_Cl_f = 9—%62-5 = 313 sec

R2 R3 5000

The RC products of nodes 4, 5, and 6 depend on the value of the
radiation resistors L4 and 5, which are temperature dependent. Assuming all

three nodes are at 150°F:

1.0
R4 =R5 = 5 5
ok [(T), + 460)= + (zg + 460) ]RTu +460)HT; + 460))

1 sec °F
- - . = 23700 L
(0.1713 x 1079)(2.71 x 1072)(1 )(610)3 Btu
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Nodes L and 6:

. _ chL 0.031 —
(RC)h = (RC)6 = I, L = 1 +? 31 = 129 sec
- R3 Rh 5000 23700
Node 5: -
- .0k -
(RC)5 = __Sﬁi_ij = T h L 1 = 47900 sec

1,1
RL R5 23700 23700

Initially, nodes 2 and 9 have the lowest RC products, but if the
temperatures of nodes 4, 5, or 6 become quite large, resistors 4 and 5

decrease and it is possible that later in the problem (RC) would appear

min
at either node 4 or 6. If several nodes all have the same RC product, the one
with the lowest designation number is used to determine the computing interval.
In this example, however, tde initial (RC)min is greater than the specified

100-sec printing interval and therefore
CA@ = (0.25)(100) = 25 sec

Later in the problem, if (RC)min becomes less than 100 sec, the computing
interval will be 0.25 (RC) . .
min

Curves

Two curves are required, namely the variation of T(1) and T(10) with
time. These temperature historiles are assumed to be known and are input

as curves 1 and 10, respectively. These curves are shown in Figure 6-2.

Time Block

The following times are assumed:

Print interval = 100 sec
Final time = 2300 sec
Initial time = 0 sec
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2000

TEMPERATURE OF
LOWER SKiN (NODE 10)

1500

w
o]
]
u
S 1000
-
3
&
= TEMPERATURE OF
= UPPER SKIN (NODE 1)
500
© COORDINATES USED TO
DESCRIBE CURVE IN
DATA BLOCK
0
0 1000 2000 3000

TIME - SEC

Figure 6-2. Temperature History of Upper and Lower Surfaces
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FUNCT Subroutine

The five constants required for the EQUIVAILENCE declaration are'as

follows:
j = 1 + greatest temperature designation number = 1 + 10 = 11
k = j t greatest temperature designation number = 11 + 10 = 21
m = k t+ greatest resistor designation number = 21 + 9 = 30
n = m+* greatest capacitor designation number = 30 + 9 = 39

= n + greatest capacitor designation number =39 + 9 = 48
The following function callouts aré required:,

(a) Variation of T(1) and T(10) with time
T(1) = LIN (M(1),1)
7(10) = LIN (M(1),10)
() Radiation with constant K factor
R?Q RAD (L, 5, 2.71E-5)

R(5) = RAD (5, 6, 2.T1E-5)
: : (c) Heat input to node 5
i Q(5) = 0.095

Two additional instructions TN(1) = T(1) and TN(10) = T(10) are
necessary only if it is desired to print the temperatures of nodes 1 and 10
in the output. The reason is that, unless otherwise specified, the "new"

temperatures of these nodes never change from their initial value of 70°F

(since no capacitors are specified and hence no heat balance is performed) .
Then, at the end of each computing cycle, T(i) is set equal to TN(i) and the
temperatures interpolated from curves 1 and 10 are replaced by the value
T70°F, which is then printed in the output. Note that the heat balance on
the nodes with capacitors is properly executed whether these additional
instructions are added or not since the independent variable used in the

heat balance is T(i), not TN(i).

PRINT Subroutine

: ) The print format is set up to list the data in six full columns,

with the corresponding time appearing by itself to the left of the first
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row of output. This is the standard output format described in Section V.
The output specification includes all temperatures, radiation resistors. bt

and 5, the minimum RC product, and the node at which (RC)min appears.

Computer Input for Example #l

The input for Example #l_is,shown on data input sheets in Table 6-1.

In addition to the previous instructions the following remarks are applicable:

1. The order in which nodes, resistors, capacitors, and curves are
input is arbitrary.
2. The user's name and phone number should appear on the first
- temperature card to identify the output.

3. A liberal use of the space available for comments will help
identify various information for future reference.

Computer Output

The computer output for Example #1 is shown in Table 6-2. The first
two pages list the FUNCT subroutine and the PRINT subroutine. The third page
lists the initial temperature, resistor, capacitor, data, and time blocks
just as they appear on the input sheets (Table 6-1). The number 2266 added
to the sequence number during keypunch is the Lockheed-California Company
designation number for the Thermal Analyzer Program.

The answers are printed on the fourth and fifth pages of Table 6-2.
As an example of how the output is read, the temperatures, etc., existing

at 1500 sec are tabulated below.

Current time = 1500 sec

(1) = 979.0°F
T™(2) = 8LL.7°F
T(3) = 631.8°F
™(L) = L69.0°F
- m(5) = 117.2°F
T™(6) = 630.1°F
(7) = 958.9°F
T(8) = 1383.L°F
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t(9) = 1870.7°F
7(10) = 2100.0°F
R(4) = 11973.sec®F/Btu
R(5) = 8502.sec’F/Btu

(RC)pspy = 98.5 sec

(RC)pin occurs at node 6

Prior to 1500 sec (Rc)min is greater than 100 sec so the computing interval
is based on the specified 100-sec print interval. As a result, the program
prints 100. for (Rc)min and 0. for the node number.

EXAMPIE #2 - Temperature response of a satellite equipment bay from launch
through the first orbit.

Problem Description

The electronic equipment rack of an earth-orbiting satellite is
shown in Figure 6-3. A thermal analysis of this bay is to be performed for the
time from launch through the first orbit, assuming an adiabatic interface

with the rest of the vehicle. The bay consists of two intersecting alumi-

num webs on which three electronic components are mounted, and an aluminum

outer shell. The heat dissipation of two of these components is constant,

- while that of the third is periodic with time.

Two sets of external heating curves are required: (1) a curve show-
ing the ascent heating up to the time of orbit insertion, and (2) six
periodic curves showing the incident orbital radiation. The ascent heating
pulse is estimated in this example. The orbital heating curves were
obtained from the Orbital Radiation Program (Ref. 4) for an earth-oriented
horizontal cylinder in a 115-mile circular orbit. A noon launch a%t an
inclination angle of 32.5 degrees and a zenith angle of 180 degress at the
center of the equipment bay are assumed.

- The initial values of surface emissivity and solar absorptivity will

- be changed in a restart. In addition, certain items will be plotted to

demonstrate the plotting routine and a max-min search will be conducted for

some of the more important nodes.
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The physical geometry and equivalent thermal network are shown in‘
Figure 6-3.

Since component temperatures are of primary interest here, the
various capacities are assumed to be concentrated at points corresponding
to equipment locations. The capacitance of the flush-mounted equipment is
lumped with that of the adjacent web. The bracket-mounted equipment is

represented by a se?arate node connected by a conduction resistor to the

‘adjacent web. At the juncture between the two webs, a string of zero

capacitance nodes (designated by‘cg)and often referred to as "dummy" nodes)
are used to effect a connection between webs. Perfect thermal contact at
the web juncture, and at the web-shell intersection is assumed in this
example. Also, the placement of shell nodes at the web-shell intersection
implies that the external heating (or cooling) rates are much greater than
heat losses by conduction to the vehicle interior.

The following material properties are assumed:

Property Aluminum
k = thermal conductivity, Btu/hr ft °F T70. v ‘
= specific heat, Btu/lb°F .0.20
= density, 1b/ft3 175.
Conduction Resistors
On the webs
3600(—2)
- - - - 36008 \12/ _ _ secF
R1L = R17 = R2L = R27 o (7o) Ve 4620 otu
12 12
R13 = R15 = R16 = R18 = R23 = R25 = R26 = R28 = B;—L‘ = 2310 Sgg E
12
3600(——
_ _ _ _ 360Cé  _ 12 _ sec®F
R104 = R105 = = = = i = 8240
4 = R105 = R106 = R107 ) ) G0\ 5 2ko =2
12 / 12

LOCKHEED ‘ 6-18

CALIFORNIA COMPANY



LR 1{3902

GEOMETRY

FLUSH-MOUNTED
COMPONENTS

0.06 ALUMINUM

11

18
18

OUTER SHELL
f,’-:’

- |

D =60" 18" r_—ql :

| A

| -7
(J ////,
Z 0,10 ALUMlNuM\
WEBS BRACKET-MOUNTED
COMPONENT
-«
NETWORK

|
“ /
107 28.
s : )
27

]
11 | 12 102
27 |

‘NOTE:

THE DESIGNATION NUMBER OF EACH SHELL TO SPACE
RADIATION RESISTOR (NOT SHOWN]) IS 1000 +THE
SHELL NODE NUMBER,

SPACE IS NODE 1.

Figure 6-3.
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On the shell

| 3600(1—3-)
= = = = 3§006 = 2 - sec F
R11 R12 R21 R22 %A (7O)<é'06)<%%) 11100 —gzaf
12 12
ﬁ 12
3600 22 .
= = - 36006 _ 12 - sec’F
R101 = R102 = R103 = 22 s (o.oé) <§) 9500 L&E
12 12

To compute R108, assume that each aluminum Z section is 5 in. in

length with a cross-section as follows:

—»10.5" ez —
——

0.12" —on la— . :
(TYF%) o G
L
—a-‘0.5"

Ignore the resistance through each flange but assume a contact con-
ductance of 500 Btu/hr ft2 °F between the lower flange and the web, and

between the upper flange and the equipment.

R = 3600 _ 3600 - 415 sec °F
CONTACT kA 0.5\ (5 Btu
=(AE)

The resistance through the web of the Z section is

1. o
_ 36006 _ 309 (‘1?) = 1030 %€ ¥

L C T

12 12
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The total resistance through one Z section is

(-]
= + = + = sec®F
R = 2Ryouract ¥ Rygp = 2 (B15) + 1030 = 1860 ===

Since there are two of these in'parallel

_R_ sec’F
R108 > = 930 Tt

Radiation Resistors

Internal radiation is ignored in this example; however, each shell
node must have a radiation resistor to space. In the basic deck assume
a = 0.8 and € = 0.8. In the restart assume a = 0.4t and € = 0.7.

Basic deck

_ 13 x 12)
1 K11 = K12 = K13 = = = - S (0-6) (1) ( 1k /. -b
{ = 3 = K2l = K22 = K23 = 3p50 TR 2.40 x 10
1 : Restart
(0.7) (1) (iﬁl—g) i
K1l = K12 = K13 = K21 = K22 = K23 = 2505 = 2,10 x 10
1
1

Since both aéand € are required in the shell heating functions (see below)

these values, as well as the value of the radiation k factor, are stored in

Table 103. The appropriate changes are made to Table 103 in the restart.

Capacitors

For the webs, excluding the capacitance of the electronic components

Clk = ¢15 = Ccl7 =-C18 = Cc24 = Cc25 = c27 = c28

=pcs A = (175) (0.2) (0’06 ’1‘7;% 2 9) = 0.131 BE}Fl

O
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For the shell |

Cll =Cl2 =(C13 =(C21 = Cc22 = c23
_ _ 0.10 x 12 x 13 _ Bty
pcsA =(175) (0.2) ( 1738 ) 0.316 =32
€16 = ¢26 =

Assume that each of the three electronic components has a capacitanca

of 1.5 Btu/°F (including the mounting bracket for node 29). Therefore,

€29 = 1.5 Btu/°F
c2h = 1.5 + 0.131 = 1.63 Btu/°F
€28 = 1.5 +0.131 = 1.63 Btu/°F
RC Products
The RC products for web node 15 and shell node 21 are computed to (:)

estimate the computing interval for this problem. On the web

= 25 = 0.131 = -
(RC)y 5 I 1, 1 . 1 .1 L sec
R105 = Rik * R15 & RI0B 8240 ' 1620 ' 2310 ' 930

Since the network for node 15 is similar to that of the other web nodes with
the addition of the small resistor, R108, it appears that the minimum RC
product for the webs occurs at node 15. .

Because shell node 21 has a radiation. resistor attached to it its

RC product is temperature dependent. If, for example, T (21) = 250°F,

1
Ko H[T (21) + 560.]3

R (1021) =

sec F
Btu

= = 1700 ===
(0.1713 x 10'8) (2.4 x 10° )@J(?lo 3
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and
(RC)QJ_ = T 10(21)1 T = T 5-316 - - = 260 sec
+ + + —~ + +
R21 ~ R101 = R28  R1021 11100 = 9500 = 2310 = 1700
If T (21) = -100°F
: 1 sec’F
R (1021) = - ~ = 13000 —=——
(0.1713 x 10°°) (2.4 x 107H)@)(360)3 Btu
and
- 0.316 -
(RC)2l T, 1 T T UU8 sec

+ +
11100 9500 = 2310 13000

It appears, therefore, that the minimum RC product will occur at
node 15, and will have a valae of about Tl sec. In this example problem
M(7) is set at 0.6, causing a computing interval of about 43 sec. During
ascent, however, the specified print interval is less than L3 seconds. Hence,
during this time the computing interval is determined by the print interval
rather than the (RC) min.

Curves
The following curves are required:
CURVE NO. ' DESCRIPTION
101 Shell ascent heating (including radiatipn) from liftoff to
the time of orbit insertion (700 sec). This one curve will
be assumed applicable to all six shell nodes. The value of
the heating rate for times equal to or greater than 700 sec
is set at zero so this curve has no effect on the orbital
analysis.
102 Print interval M(4) vs time.
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CURVE NO.

103

10k

105

106

111

211

112

212

113

213

Time Block

DESCRIPTTON

A table storing the constantscé, ¢, and the shell radiation

K factor.

A table listing the nodes (11, 12, 2L, 28, and 29) for the

maximum-minimum search.

A table listing the nodes (11, 12, 24, 28 and 29) and time

intervals for the plotting function.

A periodic curve showing the

ponent at node 24.

A periodic curve showing the

shell nodes 1l and 21.

A periodic curve showing the

nodes 11 and 21.

L3

A periodic curve showing the
shell nodes 12 and 22.

A periodic curve showing the
nodes 12 and 22.

A periodic curve showing the
shell nodes 13 and 23.

A periodic curve showing the
nodes 13 and 23.

The following times are assumed:

heat dissipation of the com-

solar spectrum radiation to

infra-red radiation to shell

solar spectrum radiation to

infra-red radiation to shell

solar spectrum radiation to

infra-red radiation to shell

Print interval = 5 sec for 0. <M(1) <150.,

10 sec for 150. < M(1) =200., and
300 sec for M(1) >200.

Final time = 6200 sec

Initial time = O sec
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Restart Block

The only changes requifed are the values of a €, and Kgpap which are
stored in Table 3. Note that this table must be changed in its entirety,

including the table designation number.

FUNCT Subroutine

The following functions are required:
(a) An instruction to set M(7) = 0.6.

(b) An instruction to change the temperature of the shell radiation
sink, node 1, from its value of 50°F applicable to ascent, to a
value of -460°F, appropriate for the orbital phase. Only a slight
inaccuracy results if this change is made instantaneously at
150 sec since the shell temperature is sufficiently large that
the choice of sink temperature is relatively insignificant.

(c) Callouts for the ascent heating and radiation functions for the
external shells These instructions are combined in a DO loop.
Since the radiation K factor is obtained from storage Table 103 a
locating statement L103 = LOC(103) precedes the radiation callout.

(d) Callouts for the shell orbital heat inputs. A logical IF state-
ment will precede these instructions so that they are skipped if
time is less than 700 sec, the assumed orbit insertion time.

The instructions will appear as

Q(11) = qQ(11) + Area * Absorptivity * LIN (M(1), 111)

+ Area * Emissivity * LIN (M(1), 211)

etc.
The term Q(1l) on the right side of the equation is required
when more than one heat input is called out for a particular
node, and it is desired that they be summed. Otherwise, each
successive callout would merely replace the previous value.
In this example problem, the term is actually not required
since the first callout (item (C) above) specifies that
Q(11) = 0. for M(1) >700 sec.

(e) cCallouts for the heat dissipation of nodes 24, 28, and 29.

(f£) An instruction to obtain the print interval, M(4), from
curve 102.

(g) The plotting function callout for nodes 11, 12, 24, 28, and 29.

(h) The max-min function callout for nodes 11, 12, 2L, 28, and 29.

O\
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The five constants required for the EQUIVAIENCE statement are:

e
[

1+29 =30

5
It

30 +29 =59

59 + 1023

1082

E|
i

1]

1111

s
1t

1082 + 29

11k0

ke
i

1111 + 29

PRINT Subroutine

The output specification for this case consists of all temperatures,
and the heat rejection at nodes 2L, 28, and 29. Each of these items is given
an appropriate label to illustrate the flexibility of the FORTRAN language
in writing Format statements. The first line of output lists the current
time, computing interval, minimum RC product, and the node at which the
(RC) min appears. *

Four prints are specified on each page of output. To accomplish this,
the variable BLOCK is used to sum the number of prints and when BLOCK = 5.,
the program is instructed to eject, print the information Eontained on the
CID card, and then set BLOCK = 1. to indicate thelfirst print on that page.

The remaining WRITE statements are then executed in a normal manner.

Computer Input

The input data for Example #2 is shown in Table 6-3. Note that curves
111, 211, 112, 212, 113, and 213 are missing since they are obtained directly

as punched cards from the Orbital Radiation Program.

Computer Outout

The computer output for Example #2 is shown in Table 6-L. The first
two pages list the FUNCT and PRINT subroutines. The next five pages list

the initial femperature, resistor, capacitor, and data blocks exactly as

they appear on the input sheets (Table 6-3), with the addition of the

heating rate curves obtained from the Orbital Radiation Program.
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The answers for the basic case are printed on the next 1h4 pages.
During the time that a 5 or 10 sec print interval is requested, the com-
puting interval is six-tenths of the print interval. When a 300-sec print
interval is requested, the computing interval is six-tenths of the (RC) ;.
which, as anticipated, appears at node 15 and has a value of about 71 sec.
The Maximum—Minimum output appears immediately following the answers. Zeros
are printed for thé maximm and minimum temperatures of nodes 28 and 29 since
the temperatures increase monotonically. Four distinct maximums and
minimums were recorded for shell nodes 11 and 12.

The new data required for the restart are printed following the
Max-Min output, exactly as it appears on the input sheet. The succeeding
pages show the answers for the restart and the Maximum-Minimum output. It
appears that the changes in surface radiation properties has little effect
on the temperatures of the electronic components.

The machine plotted temperatures are shown in Figures 6-4 and 6-5 for

~the basic case and restart, respectively. The information on the CID card

is automatically printed on the top of each figure. The format usedvto
identify the node numbers and symbols is also standard.- The scales are
selected by the program according to the overall range of temperatures

and time.
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TABLE 6-L4
COMPUTER OUTFUT FOR EXAMFLE 2
FUNCT 06/15/65
FXTEQNAL FORMULA NIUVARFR - SOURCE STATEMENT - INTERNAL FORMULA NUMBER(S)
SURRNYTIME FyUNCT T 22650002
€NMuNy o, v 226600C3
DEMENSTON O(1677%) ,METAY, TNELY,TC1),R01),CO1), Q1) ,RC(L) 22660004
FUITVALENCE (PO1),TMIL) ), (P(30),T(1)),(P{59),RI1)),(P(1082),Cl1)),226500N5
U 020111104001 1), (201160, RC(1)) 22660006
2RAL M,LIN 22660007
CIRITLIY 22660008 1
IF (MU1).ENL1ISP.) T(1)=-4hn, 226697009 2 '3 '
L103=L01 1) 22660010 5
77 1 121,13 22660011 6
NET+1N)=LINIM(1),101) 22661012 ' 7
AMI+2°)=0(0T1+17) : 22667013 '8
QUTH+LNIC) =RAN(IA+T, 1,P(LIC3+3)) 22660014 v
R{I+1727)=0AN{204T,1,P(L1"3+3)) 22660015 W10
1 CONTINYF 22660016 W1l 12
IF (M(1).LT.707,) 50 TN 3 22660017 13,14 ,15
N 2 1=1,1 22660018 v16
DI+ I=0LT+10)+1,085P(L1C3+1)SLINIM( L), 11041)+1.08%P(L103+2) % 22660019
1 LIN(MOL),210+0) 22660020 17
ALT+2°)=0(1+1N) 22660021 v18
2 CONTINIE 226606022 19,20
3 0124)=LIN{M(1),106) 22660023 »21
M 29)=1,r3 . 2266024 122
0(29)=n.r4 22660025 23
M{G)=LIN(MIT),172) 22666026 124
CALL ToLnT{1n5) 22660027 '25
CALL MMEIM(2),1(3),104,1) 22660028 26
TN(1)=T(1) 22660029 227 (::}
RETIRN 22661C30 v28
ENN 22660031 029
LOCKHEED 6-34
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TABLE 6-4 (Continued)

o
i

PRINT N6/15/65
EXTERNAL FORYULA NUMBER -  SMURCE STATEMENT -  INTERNAL FORMULA NUMBER(S)
SUBRMITINE 02 INT 22660102
COMMON. P, ¥, 4 [SCEL23),CIN(12) 22666103
BIAENSTAN B(16770 1, M(16) o TN(11,TLL,RIT),C011,Q(1),RC(1) 2266C104
FOUTVALENCE (PULYoTNCII),(P(30),T(L) )4 (P(59),R(11),(PIL1OR2),C(1)),22660105
1 (PUIT111,Q01)),(P(1140),RC(1)) 22660106
REAL M 22660107
IF (M(1).EQ.N.) ALOCK=4. 22660108 o1 ,2 3
, ALOCK=3LNCK*1 . N 22660109 44
I ' IF (BLOCK.ED.5.) WRITF {6,100) (CIN(T),0=1,12) 22660110 o5 46 4T A
)11
1F (BLNCK.FQ.5.1 8LACK=1. 22660111  o12  +13 414
‘ WRITE (5,1R1) M(1),M(15),M(61,M4(9) 22660112 415 416 17
WRITE (6,102) : 22660113 :
: 1 TUL1),T12),T(131,T021),T(221,T(23), 22660114
2 TC1A).TUIS)aTC15),TOIT), TELRY,T(24), TU251,T261,T(27),T(28) 22660115 418 .19 220
WALTE (51730 T{24),T(29),T(29),0(24),0Q0281,9(29] 22660116 421 422 423
1A% EgRuAT (LHI///1H ,12A6) 22660117
1Pt FARMAT (/7/6H TIME=sFB.C,9H SECONDS,5X,20H COMPUTING INTERVAL=, ~ 22660118
1 FB.2,8H SFCONDS,5X,RH(RCIMIN= (FR.3,156H SECONDS AT NADE,F6.0) 22666119
107 FARMAT [53HATEMOERATURE MF EXTERNAL SHELL NODES , 22660120
1 T 3X,53H TEMPERATURE 0OF INTERMAL WER NODES / 22660121
2 1279 NADE 11 12 13 21 22 23 22660122
1 14 15 16 17 18 24 25 26 27 222660123
4R73H TEMP, L 6F7.0, X, LOFT.0) 22660124
173 FNRMAT (S3HAEQUIPMENT TEYPERATURES AND HEATING RATES / 22660125
1 534 NODE 24 28 29 / 22660126
2 11H TEMP, JIFLP LA/ 22660127
3 11H A(RTU/SFC) ,3F10.4) 22660128
RETUN 22660129 424
i END 22660130 425
LOCKHEED : 6-35
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TABLE 6-4 (Continued)
*

THERMAL ANALYZF® EXAMPLE PROBLFM TWO 100r2266
OFC 1 1 50, : ’ : - NAME ,PHONE NUWAER 1nN12266
DEC 2 11 . 29 70, DATE 10022266
NBK ~ 19992266
DEC L 11 11 12 11100, RESISTOR BLOCK 2cc12266
DEC 2 12 12 13  1fier. 13 13 14 23in. 20022266
DEC 2 16 14 "15 4620, 15 15 16 2310, 2032266
DEC 2 16 16 17 2310, 17 17 18 4620, 20042266
DEC 2 18 13 11 2310, 21 21 22 111nc, 20052266
DEC 2 22 22 23 1ine, 23 23 24 2310, 20062266
DEC 2 24 264 25 4620, ?5 25 26 2310, 20072266
DEC 2 26 26 27 2311, 27 27 28 4620, 27N82266
DEC 1 28 28 21 2310, 20092266
NEC 1 111 11 21 95nC. 20102266
INC 0 1 1 1 Ce 2 20112266
DEC 1 1n4 14 24 8240, 2M122266
INC 0 1 1 1 N. 3 2M132266
DEC 1 1111 11 1 A 20142266
INC 2 1 1 [ ne 2 20152266
DFC t 1721 21 1 C. 20162266
INC N 1 1 n . 2 20172266
DEC 1 178 15 29 93c, 2C182266
NBK N 29992266
DEC 1 11 0.316 'S CAPACITOR BLOCK 30012266
INC " 1 0. ? 30022266
DFC 4 14 0.131 15 N.131 17 f.131 18 fel131 3r032266
DEC 13 21 0.316 22 Nn.316 23 N.316 30042266
DEC 4 24 1.63 25 0.131 27 N.131 28 l1.63 30052266
DEC 3 29 1.5 16 n, 26 C. 30062266
N3K 0 399922646
DEC 2 1n1 SHELL HEATING DURING ASCENT 101012266
nEC & N, o, 35. n. 4n, «0S7 101022266
DEC & AN, 1.4 75. 1.5 35, 1.4 101032266
DEC % 115, «27 13¢C. .N213 100, «N23 101042246
DEC S 700, 0. 700¢C. [ N, 101052266
DEC 7 =171 101n62266
DEC 2 172 VARTABLE PRINT INTERVAL 102012266
DEC 6 9. Se 145, Se 145. 17. 102022266
DEC 6 19, 10, 190, 3ecn, Tnon, 300. 102032266
DFEC 1 . 102042266
DEC ~ -17? 102052266
NEC 0 112 SHELL SOLAR ABSORPTIVITY,EMISSIVITY,AND RAD.K-FACTAR 103012266
NEC 3 .8 «R 2.4E-4 123022266
DEC 0 -1n3 103032266
DEC N 174 NNDES FNR MAX-MIN FUNCTINN 104012266
DEC 4 24, 28, 29. 11. 12. 0. 104022266
DEC A -114 104032266
DEC 0 1nS NNNFS TO RE PLOTTED 105012266
DEC 4 a, 6270, 150, 24, 28. 29. 105022266
DEC 3 11. 12. 0. 105032266
DEC 1 =175 105042266
DFC 0 104 NODE 24 HEAT DISSIPATION 106012266
PER N 5290, 106022266
DEC & 2, Ne 1700, (U 1700, «N85 106132266
DEC 5 3700, «N85 370N, 0. 5290. 0. 106042266
DFEC 1 n, 106052266
DFC N =104 106062266
DEC & 111 SOLAR SPEC 11el
PER 1 S289,7783 11102
DEC 2 al Q40202 11103
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|

NEC
DEC
DEC
DEC
NDEC
DEC
DEC
NEC
0eC
0OEC
DEC
OFC
DEC
DEC
DEC
DEC
nEC
DEC
NDEC
0EC
DEC
DEC
DEC
NEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
PER
nNEC
DEC
DEC
DEC
DEC
NEC
DEC
DEC
ofC
DEC
DEC
DEC
DEC
DEC
NEC
DEC
OFC
DEC
DEC
DEC
NEC
DEC
0EC
NEC
NEC
DEC
DEC

220.4774
440,8140
661.2223
837.5492
952,241

NNINNN N

2 1192.0372
2 1322,6447
2 1542.8521
2 1763.2595
2 19R3.,567N
2 2274,0744
2 2426.4819
2 72A44,8895
2 2965,2968
2 31185,7042
2 INg5,7n42
2 3140,3978

2 3326.1117

2 3526,5191
2 3746.9265
2 3967,333%
2 4187.7412
2 44NMR,1487
2 4528.5551
2 4848,9635
2 §N069,3709
2 5289.77213

2 N.
n- 111
7211

1 5289,7743
2 a.

2 22C.4N74
2 440 .8149
2 661.22?3
2 837.5432
2 RS2.2421
2 981,4298%

2 11n2,n372
2 1322.4447
2 1542,8521
2 1763,2595
2 1983,.647N0
2 2276.7 744
2 2474,4219
2 ?2644,8R935
2 28465,2958
2 3085,7042
2 3r35,7242
2 31nn,3Q73
2 33761117
2 3526.5191
2 3746.9255
2 3957,3338
2 4187.7412
2 44NR,1637
2 4528,55A1
2 484R,9635

291 ,629%

TABLE 6-4 (Continued)

THERMAL ANALYZER EXAMPLE PRNOBLEM TWNn

0.0139 :
N.0245

o.,0026

2.027C

0.

DIDDDDIDIDIDD

N.N267
N.0009
0.0N97
N.0186
0.0272
0.0382
N.N305
n.0273
D.N262
D.N246
N.0202
0. -

INFRA-RED

C.0202
n,N203
0.0205
2.0275
n,02n3
N.0N203
N.C203
N.0196
N.N200
n.n201
0.0201
N.0197
2.0196
n.0191
a.0190
n.r1al
N.0197
0.0197
n.0197
N.0197
N.n201
11,0201
2.0197
0.7198
0.1203
0,0205
0.0205

10002266
11104
11105
1119
11107
11108
11109
1i1e
11111
11112
11113
11114
11115
11116
11117
11118
11119
11120
11121
11122
11123
11124
11125
11126
11127
11128
11129
11130
11131
11132
11133
21101
21102
21103
21104
211C5
21106
21107
21108
21109
21110
21111
21112
21113
21114
21115
21116
21117
21118,
21119
21120
21121
21122
21123
21124
21125
21126
21127
21128
21129

LOCKHEED
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DEC
nEC
OEC
DEC
DEC
PER
nEC
DEC
nEC
nEC
DEC
DEC
0EC
nEC
DEC
DEC
NEC
DEC
DEC
DEC

DEC

DEC
DEC
DEC
OEC
DEC
DEC
NEC
DEC
NEC
DFC
DEC
DEC
NEC
DEC
DEC
DEC
DEC
PER
DEC
NEC
OEC
DEC
DEC
DEC
DEC
NEC
Nec
nec
NEC
NFC
DEC
DEC
DEC
NEC
DFC
nec
DEC
NDEC

TABLE 6-4 (Continued)

THEQMAL ANALYZER EXAMPLE PRNSBLEM TWO

2 5169,3719

? 5239.7793
2 .
a- 211

LR E Y I
1 5229.7783
2 a,

2 2720,4774
2 447 ,R149
2 hh1.27223
2 937.5432
?2 8582,2421
2 831,.,623%
2 1192.0372

2 1322.4447
2 1542.R8521
2 1763.2595
2 1983,.667N
2 27274,0744
2 2424.4819
2 2544,3895
2 2R65,2958
2 37838,7M42
2 3IN’5,77%2
2 3170 ,3073
2 23n6,1117
2 3526.5191
2 3746.9265
2 2367.3339
2 41R7,7412
2 4408,1447
2 4528,5551
2 4848,9635
2 5169,37Nn9
2 5289.7733

2 N.
n- 112

o212

1 5289,7733
2 2,

2 2720.4074
2 44Nn,.8149
2 h61,2223
2 837,54%2
2 857.,2421
2 9R7]1,629%
2 11n2.Nn372
2 1322,4447
2 1542.8521

2 1762,2535
2 1933.,667"°
2 27204 ,0744
2 2424,4813
? 2544,8895
? 2]K5,295R
2 3N85,7742
2 2735,7042
2 31017,3978
2 33706,1117

N.n203
n.0202
"

SOLAR SPEC

9

.n197
C.r 136

> 2
. e
22
Q2
20
—

0.,0232

2237232323233 35330

INFRA-RED

7.0197
N.0197
A ronr
N.C2r0
NeN19R
2,098
f\.f\lqg
N.019?
N.0194
N.N196
N.N196
N.0192
J.0192
7.0187
N.01R6
n,N187
N.0192
2.7192
Q.n192
N.0193

1cn02266
2113¢
21131
21132
21133
11201
11202
11203
11204
11205
11206
11207
11208
11209
11210
11211
11212
11213
11214
11215
11216
11217
11218
11219
11220
11221
11222
11223
11224
11225
11226
11227
11228
11229
11230
11231
11232
11233
21201
21202
21203
21204
21205
21206
21207
21208
21209
21210
21211
21212
21213
21214
21215
21216
21217
21218
21219
21220
21221
21222
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DEC
DEC
DEC
NEC
DEC
DEC
DEC
DEC
DEC
neC
DEC
DEC
PER
nEC
DEC
DEC
DEC
DEC
DEC
nNEC
DEC
DEC
PEC
DEC
DEC
nEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
DEC
nEC
PER
NEC
DEC
DEC
nNEC
DEC
DEC
DEC
neC
DEC
NEC
DEC
DEC
DEC

¥

TABLE 6-4 (Continued)

THERMAL ANALY7ER EXAMPLE PROBLEM TWO

2 352645191
2 3745,92565
2 3967,3338
2 4197,7412
2 440R, 1487
2 6428.5561
2 4R48,9635
2 5169,3719
2 5289.7783

2 .
n- 212

o113

1 5289.7783
2 0.

2 220.4774
2 440,8149
2 661.2223
2 837,5482
2 852,2421
2 8R1.6298

2 11n2.0372
2 1322.4447
2 1542.8521
2 1763,2595
2 1983,657N
2 22N04,NT744
2 2424.4819
2 2644.8895
2 2865.2968
2 3785,7042
2 3n85,7042
2 310C.397R
2 33n6,1117
2 3526.5191
2 3746.9255
2 3967.3338
2 4187.7412
2 44NB8.1487

2 4628.5561°

2 4848.9635
2 5069,37n9
2 5289,7783
2 n.
n- 113
213
5289,7783
AN
220.4074
44N, A149
661.2223
837.54R2
852.242]
831,6298
1102.0372
1322.4447
1542,8521
1763,259%
1983,667N
2204,0744

NNNNNNNNNN NN -

NeN196
0.N195
n.019?7
2.0193
0.0198
0,02n0
N.0200
0.0197
N.0197

Oc

N.0184
n.0127
N.C059
n,ronl
N.,0182
".

n

C.
O,

> ]

DT IDID

n.0180
n.0nn7
c.on87
n.0168
h.0248
n.0285
0.0275
0.07245
0.0239
0.0226
n.0184

o,

0.0183
nN.0184
2.0186
20,0186
N.0185
0.0185
0.0185%
0.0179
9.0181
0.0182
0.0183
N.0179
N.0179

SOLAR SPEC

INFRA-RED

10002266
21223
21224

21225

21226
21227
21228
21229
21230
21231
21232
21233
11301
11302
11303
11304
11305
11306
11307
11308
113¢9
11310
11311
11312
11313
11314
11315
11316
11317
11318
11319
11320
11321
11322
11323
11324
11325
11326
11327
11328
11329
11330
1133]
11332
11333
21301
21302
21303
21304
21305
21306
21307
21308
21309
21310
21311
21312
21313
21314
21315
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TABLE 6-4 (Cohtinued)

THERMAL ANALYZER EXAMPLE PRNBLEM TWO

DEC 2 2424,64819 N.0174
NEC 2 2644.8895 0.0173
NEC 2 2R65.2956R 0.0174
NEC 2 3N85.7M42 n.0179
DEC 2 3NRS,7142 n,0179°
NEC 2 31nn,2974 N.0179
NEC 2 3316.1117 N.N179
DEC 2 3526.5191 0,0183
DEC 2 3746.9255 N.C182
NEC 2 3947,.3338 n.n178
DEC 2 41R7.7412 n.0180
DEC 2 4478,1437 0,N1R5
DEC 2 462R,.55641 .0.N1RE
NEC 2 4R4R,9635 0.7186
NEC 2 5M69.3709 0.0184
DEC ? 5289,7783 0.0183
DEC 2 0. N,
DEC N~ 213
NBK 9
NEC 3 5. 6200, 0. TIME BLOCK
NBK N

L

10C02266
21316
21317
21318
21319
2132¢
21321
21322
21323
21324
21325
21326
21327
21328
21329
2133¢C
21331
21332
21333
49992266
50012266
59992266
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VII - GENERAL PROGRAM INFORMATION

Common Input Errors

In a program as complex as the Thermal Analyzer, a wide variety of

input errors can occur. Some of the most frequent are:

1.

I3

Number of items on a DEC card does not match the number in

columns 4 & 5. This usually occurs in the data block and resultsz
in the input data on that card being truncated after the number of
items specified in columns 4 & 5 have been stored. However, if
more items are asked for than exist, blank fields are read, and
zeros are inserted into the data at that point.

Floating-point number is punched without a decimal point.
Depending on the position of the number in the field, this results
in a multiplication by a power of ten.

Integer number is not right-adjusted (blanks left at the right end
of the field). This error results in a multiplication by a power
of ten. Usually, the integers are either node or resistor nunm-
bers, and a multiplication by ten changes the entire circuit, and
often results in values being stored into the wrong block or even
completely out of the data area. :

A capacitor is specified for a node whose temperature is to remain
constant or is to be supplied by the FUNCT subroutine. Any
capacitor listed in the capacitor block causes a heat balance to
be performed at that node and the computed temperature to be
stored, thus destrdying the value assigned. This is true for
zero-valued capacitors as well as positive capacitors.

Most other errors in input are checked by the program. However, the

foregoing errors are impossible to detect as the current program makes use of

the FORTRAN system library routines to read and convert the data.
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Function Subroutine "Errors

Certain errors occur fairly often in the FUNCT subroutine. Tuese too,

cannot be checked in the current program, because the Function subroutine s

(FUNCT) is compiled by FORTRAN.

One of the more éommon Function errors is incorrect use of the "old"
and the "new" temperature blocks. For each listed capacitor; a new tempera-
ture is computed as a function of the capacitance, time step, its old
temperature, the old temperatures of neighboring nodes, and any arbitrary
heat inputs. In the special case of a zero-valued capacitor, the new tempera-
ture is a function only of the 0ld temperatures of its neighboring nodes, and
any other heat inputs. The new temperatures are computed during the heat
balance. Then all temperatures in the new temperature block are moved into
the o0ld temperature block in preparation for the next cycle. Therefore, any
value stored into the "old" temperature block will have an effect on the heat
balances performed on itself and on its neighbors, but it will be replaced by
its "new" value immediately thereafter. If it has no capacity, its new value
will be its initial input value. '

Another frequent Function subroutine error is misuse of the time step,
A 6. Three values of time step are provided in the miscellaneous block, M(T).

M(5) contains the actual time step used to arrive at the current time. Usually,

.at the time of a print, a short time step is needed to arrive at the print

time, and M(5), if printed, gives a false indication of step size. Therefore
the time step that would have been used, had this not been a print cycle, is
provided in M(15). TFor cycles other than print cycles, M(5) = M(15). For
certain purposes it is necessary to know the time step used in the previous heat
balahce. This quantity is provided in M(1L).

Control of the printing interval by means of a value interpolated from
a time-dependent curve is often a convenient device, but care must be taken in
the choice of points for the curve. If, at time =0, it is desired to change
the printing interval from PIl to PIQ, one may use a step-function curve of

the form:
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oinitial’ PIl

O_PI, PI

1 1

0 - PIl, PIE

0 ina1’ Flo

The print interval must be changed at or before one print interval
before the time at which the new interval is to take effect, since the next
time to print is decided at the time of printing, but before the function

subroutine is entered.

Data Diagnostic

A large amount of data diagnostic is included in the program. The
diagnostic routines always print a comment describing the type of error found.
For example, if one of the node numbers mentioned in the resistor block is
greater than the highest numbered node mentioned in the temperature block, the
program sets an error flag to prevent execution of the program, and prints-

the comment:

RESISTORAANNNACONNECTSANODEQNAMMMa\ALLLAGREATERATHANAMAXATEMP.NO.=AJJJ

If the input data overflows the data storage region, P, the program sets an

error flag to prevent execution, and prints the comment:

MMMADATAASTORAGEAEXCEEDED.ATOTAL OF, . NNN

ATTAAN

In these examples, the three-letter symbols, MMM, NNN, LLL, and JJJ represent
numbers that appear in the diagnostic comment.

Unfortunately, not all errors can be checked by the program. For
example, if a resistor is connected to a wrong node, but the node number is
legitimate, the problem is still a legal problem, but not the problem that the
user wants to solve. Note, again, that some errors cause the FORTRAN system
to reject the problem, and this situation can mean that not all of the data has

-<:> been examined. For example, an error in the Function or Print routines that
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deletes compilation means that no data has been read at all. A decimal point
or other non-integer character in an integer field means that the data inspec-
tion is terminated at that point and the data following has not been examined.

Any error that is illegal to FORTRAN will delete the problem gt that point.

e

Some diagnostic has also been provided in the execution phase. This
includes such errors as a zero or negative time step, attempted division by
zérbhin>certain situations, interpolation requested outside the range of the.
curve, and a number of other more specific errors which are checked in specific
subroutines. Undoubtedly there are errors in this phase that could be but
have not been diagnosed. But the diagnostic continually becomes more complete

as new errors are encountered.

Data Debugging Routine

A short version of the compiler portion of the program has been
devised, for the purpose of checking data only. This program, described in
Appendix E, includes the same diagnostic included in the main program,

excepting the error checks during execution. :

PROGRAM CAPACITY

Currently there are three versions of the program. Two versions have
16000 storage locations available for data, but do not include the fluid
storage and pressurization subroutines. One of these, Version A, has been
set up to run short problems with minimum overlay. The other, Version B, has
been set up with maximumvoverlay to allow inclusion of the largest possible
function and print routines. Version C, including fluid storage and

pressurization, has 13000 storage locations available for data.

Version A (Short Problems)

There are 16000 storage locations available for data. This is suffi-

cient to handle the largest problem encountered to date, although some of the

‘largest have had to be revised somewhat to fit into the available storage.

This allows approximately 1000 temperatures and capacitors, 2500 resistors,

and approximately 3500 words in the data blocks. Approximately 2700 storage

LOCKHEED T-4

CALIFORNIA COMPANY



‘ | ' LR 18902 |

locations are available for the FUNCT and PRINT subroutines. This means that

the degree of sophistication allowable is strictly limited.

Version B (Maximum Problems) ~

The data storage available is the same as for version A, above. Tie
linkage has been changed to allow maximum storage for the function and print
routines. There are about L4800 storage locations available for these routines
in version B. Additional space can be gained in two ways:

1. By eliminating unused subroutines, such as linear, parabolic and/or

bivariate interpolation, or by eliminating the larger unused
routines in dependent links, such as the radiation resistor

matrix. DNote that the largest routine actually used limits the
possible saving.

2. By breaking the Function and/or Print routines into several func-
tions, with unique names for each, and adding $INCLUDE cards at
the proper places.

Version C (Pressurization)

13000 storage locations are available for standard input data in
version C. (The dimension size is 14000, but approximately 1000 locations
are used for special fluid storage and pressurization prbgram storage.) For

further details of version C, see Reference 9.

- MACHINE EXECUTION TIME

The execution time for the Thermal Analyzer is almost wholly dependent
on the particular problem to be solved. Small problems (depending also on the
particular functions used) will often run faster than 0.01 min/cycle, where a
cycle is defined as one full pass through the program. On the other end of
the scale, the largest problems to date take about 0.25 min/cycle. The time
required is a function of the number and type of arithmetic operations, the
size of the network, the subroutine functions used, and the amount of over-
laying required. The number of cycles required to complete execution is tz2
time range, M(3) - M(2), divided by the computing interval, A . Generally,
A6@ is a variable and is computed as the product of the network (RC)m. nd

. in .
the factor stored in M(7). Unless changed by the user in the FUNCT subroutin,
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M(7) = 0.25. If the printing interval is less than the (Rc)min’ the computing
interval is determined as the pfoduct of the printing interval and M(7).

A quick estimate of A § may be obtained by multiplying M(T7) by the ~.

TR NOT TR e

smallest of the following three quantities:

] 1. The print interval.

2. The smallest capacitor times its smallest cdnnecfing resistor.v‘
3. The smallest resistor times its smallest connecting capacitbr.

This method is far from fool-proof, since in particular, radiation resistors
are variable inversely with the cube of the temperatures of connected nodes.
Also, computations 2 and 3 above, may not give the minimum RC value. In
anticipation of a long run, perhaps the best method of getting a time estimate-
is to run the program for a very short time history and print out the time

step’or the number of cycles used.
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APPENDIX A

ECKERT AERODYNAMIC HEATING

The Eckert Aerodynamic Heatihg subroutine is a valuable tcol in per-
forming convective heat transfer calculations for high-velocity flows.
The program compubes the aerodynamic heating rate when given trajectory,
flow field, and air properﬁy data in a prescribed manner. Eckert's
calculation procedure, or the reference temperature method, as it is
commonly called, eliminates the dependence of skin friction, and hence
wall heating rate, on variable fluid properties associated with high-
velocity flow. This allows heat transfer calculations to be accomplished

as with incompressible flow where property variations across the boundary

layer are negligible.

ECKERT'S RECOMMENDED PROCEDURE

The recommended hesting equations follow. Additional explanation
can be found in Reference 5. The symbols used are defined in the table of
‘nomenclature given at the end of this section. |

For two-dimensional laminar flow over an isothermal and isobaric

surface

0.332 (Re¥)07 (py*)0-06T (A-1)

St

9,

n (T -T.) (a-2)
wnare the asterisk denotes property values to be evaluated at a reference
Temrerature given by

.~ *
Q : T 0.28 T +0.22 Tp +0.50 T (A-3)

&Qgﬁﬂsso A-1

ToweANy

o

NN



For two-dimensional turbulent flow over an isothermal and isobaric

surface

~

st* = 0.0206 (Re¥) 02 (pr*) 0-60T (A-L)

The wall heat transfer is calculated from equation A-2. The
reference temperature given by eéuation A-3 is assumed valid for both laminar

and turbulent flows.

MODIFICATION OF ECKERT'S REIATIONS FOR DIGITAL COMPUTING USE

In the form given in the previous section the equations do not lend
themselves to computer calculation; therefore, they are modified as
explained here:

For turbulent flow, from equation A-k:

*
by = 0.0296 % (Re*)o's (Pr*)o'333 (A-5)

Combining equation A-5 with equation A-2 results in

T 0.2 X Mo

« 0.8
= 0.0296 [Re Mm] (pr*)0-333 (g - T,) (a-6)
" _

Using the Mach number definition

M=

ole

and the perfect gas relation

¢ _fr \°°
Co \To

the Reynolds number term in equation A-6 is modified, resulting in the

following expression:

LOCKHEED A-2
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Next, the viscosity relation

and perfect gas law

T

=&

p*
E— a2
e

H

are used to modify equation A-7 to the following form:

the expression for Uy becomes

0.8
Re,, Re -\ 1.69
Lo 0.8226 <XM ) Me (R ; ) <£> (pr*)0-333

X * @ ) T* )

*
K (TR _ TW>
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By a similar process the expression for laminar flow becomes

1.697 © (A-:;o)
%L~ 0)33-? (}1:;:) Mm@:e; ) (;%) ¥ (Pr¥>o.333 ¥ (TR _ Tw> ~
Equations A-9 and A-10 are combined to give the programmed form
_ Reg Ree Te 1.69] 2 0333
o) - () @) 6

K M ° (TR - TW)

(A-11)

where the factor P has been included as an angle of attack modifier. Its

use is optional and P will have a value of unity unless changed by the

user as described below. The term Mm-b is included to give the Eckert

equation the same form as that used by another aerodynamic heating method,
which is no longer being used. The recovery temperature is computed from

the following:
- +pf (Y- 1L 2 _
T = T, [1 Pr (——2 ) M, (A-12)

where Pr® is the temperature recovery factor. A constant value of

Pr = 0.71 is used in the program.

PROGRAM INPUT

Several tables must always be provided in the data block when the
Eckert heating routine is used. The designation numbers of these tables are
permanently reserved and linear interpolation of the data is understood.
The user must always provide tables 1, 3, h, 5, 6, 8 11, 12, and 13. If
the angle of attack multiplier B is not understood to be unity, tables 2
and 7 must also be provided. The following list shows the composition of
each table.

LOCKHEED A-k
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TABLE
DESIGNATION NUMBER

1

11

13

INDEPENDENT DEPENDENT
VARIABLE VARTABLE
¢] H ~.
‘ Re
[s¢]
; Log10 (m)
0.333
T™* log, (Pr k>
Ree
Mo Rey
M e
TGD
Constants a, b, e, Y in that order
H To
Mé
Mg, ﬂﬂ:
0 %R
o B or constants K,
and. KL

Note that tables 3 and 12 contain only atmospheric data and as such

are standard, reusable tables.

tains thermodynamic and transport properties data.

This is also true of table 4, which con-

The trajectory is

defined in tables 1 and 11, and the local flow field in tables 5, 6,

and 13. Table 8 lists the constants a, b, e, and Y from equations 11 and

12. Using the Blasius expressions for skin friction (equations 1 and k) °

and assuming the fluid is air with Y = 1.4, these constants are:

LOCKHEED
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BOUNDARY TAYER - ' a b e Y
laminar 0.5 0 0.5 1.k
turbulent | o.8 0 0.333 1.k h

The angle of attack multiplier B is optional. Two possible methods

exist for its use.

Method 1

In this method the angle of attack multiplier is input in table 7 as
B=1 (a)
where the angle of attack is obtained from

For the top surface, F =0 as= . (QR ...ao)

For the bottom surface, F = 1 a = (01R - ozo)

Both F and e, are input as part of the function callout as described below.

The vehicle angle of attackap is given in table 2 as a function of time.

Method 2

This method consists of inputing two slopes, K, and Ky, in table 7,
and having the machine compute the angle-of-attack multiplier by one of the

following equations:
a > 0 (a windward surface) B=1+K, e

@< 0 ( a leeward surface) P=1+Kp @

The vehicle angle of attack arg is again given in table 2 as a function of

time.
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Shown below is a sketch of the B -a relation used in Method 2.

B
Kw
/_4/ ]
K
1 L 1.0
- o
The sign convention used to determine ag and a, is indicated below.

F=0 (TOP SURFACE)

~_—"%®>0
/\“’R <0

VELOCITY
VECTOR

F=1 (30TTOM SURFACE)

One additional quantity is required as data input to the computer
when using the Eckert Aerodynamic heating routine. This is the K factor in
equation A-11 which, as can be seen by comparing equations A-9, A-10, and

- A-11, is given by the following:
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Laminarvflow_ K = 0.3328

(A-13)
0-5
Turbulent flow K = 948g%§é : (A-14)
. ey

The subroutine callout takes one of the following forms:

where

CALL EAHL (j, K, H, a, F)

CALL EAH3 (j, K, a F)

CALL EAH2 (3, K, H)

CAIL EAH1 (3, K)

is the node number for which g is computed.-’

is the floating point constant K, or the location where K
is stored.

is the location where the value of the heat transfer coefficient
is to be stored, if desired.

is the vehicle surface angle in radians. If not specified, the
angle-of-attack multiplier 8 is understood to be unity.

is a flag which is O for an upper surface and 1 for a lower
surface. F is vacant if a, is vacant.

Several example callouts are:

1.

LOCKHEED
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CALL EAH1 (16,0.02)

Means compute the aerodynamic heating to ncde 16 with K = 0.02

and 8 is understood to be 1.
CALL EAHL (16,P(L + 3))

Means compute the aerodynamic heating tonode 16, and find
the value of the K factor in the third storage location

of the table whose designation number corresponds to L. (:)

A-8
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This arrangement allows K to be a variable expressed

by some other function.

3. CALL EAH2 (16,0.02, P(L20 + 2))

Means the same as (1) except that the value of the heat
transfer coefficient is to be stored in the second storage
location of the table whose designation number corresponds
to L20. This arrangement allows h to be called out in the
print block.

L. CALL EAH3 (16,0.02, 0.2, 0)

Means the same as (1) except that the angle of attack
multiplier 8 is computed by Method I above with @, = 0.2

radians, and the node is located, on the upper surface.

5. CALL EAHL (16, P(L + 3), P(L20 + 2), 0.02, 1)

Means compute the aerodynamic heating to node 16, find the
K factor in the third storage location of the table whose
designation number corresponds to L, and store the value
of the heat transfer coefficient in the second storage
location of the table vhose designation number corresponds
to L20. The angle of attack multiplier 8 is computed by
~Method I with o, = 0.2 radians, and the node is located on

a bottom surface.

The recovery temperature in °F is automatically stored in the address-
able element M(12).

LIMITATIONS OF ECKERT'S AERODYNAMIC HEATING METHOD

The aerodynamic heating subroutine described herein is strictly wvalid

within certain limitations. These are summarized below:

1. 1In deriving Eckert's relations for digital computing the
reference temperature form was used, rather than reference
enthalpy. This assumes constant specific heat and Prandtl
number.

LOCKHEED A-9
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2. Effects of dissociation and jonization are neglected in the
heating relations. This limits the velocity range for which
the equations are valid. For example, dissociation of the
air molecules behind a normal shock begins at approximately
Mach 6, for an altitude of 200,000 ft.

3. DNear continuum flow is required, i.e., H<200,000 ft.

L. Two-dimensional flow along a constant pressure and temperature
surface is assumed.

5. ©Steady, or slowly accelerating, flow is required.

The above assumptions probably limit the accuracy of the method

to something like *10% for a typical ascent trajectory.

EXAMPIE PROBLEM

To illustrate the procedure in using the Eckert heating sub-
routine, a simple ascent heating problem is set up. Suppose it is desired
to calculatebthe transient temperature response of an aluminum honeycomb
skin located at a distance of 45 ft from the nose of the vehicle. The
vehicle trajectory (altitude and Mach number vs time) and local flow field
parameﬁers are assumed known. A sketch of a unit surface area of the skin

and the corresponding thermal network are given below.

o NODE
Qapro 4 RAD
\ / .016 ALUMINUM 1 (SPACE
| SKIN RADIATION
ALUMINUM ' 1*01- o SINK)
HONEYCOMB vy Q,

t_ .016 ALUMINUM
SKIN

The following assumptions are made:

1. The boundary layer is turbulent for the first 135 sec after
launch, at which time transition to laminar flow occurs
instantanecusly.

LOCKHEED A-10
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2. The extefnal skin (node 2) radiates to a free space sink
of 50°F.

@ 3. The skin rear face is perfectly insulated.

] 4. The aluminum properties are:

P =0.1 1b/in3
cp™ 0-2 Btu/1b°F
€ =0.55

kH =8 Btu in.

ONEYCOMB hy £2°F
Btu
c = 0.03 ——
HONEYCOMB op pt2

Capacitors

ILump each skin with half of the honeycomb core

.0

= = -|-_...3.

C2 = 3. =PVe t =3
= 0.1 22 L 016 (1) ind x 0.2 =22 + 0.015 = 0.0611 Btu
3 1o °F F

Radiation Resistor

_ €FA _0.55 (1) (1) . -l
Kl 3600 3600 1.53 x 10

Conduction Resistor

0.968 i 600 =2
Ro = AL 9 1n.x 3 hr _ 436 &< °F
kA 8 Btu in. X1 ft2 Btu

hr ft2 °F
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Eckert K Factor

_ 0.0296A _ 0.0296(1)

K2
turbulent 0.2 0.2
d X (45)

= 0.0138

Ko =0.332A _ 0.332(1) = 0.0496
laminar XO.S (h5)0.5

The program input is shown in Figure A-1. The value of the
turbulent K factor is stored in the location T(h). Tables 1 and 11 contain,
respectively, the vehicle altitude and Mach number vs time. These are
assumed values and are typical of large liquid fuel boosters. Tables 3
and 11 contain loglO (RqD/XMw) and freestream temperature vs altitude for
Patrick Air Force Base, Florida. These tables were constructed from the
measured data published in Reference 6. Table 4 contains logyg (PrO-333 k)
vs temperature, using the data of Reference T- Thus, tables 3, L4, and 11
contain real properties data, applicable to any Cape Kennedy launch.
Actually, the difference between the Patrick Air Force Base Standard
Atmosphere and the 1962 U.S. Standard Atmosphere (Reference 8) is so slight (:>
that the data in these tables may be used with considerable confidence
regardless of the launch site. Tables 5, 6, and 13 list assumed values
for the flow field parameters (Ree/Rem, Te/Tm’ and Mé/Mm) as a function of
freestream Mach number. These values depend primarily on the vehicle
geometry. The constants a, b, e, and Y applicable to a turbulent boundary
layer are stored in Table 8. 1In the time block the initial and final times
are set at 0 and 160 sec, with a print interval of 5 sec. TFor a typical
ascent heating problem, the computing interval should not exceed 5 sec to
prevent.temperature oscillations.

The FUNCT subroutine should be self-explanatory. Card 6008 con-
tains the radiation function and, if current time does not equal 140.,
all other functions are ignored with the exception of the Eckert Heating
routine. The K factor is obtained from TN(M). If current time equals
lhO,, the turbulent K factor stored in TN(L) is replaced by the laminar K
factor (with a value 0.0L96). Also, the constants a and e of table 8 are

- replaced by their laminar values. . (:)
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Note that these changes are made at 140 sec, rather than at 135
sec when transition is assumed to occur. This is a result of the finite
difference solution which, with a computing interval of A6 sec, assumes
that the value of each independent variable remains constant during the
time 6 -A6. Thus, if the exponent e stored in table 8 is changed at
140 sec, the new value is used by the EAH subroutine during the interval
135-140 sec. | | |

The PRINT subroutine is set up to list the current time, node 2
temperature, node 3 temperature, recovery temperature, and aerodynamic
heating rate on a single line of output. The first 4 items will appear
in the F-field format, and the heating rate in the E-field format.
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NOMENCLATURE FOR APPENDIX A

a Exponent in equation A-11

A Heated surface area, ££2

b Mach number exponent in equation A-11

c Speed of sound, ft/sec

¢,  Specific heat, Btu/1b°F

C Thermal capacitance, Btu/°F

e Prandtl number exponent in equation A-12
h Heat transfer éoefficient, Btu/ft° sec®F
H Altitude, ft

k Thermal conductivity, Btu/ft sec®F

K Eckert K factor defined by equations A-l3Aand A-1h

KW’KI, Surface slopes

Pr Prandtl number

q. Surface heat flux, Btu/ft2 sec
Qv Surface heat flux, Btu/sec

R Thermal resistor, sec®F/Btu

Re Reynolds number

St Stanton number
T Temperature, °R
u Velocity, ft/sec
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NOMENCLATURE FOR APPENDIX A (Continued)

v Volume of lump, in3

X Equivalent boundary layer length, ft

a Local angle of agttack, radians

agR Vehicle body axis angle of attack, radians
ag Vehicle surface angle, radians

B Angle of attack multiplier

[ Viscosity, lb/ft sec

Y Ratio of specific heats
€ Emissivity
6 Time, sec

1 I Density, lb/ft3

Subscripts
e Boundary layer edge
R 'Recovery
W Wall
© Freestream
Superscripts

*_ Evaluated at the reference temperature given by equation A-3
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APPENDIX B

ABLATION

The ablation subroutine is an extension of the Thermal Analyzer
Program to solve problems involving transient and steady-state ablation. The
function calculates the amount of material that is ablated (if the temperature
is above the ablation temperature) as a function of time as part of the heat
balance using the finite difference technique. The amount of material that is
ablated is then removed from the network by a switching arrangement, while the
normal transient temperature distribution is calculated for the remaining
ablation material and back-up structure. The ablation function, like most
other functions, must have entries in the data block and FUNCT subroutine with
the data block being a table of information thét the function needs to perform
the ahlation process.

The ablation function will only ablate a network that has the nodes at

the boundaries of the lumps. The nodes and their information must be put into

_the table and listed in the capacitor block in the order in which they will

ablate, but the node numbers need not be assigned consecutively. The machine
calculates the resistors and capacitors in the ablating layer at each cycle,
allowing for material removal. All material properties, e.g., thermal con-
ductivity, heat ablation, etc., may be made a function of any variable. The
three limitations of the program are:
1. Only ablation from a solid to a gas without a char layer may
be considered.

2. Only one-dimensional heat transfer can be handled in the
ablation material.

‘3. Ablation network resistors and capacitors may not be input
by the geometric methods discussed on pages 5-6 and 5-8.
Some of the items that make the program very flexible are:

1. Heat of ablation and temperature of ablation may be made a
. function of temperature, heating rate, enthalpy, or time.
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2. The ablating system may be stopped and started an infinite number
of times.

3. It can handle the case of any number of layers of different

ablation materials. ~

k. Many ablating systems can be handled at one time, either separately
or linked together at a nonablating node.

5. P, cp, énd k may be a function of any variable.

6. Radiation from the ablating node with emissivity as a variable
can be handled by the program.

PROGRAM INPUT

The ablation subroutine callout is

CALL ABL(i,N)

where i is the first (surface) ablating node number and N is the designation

number of the table which contains the ablator properties used for the calcula-

tion of the capacitors and resistors in the ablating network. | (:)
To illustrate the use of this function, consider the example of a

4-1ink ablating chain sketched below.
Te Rig T
L Wiy
X C ==

(NOTE the correspondence between node and resistor numbers. This

is an absolute necessity when using the ablation function. )
Node 16 is the first ablating node; i.e., the material is ablated from left to
right in the figure. The network to the left of C16 is normally a description
of the heat input (which would include radiation outward) to the outermost
ablating material. The network to the right of Cog (starting with node L40O)

would be the structure to which the ablating material is attached.
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The ablation tablé contains the list of capacitor-resistor links in the
same order that ablation will take place. Note that although the ablation
table would be a sufficient description of the ablation network, this ablation .
network must have been described in the resistor block and capacitor block just
as any part of the network was described. However, the initial vélues assigned
to the ablation resistors and capacitors will be replaced by fhose found by
computation using the tabular properties and hence can be input as zero.

The leading line of the table must be entered as 10 zeros, the two
trailing columns (columns 9 and 10) must be entered as zeros, and the final
line consists of one zero. These bordering zeros result in a convenient matrix
reference scheme for the user of the ablation function as well as providing
necessary storage for the ablation program. The first 8 entries on the inter—.

mediate lines contain, in order, the following information:
1. Node and corresponding resistor designation numbers
2. Abletor thermal conductivity - Btu/hr £t °F

3. Ablator demsity - 1b/ft>

4. Ablator specific heat - Btu/1b °F
5. Cross-sectional area normal to heat flow - ft°
6. Initial resistor length - in.
7. bAblation temperature - °F
8. Heat of ablation - Btu/lb

The ablation table (designated as Table L in this example) is entered as

0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
3 16. Kig Pig Cig Mg X16 Tl6,a Hl6,a 0. 0.
| 2. Ky Ppp G A %y TEl,‘a Hoy,a O 0.
i 3. K Py T 0.

28. Xz Pog Cog A8 Xog  Tog,s  fega O 0-

" 0.
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where the various quantities may be identified by reference to the above list.
Each entry must be in floating point. During execution, the ninth column will
be updated as ablation progresses and will contain the accumulative amount of ~

material (in in.) ablated at that particular node. Consequently, in the PRINT
subroutine, a WRITE statement listing the addresses

'P(Lh+19), P(14+29), P(IL4+39), P(Th+49)

where

4 = 1oC (L)

will cause to be printed the total material ablated at each node as a function
of time. To aid in data reduction, each time a new link begins to ablate, andg
each time a node stops ablating, the regular output block is automatically
printed.

There is no restriction on the number of ablating links in an ablating
chain or on the number of separate ablating chains in a particular case.
Further, there is no restriction on the number of resistors going into the
left-most capacitor (in this case 016). However, each interior ablating node
must have exactly one resistor to the left and one resistor to the right. If
the terminal ablating node is only "half ablating" (input by setting T28,a
equal to a fictitiously large number), there is no restriction on the number
‘of resistors attached to the terminal ablating nodé.

As the material ablates from left to right, the outer boundary is con-
sidered to move to the right. Thus, in the example capacitor number 16
continually moves; and if all nodes are completely ablated away, node numbers
21, 3; and 28 and resistor numbers 16,-21, and 3 will vanish from the circuit.

Then the circuit will consist merely of

Tie Rg Ty
€T
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Again we have assumed that the right-hand part of the original 028 was non-

ablating material so that the ablation stops at this point.

EXAMPLE PROBLEM

To illustrate the procedure in using the ablation subroutine, the
following simple problem is set up. Consider the application of a low tempera-
ture subliming ablator near the nose region of a highly accelerating solid
fuel rocket. The ascent heating pulse is assumed known. A sketch of a unit

surface area of the skin and the corresponding thermal network are shown below.

NODE
1 (SPACE RADIATION SINK)

16
0.7" ABLATION 21
MATERIAL 3
| o
40
HONEYCOMB
SUBSTRUCTURE

A b-link ablating chain is set up using the node and resistor designation
numbers of the example discussed in the preceding section. The following
assumptions are made:

1. The outermost surface of the ablator (node 16) rédiates to a free

space sink of 50°F. The surface emissivity is 0.8 resulting in a
radiation K factor of 2.22 x 10-k. ’

2. Conduction resistor 4O connects the substructure skin nodes 40 and
50. R(40) has a value of 2000 sec °F/Btu, and each skin node has
a capacitance of 0.10 Btu/°F.

3. The ablator properties and dimensions are:

Thermal conductivity 0.08 Btu/hr ft °F at O°F

0.12 Btu/hr ft °F at 600°F

LOCKHEED B-5
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Density . - 66 1b/tt3

Specific heat = 0.35 Btu/lb °F

Cross-sectional ares = 1.0 ft2 o
Initial lump thickness = 0.2 in. for resistoré 16, 21, and 3

= 0.1 in. for resistor 28
Ablation temperature = 535°F
Heat of Ablation = 600 Btu/1b

The program input is shown in Table B-1l. Dummy values are entered for
the ablation material resistors and capacitors since these are computed each
cycle by the ABL subroutine. The assumed aerodynamic heat pulse is shown as
curve 1 of the data block. The ablation table 4 is entered using the assumed
properties listed above. The ablator conductivity is shown in curve 5. The
initial and final times are set at 0 and 100 seconds, with a print interval of
2.5 sec.

In the FUNCT subroutine, card 6008 calls for linear interpolation of
curve 1 to obtain the aerodynamic heating to node 16. On cards 6010-6013, the
values of thermal conductivity listed in table L4 are updated each cycle by‘
interpolating curve 5, using as independent variable the average temperature
of the nodes to which the particular resistor is attached. Card 6014 calls in
the Ablation subroutine, and card 6015 specifies the space radiation .function.
The radiation flux is computed and stored in the variable QRAD16 by subtracting
the space sink temperature from the wall temperature, and dividing by the
space.radiation resistor.

The PRINT subroutine calls for the output to be listéd in six columns,
with the corresponding time appearing by itself to the left of the first line
of output. The first line will consist of the temperatures of nodes 16, 21, 3,
28, LO and 50, in that order. The second line will list the accumulated amount
of material ablated at nodes 16, 21, 3, and 28; the aerodynamic heating rate;

and the radiation loss to space.
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APPENDIX C

DIGITAI, COMPUTER SOLUTION FOR PASSAGE AIR AND WALL TEMPERATURES

The basic approach in the computation of passage air and wall tempera-
tures is the lumped parameter technique widely employed in the electrical
analog solution of problems involving partial differential equations. The
network for convection at a surface where there is no appreciable variation of
the fluid temperature in the flow direction is simply a resistance, Rc’ con-
necting each of the node points representing the surface temperatures of the

solid to a node point representing the fluid bulk temperature, where

_ 1 ¢
Rc T h A
(]
h = Theat transfer coefficient
Ac = area for convective heat transfer

per surface temperature node

Such is not the case for the network for convectlon from a gas to a
surface where the convective heat transfer gives rise to appreciable variations
of the gas temperature in the flow direction, and the analysis of this situa-
tion is therefore presented in somewhat greater detail here. The partial
differential equation describing the variation of fluid bulk temperature, T,

with distance in the flow direction, X, and time, 0, is

Pcv Ac 3 We 5
(52 8) - (5E) v

where
Ti = passage wall temperature
\' = fluid mean velocity
W = fluid flow rate
cp = fluid specific heat at constant pressure

LOCKHEED Cc-1
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¢, = fluid specific heat at constant volume

h = heat transfer éoefficient

jo) = perimeter of cross-section for heat transfer
A = cross-sectional area of passage

d
The rates of change of flow work and kinetic energy of the fluid are neglected
in the preceding equation as these terms are small compared with the rate of
 change of the internal energy of the fluid and the heat transfer rates as
represented by the first and second, and the third terms, respectively.

The straightforward application of the lumped parameter technique
entails the substitution of the equivalent difference for the distance
derivati aT .

rivative, ax ) > Viz.

in the equation above to yield

{pcv A, (8X)}<Z§n> + (W cp) (T, - T_y) +{hp (ax)} (T, - T,) =0

The network representation for this equation is as shown below, where

c = PcV A, (6%)
1

Ra - We
P

LOCKHEED C=2
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Application of this lumped parameter network to the air passage of the problem
at hand (and to heat exchéhger passages in general where the fluid is a gas)
necessitates the use of a very large number of node points for a moderate
accuracy in the problem solution. It is shown below from a consideration of a
simplified network for a typical element of the complete representation that
the capacitor shown in the circuit above may be removed from the circuit with-
out significantly affecting the accuracy of the solution. This in itself does
not relieve the requirement for a large number of node points; however, it
does permit the term in the original partial differential equation correspond-
ing to this capacitance, (P c, Ac/p) (87/80), to be removed. Once this term
is removed a more refined approximation than that employed above may be sub-
stituted for the second term, (W gp/p) (07/8X); whence, a smaller number of
node points will produce an equivalent accuracy.

A slice of thickness (8X) of the portion of an air passage included
between planes of symmetry is illustrated in Figure C-1. Also illustrated is
the equivalent network considering variations of the wall temperature in the
direction of airflow only. The triangular symbol schematically indicates a
cathode follower (functionally a vacuum tube amplifier with unity gain). The
purpose of this component is to reproduce the potential (temperature) of a
given node point at a second node point without drawing any appreciable cur-

rent (heat flux) from the first. If cathode followers are not inserted as

LOCKHEED C-3
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Figure C-1. Physical Geometry and Corresponding Thermal Network
. for a Portion of an Air Passage
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indicated, the equations describing the network response will contain terms
not present in the lumped parameter equations of the thermal system. The
presence of cathode followers is rationalized on a physical basis by noting
that cathode followers isolate air node point temperatures from any effects -
convective heat transfer at downstream nodes but not from upstream nodes in
accordance with the physical facts.

Ra’ Rb’ and C are computed as indicated previously and

Taw = adiabatic wall temperature
ho = external heat transfer coefficient
Aw = shaded area of the figure above
Ao = P, (8X) = external area for heat transfer
c, = specific heat of wall
P, = density of wall
kw = thermal conductivity of wall
1

Rc ~ h_A

oo
C, = P, c A (6x%)

If the removal of the capacitances representing the rate of chanze of
internal thermal energy of the passage air with respect to time is not to hzv»
a éignificant effect on the solution, an obvious requirement is that these
capacitances be very small compared with other capacitances of the systen (412

passage wall capacitances), i.e.

pc_ A

C v e
__=__._—__<<
C p ¢ A 1
w W W W

An additional consideration is involved as a result of the fact that the <

~of changes of passage inlet temperatures are not reflected immediatel;y =% . -

stream points due to the finite time required for the air to traverse Tl.2

apacity -7 Lo

L “

[

0

passage. The electrical capacitors representing the thermal

air, C, the resistances, Ra’ and the cathode followers, form an electri ::
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circuilt which may be described as a delay line. The delays in this case
represent the time required for an air particle to pass from the inlet of the
passage to downstream node points. Removal of the capacitors representing the
thermal capécity of the air eliminates the delays and is thus tantamount to
assuming air particles traverse the passage in zero time. This is justified
if the actual time of traverse, 913 is very small compared to a suitable
measure of the time required for a 51gn1flcant change of the wall temperatures.
Such a measure is the time constant, 7, (re51stance-capa01tance product) of a
wall temperature node point for changes of the air temperature. (The term,
time constant, is employed in the usual sense here, i.e., the time required
for a node point potential to respond within l/e or 37% of the final steady-

state value resulting from a step change of an adjacent node point potential.)

, Py Sy Aw
T R Ty
L
GL v
where
L = +total passage length

The second condition that must be satisfied is then

61,

=—P———<<1
T Pw c v

The partial differential equation describing the variation of fluid
bulk temperature, T, with distance in the flow direction, X and time, §, then

reduces to

§) - (=) o
1Y
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Since%time does not appear éxPlicitly in this equation it may be treated in the

‘same manner as the ordinary differential equation

(&) (52) e

insofar as obtaining a solution is concerned with the understanding that
instantaneous values of the wall temperature, Ti’ will be employed in the
solution. Assuming that the wall temperature may be considered uniform over

a segment of the passage of length (8X) and noting the boundary condition

/
| (T)X=O - Tn-l

where

Tn—l = air temperature at the inlet of the segment

the solution becdmes

_hpX
We

= - b
T=T + (Tn_l Ti) e

Setting X = (8X) yields the segment outlet air temperature, T,

_ - -B
Ty=Ty* (B - T e

where
A hA
B = We
p
A = p (8X) = effective area of the segment

for convective heat transfer

Integrating the heat transfer rate to the wall per unit length over the length
of the segment yields the heat transfer rate to the wall segment, Qi,

LOCKHEED C-7
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(8%) (%)
Q = J/. qQ & = U/f hp (T - Ti) dx
o 0.
(6X) - BX
Q= / hp (T _, - T;) e (%) ax
O

Eliminating the segment inlet temperature, Tn-l’ between this expression and

the expression for the segment outlet temperature yields

o = (We) (P -1)(r -1
and eliminating the wall temperature, Ti’ between the same two expressions
yields

Q = (w cp) (Tn_l - Tn)
The simplest network satisfying these relationships is shown in the following
sketch. (As indicated previously, cathode followers are inserted between this
passage segment network and the identical network for the adjacent segments. )
Comparison of this network with that previously obtained indicates that, in
addition to the absence of a capacitor representing the rate of change of the
internal thermal energy of the air, the following differences exist: the wall
temperature node location is midway between rather than adjacent to air tempera-
ture nodes; and the resistance connecting the segment air outiet temperature
node, Tn, to the wall temperature node, Ti’ is smaller by the ratio x3/(eB - 1).
Note that as (8X) and hence B approach zero this ratio approaches unity, and
that the resistances connecting the segment air inlet and outlet temperature

nodes are identical.
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Since significant temperature gradients may exist in the passage wall:

in planes normal to as well as in the direction of the airflow, the anal;zis
is extended here to include convection to (N) wall temperature nodes around

the periphery of each segment. The partial differential equation becores

aT

N .
1
(ax) * ey 2 )y (T-T) =0
Pl
-and the boundary condition is as before
(T)x=0 - Tn-l

The solution is then

H
h
[+
NN
l_l
1
(0]
]
(%]
> s
~—
=
g
H
+
H
(¢
t
)
= ]
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where »
A N
« 23w,
i=1
A a
B S W C
P

Setting X = (8X) yields ‘the segment outlet air temperature, T »

N
T - ;11—(1-e"8) > (hA); T, + T e B

n
i=1

and integrating the heat transfer rate per unit length over the length of the
bassage yields the following éxpression for the heat flux to each wall node
point.

(8%)
Qg = <hp)i/ (T - T) &X

o

-8B
o =, | (-2

+l(1-e'B)Tn_l-Ti}

N
) % e, m,

=1

B

Eliminating the term involving the summation between this expression and the

expression for the passage segment air outlet temperature

1

a; = (na), {(1 - e'B)bl - é} (T, - T,) + (na), {é -eF- e“B)'l}

(Tpy = Ty)
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The simplest network satisfying these relationships is illustrated below.
(Again, cathode followers must be inserted between this network and the adjoin-

ing networks.)

. 1 _ %58)

i 7 hA),

i), {2 - P - eBty L

i -Gyl 1 Ay
(), { @ - B - 2

1 £, (B)
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1

|

It is not immediately apparent that for N = 1 the network above
reduces to the network previously presented for a single wall temperature node,

and this is therefore demonstrated here. For N = 1 the circuit becomes

T

1

The resistor, Rl’ will be replaced with two series connected resistors whose
series resistance equals that of Rl and whose ratio is equal to rl/R as

illustrated.

Rp*thRipg= 5§
Y30
RlA R

Solving for RlA and RlB

R, = !

1A T ry
R

R
1

R _

1B~ |, R O

el
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Since there is no current drawn from either node t or node_Tn and since
RlB/RlA = rl/R, the potentials t and Tn are equal. Hence, the node points %
and Tn mey be connected to one another without affecting the circuit orera-

tion. Thus, the circuit becomes

R

18

The resistances R and RlA may now be combined into a single resistance, R}.; arni
. L

@ Ty and RlB may be combined into a single resistance, RB.

Ty

RA
. 1 ) R R,
A %+R_l_ Rl+rl+R
1A
. R, - 1 ) r) Ry
e L L mrarT
1 ™iB
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Substituting the expressions for Rl’ ry and Rl yields values of RA and RB

identical to those obtained in the one wall temperature node analysis, viz.

R.=
ch (e'B-l)

Since calculation of the factors fl(B), fQ(B) and fS(B)

1 eB—l

1
(F-Fu-ap7 7 ookt e (=BT 1)

is quite tedious, and may be inaccurate for small values of B, these functions

are shown in Figures C-2 and C-3.
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1.0 10
.9 B_ A 19
8 : a] 3% 8
.7 (1-¢7) P r 7
P / 6

VS.
.5 . '/ 5
4 // 4

: Z .10 4 //

3 &2 .09 7 A .9
.08 .8
-.07 4 .7
.08 /] / 6
.05 7 .5
N Yy
04 // A

//

.03 / .3

.02 A 2
01 A
.01 ..02 .03 .04 06 .08 .10 2 3 4. b 8 1.0
B
Figure C-2. Function f3 (B) Required for Passage Air Temperature Solution
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APPENDIX D

COMPUTER OPERATION

The Thermal Analyzer Program exists in three versions: Version A for
regular problems, Version™B for maximum-sized problems, and Version C for
fluid storage and pressurization problems. Table D-1 summarizes the capacity

of the three versions of the program.

TABLE D-1
PROGRAM CAPACITY

Version "A" "B" e
: (Regular) (Maximum) (Pressurization)
Overall Data Storage 16,000 16,000 . 13,000
Temperatures ~ 1000 ~1000 300
Resistors ~ 2500 ~ 2500 : T00
Data Block ~ 3500 ~ 3500 10,000
FUNCT and PRINT ~ 2700 ~ 4800 1100

This appendix describes the arrangement of the program deck, computation
sequence, and tape usage for Versions A and B. It also contains a brief
description of the program decks and a complete listing of the basic program
and subroutines. Version C, which is applicable to fluid storage and

pressurization problems, is described in detall in Reference 9.

ARRANGEMENT OF THE DECK

The program deck is arranged as follows. The two subroutines, PRINT

and FUNCT, are inserted in the program deck between the two cards:

LOCKHEED D-1
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$IEDIT SYSINL
and
$ENTRY MANG
The input data — temperatures, resistors, etc. — are inserted between the next
two cards:
$DATA
END
Figure D-1 is a representation of the deck setup.

The $IEDIT SYSLB3 card sets up the system to read the required sub-
routines from a reserved program library tape: Unit A8 on the Stand-Alone
7094, and unit SYSLB3 on the 7040/7T094 D.C. Provision is made for the operator
to mount the required tape by a $PAUSE card on the Stand-Along TO94, and by a
$SETUP card for the TOhO/YO9M D.C. The required linkage is set up as the
programs are read and loaded. Figures D-2 and D-3 show the overlay linkage
arrangement for Versions A and B. Both versions use the same basic program
and éubroutines = the only difference is the way the various subroutines or
functions are combined into links. While it is possible to combine the sub-
routines in a variety of ways, these two versions should cover most situations
that may arise. Tables D-2 and D-3 show the order of the program deck for
each version. ZEach subroutine is represented in these tables by its initial
card. Version A should be used wherever possible as Version B obtains its
additional capacity at considerable expense in execution time.

Additional capacity can be obtained, if necessary, by eliminating
certain of the subroutines that are not used in a particular problem. The
following subroutines are referenced only by the FUNCT and/or PRINT subroutines,

and if not used there, they may be eliminated for a given run.

Subroutine or Function Deck Name
LIN LING
BIV BIV6
PAR PAR6, ATRO*
TANKA TNK6
RAD RADS
SAV o SAV6

LOCKHEED ' D-2
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/ $EOF, $I1BSYS, SUNLOAD, SRESTORE, $EOF, $IBSYS

( END

/ RESTARTS (IF ANY)
( CID RESTART NO. 1

TEMPERATURES, RESISTORS, CAPACITORS _/
DATA BLOCKS, TIME BLOCK

( :
L$[§:A!TDA -/ ]

/f $ENTRY MANS /

{ $IBFTC PRINT ' i

( $IBFTC_FUNCT i
( $IEDIT SYSINT

PROGRAM DECK /

Figure D-1. Deck Setup for Thermal Analyzer Progran
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TABLE D-2

PROGRAM DECK ORDER - VERSION A
$J0B 7+15510000 5174833780 012266A 43233 DAVID 2266
$ID JOB 2266A DAVID THERMAL ANALYSER - FORTRAN» SHORT JOBS 0001
$ID 7+15,10000 5174833780 012266A 43233 DAVID 2266
$PAUSE PLEASE MOUNT RESERVE TAPE 290 ON UNIT A8»s START
$ATEND 0,77777
$SETUP LB3 T290sDISKsss1l , , ) 0003
$ASSIGN sYSLB3 ' ’ ' ) 0004
$ASSIGN SYSLB2 0005
$ATTACH B2 . 0006
$AS SYsLs2 0007
$SATTACH A8 .
$AS SYSLB3 0009
$EXECUTE 18J0O8 0010
$18J0OB NOMAP .
$FILE TUNIT16'9sA(2) sREADYsNOLIST s INOUTsHIGH»BIN»BLK=457
$IEDIT SYSLB3ySRCH1 0012
$IBLDR MAN6 0013
$IBLDR EXT6 0014
$IBLDR LOC6 0015
$IBLDR U046 0016
$IBLDR U096 0017
$IBLDR U106 0018 .
$IBLDR U126 0019
SORIGIN AsSYSLB2 0020
SIBLDR CPA6 o 0021
$IBLDR CPB6 0023
$IBLDR CPCé6 0024
$ORIGIN A,SYSLB2 0028
$IBLDR EXCé . 0029
SORIGIN C,SYSLB2 0030 (i:)
$IBLDR CDA6 : 0031 *
SORIGIN CsSYSLB2 - 0032
$IBLDR HTB6 0033
$IBLDR LING 0035
$IBLDR PAR6 0036
$IBLDR ATR6 0037
$IBLDR BIVs
SORIGIN Ds3YSLB2 0039
SIBLDR TNK6 . 0040
$INCLUDE FUNCT 0041
SORIGIN : EsSYSLB2sREW 0043
$INCLUDE PRINT 0042
SIBLDR CVG6 0050
$IBLDR RAD6 0044
$IBLDR MMF6 0047
$IBLDR SAV6 0048
$IBLDR SVT6 0049
$IBLDR TPT6 0051
$IBLDR PNT6 A0051
$IBLDR EAH6 0057
SORIGIN EAXsSYSLB2sREW
$IBLDR EAl6 ) 0053
SORIGIN EAX»SYSLB2sREW
$SIBLDR EA26 0054
SORIGIN EAXsSYSLB2sREW '
$IBLDR EA36 0055
SORIGIN EAXsSYSLB2sREW
$IBLDR EA46 0056
SORIGIN EsSYSLB2REW 0052
$IBLDR RRM6 0045
$I1BLDR MDT6 : 0046
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i
TABLE D-2
( CONTINUED)
$ORIGIN CeSYSLB2sREW ) 0079
$INCLUDE . LPLOTRsLSYMBLLBCD sLNUMBRsLTRANSSLINER 0081
sIBLDR BTP6 0080
$1BLDR SCL6
$IBLDR AXS6
$ORIGIN AsSYSLB2sREW 0082
$IBLDR MFO6 0083
$SIEDIT SYSINI1 0084
C
C INSERT FUNCT AND PRINT ROUTINES HERE
C
$DATA
C INSERT INPUT DATA HEREs FOLLOWED BY ANY RESTARTS
C
END
$EOF 0086
$IBSYS 0087
$UNLOAD SYSLB3
$PAUSE PLEASE REMOVE TAPE 290 FROM UNIT A8s SAVE ITs START
$RESTORE 0089
SEOF 0090
$IBSYS 0091
-«
LOCKHEED ' D-7
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TABLE D-3
PROGRAM DECK ORDER - VERSION B

$J0B 7+155100C0 5174833780 012266B 43233 DAVID 2266
SID JOB 22668 DAVID THERMAL ANALYSER - FORTRAN»s LONG JOBS
$ID 751551000C 5174833782 0122668 43233 DAVID 2266
$PAUSE PLEASE MOUNT RESERVE TAPE 26C ON UNIT A8, START
SATEND 04577777
$SETUP L33 T29CsDISKsssl L ] 0003
$ASSIGN SYSLB3 0004
$ASSICN SYSLB2 0005
$ATTACH 82 0006
$AS SYsLB2 0007
SATTACH A8 ’
$AS SYSLB3 0009
$EXECUTE 1BJCB 0010
$IBJOB MAP ,LOGIC 0011
SFILE VUNIT167'9A02) sREADYSNOLIST s INOUTsHIGHsBIN»BLK=457
$IEDIT SYSLB3sSRCH1 0012
$SIBLDR MANG 0013
$IBLDR EXT6 0014
$IBLDR LOC6 0015
$IBLDR U046 0016
$IBLDR U096 0017
$IBLDR U106 0018
$IBLDR U126 0019
$SORIGIN AsSYSLB2 0020
$IBLDR CPA6 . 0021
SIBLDR CPB6 0023
$IBLDR CPC6 0024
$SORIGIN AsSYSLB2 0028
$IBLDR EXCé . 0029
SORIGIN CsSYSLB2 0030
$IBLDR CDA6 0031
SORIGIN CsSYSLB2 - 0032
$IBLDR HTBs 0033
SIBLDR LING 0035
$IBLDR PARG 0036
$IBLDR ATR6 0037
$IBLDR BIV6
SORIGIN DsSYSLB2 . 0039
$IBLDR TNK6 0040
$SINCLUDE FUNCT 0041
SORIGIN EsSYSLB2>REW 0043
$INCLUDE PRINT 0042
$IBLDR CVG6 0050
$ORIGIN EsSYSLB2,REW
$IBLDR RAD6 0044
SORIGIN EsSYSLB2sREW
$IBLDR MMF6 0047
SORIGIN EsSYSLB2,REW
$IBLDR SAV6 0048
SORIGIN EsSYSLB2sREW
$IBLDR SVT6 0049
$ORIGIN EsSYSLB2sREW
$IBLDR TPTé¢ 0051
$ORIGIN EsSYSLB2sREW
$IBLDR PNTS A00S51
SORIGIN EsSYSLB2»REW
$IBLDR EAH6 0057
SORIGIN EAX9SYSLB2sREW
$IBLDR EAls 0053
$ORIGIN EAXsSYSLB2sREW
$IBLDR EA26 0054
D-8
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SIEDIT

C
$DATA
C

C

END
SEOF
$IBSYS

$PAUSE

SEOF
$IBSYS

SORIGIN
$IBLDR EA36

SORIGIN
$IBLDOR EA46
$ORIGIN
$1BLDR RRM6
$I1BLDR MDT6

SORIGIN
$ INCLUDE
$IBLDR BTP6
$IBLDR SCL6
$IBLDR AXS6
$ORIGIN
$IBLDR MFO6

SUNLOAD

$RESTORE

TABLE D-3
( CONTINUED)
EAXsSYSLB2»REW
EAXsSYSLB2sREW
EsSYSLB2sREW
CySYSLB2sREW

LPLOTR»LSYMBLLBCDsLNUMBRsLTRANSsLINER

AsSYSLB2sREW

SYSIN1

C
C INSERT FUNCT AND PRINT ROUTINES HERE

INSERT INPUT DATA HEREs FOLLOWED BY ANY RESTARTS

SYSLB3

PLEASE REMOVE TAPE 290 FROM UNIT A8s SAVE ITs START

0055

0056
0052
0045
0046

N079
0081
0080

0082
0083
0084

0086
0087

0089
0090
0091
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Subroutine or Function Deck Name
PUNCHT PNT6
EAH1 EA16
EAH2 : EAH EA26 BAHG**
EAH3 RA36
EAHL L EALG
RRM RRM6, MDT6*
CvG : CVCE***

¥Where two subroutines are listed, the second is called if and only if
the first is called '

¥¥EAH is called if and only if any one of EAH1, EAH2, EAH3, or EAHL is
called.

*¥*¥CVG6 (CALL CVG) executes a PRINT, and must therefore be in the same
link or a link dependent from PRINT.

To remove a given spbroutine it is necessary simply to remove the
$iBLDR SUBR. card from the deck, and to remove the $ORIGIN card just ahead of
it if and only if the $IBLDR card removed was the only one in that link. That
is, two $ORIGIN cards must not appear together.

COMPUTATION SEQUENCE

The $IEDIT SYSIN1 card transfers loading to the standard input tape,
and subroutines FUNCT and PRINT are read from it. The system then loads
Link O into core and transfers control to it. Link 1, the compile phase lini,

is entered to read and compile the data in the following order:
1. Initial temperatures
2. NBK card
3. Initial resistors and connections
L. NBK card
5. Initial capacitors
6. NBK card

T. Data Blocks

LOCKHEED A D-10
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8. NBK card
9. Print Interval, Final Time, Initial Time
10. NEK card

Two passes through the data are made. The first determines the kind of data
and the number of items on a card. All cards are read, printed, and stored

on tape 4. The second pass converts the data from BCD to the required

(floating-point or integer) binary and stores it on the compiled data tape,

tape 3.

The execution phase is then loaded, the compiled data is read ffom
tape 3 into core, and control passes to subroutine HTBAL (deck name HTBS)
which is the controlling subroutine during execution of the time-history.
HTBAL calls the FUNCT subroutine, which in turn calls any subroutines there
needed. On the return from FUNCT, HTBAL executes a heat balance for each node

listed in the capacitor block, according to one of the two following formulas:

_ A6 1.6 2 |
Tc,0 A9 = © Z R, T, 6 Z R, Ty ) T
3

k :
J
where
Tk,@ +AG" The temperature of node k at time @ + AQ
Tk 0 = The temperature of node k at time 6.
s
Tj 0 = The temperature of node j at time 6.
2
Rj = The value of resistor j, connecting nodes j and k.
:E: = Sum including all nodes connected to node k by a resistor.
J
Ck = The value of the capacitor at node k.
9 = The value of the arbitrary heat input to node k.
LOCKHEED 4 D-11
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i
If the value of the capacitor, Ck’ is zero,
> 4
- R B
j <
T =
- k.8 +A6

4 L 1

R,

J

At the same time, the R-C product of each node having & non~zero capacitor is

computéd

J

(Rc)k - Ck/z R_l.
J

The smallest RC product in the network or the printing interval, whichever is
smaller, become the "minimum R-C product,”
cycle, Af, is some fraction (normally, 0.25) of this (RC)min. (i)

At this point, the program calls those subroutines requiring both

and the time step for the following

"01d" and "new" temperatures: Convergence (CVG), Minimum and Maximum
Temperatures (MMF), and Save Current Data (SAV). These routines are used only
if they have been called for in the FUNCT routine.

A1l temperatures in the T0-+A0(new) temperature block are then moved
into the ﬂ?e (01ld) temperature block, thus destroying the old temperatures and
meking the two blocks identical. Note that this operation specifically
includes temperatures not mentioned in the capacitor block, so-called "fixed
temperatures.” To change the value of a "fixed temperature,” it is necessary
to change the value on the T6_+A9(new) block. If the old value is changéd,
that value will be used for that cycle only in the heat balance (as one of
TJ:O) and then will be destroyed by the original value left unchanged in the
EP0+_A9(new) block. Tj,O*—AG is stored in P(i), and Tj,@ is stored in |
(P(max T + i). That is, the new temperature block comes .first in the P data

storage region.

LOCKHEED ‘ D-12

CALIFORNIA COMPANY



IR 18902

The program then calls the PRINT routine and computes the next time to
print if it has reached print time. It then computes the current time for the
next cycle, calls the plot routine if plotting has been called for, and then
returns control to the Function routine for the next cycle. When, in computihg
the current time for the next cycle, the current time is greater than the final
time (specified in the time block), Af 1is chosen so that the current time is
equal to the final time for ihe nextkcycle, and at the end of the next cyéle;
control is returned to the executive program in link O. From there, if plotting
has been called for (CALL TPLOT) the plotting routines are called in and
executed. Then, if maximum and minimum temperature monitoring has been called
for (CALL MMF), the max-min output routine (MFOUT) is called in and executed.

Thereafter, control passes back to the compilation phase, and any
restarts are compiled. A restart consists of only one block of input data,
followed by an NBK card. However any value that was compiled in the initial
case may be changed. There are five flags, each one telling the program that
the'items following it are to be changed in the initial case. Flag 1 indicates
that the cards following are temperature cards. Similarly, resistor and
capacitor values are changed by cards following Flags 2 and 3, respectively.
Flag L4 indicates a new time block, which must be changed in its entirety.

Flag 5 is used to indicate changes to the data block. Note that each sub-
block of data (a curve or table) must be changed in its entirety, the restart
containing all identifications, values, and if in the original curve,‘the
period. When a data block is changed, the new values are stored starting at
the beginning of that data block. Care must be taken not to exceed the storage
allotted to that data block in the initial case. If that allotment is exceeded,
the remainder will be stored in the next following data block or blocks, thus
destroying some information. Each restart may include any or all of the above
changes, and each must end with an NBK card. There is no theoretical limit to
the number of restarts for a given run, but practical considerations, such as
the size of deck, the machine time used, etc., will limit the number.

Following all of the restarts, the last ¢ard read by the program should
be the "END" card. This card signals the program to exit and avoids an "End
of file reading..." diagnostic. It also enables the program to complete

plotting and minimum-maximum output before exiting.

LOCKHEED ' D-13
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The cards following the "end" card are system instructions to restore
the system tapes used and allow removal of reserved and special output tapés,
as required. Figure D-4 is a simplified flow diagram of the program. It
applies to both Versions A and B. Table D-4 is a complete listing of the basic

program and subroutines.

DESCRIPTION OF PROGRAM DECKS

A brief description of the function and operation of each of the pro-
gram decks follows. The subroutines called for in the FUNCT and PRINT routines

are discussed in more detail in Section IV.
MANG Initiates program and exits to system.
EXT6 Controls the program flow between compile, execution, and

post-processing phases; contains block-common storage for
information that must not be destroyed between phases.

UOL6  Defines tape unit b as BCD

U096 Defines tape unit 9 as BCD

U106 Defines tape unit 10 as BCD
U126 Defines tapeunit 12 as BCD

1.0C6 Locates the beginning point of a data block. Let L = LOC (),

where N is a data block designation number, then P(I+1) is the
first point in the data block.

CPA6 Performs first-pass compilation of input data and stores it
on unit L.

CPBS Performs second-pass compilation of input data, reading unit L
and writing unit 3.

CPC6 Performs compilation and posting of changes specified in
restart blocks, writes revised data on unit 3.

EXC6 Initiates execution phase; contains block common storage for
those items that may not be destroyed during the execution
phase.

CDA6 Reads compiled data from unit 3 into core storage.

HTB6 Controls execution of the time history of the required

problem; performs the basic heat balance on each node; updates (:)

~
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the temperature blocks each cycle; controls the time variables
and selects printing cycles.

Controls the execution of each cycle except for heat balance
and time calculations. Calls such routines as it needs to
perform the required operatians; performs user's miscellaneous
calculations and circuit value changes.

Writes the required output on the system output tape according
to the format( ) specified.

Performs linear interpolation for the independent varlable
and data block specified as Y = LIN(X,N)

Performs bivariate linear interpolation for the independent
variables and the data block specified as Y = BIV(X1,X2,N)
where X1 is the vertical independent variable, and X2 is the
horizontal independent variable.

Performs parabolic interpolation for the independent variable
and the data block specified as Y = PAR(X,N). Data block N
must have an odd number of point pairs.

Called by PAR6 to assist in parabolic interpolation.

Initiates pressurization program, and stores data block
numbers for use in pressurization. CALL TANK A (K) results
in a diagnostic in versions A and B.

Tterates through the whole program, but holds time constant
until the temperatures have achieved steady state. CALL
CVG (A,N,M), where A is the greatest allowable temperature
difference between cycles, N is the upper limit on the num-
ber of cycles to be used, M is a print flag signaling to
print every M cycle. If M is negative, all capacitors are
treated as if zero valued.

Calculates the value of a radiation resistor. The function

specification R(A) = RAD (B,C,K_ .) will cause resistor A to
. ag.

be computed according to the equation

R(A) = 13/1.1713*10'8 K.og [(TB + 1460)% + (T, + u6o)2]

[TB + TC + 920]}

Finds local maxima and minima for the temperatures listed in
data block N.CALL MMF (Oi, Bf, N,S), where Gi and Gf give

D-15




SAV6

SVT6

TPT6

PNT6

EA16

EA26

EA36

EALG

EAH6

RRM6

- MDT6
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the time range desired, N is the data block containing the
temperature numbers, and S means perform this test every
Sth cycle.

Initiates a call from HTB6 to SVT6 when the first argument,

A, is greater than or equal to the second, B. CALL SAV (A,B).

Writes the current condition of the data onto tape 3, the
compiled data tape. This allows a restart to continue from
the point at which the previous case stopped, or to rerun a

portion of case with new parameters.

Writes time and the values of the temperatures listed in
data block N onto tape 11 to be post-processed by BIF6 for
the plotter. CALL TPLOT (N).

Punches cards giving the temperature numbers and values
suitable for use as an initial temperature block. CALL
PUNCHT (9 A,B) where @ is the time at which temperatures are
to be punched, and A and B are the smallest and highest
temperature numbers punched. If A = B = 0 all temperatures
will be p%pched.

Sets up a call to EAH6 with two arguments, node number j and
constant K, i.e., CALL EAH1(j,K) ‘

Sets up a call to EAH6 with three arguments, H to be stored
CALL EAH2(j,K,H)

Sets up a call to EAH6 with four arguments, adding a . and
surface flag to EAHl1 arguments in place of H.
CALL EAH3(j,K,aO,F)

Sets up a call to EAH6 with five arguments, adding the loca-
tion for storing H. CALL EAHu(j,K,H,aO,F)

Computes the aserodynamic heating to node j, given K, a. and
a flag telling whether the node is upper or lower

surface. Eckert's aerodynamic heating equation is used.
EAH6 is called from EA16, EA26, EA36, or EALG.

Computes radiation resistors by the same formula as RADG,
except that is computed from a radiation matrix given
in data block ﬁ and is dependent on all the temperatures in
the matrix network. MDT6 is called from RRMG.

R(A) = RRM(B,C,N) where B and C are the nodes directly
connected to resistor A, and N is the data block number.

Matrix inversion routine used by RRMA. Maximum matrix size
is 15 x 15.

D-16
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i

Plot post-processor routine reads the information stored by
TPT6, sorts it and, for the Calcomp plotter, writes it on a
tape for off-line processing. For the S-C 2040 plotter, it
displays directly on the CRT.

Routine for drawing axes for the Calcomp plotter, called by
BTE6.

Routine for selecting scales and scaling information for the
Calcomp plotter called by BTP6.

Minimum-maximum temperature post-processor reads information
stored on tape by MMF6, sorts it and prints it.

The following list gives the tapes used during compilation and execution

of a program, depending in some cases on the requests made in the FUNCT

subroutine.

Tage No.
2

= w

O OO O W

10
11
12

16

LOCKHEED
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COMPILE PHASE TAPE USAGE

Use
Contains program overlay links .
Store compiled data
Store semi~compiled data
System standard input
System standard output
Not used
Used by pressurization program
Used by pressurization program
Not used
Materials Library tape (Reserved)

Not used

D-17
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EXECUTION PHASE TAPE USAGE

Tape No. Use
2 Contains program overlay links.
3 Read compiled'data. Rewrite if SAV is called.
L Not used
> Not used
6 System Standard Output
8 Specified temperatures for off-line use, Reserve.
9 Min-max intermediate output.
10 Min-max intermediate output.
11 . Plot intermediate output
12 Not used
16 Plot output (Calcomp Plottér)

NOTES ON COMPUTER OPERATION

Some general observations regarding computer operation, and some

difficulties which frequently arise are discussed in the following paragraphs.

1. When running on the IBM TO9L Stand Alone machine, difficulty has
been encountered due to dirty tape heads. In particular, the
overlay tape (B-3) is used so heavily on the largest jobs, that
within a couple of hours a tape read check is almost certain to
occur. This happens when the overlay communication region is
trying to reach the next link, which is still on tape, but cannot
due to the dirty tape head. Overlay communication remains in a
two~instruction loop until operator action intervenes.

2. Versions A and B have a built-in indicator using sense lights to
indicate the degree of completion of the time history. The sense
lights are used as binary indicators showing 16ths of the time
history completed. This enables the operator to determine that
the job appears to be progressing properly.

3« On the TOMO/TO9M D.C. it has been found that not more than one
tape may be set up to be deblocked from disk to tape. Therefore,
if more than one tape is to be processed off-line or by a later
job, all but one such tape must be assigned to a physical tape.

LOCKHEED ‘ D-18
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Backspacing a simulated (disk) tape is a complicated and time-
consuming operation. Therefore, after each link is loaded, the
thermal analyzer calls for a rewind of the overlay tape. It might
prove more efficient to make the overlay tape physically a tape,
but this has not been tested.

LOCKHEED ' D-19
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SWITCH 1—A

¥

READ DATA

SWITCH 1—8| TROM 3
9 @

READ AND
COMPILE
INPUT

DATA

READ RESTART
DATA AND

WRITE
COMPILED
DATA ON

UNIT 3

PERFORM POST-

ANY
COMPILE
ERRORS
?

READ

DATA

FROM
UNIT 3

&

EXECUTE FUNCTION
SUBROUTINE

%

FUNCT MAY CALL XLIN,
LIN, BV, PAR, EAHI,
EAH2, EAH3, EAH4, RAD,
RRM, PUNCHT, STS;

PROCESSING

OPERATIONS

>

COMPUTE Ase,

OR, CVG, MMF, TPLOT,
SAV WHICH WILL BE
CALLED FROM HTBAL IF
GIVEN IN FUNCT.

i

PERFORM HEAT BALANCE FOR
EACH NODE HAVING CAPACITY,
COMPUTE R-C PRODUCT FQOR
EACH NODE.

v

RETURN TO THOSE SUBROUTINES
REQUESTED IN FUNCT AND
PROVIDE FOR HERE

v

MOVE Ty 4 44 INTO T,

9=0+40 FOR EXEC UTE
NEXT CYCLE PRINT .
L
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Figure D-4. Simplifisd Flow Diagram of Computer Program
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SIBFTC MANG MAN6000
c AS OF 12/4/64 MAN6001
NLAG = 1 MAN6002

CALL EXETIV (NLAG) MAN6003

CALL EXIT MAN600&

sToP MAN60OS

END MAN6NOG
SIBFTC EXT6 EXT6000
SUBROUTINE EXETIV (NLAG) EXT6001

C AS OF 5/25/65 EXT6002
COMMON P {16000 sM{16) sMAXT sMAXRsMAXC sKSP sKSTsKURVT sNCVGs NSTSsNFAB EXT6003
COMMON NABL(10) sNKSP s LMMF s NRMF s NREAD »CC(12) EXT6004
COMMON NRsMAXP yMAXK sMAXS s MAXM EXT6005
COMMON /CP2/ ERROR sMAXMUM EXT6006
COMMON /CPITM/ ITIMO EXT6007
COMMON /CPPLT/NPLT NENDsKSKIP EXT6020
COMMON /EXFLG/NTFLGsNSAVsNFLG EXT6021
COMMON /EXPLT/ NLFLG EXT6022
MAXMUM=16000 FXT6025

ITIMO = 1 EXT6N26
NEND=0 b EXT6N27
NPLT=1 EXT6028
ERROR=0., EXT6029
NTYPE=0 EXT6030
NTFLG=0 EXT6031

IR=1 EXT6032

8 CALL COMPIL{IR) ] EXT6033
IF (ERRORGEQ+0¢+AND«NENDoEQsO} CALL EXCUT(NLAG) EXT6035

IF (ERROR'NE«Os.) WRITE (65100) EXT6036

100 FORMAT({44HOERROR HAS OCCURRED SOMEWHERE IN ABOVE CASE.) EXT6037
IF (LMMF.GT.2) CALL MFOUT EXT6038

IF (NPLT.GT.1) NBIT=1 EXT6039

IF (NBIT.GT.0) CALL BITAP EXT6040

IF (NEND.GT.0) RETURN EXT6041

IR=2 EXT6042

GO TO 8 EXT6043

END EXT6045

L J
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TABLE D-4. (Continued)
SIBFTC LOC6 L0OC6000
FUNCTION LOC (KT) LOC6001
C AS OF 04/27/65 LOC6002
C : LOC60N3
"C " LOC ROUTINE FINDS FIRST LOCATION AHEAD OF LOCATION STARTING TABLE KTLOC6004
C LOCBNNS
COMMON P> My MAXTs MAXRs MAXC, KSP, KST LOC6006
COMMON /EXADR/ LCTN:LCTO-LCR;LCC,LCQsLCRC9LCPSsLCK,LCKA LOC6007
COMMON /CP2/ ERROR ‘ ’ LOC6008
DIMENSION P(16000)s M(16)s NSTRT(1) LOC6009
EQUIVALENCE (P(1), NSTRT(1)) LOC6010-
REAL M LOC6011
IF (KTeLF40) GO-TO 13 LOC6012
10 J=LCKA L0C6013
11 JI1=NSTRT(J)/2%%18 LOC6014
J2=MOD(NSTRT(J),2#%18) . LOC6N15
IF (J14EQ.KT) GO TO 12 LOC6016
IF- (J1.EQ.0) GO TO 13 LOC6017
J=J+1 LOC6018
GO TO 11 LNC6010
12 IF (PtJ2)4NE.327674) J2=y2-1 LOC&020
LOC=J2 LOC6021
RETURN LOC6022
13 WRITE (6,21) KT _ LOC6023
21 FORMAT (10HOCURVE NOJI5525H IS NOT IN ADDRESS TABLE.) LOC6024
ERROR =1. LOC6025
RETURN LOC6Nn26
END - LOC6N? 7
FIRMAP UO4g tngg
ENTRY «UNNG, . U 46
«UNO4, PZF UNITO4 U 46
UNITO4 FILE sUT4sREADY s INOUT»8LK=223BCDsNOLIST U 46
END U 46
$IRMAP U096 unos
ENTRY JUNNO, U 96
«UN09, PZE UNITN9 U %
UNITO9 FILE »B(3) sREADY » INOUTsBLK=22,BCDsNOLIST U 96
END U 9§
SIRMAP U106 Ulns
ENTRY SUN10. U 06
«UN10. PZF UNIT10 U 06
UNIT10 FILE 9A(3¥1READY’INOUT!BLK=229BC09NOLIST U 06
END - U 06
$IBMAP U126 UtLes
ENTRY oUNT2. U 26
¢UN12. P2E UNIT12 U 26
UNIT12 FILE »8(2)sREADY 5 INPUT yBLK=22,8CDsNOLI ST U 26
END U 26
LOCKHEED ’ D-22
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TABLE D-k. (Continued)

$IBFTC CPAG CPAENCO
SUBROUTINE COMPIL (IR) CPA6001
C AS OF 04/27/65 ~ CPA6002
C 8/21/64 CHANGED TO INCLUDE MINMAX CPA6003
COMMON Ps My MAXTs MAXRs MAXCy» KSPy KSTs KURV 7, NCVGs NSTSs NFAB CPA6004
COMMON NABL sNKSP s LMMF s NRMF sNREAD s CC CPA600S
COMMON NRECD»s NWPD» NWCTs NWSTs NWTM CPAL0OOG
COMMON /CP2/ERROR s MAXMUM CPA6007
COMMON /CPPLT/ NPLTsNEND CPA6008
COMMON /EXPLT/ NLFLG CPA6009
DIMENSION CZ(6)sCY(6) CPAS010
DIMENSION A(12)s I 1(12)s I 2(12)s 1 3(12), NABL(10), CcCt12) CPA6O11

DIMENSION P(16000)s IRLINE(1)s KPSD(1)s NSTRT(1)y M(16)s KDATI(1}) CPABO12
EQUIVALENCE (P{4000)s IRLINE(1)}s (P(80O0O0)s» KPSD(1))s (PL13000), CPA6013

1 NSTRT(1))s (P(1)s KDAT(1)) CPAGO14G
REAL My INC, NBKSNET CPA6015
INTEGER CP CPAGN1G
DATA ENDF/6H -1/ CPA6017
DATA NET/6HNET / CPAGO18
DATA DEC/6HDEC / CPAGO19
DATA INC/6HINC / CPA6020
DATA PER/6HOFR / CPA6021
DATA NBK/6HNRK / CPA6022
DATA CID/6HCID / CPA6023
DATA TAP/6HTAP / CPA6024
DATA RES/6HRES / CPA602S
DATA CAP/6&HCAP /& CPAK026
DATA COD/&RCOD / CPAGO27
DATA ZERQ/6HN00000/ CPA6N28
DATA (CZ(1)sI=1961/2H01s2H0252H0352H04»2H05+2H06/ sBLANK/1H 7 CPA6029
DATA (CY(I)s1=156)/2H 192H 252H 3s2H &492H 5+2H 6/92ERZ/2H00/ CPA6030
DATA ZERY/2H 0/ CPASNI)

209 FORMAT (A3,A2,12A6) CPA6039
210 FORMAT (5X,12A6) : CPA6040
211 . FORMAT (5Xs A3,12512A6) CPAGOLL
212 FORMAT (1H1,9Xs12A6) CPAGQG2
215 FORMAT (40HO KOUNT IS NOT CORRECT IN COMPIL ROUTINE ) CPAG04S
218 FORMAT (I 3, 3Xs I 2) . CPAGOLS
223 FORMAT (T7HOCODE= A63,12H IS IULEGAL.) CPAK0O5S0
224 FORMAT (25HOCANNOQOT FIND CURVE NAMED A&6s17H ON LIBRARY TAPE.) CPABO51
232 FORMAT (53HOCODE= NET IS ILLEGAL IN THIS VERSION. USE VERSION C.) CPA6053
233 FORMAT (5H ** 3A3,A2+12A6+22H *% THIS CARD IGNORED.) CPAK053
NCVG = 1 CPA6054
NSTS = 1 CPAKOS5S
MATLIB =1 CPAGNS56
NSwW2=1 CPAGOS7
NPLT=1 CPA6NSS
NLFLG=1 CPA6059
NFAB = 1 CPAEN61
NSW2=1 . CPAGNG2
LINE = 1 CPA6063
LMMF =1 . CPASQGG
NRMF=0 CPALD6S
NREAD=0 CPAGNGS
DO 101 I =1, 10 . CPA606T
NABL(I) = 0 CPAG06S
101 CONTINUE CPAG06S
GO TO (105, 149 149}, IR CPAG070
105 REWIND 4 CPA6NTL
DO 107 I = 1 » MAXMUM : CPAGDT2
P(I) = O, CPAGNT3

S i WAL D, g e aetd s
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TABLE D-4. (Continued)
107 CONTINUE CPAENT4L
KOUNT = 1 CPAENTS
110 (CpP=-1 CPAGDTE
IF (MATLIBJEQel) READ (55209) CMyCXs(A(I)sI1=1912) CPAGOTY
IF (MATLIB.EQe2) READ (125209)CMsCXs(A(I)sI=1512) CPA6080
1161 DO 1102 I=156 CPAGOSB1
1102 IF (CXeEQsCY(I)4ORCX4EQLCZ(I)) CP=1 CPA6082
IF (CXeEQeBLANK<OR+CXeEQe2ERZeOReCXeEQeZERY) CP=0 CPA6083
IF (CP.GE.0) GO TO 1103 CPALO8Y
cP=0 CPA6NSS -
ERROR=1. CPALNBE
WRITE (65215) CPA608T
1103 IF (LINE.LT.60) GO TO 111 CPA6088
109 WRITE (6s212) (CClI)s1=1512) CPA6089
LINE = 1 CPAGNAN
111 IF (CMeEQ.CID) GO TO 117 CPA6091
IF (CM.EQ.TAP) GO TN 150 CPAGDC2
WRITE (69211) CMyCPs(A(I)s1=1512) CPA6093
LINE=LINE+1 CPABO94
IF (CM «EG. DEC) GO TO 116 CPA609S
IF (CM «EQ. INC) GO TO 118 CPA6096
IF (C™ .EQs PER) GO T0 119 CPA6097
IF (CM «EQ. NBK) GO TO 120 CPA6NSS
IF (CVM.EQ.RES) GN TO 123 CPA6NOY
IF (CM.EQ.CAD) GO TO 124 CPAB100
IF (CMJEC.NET) GO TO 170 CPA6101
IF (CM.EQ.COn Go To 1%2 CPA6102
115 WRITE (6,223) CM CPA6103
ERROR=1. CPA6104
GO TO 110 CPA6105
112 KOD = 9 CPAG106
GO TO 125 CPA§107
116 XOD = 1 coag1AR
GO TO 125 CPA6109
117 CMID=CM CPA611N
1CP=CP CPA6111
DO 1171 I=1,12 CPA6112
CCLIN=ALD) CPA6113
1171 CONTINUE CPA6114
LINE =1 CPAG115
WRITE (62123 (CC(I)»,1=1912) CPA6116
GO TO 110 CPAG11T
118 KOD = 3 CPAG118
G0 To 125° CPA611Q
119 KOD = 4 CPA6120
GO TO 125 CPA6121
120 KOD = 5 CPAB122
KOUNT = KOUNT + 1 CPA6123
IF (KOUNT - &) 125, 121s 122 CPAB124
121 KOD = 6 CPA6125
GO TO 125 CPA6126
122 WRITE (6, 215) CPA6127
ERROR =2. CPAG128
RETURN CPAG129
123 KOD=7 CPA6139
GO TO 125 CPA6132
124 KOD=8 CPAG132
GO TO 125 CPA6133
150 IF (MATLIB.EQ.2) GO TO 160 CPA6134
MATLIB=2 CPA6135
FIRST=0. CPAG136
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‘ WRITE (63s211) CMsCPs(AlI}s1=1,12) ' CPA6137

3 LINE=LINE+1 . CPAG13R

E 151 READ ( 12 ,209) Z1,M22,23 CPAG13C

| : IF {Z1.NE.TAP) GO TO 151 CPAGTLN

] IF (23.EQ.A(1)) GO TO 110 . CPA6141

IF (Z3.NE<ZERO) GO TO 151 CPA6142

REWIND 12 ' ' ) CPA6143

FIRST=FIRST+1. CPAGl4L

IF (FIRST.FQs1l.) GO TO 151 CPA614S

WRITE (65224) A(1) CPA6146

ERROR=1. : CPAG14T

g 160 MATLIB=1 CTYS Y

GO TO 110 CPA6149

170 WRITE (6,232) CM CPA6150

ERROR=1. : CPA6151

175 READ (55209) CMsCXs(A{J}sJ=1512} CPA6152

IF {CMeEQeDFEC+OR.CMsEQ.CID.OR.CM.EQ.NRK} GO TO 1101 CPA6153

WRITE (65233) CMsCXs(A(J)2J=1512) CPA6154

GO To 175 CPA6155

125 WRITE (4,218) KOD»CP CPA6163

© WRITE (4, 210) (A(I)s T = 1, 12) CPA6164

IF (KOUNT - 6) 110, 130> 122 CPA6165

130 END FILE & CPA6166

REWIND 4 CPA6167

REWIND 3 CPA6168

CALL COMP2 o . CPA6169

RETURN CPAS1TN

149 CALL RESTRT CPA61T1

RETURN CPAB1T2

END CPA61T3
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TABLE D-L. {Continued)

SIBFTC CPB6 CPB6000
SUBROUTINE COMP2 CPB6001
d AS OF 06/02/65 CPB6002
COMMON Py M, MAXT, MAXRs MAXC, KSPs KSTs KURV 7s NCVGs NSTSs NFAB CPB6003
COMMON NABL s NKSP s LMMF s NRMF s NREAD »CC CPB6004
COMMON NRECD»s NWPDs NWCT, NWST) NWTM ~ CPB6005
COMMON /CP2/ERROR sMAXMUM ’ : ’ CPB6006
DIMENSION BCDR(5) CPB6NOT
DIMENSION A(12)s I 1(12)s I 2(12)s 1 3(12)s NABL(10)s CC(12) CPB6008

DIMENSION P(16000)s IRLINE(1)s KPSD(1)s NSTRT(1)s M(16)s KDAT(1) CPB6010
EQUIVALENCE (P(4000)» IRLINE(2))s (P(8000)s KPSD(1))s (P(13000)s CPB6011

Sl e T

1 NSTRT(1))s (P(1)s KDAT(1)) CPB6012
REAL Ms INCs NBKSNET CPR6013
INTEGER CP : cPB6014
DATA (BCDB(1)s1=1+5)/6HTEMPe s6HRESISes6HCAPACS s 6HCURVE s6HMISCe /CPB60O1S
200 FORMAT (5Xs 4tI 5» E 1042)), CPB6016
201 FORMAT (5Xs I 5s E 10429 [ 5) CPB6017
202 FORMAT (5Xs 2(3] 54 E 10.2)) CPB60O18
203 FORMAT (5Xs 31 54 E 10.2s I 5) : CPB6019
204 FORMAT (5Xs 1 5) cpPB6020
205 FORMAT (5Xs 6E 19.2) CPB6021
206 FORMAT (5XsE10e2515) cPB6022
218 FORMAT (I 3, 3Xs I 2} CPB6031
219 FORMAT (15HOKOD MUST NOT =15,8H IN THE A6s+7H BLOCK.) CPB6032
220 FORMAT (26HOTABLE NOe = O IS ILLEGAL.! CPB6033
222 FORMAT (30HO0 TOO MANY YORDS IN DAT BLOCK ) CPB6034
223 FORMAT (7HOCODE= A6s12H IS ILLEGAL.)} CPB6035
224 FORMAT (25HOCANNOT FIND CURVE NAMED A6s17H ON LIRRARY TAPE.) CPB6036
230 FORMAT (2BHOSOMETHING WRONG AFTER TABLEI6»17H AND BEFORE TABLEIS) CPB6037
231 FORMAT (25HOSOMETHING WRONG IN TABLE 16) CPB63538
232 FORMAT (7HOERROR»I55E1565+s22H NEGATIVE NODE NUMBER.) CPB6039
b, 233 FORMAT (7HOERROR3s3I59E1545926H NEGATIVE RESISTOR NUMBER.) CPB6040 {i:)
; 235 FORMAT (14HOCAPACITOR NO.IS5s22H IS GREATER THAN MAXT=15) . CPB6041
4 236 FORMAT (5HONODE I5s20H HAS NO CONNECTIONS.) CPB6042
234 FORMAT (9HORESISTORISs15H CONNECTS NODESIS5s1H»I15s27H GREATER THAN CPB6043
IMAX TEMPeNOe=15) CPB60O44
; 240 FORMAT (5X+315+43E10.0415) CPB604S
3 241 FORMAT (5X»315+3E10.0,215) CPB6C4L4E
242 FORMAT (5XsI553E10405215) CPB6047
243 FORMAT (5XsI553E10.09315) cPB6048
244 FORMAT (1HO0»16+33H DATA STORAGE EXCEEDED. TOTAL OF 169 CPB6049

1 12H DATA ITEMS.) : CPBEOSO
250 FORMAT (14H1P STORAGE MAP /14H0 TEMPERATURESs9X»16+8Xs6HTOTAL 16) CPB6051

251 FORMAT (23H TEMPERATURES 16+8Xs6HTOTAL 16) CPB6052

p 252 FORMAT (23H RESISTORS 16+8X+s6HTOTAL 16} CPB6053
’ 253 FORMAT (23H CAPACITORS 16+8X26HTOTAL 16) CPB6054
E 254 FORMAT (23H CURRENTS (Q) 16+,8Xs6HTOTAL 16} CPB60SS
; . 255 FORMAT (23H R-C PRODUCTS 16+8Xs6HTOTAL 16) CPB6056
256 FORMAT (23H PSEUDO-SEQENCE 16+8Xs6HTOTAL 16) CPB6057

257 FORMAT (23H DATA BLOCKS (CURVES) I16+8Xs6HTOTAL 16) CPB60SS

4 258 FORMAT (23H DATA BLOCK ADDRESSES 16+8Xs6HTOTAL 16) CPB6059
g NSW2=1 CPB6N GO
i NGRC=1 CPB6N6]
NGRC1=1 CPB6062

KGRC=1 . CPB6063

KOUNT = 1 CPB60O6G

MAXT = O CPB&06ES

MAXR = O CPB60O66

MAXC = O CPB&NG7

3 MAXP = 0 CPB&NGR
% L =20 CPB60OSGS

: D-26
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TABLE D-4. (Continued)

L]
DO 131 [=1,5000 CPRENTN
KDAT(I)=10 CPB60T1
131 CONTINUE CPB6072
IK = 1 CPB60 73
MAXS=1 CPBEOT4 -
132 READ (4» 218) KOD» KOD 1 o CPB6075
: IF (NGRCeEQe2+sAND«NGRC1.EQ¢2) NGRC=1 ’ CPB6076
' ' IF (NGRC.EN.2) NGRC1=2 cPB6NTT
GO TO (134, 135, 136s 137s 138, 139), KOUNT CPB6078
C - : CPB&079
C READ IN INITIAL TEMPERATURES OF ALL NODES . CPB6080
C CPB6081
134 GO TO (3+513+95135145134513513) »KOD CPB6082
3 READ (43 200) (I 1(I)y A(I)y I = 1, KOD 1) CPB6083
DO 7 1 = 1, XOD 1 ) : CPB60ORL
J=1 1N CPB&NAS
IF (J - MAXT) 55 54 4 . ’ CPB6086
4 MAXT = J ‘ CPR608T
5 IF (JeEQe0) WRITE (63232) JyAll) CPB608S
IF (J.EQ.0) ERROR=1., CPB6NBO
6 PLJ) = A(T) CPB60OSH
ITEM = J CPB6091
ATEM = A(I) cpPBenar?
7 CONTINUE CPB6093
GO TO 132 CPB6094
9 READ (45 201) N 1s A 15 N 2 CPB6095S
J = ITEM . CPB6096
AA = ATEM CPB6NO T
DO 12 1 = 1, N 2 : CPB6098
J=J+N1 CPB60OS
" AA = AA + A 1 CPB61ON
Q IF (J.GT.MAXT) MAXT=J CPB6101
= 11 P(J) = AA ) CPB&102
ITEM = J CPB6103
ATEM = AA CPB6104
12 CONTINUE CPB6105
GO To 132 CPB6106
13 WRITE (6+219) KODsBCDB(KOUNT} cpPB6107
ERROR =2. CPB610OR
RETURN CPR6109
14  KOUNT = KOUNT + 1 CPB6110
TEMPX=0. CPB6111
DO 141 I=1,MAXT . CPB6112
IF (KDAT(1)+EQ.10) P{I)=TEMPX CPB6113
) IF (KDAT(I)eNE.10) TEMPX=P(T} CPB6114
141 CONTINUE CPB6115
READ (4 200) I 1(1) CPB6116
WRITE (3) MAXT, NCVG» NSTS CPB6117
WRITE (3) (P(I)s I = 1, MAXT) CPB6118
WRITE (3) MAXTs NCVG» NSTS . CPB6119
WRITE (3) (P(I)s I = 1, MAXT) CPB6120
DO 15 1 = 1, 5000 CPB6121
P(I) = 0. CPB6122
15  CONTINUE CPB6123
- WRITE (6+250) MAXTsMAXT cPB6124
MAXIM=MAXT+MAXT . CPB6125
WRITE (65251) MAXTsMAXIM CPB6126
GO TO 132 CPB6127
C CPB612R
¢ READ IN RESISTERS CPB6129
C. CPB6130
LOCKHEED D-27
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$
1 135 GO TO (179134524513530513+29,13)+KOD CPB6131
: . 17 READ (4s 202) (1 1(I)s T 2(I)s I 3(1}s A(I}s T = 1y KOD 1) CPR6132
18 DO 22 I=1,K0On1 CPB6133
: J =1 1) CPB6134
t IF (J.GT.MAXR) MAXR=J CPB6135
. 19 IF{JeLE«O) WRITE (69233) I1(I)s12(1)+13(1)sA(1) : CPB6136
IF{J.LE.O}) ERROR=1. CPB6137
20 PLJ) = A(I) S : ’ CPB6138
L=l +1 CPB6130
IRLINE(L) = 1 3(1) + 4096%(1.2(1) + 4096%J) CPB61490
IF (JeGE«2048) IRLINE(L)=—IRLINE(L) CPB6141
1TEM = U . CPR6142
ITEM 2 = 1 2(1) CPB6143
ITEM 3 = T 3(1I) CPB6144
ATEM = A(1) CPBE145
3 IF (ITEM24LE.MAXT.AND.ITEM3.LECMAXT) GO TO 22 CPB6146
f WRITE (65234) ITEMsITEMZ,1TEM3,MAXT CPB6147
ERROR=1, CPB6148
22  CONTINUE CPB6149
‘GO TO 132 CPB615O
25  READ (43241) I101)212(1)+I13(1)sXsYsZyKRVCsN2 CPB61SL
h J=ITEM CPB6152
I DO 2501 1=1,N2 CPB6153
/ J=J+11(1) CPB6154
' ITEM2=1TFM2+12(1) CPB6155
ITEM3=1TEM3+13(1) CPB6156
X1=X1+X . CPBs157
: B _ Y1=Y1+Y . CPB6158
J Z1=21+2 CPB6159
KKRV=KKRV+KCRY CPB6160
IF (J.GTeMAXR) MAXR=J CPB6161
PlJI=X1/(Y1%21) CPB6162
L=L+1 CPE6163
IRLINE(L)=TITEM3+4096% (I TEM2+4096% ) R CPB6164
IF (JeGE.2048) IRLINE(L}==IRLINE(L} CPB6165
ITEM=Y _ CPB6166
| NSTRT(KGRC)=J+4096%KKRV CPB6167
KGRC=KGRC+1 crPB6168
IF (ITEM2.LEJMAXT.AND.ITEM3,LE.MAXT) GO TO 2501 CPB6169
WRITE (65234) ITEMsITEM2,ITME3sMAXT CPB6170
ERROR=1. CPR61TL
2501 CONTINUE CPB6172
24 GO TO (2401+25)sNGRC : CPB6173
2401 READ (412203) I1(1)sT2(1)s13(1)sA(1)sN2 CPB6174
J = ITEM CPB6175
DO 28 I = 1, N 2 CPB6176
J=J+1 U CPB6177
ITEM 2 = ITEM 2 + [ 2(1) CPBR6178
ITEM 3 = ITEM 3 + [ 3(1) CPR6179
ATEM = ATEM + A1) : CPB6180
IF (JoGT.MAXR) MAXR=J CPB6181
26 PlJ) = ATEM " CPB6182
L=1L+1 CPB6183
IRLINE(L) = ITEM 3 + 4096%(ITEM 2 + 4096%J) CPB6184
IF (J.GE.2048) IRLINE(L)=-IRLINE(L) CPB6185
1TEM = J : CPB6186
IF (ITEM2.LEJMAXT,AND,ITEM3,LEMAXT) GO TO 28 CPB6187
WRITE (65234) ITEMsITEM2,ITEM3 4MAXT CPB6188
ERROR=1, : CeBs18O
28 CONTINUE CPB6190
GO TO 132 _ B} CPB6191
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29  READ (45240) 11(1)512(2)13(1)sXs>Y»Z+KCRV CPB6192
Al1)=X/(Y*2) CPB6193
NGRC=2 CPB6194
X1=X CPB6195
Yl=Y CPB6196
21=2 CPB6197
NSTRT(KGRC)=T1(1)+4096%KCRV CPB6198
KGRC=KGRC+1 CPB6199
KKRV=KCRV CPB62N0
GO TO 18 CPB6201

30  KOUNT = KOUNT +-1 CPB6202
READ (4s 202) T 1(1) CPB6203
WRITE (3) MAXR, NCVGs» NSTS CPB6204
WRITE (3) (P{I)s I = 1, MAXR) CPB6205
DO 31 I = 1, MAXR CPB6206
P(1) = 0. CPB6207

31  CONTINUE CPB6208
MAX IM=MAX I M+MAXR CPB&209
WRITE (635252) MAXR,MAXIM CPBR6210
GO TO 132 CPB6211

C CPB6212
C READ IN CAPACITORS CPB6213
C CPB6214

136 GO TO (33513+46513552513513+43),K0D CPB6215

33  READ (45 200) (I 1(I)s ACI)s I = 1s KOD 1) CPB6216
NOP = O CPB6217

39 DO 42 I = 15 KOD 1 . CPB621R
J=11n CcPB6219
IF (JoGToMAXT) WRITE (65235) JsMAXT CPB6220
IF (J.GT.MAXT) ERROR=1l. CPB6221
IF (JaGT.MAXC) MAXC=J CPB6222

35 IF (JJLE«O) WRITE (65232) JsA(l) CPB6223
IF (J.LE+0) ERROR=1. CPB6224

36 P(J) = A(I} CPB6225
ITEM = J CPB6226
ATFM = A(I) CPR6227
KPSD(IK}=I11(1)+4096%(KKRV+4096%KKRV1) CPB6228
KPSD(IK)=-KPSD(IK) CPB6229
MAXP = MAXP + 1 CPB6230
NODCON=0 CPB6231
IK = 1K + 1 CPBB232
DO 41 K = 1 L CPB6233
IDAT 1 = IRLINE(K)/16777216 CPB6234
IF (IRLINE(K)sLT.0) IDAT1=IABS{IDAT1)+2048 CPB6235
IDAT 2 = MOD(IRLINE(K)/4096s 4096) - CPB6236
IDAT 3 = MOD(IRLINE(K), 4096) CPB6237
IF (IRLINE(K)eLT.0) IDAT2=IABS(IDAT2) CPB6238
IF (IRLINE(K)eLT40) IDAT3=IABS(IDAT3) CPB6239
IF (I 1(1) — IDAT 2) 38, 37, 38 CP86240

37 DO 3601 19=1,KGRC CPB6241
KGR=MOD(NSTRT(19)+4096) CPR6242
KGK=MOD (NSTRT(19)/4096,4096) CPB6243
IF (KGR.EQ.IDAT1) GO TO 3602 CPB6244

3601 CONTINUE CPB6245

. KGK=0 CPB6246

3602 KPSD(IKI=IDAT3+4096% (IDAT1+4096*KGK ) CPB6247
IF  (KGReEQ.IDAT1) NSTRT(19)=0 CPB6248
MAXP = MAXP + 1 CPB6249
NODCON=1 CPR6250
IK = 1K + 1 CPB6251

CPB6252

38 IF (1 1(I) = IDAT 3) 41s 40y 41
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40 DO 4001 19=1,KGRC CPB6253
KGR=MOD (NSTRT(197+4096) . CPB6254
‘ KGK=MOD (NSTRT (191 /4096+4096) CPB6255
| IF (KGR.EQ.IDAT1) GO TO 4002 CPB6256
\ 4001 CONTINUE : CPB6257
: : KGK=0 : : ‘ CPB6258
. L 4002 KPSD(IK)=1DAT2+4096%( IDAT1+4096%KGK ) CPB6259
- IF (KGR.EQ.IDAT1) NSTRT(19)=0 . CPB6260
MAXP = MAXP + 1 ' CPB6261
% _ © NODCON=1 CPB6262
5 IK = IK+1 ° CPB6263
41  CONTINUE CPB6264
IF (NODCONJEQ.1} GO TO 42 CPR6265
ERROR=1. : , . CPB6266
WRITE (65236) I1(1) CPB6267
42 CONTINUE , CPBE268
IF (NOP) 132, 132, 48 CPB6269
43 READ (49242) I1(1)sXsYsZsKKRV,KKRV1 CPB6270
Al1)=xX*Y*2Z ' CPB6271
NGRC=2 CPB6272
GO TO 29 CPB6273
46 GO TO (47s4701)»NGRC CPB6274
47 READ (45201) N1sAlsN2 CPB6275
NOP = NOP + 1 " CPB6276
KOD 1 = 1 CPB6277
GO TO 50 - CPB6278
4701 READ (49243) N1>X1sY1sZ1sIK1sIK2,N2 - . CPB6279
’ "KOD1=1 CPB6280
GO TO 49 CPB6281
4702 11(1)=1TEM+N1 CPB6282
X=X+X1 - ' CPB6283
Y=Y+Y1 CPB6284
2=7+21 - CPB628S
Al1)=x*Y*Z CPB6286
KKRV=KKRV+IK1 ‘ CPB6287
KKRV1=KKRV1+1K2 CPB6288
GO To 39 CPB6289
48  IF (NOP - N 2) 49, 132, 132 CPB6290
49  NOP = NOP + 1 CPB6291
GO TO (50547021 sNGRC : CPB6292
50 I 1(1) = ITEM + N 1 CPB6293
All) = ATEM + A 1 CPB&294
G0 TO 39 CPB6295
52  KOUNT = KOUNT + 1 . CPB6296
MAXP = MAXP + 1 CPB6297
KPSD(MAXP) = 0 CP86298
READ (4s 200) I 1(1) CPB6299
WRITE (3) MAXC, NCVG» NSTS CPB6300
WRITE (3) (P(I)s I = 1, MAXC) CPB6301
DO 53 I = 1, MAXC : CPB6302
© - P(I) = O. . CPB6303
53  CONTINUE CPB6304
WRITE (3) MAXC, NCVGs NSTS : CPB6305
WRITE (3) (P(I)s I = 1, MAXC) CPB6306
WRITE (3) MAXCs NCVGs NSTS CPB6307
WRITE (3) (P(I1s» I = 15 MAXC) CPB6308
WRITE (3) MAXP»s NCVGs NSTS CPB6305
WRITE (3) (KPSD(I)s I = 1s MAXP) CPB6310
. NWPD = MAXP CPB6311
NRECD = 7 CPB6312
KSP = 2*MAXT + MAXR + 3%MAXC + 1 | CPB6313
LOCKHEED D-30
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C
137
56
57

58

59

591

62

621

65
66

661

68

KST = KSP + MAXP

KST 1 KST
NKSP = KST - 1
JJ = 0

N2=0

MAXIM=MAXIM+MAXC

WRITE (6+253) MAXCsMAXIM
MAXIM=MAXIM+MAXC

WRITE (65254) MAXCsMAXIM
MAXTM=MAXTM+MAXC

WRITE (63255) MAXCsMAXIM
MAXIM=MAXTM+MAXP

WRITE (65256) MAXPsMAXIM
GO TO 132

C
C READ IN DATA SUB-BLOCKS

GO TO (56+13566567368513513513,691)
IF (KOD 1) 57s 57, 64
READ (4 204) NTAB

IF (NTAB) 62, 58, 59
WRITE (6, 220)

GO To 132

IF (NSW2.EQ.1) GO TO 591
WRITE (6523C) NTABOSNTAB
ERROR=1.

NSW2=1 ¢
KST=K5T1+JJ

NSTRT (MAXS)=KST+2*%18*NTAR
NSW2=2

NTABO=NTAR

MAXS=MAXS+1

GO TO 132

IF (NSW2.F0.2) GO TO 621
WRITE (6,231) NTARQ
ERROR=1.

NSW2=1

IF (NTAB+7) 63551563

KURV 7 = XS5T 1 + JJ - KST
KST = KST 1 + JJ

GO To 132
READ (&4 205) (A{I}s I = 1s KOD 1)
DC 65 1 = 15 KOD 1

JJ = JJ + 1

P(JJ) = ALT)
CONTINUE

IF (N2.GT.0) GO TO 661
GO TO 132

READ (4+206) AINCsN2
Ally=P(JIN)

KQD1=1
Al1)=A(1)+AINC
N2=N2~-1

G2 T0 641

READ (4, 205) A(1l)
PlJJ + 1) = 32767
P(JJ + 2) = A(1)

JJ = JJ + 2

GO TO 132

KOUNT = KOUNT + 1
KST = XST -1

CPB6314
CPB6315
CPB6316
CPB6317
CPB6318
CPB6319
cPB632n
cPB6321
cpPB6322
CPB6323
CPB6324
CPB6325
CPB6326
CPB6327
CPB632R
CPB6329
CPB6330
CPB6331
CPB6332
CPB6333
CPB6334
CPB6E335S
CPB6336
CPRE33T
CPB6338
CPR6339
CPB634n
CPB6341
CPB6342
CPB6343
CPB634y
CPR6345
CPB6346
CPB6347
cPB6348
CPB6349
CPB635N
CPB6351
CPR6352
CPB6353
CPBR6354
CPB6355
CPBS35E
CPBs357
CPB6358
CPB6359
CPB6360
CPB6361
CPR6362
CPB6363
CPR6364
CPB6365
CPB6366
CPB&367
CcPB&6368
CPB636O
CPREITN
CPR6371
cPB6372
CPB6373
CPE6374
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NWCT = JJ CPRK275
WRITE (3) NWCT» NCVGs NSTS CPB6376
WRITE (3) (P(l)s I = 1, NWCT) CPB6377
NRECD = NRECD + 2 CORK3I TR
READ (45 205) A(1}) CPB6379
WRITE (3) MAXSs NCVGs NSTS CPB6380
WRITE (3) (NSTRT(I)s I = 1, MAXS) CPB6381
NWST = MAXS CPR63A2

JJ =0 : CPRE2RRZ

DO 69 1=1,40 CPR6384
PLI)=0. CPREIRS

69 CONTINUE CPB86386
MAXIM=MAX IM+NWCT CPR6387
WRITE (65257) NWCTsMAXIM CPE6388

MAX IM=MAXIM+MAXS CPR6389
WRITE (65258) MAXSsMAXIM CPB%329)

IF (MAXIMJ.LT MAXMUM) GO TO 132 CPB6301
ERROR=1. CPRE3OD
WRITE (65244) MAXMUMsMAXIM CPE5393

GO TOo 132 CPB63%4

691 READ (45,204) I1COD CPRE3D5
KDAT{JJ+1) = 32765 a CPB6396
KDAT(JJ+2) = ICOD CpPrs3IQT

JJ = Ju+2 _ CP34303

GO TO 132 (pRg3a09

138 GO TO (70, 13, 13, 13, 725 72)s KOD cPRG6LON
c70 READ (45 200) (I1{I)sA(I)sI=15sKOD1} CPE64O1
70 READ (45 205) ( A(I)sI=1,KOD1) . CPRELN2
DO 71 1 = 1, KOD 1 - CPRE4NT

C JJ = 11D CPRGL Ny
JJ = JJU+1 CP26405
P{JJ+20)=A(1) CPB64O6

71 CONTINUE CPRGLAT
GO TO 132 coRguns

72 KOUNT = KOUNT + 1 CPRE4NY
C THE FOLLOWING 5 CARDS GO WITH THE NON-C CARDS ABOVE CPB6410
P(1)=P(23) ) CPB6411
P(231=pP(23) CPR6412
P{3)=p(22) CPRELTR
Pls)=P(21) CPR&4LTG

IF (P(24).NEJ0.) P(7)=P(24) CPR5415
P(11)=P(2) CPB641E
JJ=16 CPREGTT
WRITE (3) JJs NCVGs NSTS CPB6418
WRITE (3) (P(I)s I = 1, JJ) CPB6419

NVTM = JJ CPB6420

END FILE 3 CPB6421
NRECD=9 CPREL2?
REWIND & CPRG4L23

139 RFWIND 3 CPRAL24
RETURN | CPR642S

END CPB6426

. : 2
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TABLE D-k. (Continued)

LR 180cz

C

1

200
201,
204
205
209
210
211
212
215
218
222
223
224
236
237
241
242
243
2644
245
246

149
139

$IBFTC CPC6

SUBROUTINE RESTRT

AS OF 04/27/85

COMMON Ps My MAXTs MAXRs MAXC, KSP, KSTs KURV 75 NCVGs NSTSs NFAB

COMMON NABL s NKSP s LMMF y NRMF yNREAD » CC

COMMON NRECDs NWPDs» NWCTs NWST» NWTM

COMMON /CP2/ERROR s MAXMUM

COMMON /CPPLT/NPLTsNEND

DIMENSION A(12)s I 1(12)s I 2012)» 1 3(12), NABL(10)s CC(12}

DIMENSION Al(6)

DIMENSION CZ(6)5CY(6)

DIMENSION P(16000) TRLINE(1)y KPSD(1)y NSTRT(1), M(16), KDAT (1)

EQUIVALENCE (P(4002)s IRLINE(1}), (P{BOOCYs KPSD(1))s (P(13000),
NSTRT(1))s (P(1)s KDAT(1))

REAL M, INCs NBK,NET

INTEGER CpP

DATA ENDF/6H -1 /

DATA NET/6HNFT

DATA DEC/6HDEC

DATA INC/6HINC

DATA PER/6HPER

DATA NBK/6HNBK

DATA CID/6HCID

DATA TAP/6HTAP

DATA COD/6HCOD

DATA ZERO/6HNQOOONO/

DATA END /6HEND /e

DATA (CY(I)51=156)/2H 152H 2,2H 3,24 432H 532H 6/5ZERZ/2H00/

DATA (CZ(I):I=1s6)/2HOl,2H0292H03,2H0492H0592H06/»BLANK/1H /

DATA ZERY/2H 0/

FORMAT (5Xs 4(1 55 E 10.2))

FORMAT (5Xs I 53 E 16425 1 5)

FORMAT (5X, I 5)

FORMAT (5Xs 6E 1042}

FORMAT (A3,A42,12A6)

FORMAT (5X,12A6)

FORMAT (5Xs A3,12,12A6)

FORMAT (1H1s9Xs1246)

FORMAT (4CHO KOUNT IS NOT CCRRECT IN RESTRT ROUTINE )

FORMAT (I 3, 3X, I 2)

FORMAT (30HO TOO MANY WORDS IN DAT BLOCK )

FORMAT (7HOCODE= A6512H IS ILLEGAL.)

FORMAT (25HCCANNOT FIND CURVE NAMED Ab,174 ON LIBRARY TAPE.)

FORMAT (15HOBLOCK NUMBER =16,29H IS ILLEGAL. RESTART DELETED, )

FORMAT (14HIEND OF CASES.) )

FORMAT (5X3510e0,15)

FORMAT (5X32510.0,515)

FCRMAT (5X52F1047,15)

FORMAT (5X54F10.0,15)

FORMAT (5X46€10.0,15)

FORMAT (5X36F10.0515)

NRECD=9

MATLIB =1

LINE=1

REWIND 4

REWIND 3

DO 310 I = 1, 16

M(I) = 0,0

CONTINUE

M{7) = 0425

MAXP = 0

NN N NN N NN

LOCKHEED
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CPCenny
CPCérol
crcene?
CPC6003
CPC6004
CPC6005
CPC6006
CPC6007
cPCeo08
CPC600Q
cpPCe010
CPC6011
CPC6012
CPC6013

L CPCO6O14

CPC6015
CPC6016
CPC6017
CPC6018
CPCo019
CPC6N20
CPC6021
cpPCé0n22
CPC6023
CPCeN24
CPC6025
CPC6026
CPC6027
CPC6028
CPC6029
CPC6030
CPC6031
CPC6034
CPC6035
CPC6037
CPC6038
CPCEN39
CPC6040
CPCs042
CPCo044
CPC6047
CPC6048
CPC6049
CPC6052
CPC6053
CPC6054
CPC6055
pPCecss
CPCo057
CPCenaa
CPCé6NnsSa
PConEN
CPC6061
CPC6062
CPConE3
CPC6O6L
cecenegs
PCenes
CPCeng
CPCeNnbR
CPCEN6e
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TABLE D-4. (Continued)

LR 18902

75

81
100
701

1101
1102

1103

7011

117

1171

JJ = 1

DO 75 1 = 1» NRECD

READ (3) N 1

MAXP = MAXP + N 1

READ (3) (P{J)s J = JJs» MAXP)
JJ = MAXP + 1

CONTINUE

READ (3) N 1

READ (3) (M{I)sI=14sN1)

MAXP = MAXP + N 1

REWIND 3

IF (MAXP -MAXMUM) 701,701,81
WRITE (65 222)

ERROR=2.

IF (MATLIB.EQe1l) READ (55209) CMsCXs(A(1)»I=1412)

IF (MATLIB.EQe2) READ ( 12 5209) CMsCXs(A(I)sI=1512)
cp=-1

DO 1102 I=146
IF (CXeEQeCY(1)aOReCXWEQ.CZ(I)) CP=1

IF (CXeEQeBLANK+OReCXeEQsZERZ4OReCXoEQWZERY) CP=0

IF (CP.GE.0} GO TO 1103

WRITE (65215)

FRROR=1.

cP=0

IF (CM.ENLEND) GO TO 900

IF (CM<EQ.TAP) GO TO 150

IF (LINE.LT.60) GO TO 7011

WRITE (62212) (CCT1s1=1512)
LINE =1

IF (CM.EQ.CID) GO TO 117

WRITE (63211) CMsCPs(A{TI}s1=1,12)
LINE =LINE+1

IF (CM +EQ. DEC) GO TO 702

IF (CM .EQ. INC) GO TO 703

IF {CMJEQ.COD} GO TO 707

IF (CM .EQ. PER) GO TO 704

IF (CM .EQ. NBK) GO TO 705

WRITE (6,223) CM
ERROR=1.

GO To 701
CMID=CM
1CP=Cp

DO 1171 I=1,12
CClIy=A(T)
CONTINUE
LINE=1

WRITE (65212)
GO To 701

IF (MATLIB4EQe2) GO TO 160
MATLIB=2

FIRST = 0.

WRITE (63211) CMsCPs»(A(T)sI=1,12)
LINE = LINE+1

READ (12 5209) Z1s 22,23
IF (Z1.NE.TAP) GO TO 151

IF {Z3.EQ.A(1)) GO TO 701

IF (23.NE.ZERO} GO TO 151
REWIND 12

FIRST =FIRST+1.

IF (FIRST4EQ.1.) GO TO 151
WRITE (65224) Al1)

.

(CCUTIrsI=1,512)

cPC6070
CPC6071

CPC6072
CPC6nT3
CPC60T4
CPC6nTS
CPC6076
CPCenTT
CPC6078
CPC60T9
CPC608O
CPC6081
CPC6082
CPC6083
CPC6084
CPC6085
CPC6086
CPC6087
CPC6088
CPC6089
CPC6090
CPC6091
CPC6NO2
CPC6093
CPC6094
CPC6095
CPC6096
CPC6097
CPC609R
CPC6099
CPC6100
CPC6101
CPC6102
CPC6103
CPC6104
CPC6105
CPC6106
CPC6107
CPC6108
CPC6109
CPC6110
CPC6111
CPC6112
CPC6113

CPC6114

CPCH115
CPC6116

LPC6117

CpPC6118
pPCo119
cpCol20
cPCée121
CPCé6122
CcPC6123
CPC6124
CpPC6125
cpPC6126
cPC6127
cpPCé128
CPC6129
CpPCH130

LOCKHEED

CALIFORNIA COMPANY



@ _ LR 18902

TABLE D-4. (Continued)

: _ ERROR =1, CPC6131
! 160 “ATLIS=1 CPC6132
6o To 701 CPC6133
i 7C2  KoD=1 CPC6134 -
: Go TO 706 CPC6135
; 703 0D = 2 CPC6136
\ G TO 706 CPC6137
! 704 KOD = 3 CPC6138
: G0 TO 706 _ CPC6139
i 777 KOD = 5 CPC6140
{ GO TO 706 : CPC6141
! 735 KOD = 4 CPC6142
; 706 WRITE (45218) KODsCP CPC6143
i WRITE (4 210) (A(I)s 1 = 1y 12) CPCo144
! IF (KOD«LT44) GO TO 701 CPC6145
IF (KOD.EQ.4) GO TO 708 . CPC6146
WRITE (65215) CPC6147
ERROR=1. CPC6148
708 END FILE & CPC6149
REWIND 4 CPC6150
714 READ (4»s 218) KODs KOD 1 CPC6151
GO TO (717, 1225 122s 719), KOD CPC6152
717 IF (KOD 1) 718,-718s 716 CPCH153
716 WRITE (65 250) CPC6154
250 FORMAT (34H KOD1 IS NOT ZERO IN RESTART BLOCK ) CPC6155
ERROR=14 - CPC6156
GO TO 714 CPCH157
122 WRITE (6+215) CPC6158
ERROR=1. CPC6159
GO TO 719 CPC6160
719 REWIND 4 CPC6161
REWIND 3 CPC616?
MAXP = 0 . CPC6163
M{1)=M(2) CPC616L
MI11)=M(2) CPC6165
JJ =1 CPC6166
DO 800 I = 1, NRECD CPC6167,
GO TO (780s 780s 782s 784, 784, 784, 7865 788, 790}, 1 CPC6168
780 N 1 = MAXT CPC61609
GO To 798 CPC61 70
782 N 1 = MAXR CPC6171
GO TO 798 CPC6172
784 N 1 = MAXC CPC6173
GO TO. 798 CPC6174
786 N 1 = NWPD CPC6175
GO To 798 CPC6176
788 N 1 = NWCT CPC6177
; GO To 798 CPC6178
H 780 N 1 = NWST CPCg179
798 WRITE (3) N 1s NCVGs NSTS CPC6180
MAXP = MAXP + N 1 CPC6181
, WRITE (3) (P(J)s J = JJs MAXP) CPC6182
; JJ = MAXP + 1 CPC6183
: 8CC  CONTINUE CPC6184
. N1 =16 CPC6185
H WRITE (3} N 1s NCVGs NSTS CPC6186
: WRITE (3) (M(I)sI=1,N1) CPC6187
| END FILE 3 CPC&18R
i REWIND 3 CPC6189
! RETURN CPC6190
! 718 READ (4s 204) NBLK CPC61091
i
|
|
| SO
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TARLE D-4. (Continued)

IF (NBLX.EQ.11) GO TO 714 CPColo2

IF (NBLKeGE+I1+ANDeNBLK.LE«5) GO TO (7203730740750, 760) sNBLK CPC6193

WRITE (6,236) NBLK CPC6194

ERROR=1. . CPCH195

NBLK =1 CPC6196

GO TOo 714 CPC6197

720 READ (4, 218) KODs KOD 1 CPC6198

GO TO (722, 72%s 122s 719} KOD CPC6199

722 IF (KOD 1) 721, 721y 723 CPC6200

721 READ (4, 204) 1 CPC6201

GO TO 714 ) CPC6202

723 READ (4, 200) (I 1(I)s AlI}s I = 1s KOD 1) CPC6203

DO 724 1 = 1, KOD 1 CPC6204

J=1 1 CPCE205

JJ = J + MAXT CPC6206

PLJJY = A(D) ’ CPCe207

PLJ) = ALID) CPC620R

ITEM = I 1(1) cpCg2no

ATEM = A(D) CPC6210

724 CONTINUE CPC6211

GO To 720 CPCH217

725 READ (4s 201) N 1, A 15 N 2 CpPC6213

J = ITEM CPC6214

AA = ATEM CPC6215

DO 726 1 = 15 N 2 CPC6216

J=J+N1 CPC6217

JJ = J + MAXT - cpCe21e

AA = AA + A1 CPC6219

P(J) = AA CPC6220

P(JJ) = AA CPC6221

ITEM = J CPC6222

ATEM = AA CPCs223

726 CONTINUE CPC6224

GO To 720 . CPC6225

730 READ {4s 218) KOD»s KOD 1 CPC6226

GO TO (731, 734s 122 719} KOD CPCe227

731 IF (KOD 1) 721s 721y 732 CPCe228

732 READ (&4s 200) (I 1(I)s AfI)s 1 = 1» KOD 1) CPC6229

DO 733 1 = 1, KOD 1 CPC6230

J =1 1(1) + 2x%xMAXT CPC6231

PlJ) = A(I) ) CPC6232

ITEM = 1 1(I) CPC6233

ATEM = A{(I) CPCe234

733 CONTINUE CPC6235

GO TO 730 CPC6236

734 READ (45 201) N 15 A 1, N 2 CPC6237
J = ITEM CPC6238

AA = ATEM CPC6239

DO 736 1 = 1, N 2 CPC624n

J=J+N1 CPC6241

JJ = g o+ 2%vAXT CPCe24L2

AA = AA + A1 CPC6243

P(JJ) = AA CPCo244

ITEM = J CPC6245

ATEM = AA CPCs246

736 CONTINUE ) CPCH247

GO TO 730 CPCo248

740 READ (4s 218) KOD» KOD 1 CPC6249

GO TO {741y 744y 122, 719)s KOD CPC6250

761 IF (KOD 1) 721, 721y 742 CPC6251

742 READ (4 200} {1 1(I)s A(I)s I = 1y KOD 1} ) cpCe252
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. TABLE D-L. (Continued)‘
I
i
{
i DO 743 1 = 1, KOD 1 CPC6253
: J = 1 1(1) + 2#MAXT + MAXR CPC6254
! PLJY = ALD) CPC6255
i ITEM = 1T 1(D) CPC6256
; ATEM = A(I) CPCe6257
; 743  CONTINUE CPC6258
! G0 TO 740 CPC6259
! 744 READ (45 201) N 1s A 1s N 2 CPC6260
oy J = ITE™ CPC6261
: AA = ATEM CPC6262
! DO 746 1 = 14 N 2 CPC6263
N J=J + M1 CPC6264
; JJ = J 4 2#MAXT 4+ MAXR CPC6265
; AA = AA + A1 CPC6266
( P(JJ) = AA CPC6267
) ITEM = J CPC6268
ATEM = AA CPC6269
746 CONTINUE CPC6270
GO To 740 CcpPCe271
; ’ 760 JJ = 5 CPC6272
: 751 READ (&4s 218) KODs KOD 1 CPC6273
! GO TO (752, 1225 122s 719)s KOD CPC6H274
| 752 IF (KOD 1) 721, 721, 753 CPC6275
: 753 READ (45 205) ¢ A(1}s1=1,KOD1) CPC6276
i DO 754 I = 1, KOD 1 CPC62T7
i JJ = Ju-1 CPC6278
. IF (JJeEQel) MUT)=A(M CPC6279
IF (JJ.EQ.1) GO TO 754 CPC6280
M(JJ) = AL CPC6281
754 CONTINUE CPC6282
N GO To 751 CPC6283
N 760 READ (4s 218) KODs XOD 1 CPC6284
IF (KOD.EQe.&4) GO TO 719 CPC6285
759 READ (4, 204) NTAB CPC6286
IF (NTAB) 760, 714, 761 CPC6287
761 L = LOC (NTAB) CcPC6288
! 762 READ (4» 218) KODs KOD 1 CPC6289
! GO TO (7645770,7635719,773) +KOD CPC6290
i 763 L =L +1 CPC6291
! READ (45 205) A(1) CPC6292
! PIL) = A(1) CPC6293
: GO TO 762 CPCE294
! 764 IF {(KOD 1) 75% 759 766 CPCo295
! 766 READ (4s 205) (A(I)s I = 1, KOD 1) CPC6296
KOD2=KOD1 CPCe207
DO 769 I = 1, KOD 1 CPCe298r
L=1L+1 CPC6299
PIL)Y = ALD) CPC6300
769 CONTINUE CPC6301
GO TO 762 CPC6302
770 IF (KOD1+LE.O) KOD1=KOD2 CPC6303
GO TO (7701s7702,77035770435770557706),K0D1 CPC6304
7701 READ (45241) (AL(I1)s1=1,KOD1)sINCR CPC6305
GO TO 771 CPC6306
7702 READ (45242) (A1(I)s1=1,K0D1),INCR CPC6307
Go To 771 CPC6308
; 7703 READ (45243) (AL{1)s1=15KOD1)sINCR CPC6309
i Go To 771 CcpPCe310
i 7704 READ (45264) (A1(1)s1=1,K0D1),IMCR CPC6311
GO To 771 CPC6312
7705 READ (45245) (Al(I)sI=1,KOD1)sINCR CPC6313
!
|
i N
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TABLE D-k. (Continued)

GO TO 771 CPC6314

7706 READ (45246) (AL(I)sI=1+KOD1)+INCR CPC6315
GO To 771 ' CPC6316

771 DO 772 I=1,K0D1 CPC6317
ALI)=ALT)+AY(I)" CoC631e
L=L+1 CPC6310
PIL)=A(I) CPC6320

772 CONTINUE CPC6321
INCR=INCR=-1 CPCH322

IF (INCR.GT.0) GO TO 771 CPC6323

GO TO 762 CPCo324

773 READ (45204) 1COD CPC6325
KDAT (L+1) = 32765 CPC6326

KDAT (L+2) = 1COD CPC6327
L=L+2 CPCe328R

GO TO 762 . CPC6329

900 REWIND 3 CPC6330
REWIND 4 CPC6331
WRITE (65237) CPC6332
NEND=1 - CPC6333
RETURN CPC6334

END CPC6335
$IBFTC EXCo EXC6000
SUBROUTINE EXCUT{(NLAG) EXC6001

C AS OF 05/19/65 EXC6002
COMMON P(160C0)sM(16)sMAXTsMAXRsMAXCsKSPsKST s KURVT sNCVG EXC6003
COMMON NSTSsNFABsNABL(10) sNKSP EXC6004
DIMENSION KP(1) EXC6005
EQUIVALENCE (P(1)sXP(1)) EXC6006
COMMON /CP2/ERROR EXC6007
COMMON /EXADR/LCTNSLCTOSLCRILCC,LEQ LCRCHLEPS sLCK s LCKA EXC6008
COMMON /EXPLT/ NLFLG EXC6009
COMMON /EXFLG/NTFLGsNSAV sNFLG EXC6010
COMMON /EXSTA/ NCsNCUR1sNCURV (20} EXC6011
COMMON /EXCVG/ NFLAGs ITMAXs ITERsNODE »PM1sPMsDTO>ATEMsNTEM sMTEM EXC6012
NFLG=0 EXC6013
NSAV=0 EXC6014
NLFLG=0 EXC6015
REWIND 11 . EXC6016

CALL CDATA EXC6017

CALL HTBAL(NLAG) EXC6018
RETURN EXC6n10

END EXC6020
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TABLE D-4. (Continued)
¢ [BFTC CDAS CDA60O0O
SUBROUTINE CDATA CDA60O1L-
C AS OF 04/27/65 CDA6002

COMMON P(16C00)sM(16) sMAXT sMAXRIMAXCsKSPsKST»KURVT sNCVGs CDA6003
1 NSTS NFABSNABL(10) s NKSPsLMMF s NRMFyNREADCC(12) CDA6004
COYMON NRsUAXP 3 NWCT s MAXS sMAXM CDA600S5
COMMON /CP2/ERROR CDA6006
COMMON /EXADR/ LCTNsLCTOSLCRSLCCHLCQyLCRCHLCPSsLCKyLCKA CDA6007
REAL M CDAG008
LCTN=1 CDA6009
READ(3) MAXT CDA6010
LCTO=LCTN+MAXT CDA6011
L=LCTO-1 CDA6N12
READ(3) (P(I)sI=LCTN,sL) CDA6013
READ(3) MAXT CDA6O14G
LCR=LCTO+MAXT CDA6015
L=LCR-1 CDAGO16
READ (3} (P(I),I=LCTO,L) CDA6017
READ ({3) MAXR CDA6018
LCC=LCR+MAXR CDA60O19
L=t CC-1 CDA6020
READ (3) (P(I)sI=LCRsL}a CDA6021
READ (3) MAXC ChAs022
LCQ=LCC+MAXC CDA6023
L=LCO-1 CDABO24
READ (3) (P(I)sI=LCCHL) CDA6025
READ (3) MAXC CDA6026
LCRC=LCQ+MAXC CDAG6027
L=LCRC-1 CDA6028
READ (3) (P(I1),1=LCQsL) CDA6029
READ (3} MAXC CDA6030
LCPS=LCRC+MAXC CDA6031
L=LCPS-1 CDA6032
READ (3) (P{I)sI=LCRCsL) CDA6033
READ (3) MAXP CDA6034
LCK=LCPS+MAXP CDA6035
L=LCK-1 CDA6036
READ (3} (P(1)sI=LCPS,L]} CDA6037
READ (3) NWCT CDA6038
LCKA=LCK+NWCT CDA6039
L=LCKA-1 CDA6040
READ (3) (P(I}sI=LCKsL) CDA6041
READ (3) MAXS CDA60O42
L=LCKA+MAXS-1 CDA6043
READ (3) (P{I)sI=LCKAsL) CDAG044L .
READ (3) MAXM CDAG6O4S
READ (3) (M(I)s1=14sMAXM) CDAG0Q4LE
IF (M(7)eLE.Oa) M(7)=,25 CDALO4L4T
RETURN CDA6O4S
END CDAB04Y

L
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TABLE D-L. (Continued) O

$IBFTC HTBs HTBsOOO
SUBROUTINE HTBAL (NLAG) HTB6001

C AS OF 06712/65 : HTB6002
COMMON Ps My MAXTs MAXRs MAXCs KSPs KSTs KURV 7» NCVGs NSTSs NFAB HTB6003
COMMON NABL s NKSP s LMMF s NRMF s NREAD HTB600OG
COMMON /EXFLG/NTFLGsNSAVINFLG HTB6005
COMMON / CP2/ ERROR HTB600S
COMMON / EXPLT/ NLFLG HTB6007
COMMON /CPITM/ ITIMO HTB6008
DIMENSION P(16000)s M(16)s KPSD(1)s NABLI(10) HTB6009
EQUIVALENCE (Ptl), KPSDI(1)}. HTB6010

REAL MsLIN HTB6011
ITIME = ITIMO HTB6012

24 IR=1 HTB6013
T16TH = (M(3)=M(2))/16. HTB6O14
T16TS = T16TH+M(2) HIB6015

CALL SLITE (0) HTB60O16

IF (M(16)4LE.Os) M{16)=0, HTB&017

IF {(M({16)14GT.0.) GO TO 29 HTB&6018

DO 28 I=KSPsNKSP HTB6019

IF (KPSD(1)) 25+29,26 HTB6020

25 NN=-KPSD(1) HTB6021
ND= MODI(NN,»4096) HTB6022

Kl= NN/2%%24 HTB60Z23

K2= MOD(NN/2#%12,4096) HTB6n24

IF (KI.E0.0.0R.KZ.EO.Q) GO TO 28 HTR6025

RHO = LIN(P(ND),K1) HTR6026

CP = LIN{PIND)»K2) HTB6027

NC = ND+2*MAXT+MAXR HTB&6028
PINC) = P(NC)*CP*RHO HTB6029

GO TO 28 HTB&030

26 ND = MOD(KPSD(I)4+4096) HTB6031
NR = MOD{KPSD(1}/4056+4096) HTB6032

K3 = KPSD(1)/2%%24 HTB6033

IF (K3.EQ.0) GO TO 28 HTB6N34

J = NR+2#MAXT HTB6G35S
FACT=LIN(P(ND) sK3) HTB6036
P{J)=P(J) /FACT HTBR6037

28 CONTINUE HTB&6038
29 CONTINUE HTB&03@
40 GO TO (1s 4s 4)s NSTS HTB86040
1 NPRINT = 1 HTB6041
2 11=0 HTB6N&G2
I 2 = MAXT HTB&6043

I 3 =1 2 + MAXT HTB604LYG

I 4 =1 3 + MAXR HTB6045S

I 5= 1 4 + MAXC HTB6046

1 6 =15 4+ MAXC HTB6Q4T

SUM 1 = 0. HTB60O4R

Sum 2 = 0, HTB6N 4O
SUM 3 = 0, HTB6050

3 CALL FUNCT HIB6051
IF. {ERROR«GT.0.) GO TO 770 HTB6052

IF (NSTS.EQe2) IR=2 HTB&6053

IF (NCVG.EQe2) IR=2 HTB6054

4 NFLAG = 1 HTIB6055
IF (M{1).LT4T16TS) GO TO 203 HTB6056
T16TS=T16TS+T16TH HTB86057

DO 202 J=1,4 HTIB6058
I=5-) HTBR6059

CALL SLITET (IsLIT) HTB&606Q
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LR 18902 :

I

201

202
203

44

o0 ]

2003

10
11
2001
130
132
12

13

14

19

22

50
52

72

GO TO (2025201)sLIT
CONTINUE

CALL SLITE (I

GO TO 203

CONTINUE

CONTINUE

RCM = M(4)

M{9) = 0.

J = KSP

NN = MOD(KPSD(J)+4096)
NN = ISIGN{NNsXPSD(J))
IF (NN.EGQ.0) GO TO 50
GO TO 14

NN = MOD{KPSD(J)}s4096)
NN = ISIGN(NNsKPSD(J}))
IF (NN} 65 7 19

IF (J.LT.NKSP)} GO TO 8
NFLAG = 2

PINRC) = ABS{P(NC))/SUM2*SIGN(1esP(NRC))

IF {SUM2+EQ.Os) WRITE (6+2003)
IF (SUM2.EQ.04) ERROR=2,

FORMAT (23HOSUM(1e/R)=0« FOR NODE I5)

IF (M(16)eLE«Os ) P(NRCI=ABSI(P{
1IF (IR.EQ.2) GO TO 10

IF (P(NC)eNE«Os) GO TO 11
PINTNK) = (SUM 1 + PJNO))/SUM 2
GO 70O 13

P(NTNK)=M(5)/ABS(P(NC))*(SUMI-SUM 3 + P(NQ)) + P(NTOK)
‘IF (P(NRC)«NE«Os) GO TO 132
FORMAT (23HO R-C PRODUCT FOR NODE T 4,

WRITE (65 2001) N 2s P(NRC)

N2

NRC))

ERROR=2.

GO TO 13

IF (ABS(P(NRC))«GE.RCM) GO TO 13
M(9) = N 2

RCM = ABS(P(NRC}))

SUM 1 = Q.

SUM 2 = 0.

SUM 3 = 0.

GO TO (14 72 99)s NFLAG
N 2 = - NN

NTNK = N 2 + 11

NC = N2+ 14

NTOK = N 2 + 1 2

NQ = N2+ 1S5

NRC = N2 + 16

J=J+1 .

NN = MOD(KPSD(J)/4096,4096)
IDAT = MOD(KPSD(J)s 4096)

NR = NN + 1 3
NTOM = IDAT + I 2

J=J+1

SUM 1 = SUM 1 + P(NTOM)/P(NR)
SUM 2 = SUM 2 + 14/P(NR])

SUM 3 = SUM 3 + P(NTOK)/P(NR)
GO TO 5

WRITE (65 52)

FORMAT (35H SOMETHING ROTTEN IN HTBAL ROUTINE

GO TO 770
M(6) = RCM
M(16)=M(161+1.0

HTB6061
HTB6062
HTB6063
HTB6064L
HTB6065
HTB6N66
HTB6067
HTB606R
HTB6069
HTB6070
HTB6071
HTB6072
HTB6073
HTB60OT4
HTB6075
HTB6076
HTB60O77
HTB6078
HTB6079
HTB6080
HTB6081
HTB6082
HTB6083
HTB6084
HTB6085
HTB6086
HTB6087
HTB6088
HTB6089
HTB60S0
HTB6091
HTB6092
HTB6093
HTB6094
HTB6095
HTB6096
HTB6097
HTB6098
HTB6099
HTB6100
HTB6101
HTB6102
HTB6103
HTB6104
HTB6105
HTB6106
HTB6107
HTB6108
HTB6109
HTB6110
HTB6111
HTB6112
HTB6113
HTB6114
HTB6115
HTB6116
HTB6117
HTB6118
HTB6119
HTB6120
HTB6121
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TABLE D-4. (Continued)

M{14)=M(5) HTB6122
DO 724 1=KSPsNKSP HTB6123
IF (KPSD(1)) 72157259722 HTB6124
721 NN =-KPSDI(I) HTB6125
ND = MOD(NNs4096) HTB6126
K1 = NN/2%¥%24 ’ HTB6127
K2 = MOD(NN/2%¥%12,4096) ' HTB6128
IF (K1eEQeDeORWK2.EQe0) GO TO 724 HTB6129
RHO = LIN(P(ND)sK1) HTB6130
CP = LIN(P{(ND) K2} HTB6131
J = ND+MAXT . HTB6132
RHO1 = ‘LIN(P{J)sK1) HTB6133
CP1 = LIN(P(J)sK2) HTB6134
NC = ND+2*MAXT+MAXR . HTB6135
PINC) = P(NC)Y*CP/CP1*RHO/RHO1 HTB6136
GO TO 724 . HTB6137
722 ND = MOD(KPSD(1),4096) HTB6138
NR = MOD(KPSD(11/4096,4096) HTB6139
K3 = KPSD(I)/2%%24 HTB6140
IF (K3.EQe0) GO TO 724 HTB6141
J = NR+2¥MAXT HYB6142
J1 = ND+MAXT HTB6143
FACT=LIN(P(ND})sK3} . HTB6144
FACTI=LIN(P(J1)sK3) HTB6145
P{J)=P(J)*¥FACT/FACT1 HTB6146
724 CONTINUE HTB6147
725 CONTINUE - HTB6148
IF (NSAV.NELO) CALL SAVT3 HTB6149
ITIMO = ITIME HTB6151
GO TO (56s 99 56)s NSTS HTB6152
56 "GO TO (108360+605108) sNCVG HTB6153
108 GO TO (7351095111+109)sLMMF HTB6154
109 LMMF=3 HTB6155
CALL MMF({Qes0aslsl) - HTB6156
LMMF=4 HTB6157
GO TO 73 HTB6158 ,
60 GO TO (115511241115115)sLMMF HTB&6159
111 WRITE {(6,2005) LMMF HTB6160
2005 FORMAT(7H LMMF=15s4Xs36H WRONG VALUE AT THIS POINT IN HTBAL - ) HTB&6161
GO T0 770 HTB6162
112 LMMF=4 HTB6163
115 CALL CVGI(-1e.351s1) HTB6164
M(5) = M{7)*M(6) HTB6165
M(15) = MI(5) HTB6166
GO TO (50, 3, 3, 76)s NCVG HTB6167
73 J = MAXT + 1 HTB6168
DO 74 1 = 1s MAXT HTB6169
P(J) = P(I) HTB6170
J=J+1 HTB6171
74 CONTINUE HTB6172
: IF (M(8)) 79 75y 79 HTB6173
75 IF (NPRINT) 78y 77y 77 HTB6174
79 M(8) = 0. HTB6175
77 CALL PRINT HTB6176
IF (NPRINT) 78y 97y 76 HTB6177
76 M(11) = M(11) + M(4) HTB617R
78 M(5) = M{T)¥M(6) HTB6179
IF (M(5)eGTe04) GO TO 80 HTB6180
WRITE(6+2002) M(5) HTB6181
GO T0 770 HTB6182
2002 FORMAT (16H1 DELTA THETA = E15.6924H MUST BE GREATER THAN 0.} HTB6183
D-k2
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80

82

83
84
85
87

90
92

93

770

97
94
96
91
95

99

M(15) = M(5)

PM 1 = M(1)

IF (NLFLG.GT.1) CALL TPLOT(-1)
MI{1) = M(1) + M(5)

IF (M(11) - M(3)) 83, 82, 82
M{11) = M(3)

LPT = 2
GO TO 84
LPT =1

IF (M(1) - M(11)) 85s 90, 87
NPRINT = -1

GO TO 3

M(5) = M(11) - PM 1

M{1) = M(11)

GO TO (92, 93),s LPT -

NPRINT = 1
GO TO 3
NPRINT = O
GO TO 3
ERROR=2.

WRITE (652004} ERROR

CALL PRINT

NLAG=2

RETURN

IF (NLFLG4GT.1) CALL TPLOT(-1)
GO TO (9651115111594} s MMF
NLAG=3

GO TO 91

NLAG=2

GO TO (95598,98),NFAB

GO TO (995505981 sNSTS

GO TO 99

RETURN

END

'2004 FORMAT (36HOERROR HAS OCCURRED. JOB TERMINATED. &H LEVELF 4.1/
1 28HOLAST TIME POINT CALCULATED.)

HTB6184
HTB6185
HTB6186
HTB6187
HTB6188
HTB6189
HTB6190
HTB6191
HTB6102
HTB6193
HTB6194
HTB6195
HTB6196
HTB6197
HTB6198
HTB6190
HTB6200
HTB6201
HTB6202
HTB6203
HTB6204
HTB6205
HTB6206
HTB6207
HTB6208
HTB6209
HTB6210
HTB6211
HTBE212
HTB6213
HTB6214
HTB6215
HTB6216
HTB6217
HTB6218
HTB6219
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C

15
50

25

30

35

40

45

60

61

20

$IBFTC BIVé

FUNCTION BIV (XVsXHsKsERR )
AS OF 06/12/65

COMMON P(16000)sM{16)

COMMON /CP2/ERROR

DIMENSION KP(1)

EQUIVALENCE (P(1),KP(1))
REAL M

L=LOC(K)+1

KFLL=0

KOD=32765

IF (KOD+EQ.KP (L)) KOD=KP(L+1)
IF (KOD«NE432765) L=L+2

LV = P(L)/1000.+.1

LH = AMOD(P(L)s10004)+,1

IF (P(L+1).GT.P(L+2)) GO TO 20
IF {(XHeLToP(L+1)) GO TO 50
DO 15 J=2sLH

L1=L+J-1
IF(P(L1)+GT.P(L1+1)) GO TO S0
IF (XHeLE«.P(L1+1)) GO TO 30
CONTINUE

ERROR=2.

WRITE (6590) KsXVsXH

RETURN

IF (XHeGT.P(L+1)) GO TO 50
DO 25 J=2slH
Ll=L+J-1
IF (P{L1)sLToP{L1+1}) GO TO 50

IF (XH.GE.P(L1+1)) GO TO 30
CONTINUE

GO TO 50

L2=L+LH+1

L3=L2+LH+1

IF (P(L2).GT. P(L31) GO TO 40

IF (XV.LT4P(L2)) GO TO 50

DO 35 I=1,sLV

L2= L+I*(LH+1)

L3= L2+LH+1

IF (P(L2)+GT.P{L3)) GO TO 50

IF (XV.LE.P(L3)) GO TO 60

CONTINUE

GO TO 50

IF (XV.GT.P(L2)) GO TO 50

DO 45 I=1,LV

L2= L+I*(LH+1)

L3= L2+LH+1

IF (P(L2).LT.P(L3)) GO TO 50

IF (XV.GE.P(L3)) GO TO 60

CONTINUE

GO To 50

Jl=L2+L1-L

J2=J1+1

J3=L3+L1-L

J4=J3+1

IF (KOD.EQ+32765.0R+KODEQ40) GO TO 80
KFLG=0

IF (P{J1)eEQ.04IKFLG=KFLG+]

IF (P(J2)4EQ.0.IXFLG=KFLG+2

IF (P(J3)4EN.0.IKFLG=KFLG+4

IF (P(J4)eEQ40s ) KFLG=KFLG+8

>

BIV6000
B1V6001
BIV6002
BIV6003
BIV6004
BIV600S
BIV6006
BIV6006
BIV6007
BIV6NOS
BIV6N0Q
BIV6010
BIV6N11
BIV6012
BIV6013
BIV6014
BIV6015
BIV6N16
BIVEN17
BIV6018
BIV6019
BIV6020
BIV6N21
BIV6022
BIV6023
BIV6024
BIV6025S
BIV6026
BIV6027
BIV6028
BIV6029
BIV6030
BIV6031
BIV6032
BIV6033
BIV6034
BIV6035
RIV6036
BIV6037
BIV6038
BIV6039
BIV6040
BIVEN41
BIV6042
RIV6043
BIV604S
BIV604S
BIV6046
BIV604T
BIV6N4R
BIV6049
BIV6050
BIV6051
BIV6052
BIV6053
BIV6054
BIV60SS
BIV6056
BIV6057
BIV6058
BIV6059

O
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TABLE D-4. (Continued)

IF (KFLGW.EQ.O) GO TO 70 BIV6060
KFLL=XFLG . BIV6061

GO TO (62+1664466362+62+50962164350164364+68962964950)4KFLG BIV6062

62 Ji=J1+1 B1v6063
J2=J2+1 ) BIV6064
J3=J3+1 BIvenes
Ja=J4+1 BIV6066
L1=L1+1 . BIV6067

GO T0 61 . BIV6068

64 Jl=J1-1 BIV6069
J2=J2-1 BIVén70
J3=03-1 BIV6071
Ja=J4-1 BIV6072
L1=t1-1 BIV60T3

GO TO 61 BIV60 T4

66 J1=J1+LH+1 BIV6075
J2=J2+LH+1 BIV60T76
J3=J3+LH+1 BIv6077
Ja=J4+LH+1 BIveo78
L3=L3+LH+1 BIV6079

GO T0 61 BI1v6080

68 Jl=J1-(LH+1) BI1vV6081
J2=J2-(LH+1) BIve0g2
J3=J3~{LH+1) BIV6083
Ja=J4-(LH+1) ® BIvéeoss
L3=L3-(LH+1) BIV608S

GO T0O 61 BIve08s

70 21=ABS{P{J1II+{ABS(P(J2)}=ABSIP(J1)1))/{P(L1+1}-P(L1)) B1vV6087
1 *{XH-P{L1 M) . B1V6088
22=ABS(P(J3) )+ (ABS(P(J4))=ABSIP(J3)1))}/(P(L1+1)-P(L1IM) BIV6089

1 *(XH-P(L1 1) BIV6090

75 L4=L3-LH-1 . BIve09l
BIv= Z21+{(Z22-Z1)/(P{L3)-P(L4)) *(XV=-P(L4}) BIV6092

IF (KOD+EQ.Q+OR+KOD+EQ.32765) GO TO 79 BIV6093

IF (TIME.EQ.M(1)) GO TO 76 BIV60931

IF (TIME1.EQ.M(11)) GO TO 79 BIv60932
TIME=MI(1) BIV60933
76 IF (TIMEL1.NELM{11)) WRITE (6+92) BIVe0934
TIME1=M(11) BIV60935
WRITE (6593) KsKODsXHsXVsBIV BIV60936

IF (KFLLeNESO) WRITE (6931} KsKOD sXVsXHsBIV BIV60937

79 RETURN BIV6N9s
80 Zl= (P{J1))+{ (P(J2))- (PCJL)))/Z(PILI+1)=-P(L1)) BIV6095
1 ¥(XH-P({L1 M) BIV6096

Z2= (P{J3)1+¢( (P(Jgs) - (P(J3)))/(PIL1I+1)-P(L1}) BIVé6097

1 *(XH-P(L1 )) BIV6098

GO To 75 ’ BIV609°

S0 FORMAT (24HOOFF BIVARIATE CURVE NO. 15,16He. VERTICAL leVe=E1l2.4» BIV6100
1 18Hs HORIZONTAL TeVe=E12.451H.) BIV6101

91 FORMAT (29HOEXTRAPOLATION USED FOR CURVE 15y 7Hs FLAG=I3, BIveloz2
1 16He VERTICAL IeVe=E12443918Hy HORIZONTAL leVe=E1l2e4s BIv6103

2 11Hs DEPeVARG=E1244) BIv6elna

92 FORMAT (47HODERIVED VALUES USED IN THE FOLLOWING CURVESs s } BIV6106
93 FORMAT (20H BIVARIATE CURVE NQO. 1638H COD = 16, BIV6107
1 11H X{HOR} = E1244512H X{VERT) = E12+.4,12H Y VALUE =E12.4) Blv6108

END BIV6109

l____
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$IBFTC LING
REAL FUNCTION LIN (X, N)
AS OF 5/25/65

Y=LINEAR FUNCTION OF X GIVEN BY CURVE N

[aEa¥Xakal

COMMON P, W™
COMMON /CP2/ ERROR .
DIMENSION P(16000)s M(16) +KP(1)
EQUIVALENCE (P(1)sKP(1})
REAL M
KOD=32765
PER = 32767,
LL = LOC(N)
LL = tL + 1
NFLAG = 1
IF (KP(LL ) ¢NE.KOD) GO TO 1
KOD=KP (LL+1)
LL=LL+2
IF (P(LL-1).NE.PER} GO TO 3
2 PER = PI(LL)
LL = LL + 1
NFLAG = 2
3. LU = LL
J = LL
5 LU = LU + 2
IF (P{LU) = P(J)) Ts 65 6

-

6 J =Ly -
GO TO 5
7 LU = Ly -1
LV=LU+2
8 IF (X - P(LLY) 9 10s 10
9 PERX==-PER

GO TO (405 18)s NFLAG
10 IF (P(LU = 1) - X) 12s 25s 25
12 PERX= PER
GO TO (405 18)s NFLAG
18 IF (ABS{(P(LU-1)-P(LL})/PER-1+)+GT+PER*14E-6) GO TO 40
DO 20 J = LLs LVy 2
P{J) = P(J) + PERX
20 CONTINUE
GO TO 8
25 LL = LL + 2
DO 28 J = LLs LUy 2
IF (X = P(J)Y) 27 27y 28
27 IF (KODeNE«32765) GO TO 272
271 LIN=(P{J+1)=-P{J=1))/(P(J)-P(J-2)1*{X=-P(J=2))+P(J-1)
GO TO 50

IF (KOD.EQ.0) GO TO 50
76 FORMAT (47HODERIVED VALUES USED IN THE FOLLOWING CURVESs.. )
IF (TIME.EQ.M(1)) GO TC 80
IF(TIMEL1.EQ.M(11})) GO TO 50
TIME=M(1)
80 IF (TIMEl«.NE«M(11)) WRITE (6576)
TIMEL1=M(11)
WRITE (6977) NsKODsXs>LIN

1E = E1244523H DEPENDENT VARIABLE = E12.4)
GO YO 50
28 CONTINUE

LING60OO
LIN6001
LIN6QO2
LIN60OC3
LIN60C4
LIN6NDS
LIN6NNG
LIN6007
LIN60OB
LIN6009
LIN60O10O
LINGNT1Y
LIN6O12
LIN6013
LIN6ENYG.
LING6OLS
LIN6O16
LIN6O17
LING6O1R
LIN60O1O
LINEN2N
LINGEN21Y
LING6O22
LIN60O23
LIN6DO24
LIN6025
LING60O26
LIN6D27
LING6OZ2S
LIN6NZ2O
LIN6030D
LING6031
LIN6032
LIN6033
LIN6034
LIN6035S
LING6N3S
LIN6037
LIN6N3S
LIN60O39
LIN6040O
LING6O4L
LIN6042
LINSNG3
LIN604G
LING60O4LS
LING6Q4S
LIN60&G7

272 LIN=(ABS(P(J+1))=ABS(P(J=11))/(P(J)-P(J=2)1)*(X=P(J~2))+ABS(P(J-1)ILINEO4S

LIN604S
LIN6G50
LIN6051
LIN60511
LIN60S2
LIN60521
LIN60522
LIN6053

717 FORMAT (11H CURVE NOe= 16 84 COD = 15+25H INDEPENDENT VARIABLLINGOS&

LIN6055
LIN6056
LINENST

LOCKHEED D-L6
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40
73
42

75

50

C

16

18
101

LL o= Ll - 2

WRITE (63 42) Xs N

WRITE (6s 73) (P(I)s I = LLs LU)

FORMAT(29HOCURVE POINT PAIRS FOLLOWesas /(1Xs3(2E184854X)))
FORMAT (27HOINDEP VAR FOR LIN INTERP.= € 20.8, 7H CURVE= [ 4 ,
1 16H OFF CURVE )

IF (ERROR+EQ.0.) WRITE (65 75)

FORMAT (30HO0 LAST TIME POINT CALCULATED )

M{81=1,

1F (ERROR.FG.0.)} ERROR=2,

RETURN

END

SIBFTC ATR6

FUNCTION ATRP 1 (C» X}

AS OF 12/4/64

DIMENSION C(1)

I =5

IF (C(1) = X) 35 3, 1

IF (CtI + 2y — CtI)) 16s 17y 17

I =1+ 4

GO To 1

J=1+3

ATRP 1 = C(?)

WRITE (65 101) X» (ClKYs X = 1y J)
FORMAT (13H OFF CUR%f X= E 1648/(1H
RETURN

IF (X = CUI}) 4y 4y 5

TELA = (C{1 = 1) = C{I = 31)/(C(1 - 2) - CUI = 4))

TELB = (C(I + 1) = C(I - 1))/7(C{1} - C(1 - 2))

ATRP 1 = C(T - 3} + (X = C(I - 4))*TELA + (X -~ C(I = 4))*(X - C{(I]
1 = 2))*(TELB ~ TELAY/(C(I) - C(I - 4))

RETURN

IF (C(T + 2) ~ Ct1)) &9 69 7

ATRP 1 = C(I + 1)

J=14+2

GO TO 18

1 =1+ 4

GO 70 3

END

2E 1648))

LIN60SB
LIN60OSS
LIN6060
LIN6061
LIN6Q62
LIN6063
LIN606S
LIN6OES
LIN60G6
LING6NGET

TLINGDGR

LIN6O6®

LockHEED
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NAaNN

0 0~

10
14
15
18
20

25

21
28
40
42

43

44

45

$IRFTC PARS

FUNCTION PAR (Xs N)
AS OF 04/27/65

Y=PARABOLIC FUNCTION OF X GIVEN BY CURVE N

COMMON Py M
DIMENSION P(16000)s M(16)s C(8)

REAL M

PER = 32767,
LL = LOoC(N)
LL = L + 11
NFLAG = 1

IF (P(LL -~ 1) - PER) 3, 2, 3
PER = P(LL)
LL = LL + 1
NFLAG = 2
LU = LL

J = LL

LU = LU + 2

IF (P(LU) = P(J)) Ts Bs 6

J = LU

GO T0 5

LY = LU -1

IF (X = P(LL)) 9 10, 10

GO TO (40, 14), NFLAG

IF (P(LU - 1) - x) 12, 25, 25

GO TO (40s 18)s NFLAG

DO 15 J = LiLs LUs 2

P(J) = P(J) - PER

CONTINUE

GO TO 8

DO 20 U = LLs LUy 2

P{J) = P(J) + PER

CONTINUE

GO Y0 8

LL = LL + &

DO 28 J = LLs LU, &

IF (X = P(J)) 27, 27y 28

LL = J - 4

GO TO 44

CONTINUE

LL = LL - &

WRITE (63 42) Xs N

FORMAT (27HOINDEP VAR FOR PAR INTERP.= E 2048s 7H CURVE= 1 4 »
1 16H OFF CURVE )

WRITE (6s 43) (P(I)s I = LLs LU)
FORMAT (16HOCURVE POINTS = 4F 18,.8)

CALL PRINT

CALL EXIT

sToP

LU = LL + 5

1 =0

DO 45 J = LLs LU
I =14+1

ClIYy = PLY
CONTINUE

Cll + 1) = 0.
PAR = ATRP 1(Cs X)
RETURN

END

LOCKHEED
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TABLE D-k. (Continued)

SIRFTC MMF6 MMFEENNN
SUBROUTINE MMF (T15T2sNNsMM) MMF6001

C AS OF 04/27/65 MMF6N02
COMMON P oM yMAXT sMAXRSMAXCsKSPyKST s KURVT7aNCVHINSTSsNFAB MMF6003
COMMON NABL s NKSP s LMMF s NRMF y NREAD MMF 6004
DIMENSION P(16000)sM(16)sNABL({10)sKNOD(1) MMF6005
EQUIVALENCE (P(1)sKNOD(1)) ! MMF6006

REAL M MMF&007

301  FORMAT (7012) MMF60NR
GO TO (1+253,770) sLMMF MMF 6009

1 NRMF=0 MMF6N1N
REWIND 10 . MMF6011
REWIND 9 MMF 6012

NP=0 MMF6013
NREAD=0 MMF&N14
KCy=0 . MMF6N15

LMMF =) MMF6016

2 NRMF =NRMF +1 MMF601 7
WRITE (105301) T1sT2sNNsMM MMF6018
L=LOC(NN) MMF6019

100 L=L+1 MMF&020
NDN=P (L) MMF6021

IF (NDN) 770,770,101 MMF6022

101  KNODI(L)=KCY+4096* (NP+4096%¥NDN) MMF6023
NDN=KNOD(L) /16777216 MMF6024
NP=MOD(KNOD(L)/4056+4096) MMF6025
KCY=MOD(KNOD (L) +4096) MMF6026

G0 TO 100 ¢ MMF 6027

3 REWIND 10 MMF 6028
DO 60 I=1,NRMF MMF6020Q

READ (105301) TOsTFsNTsMC MMF 6030

IF (M(1)-TF) 455460 MMF6031

4 IF (M{1)=T0O) 6055,5 MMF 6032
5 L=LOC(NT) MMF6033
11 L=L+1 : MMF6034
NDN=KNODIL)/16777216 MMF 6035
NP=MOD(KNOD(L)/4C9654096) MMF 6036
KCY=MOD (KNOD (L) »4096) MMF6037

IF (NDN) 60560521 MMF 6038

21 KCY=KCY+1 MMF 5039
IF (KCY-MC) 505656 MMF 6040

6 KCy=0 MMF 6041
NDO=MAXT+NDN MMF 6042

IF (NP) 22,22530 MMF 6043

22 IF (P{NDN}-P{NDO)) 2555024 MMF 6044
24 NP=1 MMF 6045
GO TO 50 MMF 6046

25 NP=2 MMF 6047
GO TO 50 MMF604 R

30 IF (PINDN)-P(NDOY) 33,50,31 MMF 6049
31 GO TO (505321 sNP MMF 6050
32 NPP=1 MMF 6051
GO TO 40 MMF 6052

33 GO TO (345501 sNP MMF6053
34 NPP=2 ' MMFgnEL
40 PM1=M(1)-M(5) MMF§055
NREAD=NREAD+1 MMF6056
WRITE (9+9301) TOsTFsNTsNPSNDNsP(NDO),PM1 MMF6057
NP=NPP MMFEN5R

50 KNOD (L) =KCY+4096% (NP+4096%NDN) MMF 6059
GO TO 11 MMF6060

— .
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60 CONTINUE
REWIND 1C

770 RETURN
END

$1BFTC RAD6 ‘
FUNCTION RAD (N 1s N 25 CV)
AS OF 04/27/65

RADIATION WITH CONSTANT OR VARIARLFE FACTOR CV

[aNaFKa¥a)

COMMON Py M, MAXT
DIMENSION P(16000),s M(16)

SIGK = CVv#,1713 E - 8

J = MAXT + N 1

T 1= PlJ) + 459,6

J = MAXT + N 2

T 2 = PlJ) + 459,6

RAD = 1+/(SIGK*(T 1*T 1 + T 2%T 23%(T 1 + T 2))

END -

$IBFTC SAV6
SUBROUTINE SAV(X,Y)

C AS OF 04/27/65
COMMON P(16000)sM{16) sMAXT sMAXR sMAXC
COMMON /EXFLG/NTFLGINSAV,NFLG
REAL M
NSAV=0
IF (XeLTeYeORNFLG.GTL0} GO TO 20
NFLG=1
NSAV=1

20 RETURN

END

$IBFTC EAl6
SUBROUTINE EAH1 (NODE sQK)
C AS OF 05/7/07/65
COMMON PsMsMAXT s MAXRIMAXC s KSPH»KST
DIMENSION P(1600N)M(16)
REAL ™M
K=2%¥MAXT+MAXR+MAXC+NODE
K0OD=1
ALPHO=0.
MF =0
CALL ECHERT (KODsNODE sALPHO sMFaHJ»TER)
P(K)= HJ*QK*TER
RETURN
END

MMEENG6]
MMF6062
MMEANAT
MMEEN 6L

RADSEOCN
RAD6001
RAD6OQ2
RAD&ON3
RAD600G
RADENNS
RAD60DO0S
RADENNOT
RAD60ONR
RAD&E0OOY
RAD60O10O
RAD6011
RADE0O12
RADGE0O13
RAD60O14
RAD60O1S
RADEN1A

SAV6000
SAV6001
SAY6002
SAV6003
SAVENNnL
SAVAENNS
SAVEQ06
SAV6007
SAVE008
SAVENNQ
SAVEN1N
SAVENT1

FalgoOn
EAl16001
EA16002
EA160032
FAl6NNYG
FA16NNS
EA16006
FA16007
EAl60NE
EAYlE009
EA16010
EAl16011
FAl6012
EAl6012
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TABLE D-Lk. (Continued)

<IBFTC EA26 FA26N00
SUBROUTINE FAH 2 (NODF, OKs VAR) EA26001
C AS OF 04/27/65 EA26002
COMMON Ps Ms MAXTs MAXRs MAXC, KSPy KST EA26003
DIMENSION P(16000)s M(16) EA26004
REAL M FA26005
K = 2¥MAXT 4+ MAXR + MAXC + NONDE EA26006
KOD = 1 EA26NNT
ALPHO = 0. FA260NR
MF = 0 EA26000
CALL ECHERT (KODs NODE, ALPHO» MFs HJs TER) EA26010
PIK) = HJ®OKXTER EA26N11
VAR = HJ ! EA26012
RETURN EA26013
END EA26Nn14
$18FTC FA36 EA36NNN
SUBROUTINE EAH 3 (NODEs QKs ALPHO» MF) EA36001
d AS OF 04/27/65 EA36002
COMMON Py My MAXTs MAXRs MAXC» KSPs KST EA36003
DIMENSION P(16000)s M(16) EA36004
REAL M EA36NNS
KOD = 2 FA36nNE
CALL ECHERT (KODs NODEs ALPHO» MF» HJs TER) EA36007
K = 2%MAXT + MAXR + MAXC + NODE FA36008
PIK) = HJ*QK*TER EA36009
RETURN . EA36010
END EA36011
$IBFTC EA46 EA46000
SUBROUTINE EAH & (NODEs QKs VAR, ALPHOs MF) ] EA46001
c AS OF 04/27/65 EAL6N02
COMMON Ps Ms MAXTs MAXRs MAXCs KSPs KST EA46003
DIMENSION P{16000)s M(16) EA460D4
REAL M EA46005
K = 2%¥MAXT + MAXR + MAXC + NODE : EA46006
KOD = 2 FA46ONT
CALL ECHERT (KODs NODEs ALPHO» MFs HJs TER) EA46008
PIK) = HJ*QK*TER EA46NNQ
VAR = HJ FA4EN1N
RETURN EA46011
END EA4EN12
LOCKHEED ‘ D-51
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TABLE D-4. (Continued) O
$IBFTC EAH6 EAH6000
SUBROUTINE ECHERT (KODs NODE, ALPHO, K, HJs TER) : EAH6001
d AS OF 04/27/65 EAH6002
C EAHENN3
C AERODYNAMIC HEATING USING ECHERT FORMULA EAH6004
C EAH6005
COMMON Ps My MAXT, MAXRs MAXCsy KSPs KST, KURV 7 EAH6006
DIMENSION P(16000)s M(16) EAH6007
REAL Ms LIN EAH600R
GO TO (1, 2), KOD EAH6000
1 BETHA = 1. FAH6010
GO TO 15 EAH6011
2 ALPHR = LIN(M(1), 2) EAH6012
IF (K) 35 3, 4 EAH6013
3 ALPHA = ALPHO - ALPHR EAH6014
GO TO 5 EAHE015
4 ALPHA = ALPHR - ALPHO EAH6016
5 IF (KURV 7 = 3) 75 7» 6 EAH6017
[} BETHA = LIN(ALPHA, T7) EAH60]8
GO TO 15 EAH6019
7 Jd = LnC(7) EAHEN2N
) IF (ALPHA) 8, 85 10 EAH6021
8 BETHA = P(J + 2)*ALPHA + 1. EAH6022
GO TO 15 EAH6023
10  BETHA = P(J + 1)%ALPHA + 1, EAH6024
15 QMAX = LIN(M(1)s 11} EAH6025
S = LIN(QMAX> 5) EAH6026
H = LIN(M(1),s 1)} EAH6027
ALRDXM = LIN(H, 3) L EAH6N028
TLOTM = LIN(QMAX,s 6) EAH6029
TMAX = LIN{Hs 12) EAH6030
TL = TLDTM*TMAX EAH6031
QMLDMM = LIN(QMAXs 13) EAH6032

QML = QMLDMM*GMAX FAH6033 C:)
J = LoCI8) EAH6034
A= P{J+ 1) ) EAH6035
B = P(J + 2) EAH6036
QL = P(J + 3) EAH6037
GAMMA = P({J + &) EAH6038
QN = Qe71#%QL*((GAMMA — 14)/24)%QML*%2 EAH6039
J = MAXT + NODE ’ EAHEO 4N
TLPDTL = 045%(1le + (P{J) + 459.6)/TL) + 0s22%0QN EAH6041
TLP = TLPDTL*TL EAH6042
TR = TL¥{1l. + QN) EAHENL3
M(12) = TR EAH6N GG
ALPRK = LIN(TLP, 4) EAH6045
PRK = 10.0%*ALPRK EAH6046
RLDXM = 10,0%*ALRDXM FAH604T7
HJ = BETHAX(S*RLDXM*QMAX/TLPDTL#¥1469) **A*QMAX**B*PRK EAH6048
TER = TR -~ P(J) - 459.6 EAH6049
RETURN EAH6050
END EAH6051
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: TABLE D-L. (Continued)

SIBFTC CVG6 CVG&6000

SUBROUTINE CVG (Ay Ns M 2) CvG6001

C AS OF 04/26/765 cvG6002

C CvG6n03

C CONVERGE ROUTINE FINDS EQUILIBRIUM STARTING TEMPERATURES V66004

C cvGéenns

COMMON P» M» MAXTs MAXRs MAXCs KSP» KSTs KURV 7s NCVGs NSTS» NFAB CVG6006

COMMON NABLs NKSP CvG6007

DIMENSION P(16000)s M{16)s NABL(10)s KPSD(1) CvG6008

EQUIVALENCE (P(1)y KPSD(1)) CVG6009

COMMON /EXCVG/ NFLAGsITMAXsITERyNODE sPMLsPMsDTOs ATEM,NTEM,MTEM CVG6010

COMMON /CP2/ ERROR CvGe011l

REAL M CvGéol2

1 GO TO (2s 85 8y 6)s NCVG CvG6013

2 ITMAX = O vGe014

ITER = 0 ' V66015

NODE = 0O CvG6016

NFLAG = 1 vG6017

"PM 1 = M(1) . CvG6018

PM2=M(§) CVG6019

PM3=M(9) CvG6020

DTO = 0. V66021

ATEM = A vG6n22

NTEM = N CvG6023

7 MTEM = M 2 VG6024

IF (MTEM) 4, 3, 5 CvG6025

3 WRITE (6s 50) CVG6026

50 FORMAT (49H0 NO. OF YTERATIONS BETWEEN PRINTS IS ZERG IN CVG ) V66027

51 ERROR = 2, V66028

RETURN CvGen2e

4 NCVG = 2 CVG6030

MTEM =IABS(MTEM) CVG6031

61 M{1})=PM1 CVG6032

M{6)=PM2 . CVG6033

M(9)=pM3 CVvG6034

6 RETURN cvG6en3s

5 NCVG = 3 CVG6n36

GO TO 61 CvG6037

8 IF (A) 9y 95 7 CvG6n3s

9 DIFM = Q. CVG6039

20 ITER = ITER + 1 CVG6040

ITMAX = ITMAX + 1 cvGe041

JJ = NKSP - 1 CVG6042

DO 11 T = KSPy JJ CVG6043

IF (KPSD(T)) 10s 115 11 CVGENLY

10 JIN=MOD(KPSD(I)+4096) CYG6045

JN=TABS(IN) CVG6046

J = MAXT + UN V66047

DIF = ABS(P(UN) - P(J)} CVG6N4S

IF (DIF.LT.DTO) GO TC 303 CVG6049

300 DTMX=041%(P(J)+4604) CVG6050

IF (DTMXeLTa0Qs) DTMX=0, CVG6051

IF (DIFLLELDTMX) GO TO 302 CVG6052

DIF=SIGN(DTMXs (P{JUN)I=P(J)}) CVG6053

P{JUN)I=P(J)+DIF CVG6054

GO TO 303 CVG6055

302 PLUNI=(P(JINI+P(J)) /2. : CVG6056

303 DIF=ARSIDIF) CVG6057

IF (DIF4LEDIFM) GO TO 11 CVG6058

DIFM=DIF VG605

NODE=JUN CVGeN60n
LOCKHEED D-53
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TABLE D-k. (Continued) -

11 CONTINUE CVG6061
DTO = DIFM CVG6062

J = MAXT + 1 V66063

307 DO 308 I = 1, MAXT CVG6064
P(J) = PL]) CVG6065
J=J+1 CVG6066

308 CONTINUE CVG6067
IF (NFLAG.EQ.1) GO TO 55 CVG6068

IF (DIFMsGELATEM) GO TO 14 CVG6069

13 NCVG = 4 CVGHNTN
55 ITER = O CVG60T1
M(1) = I1TMAX CVG6072
M(9)=NODE V66073
M{6)=DTO CVG60T4

56  CALL PRINT CVG60TS
NFLAG = 2 CVG6076

GO TO 6 CVG6077

14 IF (ITMAX - NTEM) 15, 164 16 CVG6078
15 IF (ITER - MTEM) 65 55, 55 CVG6079
16 M(1) = NTEM CV66080
CALL PRINT V66081
WRITE (6560) ITMAX,DTOsNODE CVG6082

60  FORMAT (33HOTEMPERATURES DID NOT CONVERGE IN I7s12H ITERATIONS.  CVG6083
1 8H MAX DT= E12.4, 8H AT NODE I5) CVG6084

GO To 51 CVG6085

END . CVG6086

$IBFTC S$TS6 5756000
SUBROUTINE STS (GK) $TS6001

C AS OF 04/27/65. $TS6002
C STS6003
C STEADY STATE FINDS EQUILe STARTING TEMPS. WITH HEAT BALANCE EQ. 5TS6004
C $TS6005
COMMON Ps Ms MAXTs MAXRs MAXCs KSP»s KSTs KURV 7s NCVGs NSTS $TS6006
DIMENSION P(16000)s M(16) STS6007

REAL M STS600R

1 GO TO (2s 10s 10)s NSTS STS6009
2 NSTS = 2 STS6010
NLAG = 1 STS6011

4 CALL HTBAL (NLAG) $TS6012
DIFM = 0, STS6013

J = MAXT + 1 STS6014

DO 6 I = 15 MAXT STS6015

DIF = ABS(P(1) - P(J)) $TS6016
J=J+1 ' 5TS6017

IF (DIFM - DIF) 55 65 6 $156018

5 DIFM = DIF STS6019
6 CONTINUE STS6020
J = MAXT + 1 $TS6021

DO 8 1 = 1, MAXT §TS6022
Pl = PLI) STS6023
J=J+1 STS6024

8 CONTINUE STS6025
IF (DIFM = QK) 93 45 & $T56026

9 NSTS = 3 $T56027
10 RETURN $T56028
END $T$6029
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5 TABLE D-L. (Continued)
|
i $IBFTC RRM6 RRM6000
FUNCTION RRM (N 14 N 25 N) RRM6001
C AS OF 06/12/65 , RRM6002
COMMON Ps M, MAXT RRM6003
COMMON /CP2/ERRQR RRM6003
DIMENSION P(160C7Y, M({16)s Al154 15) RRM6004
REAL M RRM6005
L = LOC(N) RRM6006
KORD = P(L + 1) RRM6007
IF (KORD+GT.15) 32> TO 60 RRM600OT1
L=1L+2 RRM6008
K = L + KORD*KOR]D RRM6009
NSB 1 = 0O RRM6010
; NSB 2 = O RRM6011
; KOUNT = 0 RRM6012
! K 2 = K + 4%KORD - 1 RRM6013
! J=0 RRMEN1 4
! DO 18 I = Ky K 4 & RRM6EN1S
J=4+1 RRM6016
NODE = P(1) RRMEN17
IF (NODE - N 1) <. 4, 5 RRM6018
4 Al =Pl + 1) RRM6019
E1 =PI +2) RRM6020
RHO 1 = P(I + 2 RRMED21
NSB 1 = J RRM6022
Go To 17 RRM6023
5 IF (NODE = N 2) 3, .6, 18 RRM6024
6 A2 =Pl + 1) RRM6025
E 2 =PI + 2) RRM6026
RHO 2 = P(I + 2 RRM6027
~ NSB 2 = J RRM6028
(::) 17 KOUNT = KOUNT + - RRM6029
g IF (KOUNT - 2) 1:. 20, 19 RRM6030
18 CONTINUE RRM6031
19 WRITE (65 70) N T+ N 25 N : . RRM6032
70 FORMAT (7HO NOTI @ 4, 3HOR 1 4 24HDOES NOT APPEAR IN TABLE 16) RRM6033
GO TO 80 RRMgN 15
20 Al = A 1%A 2 RRM6037
E 1 = E 1% 2 RRM6038
RHO 1 = RHO 1%*R-> > RRM6039
LTEM = L RRM6040
K =0 RRME04 ]
K 2 =20 . RRMENG2
DO 42 1 = 1s KI37 RRM6043
IF (I - NSB 1) I>. 21, 22 RRM60 44
21 L = L + KORD RRM6045
GO TO 42 RRM6046
22 K =K+ 1 RRM6047
DO 40 J = 1s KZ3° RRM6048
) IF (J - NSR 2) 2.. 39, 24 RRV6049
24 K2=K2+1 RRM60 50
AlKs K 2) = P(L" RR¥6051
39 L =L +1 RRM6052
40  CONTINUE RRM6053
K2=0 RRM6054
42  CONTINUE RRM6055
NN = KORD - 1 RRM6056
CALL MDETR (NN+ _ . a) RRM6057
DIJ = C RRMGN SR
L = LTEM RRM6059
DO 50 I = 1s KI7° RRM60 60
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TABLE D-k. (Continued):

DO 50 J = 1, KORD RRM6061

Ally J) = PLL)Y RRM6062
L=1L+1 . RRM6063

50  CONTINUE RRM6064
CALL MDETR (KORD» Cs A) RRM6065

QK = (044811 E.— 12%E 1%A 1)/(0.1713 £ - B8*RHO 1)*ABS(DI1J/C) RRM5066
JNI=MAXT+N1 RRM6067
JN2=MAXT+N?2 RRM6068
T1=P(JN1)+4604 RRM6069
T2=P(JUN2)+460. RRM6070
RRM=1,/(0,1713E~8*%QK* (T1#T1+T2%T2)%(T1+T2)) RRM6071
RETURN RRME072

60  WRITE (6561} NsKORD RRM&073
61  FORMAT (10HOTABLE NO« I6317H HAS MATRIX ORDER 16, RRM6074
1 30H» MAXIMUM IS 15. CASE DELETED. ) RRM60741

80  ERROR=2. RRM6075
RETURN RRM6076

END RRM6077
$IBFTC MDT6 * i T MATE00N
SUBROUTINE MDETR (Ns Cs A) MDT6001

C AS OF 12/4/64 MDY6002
DIMENSION Al15, 15}y B(16) MDT6003

LN = N - 1 MDT6004

DO 18 I = 15 LN MDT6005

MI =1 + 1 MDT6006

DO 18 K = MI,4 N : MDT6N0T

IF (Alls 1)) 195 3, 19 MDT6008

3 K1=1+41 MDT6009
DO 6 K 2 =K 1y N MDT6010

IF (A(Is K 2)) 4s 63 & MDT6011

4 DO 5 JJ = 1s N MDT6012
B(JJ) = AlJJs K 2) MDT6013
AlJJs K 2} = AlJIs 1) MDT6014
AlJJs 1) = = B{JJ) MDT6015

5 CONTINUE MDT6016
GO TO 19 MDT6017

6 CONTINUE MDT6018
C = 0.0 MDT6019

GO To 100 MDT6020

19 AA = AlKs 1)/A(I, 1) MDT6021
DO 18 J = Is N MDT6N22

17 A(Ks J) = A(Ks J) = AA*A(I, J) MDT6023
18  CONTINUE MDT6024
B(1) = 1.0 MDTEN25

DO 32 L = 1s N MDT6026

BI(L + 1) = B(LY*A(Ls L) MDT6027

32 CONTINUE MDT6028
C = B(N + 1) MDT6029

100 RETURN MDT6030
END MDT6031

LOCKHEED

CALIFORN:A CoMaany

D=56

O



TABLE D-L. (Continued)

IR 18902

SIBFTC SVT6 SVT6000
SURROUTINE SAVT3 SVTenol
c AS OF 06/04/65 _ sVT6002
COMMON P(16000)sM(16) sMAXT sMAXR,MAXC sNDUMY (20 ) sDUMMY (12) sNR s SVT6003
1 MAXP s MAXKsMAXS s MAXN, SVT6004
COMMON /EXFLG/NTFLGsNSAVSNFLG SVT6005
DIMENSION LX(9) SVT6N06
REAL M SVTEN07
NSAV=0 SVT6008
REWIND 3 sVT6NNO
LX(1)=MAXT SVT6010
LX(2)=MAXT SVT6011
LX(3)=MAXR SVT6012
LX(4)=MAXC SVT6013
LX(5)=MAXC SVTEN14
LX(6)=MAXC SVT6015
LX(7)=MAXP SVT6016
LX(8)=MAXK SYT6017
LX(9)=MAXS SVT6018
L2=0 SVT6N19
DO 10 I=1,9 SVT6020
L1=L2+1 SVT6021
L2=L2+LX( 1) SVT6622
WRITE (3) LX{I)sL1sL2 SVT6n23
WRITE (3) (P(JYsJ=L1sL2Y SVT6024
10 CONTINUE SVT6025
L1=1 SVT6026
L2=MAXM SVT6027
WRITE (3) MAXMsL1,L2 SVT6028
WRITE (3) (M(I)sI=L1,0L2) SVT6029
END FILE 3 SVT6030
REWIND 3 SVT6031
RETURN SVT6n32
END SVT6033
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TABLE D-4. (Continued)

$IBFTIC TPT6 TPTgNNO

SUBROUTINE TPLOT (NMRB) TPT6001

C AS OF 06/05/65 TPT60N2

C FOR THERMAL ANALYSER RNOUTINE , TPT6N03

C THIS ROUTINE PUTS ALL POINTS OF CURVE WITH RESPECT TGO TIME RANGES TPT6004

C AND NMB ON BRINARY TAPE TPT6005

C ROUTINE WILL ONLY HANDLE 20 CURVES WITH 20 NODES PER CURVE TPT6006

COMMON /CPPLT/NPLTsNEND TPT6007

COMMON /EXSTA/ NCsNCURIsNCURV TPT60NR

COMMON / EXPLT/ NLFLG TPT6009

COMMON P sMsMAXT sMAXR s MAXC TPTH601N

DIMENSION P(16000)sM(16) »T(20) sNCURV(20) sNODE(20) TPT6011

REAL M TPT6N12

C NMB = CURVE NUMBER TPT6N13

C K = NUMBER OF TEMPERATURE CURVES TO BE PLOTTED PER CURVE NMB.TPT6014

C P(L+1) = INTIAL TIME--THETAI TPT6015

C P{L+2) = FINAL TIME --THETAF TPT6016

C P(L+3) = TIME INCREMENT--DELTA THETA TPT6017

IF (NLFLGW.LFE«1l) NLFLG=1 TPT6018

NPLT=2 TPTEN1Q

GO TO (1 s 2 » 5 ) s NLFLG TPT6020

1 IF (NMB +LEe 0) GO TO 30 TPT6021

NCUR1 = NMB TPT6022

NLFLG = 2 TPT6023

NC =1 TPT6024

IF (NCeLE.20) GO T0 & TPTEN25

WRITE (65102) NC TPT6026

102 FORMAT ( 1HO,I15526H IS TOO MANY PLOT CURVES.) TPT6027

GO TO 30 TPT6n28

3 NCURVI(NC) = NMB TPT6029

GO T0 30 TPT6Nn3N

2 IF (NMB +LE« 0) GO TO 4 TPT6031

IF (NCURL +EQ. NMB) GO TO 4 - TPT6032

NC = NC + 1 TPT6N33

NCURV(NC) = NMB TPT60 24

GO TO 30 TPT6N25

4 NLFLG = 3 TPT6N36

5 IF (NMB «GT«. 0) GO TO 30 TPT6N27

TIME = M(1l) TPT6038

DO 28 11 =1 s NC TPT6039

NTAB= NCURVI(I1) TPT6040

K = 0 TPT6041]

L = LOCINTAB) TPTEN4?2

N = L+4 TOTANGR

13 IF (TIME«LTWP(L+1)40R (TIMELGT.P{L+2)) GO TO 28 TPT6044

15 J = P(N) TPT6N4LS

IF (JU.EQ.0) GO TO 17 TPT6N4UE

N = N+1 TPTE6N47

K = K+1 TPT6048

IF (K.LE«20) GO TO 16 TPT6N49

WRITE (65101) NTAB TPTENSN

P{N-1)=0. TPTENR1

GO To 17 TPTENE2

101 FORMAT (15HOPLOT CURVE NOe 15,25H HAS MORE THAN 20 POINTS.) TPT6053

16 NODE(K) = J TPT6NS4

NN = J + MAXT TPT6055

T(K) = P(NN) TPT6NS6

GO TO 15 TPTeN=7

17 IF (KsLTel) GO TO 28 TPT6058

25 WRITE (11INTABsKs (NODE(I)sT=14K) ,P(L+1)sP(L+2),P(L+3),M(1), TPT6059

1 (T(I)sI=1,K) TPT6060
D-58
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TABLE D-4. (Continued)

b P(L+1) = P(L+1)+P(L+3) TPT6061

; 28 CONTINUE TPT6062
: 3C RETURN TPT6063
; END TPT6N64
!
: $IBFTC PNT6 PNT6000
! . SUBROUTINE PUNCHT(TIMFsN14N2) PNT60N1
. C AS OF 04/27/65 PNT6002
COMMON P(16000) sM(16) sMAXT sNDUM(22),CC(12) PNT6003
REAL M PNT6004
IF (M(1)NELTIME) RFTURN PNT6005
‘ NA=N1+MAXT PNT6006
IF (N1+EQe0) NA=1+MAXT PNT6007
NB=N2+MAXT ) PNT6N0O8
\ IF (N2+.EQe0) NB=MAXT+MAXT ) PNT6009
{ DO 10 I=NAsNR PNTENTN
; . IF (1.EQeNA.ORLILEQ.NBR) GO TO 9 PNT6011
P IF (P(I).EQ.P(I-1}) GO TO 10 PNT6012
: 9 IX=1-MAXT PNT6013
: . ISEQ=1X+10000 - PNT6014
: PUNCH 11sIXsP(I)5CC(1)sCCI2}»TIMESISFQ PNT6015
! 10 CONTINUE PNT6016
] . RETURN PNT6N17
: TR 11 FORMAT (5HDECO1s15sF1042s 7X3A63A335H — ATFT7.058H SECONDS, PNT6018
; L 1 11X51558X) PNT6019
| END PNTEN2N
i
$IBFTC TAK6 TNK6001
: SUBROUTINE TANKA(N) TNK6002
: WRITE (6510) : TNK6003
! RETURN TNK60O4
; 10  FORMAT (42HOCALL TO TANKA IS ILLEGAL IN THIS VERSION.) TNK6005
! END TNK&NN6
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TABLE D-4. (Continued)
$IBFTC BTP6 : BTP6000O
SUBROUTINE BITAP BTP6001
C AS OF 05707765 BTP6002
C ROUTINE FOR CAL~COI4P PLOTTER BTP6003
C FOR THERMAL ANALYSFR RTPENOG
COMIAON /CPPLT/NPLTSNENDKSKIP BTP6005
CONMMON PsMyAX(23),CCL12) BTP60CE
DIMENSION P{1600C) s MU16) s XP(1) » YP(L1) » TEMP(20) » KURVI(20) sBTP6007
1 XS(2) s YS(2) » TITLE(3) o XTITLE(3) s YTITLE(4) » BCD(10) BTP6008
2 TNODE(20) s KNOD(2C) s TITLEN(2) s BUFFFER{Q14) BTP6009
EQUIVALENCE (P{10000)sXP(1))s(P(110G00)sYPI(1)) BTP6010
REAL M . BTP6N11
KSKIP = 1 RTP6N12
NOK=5 BTP5013
HT = 414 B8TP60O14L
ERR = 040 RTP60O15S
NRECD = O BTP6EN1G
NTRECD = O BTP6017
IDONE = 88288 BTP601R
WRITE (11) IDONESKSKIP, (P(I}y, I =1 4 6) BTPE0O19
C NTAB = TABLE (CURVE) NUMEER BTP6020
C NC = NUMBER OF DIFFERENT CURVES WITH POINTS BTP6021
C NT = NUMBER OF TEMPERATURE POINTS PER CURVE NUMBER BTP6022
C TIMI = INITIAL TIME BTP6023
C TIMF = FINAL TIME BTP6024
C DTIM = DELTA TIME BTP6025
C TIM = CURRENT TIME N BTP6026
C TEMP({I)eeel=1sNTee = TEMPERATURES BTP6027
DATA (TITLE(I)s1=1s3) /6HCURVE »6HNUMBER6H= / BTP6028
DATA (XTITLE(IVsI=153)/6HTIME [,6HN SECesbEH / BTP6029
DATA (YTITLE(I)s1=1+4)/6HTEMPER,EHATURE +6HIN DEGs6HREES F/ BTP6030
DATA (TITLEN(I)sI=1+2) /6H = NC» 6HDE / BTP6031
DATA (BCD(I)»1=1,10) /0150C00C00000+,0160002000000+s0170000C00C00s BTP6D32
10320000000007,03500000C0000,036000C00000CsC3700003020600+05600NCN0NBTPEN33
2000,0120000000002,C33200000000C0/ BTP6034
H = 42 BTP6035
C RTPEN36
PNO = 0.0 RTP6EN3T
REWIND 11 RTP6EN3R
IEND = 7777 BTP&N39
YRANGE = 8.0 BTP604O
XRANGE = 1040 BTP6041
1 NTRECD = NTRECD + NRECD + 1 BTP6042
IF (IFND «FQe IDONE} GO Tn 93 RTP6043
NRECD = 1 RTPENLS
M2 = 200 BTP&ENGS
NC = 1 BTP&N4E
KC =0 RTP6047T
DO 2 1 =1 s NTRECD RTP&604R
2 READ (11) NTAB BTP604S
KURVI(NC) = NTAB BTP&0O50
IF (NTAB +EQ. IEND «0OR. NTAR «EQNe IDONE)} GC TO 93 RTP6051
6 READ (11) ANTAB BTP6052
IF (NTAB +£Q. IDONE) IEND = 8888 BTP60S3
IF (NTAB «EQe [END) GO T0 11 BTP6054
NRECD = NRECD + 1 BTP6055
DO 8 1 =1 4 NC BTP60S6
IF (KURVI(I) +EQe NTAB) GO TO 6 BTP6057
8 CONTINUE BRTP6058
NC = »C 4+ 1 RTPENSO
KURVI(NC) = NTAR RTP6O 60
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TABIE D-k. (Continued)

GO TO & BTP6061

11 REWIND 11 BTP6062

KC = XC + 1 BTP6063

IF (KC «GT. NC) GO TO 1 BTP6064

YS(2) = O, BTP6065

YS(1) = 1.E16 BTP6066

N =0 BTP6067

NFLAG = 1 BTP606R

K =0 BTP6069

DO 3 1 =1 , NTRECD RTP6070

3 READ (11) NTAB BTP6071

BACKSPACE 11 BTP6072

DO 16 KK = 1 , NRECD BTP6073

READ (11) NTABsNTs (KNOD(I)sI=1sNT)sTIMIsTIMFsDTIMsTIM,s BTP6074

1 (TEMP(I)sI=1sNT) BTP6075

IF (KURV(KC) «NEs NTAB) GO TO 16 BTP6076

GO TO (12513) s NFLAG BTP6077

12 XS(2) = TIMF BTP6078

. XS(1) = TIMI. BTP6079

DO 15 I=1,NT BTP608N

15  TNODE(I) = KNOD(I) BTP6081

NFLAG = 2 BTP6NA2

NODES = NT BTP6N83

17 K =K + 1 BTP6NAG

P(K) = TIM BTP6N8S

N = N+ M2 + K . BTP6086

DO 14 I = 1 5 NT BTP6087

P(N) = TEMP(I) BTP6088

IF (TEMP(1) .GTe YS(2)) YS(2) = TEMP(I) BTP5089

IF (TEMP(I) oLTe YS(1)) YS(1} = TEMP(I) BTP6090

N = N+ M2 BTP6091

14  CONTINUE BTP6092

N =0 . BTP6NO3

16  CONTINUE BTP6094

IF (YS(1)eNE.YS(2)} GO TO 17 BTP6095

YS(1)=YS(1)-1. BTP6096

YS(2)=YS(2)+1. BTP6097

17 YS(1)=YS{1)-(YS(2)=-Y5(1))/10. BTP6098

YS(2)=YS(21+(YS(21-Y5(1))/10. BTP6099

REWIND 11 , BTP610N

NPTS = K BTP6101

MM = 0 BTP6102

N =0 BTP6103

IF (KSKIP «GTe 1) GO TO 20 BTP6104

C DETERMINE SCALE AND DRAW AXIS BTP6105

CALL PLOTS (BUFFER»914) BTP6106

KSKIP = 2 i ’ BTP6107

20 CALLASCALE (XS»2sXRANGEsXMIN»DX»1+ERX) " BTP6108

CALLASCALE (YSs2sYRANGEsYMINsDY»1sERY) BTP6109

L=2.3 -(ERX-XMIN)}/10., BTP6110

IF (LeLT40) L=0 BTP6111

24 CALL XYAXIS{leslesXRANGE s1esXMINsDXsLs5e3e3202150e9XTITLEs18500) BTP6112

L=2+3 ~(ERY-YMIN)/10. BTP6113

IF (L.LT40) L=0 BTP6114

CALL XYAXIS({leslesYRANGE»lesYMINSDYsLsals3432215904sYTITLEs185904)BTP6115

YN = 6,0 BTP6116

PNO = PNO + 1. BRTP6117

KX = 0 BTP6118

25 KX = KX + 1 BTP6119

NoE N+ M2 BTP6120

B = BCDI(KX) BTP6121
D-61
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TABLE D-k. (Continued)

‘MM = MM 4+ ] RTP6122

DO 30 1 =.1 4 NPTS . BTP6123

K =N+1 BTP6124

X = ( P{I) = XMIN) /DX + 1.0 BTP6125

Y = (P(K) = YMIN) /DY +1,0 BTP6126
XP(I) = X BTP6127
YP(I) = Y BTP&128

CALL SYMBL4 (XsYsH3Bs0e0s1) BTP6129

30 CONTINUE . BTP6130
CALL LINE (XPsYPyNPTSy1) BTP6131

X = XRANGE + 1.5 BTP6132

YN = YN - ,5 8TP6133

CALL SYMBL4 (XsYNsHsBs0e0s1) BTP6134

CALL SYMBL4 (XsYNsHTSTITLENO«0»12) ' BTP6135

X =X + 1.2 : BTP6136

Y = TNODE (MM) BTP6137

CALL NUMBER (XsYNsHT3Y30409~1) BTP6138

IF (NODES «GTe MM +ANDs KX «LTe NOK)GO TO 25 BTP6139

Y = 9,5 BTP6140

X = XRANGE/2. - 3. BTP6141

Z = X + 1.8 ) BTP6142

CALL SYMBI.4 (XsYsHTSsTITLEsQ.0,18) BTP6143

CALL NUMBER (ZsYsHTs PNO s0e0s-1) BTP6144

CALL SYMBL4(XsY-043sHTy CC  504961) BTP6145
XSPACE = XRANGE + 7.0 BTP6146
CALL PLOT (XSPACEs040s-3) BIP6147

IF (NODES +EQe MM) GO TO 11 RTP6148

GO TO 24 . BTP6149

93 IF (KSKIP JLEe. 1) GO TO 95 BTP6150
IF (NEND.EQ.0O) GO TO 95 BTP6151

94 PRINT 222+PNO BTP6152
222 FORMAT(37HO REMOVE PLOT TAPE AND MARK AS HAVING F5.0 s8H PLOTS )BTP6153
CALL TRWEND BTP6154
PAUSE 55555 RTP6155
WRITE(65222) PNO . BTP6156

95 REWIND 11 BTP6157
RETURN BTP6158

END BTP6159

i
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$IBFTC SCL& SCL6000
SUBROUTINE ASCALE (X»> N» Ss YMINs DYs Ks YMAX) SCL6001

C ' scL6n02
C X - THE GIVEN ARRAY OF VALUES TO BE SCALEDs AND THE QUTPUT SCL6003
C SCALED VALUES SCL600G
C N - NO. OF X VALUES SCL6COS
C S ~ NO. OF INCREMENTS SCL6006
C YMIN - GENERATED MINIMUM X VALUEs ROUNDED DOWN SCL6007
C DY - GENERATED INCREMENT SCL6008
C K - SPACING BETWEEN X VALUE STORAGES SCL6009
C YMAX = GENERATED MAXIMUN X VALUEs NOT ROUNDED SCL6010
C : sCL6N1]
DIMENSION X(2) SCL6012

YMAX = X(1) SCL6013

YMIN = X(1) SCL6014

NP = N¥*K SCL6015

DO 6 1 = Ky NP, K SCL6016

IF (YMAX LT« X(I)) YMAX = X(I) SCL6017

IF (YMIN «GTe X(I)) YMIN = X(I) SCL6018

6 CONTINUE ) sCLén1o
IF (YMIN «NE. YMAX) GO TO 20 5CL6020

DX = 1.0 sCL6021

YMIN = YMIN -~ (S/2.0)%DX 5CL6022

GO TO 36 SCL6023

20 DX = (YMAX - YMIN)/S SCL6024
NA = 0 SCL6N25

IF (Dx - 1.) 25, 36, 30 SCL6026

25 DX = DXx*10, SCL6027
NA = NA - 1 5CL6028

IF (DX «LTe le «ORe DX «GE. 10.) GO TO 25 SCL6029

GO TO 35 SCL6030

30 IF (DX «GEs le «ANDe DX oLTe. 104) GO TO 35 SCL6031
DX = DX/10. 5CL6032

NA = NA + 1 SCL6033

GO TO 30 SCL6034

35 IF (DX «GTe 4a) DY = 10.%%(NA + 1) SCL6035
IF (DX oLEs 4o) DY = 4,%10.%%NA SCL6036

IF (DX oLEe 24) DY = 2.%10.%%NA SCL6037

36 RNDFTR = -0.9 SCL6038
IYMIN = YMIN/DY + RNDFTR SCL6039

YMIN = FLOAT(IYMIN)*DY SCL6040

DO 40 I = 1s NPy K SCL604]

X{I1) = (X(I)=-YMIN)/DY sCL6NL2

40  CONTINUE SCL60G3
RETURN SCL6OGL

END SCL6045
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SIBFTC AXS6 AXS6000
SUBROUTINE XYAXIS{XORG»>YORGsALNGTHsSCOTsAMINSDAsN»XLAB AXS6001
1  YLABSHLAB,ALABsHEAD sNCsAXANG) AXS6002
C AXS6003
C XORG — X COORDINATE OF FIRST POINT ON AXIS AXS6004
C YORG ~ Y COORDINATE OF FIRST POINT ON AXIS AXS6005
C ALNGTH-LENGTH OF AXIS IN INCHES - TOTAL AXS56006
C SCDT  -LENGTH IN INCHES BETWEEN TICK MARKS AXS6007
C AMIN -LABEL VALUE OF FIRST POINT ON AXIS AXS6008
C DA -SCALE VALUE PER INCH OF LABEL VALUES AXS56009
C N ~NUMBER OF DECIMAL PLACES FOR AXIS LABEL VALUES AXS6010
C XLAB —-X COORDINATE OF AXIS LABEL AXS6011
C YLAB -Y COORDINATE OF AXIS LABEL AXS6012
C HLAB ~HEIGHTH OF AXIS LABEL AXS6013
C ALAB ~ANGLE OF AXIS LABEL AXS6014
C HEAD -AXIS LABEL AXS6015
C NC -NUMBER OF CHARACTERS IN AXIS LABEL AXS$6016
C AXANG ~ANGLE OF AXIS AX56017
C AXS6018
. DIMENSTION HEAD(3) AXS56019
DATA DATK»s HNUM/0+07» 0Q.14/ AXS6020
DATA PLUG/0.SE-07/ AXS36021
XCON = 1.0 AX56022
YCON = HNUM/2.0 AXS6023
IF { AXANG «NE. 0.0 ) GO TO 50 - AX56024
XCON = 240 o AXS56025
YCON = 0,25 AXS6026
50 RLAB = AXANG * 0.01745329 AX56027
DELNUM = DA*SCDT AXS6028
SRSCDT = SIN(RLAB)}#*5CDT AXS6029
CRSCDT = COS{RLAB)*SCDT AXS6030
CR = COS(RLAB) AXS6031
SR = SIN(RLAB) . AXS6032
WNUM = HNUM#6.0/7.0 AXS6033
ICNT = 0 AXS6034
ANUM = AMIN AXS6N35
100 NA =N + 3 AXS$6036
IF ( ANUM .EQe 0.0} ANUM = 0.0 . AXS6037
IF (ANUM oLTe 0.0) NA = NA + 1 AXS56038
1 =0 AX$6039
105 I =1 +1 - AXS6N&0
IF (ABS(ANUM) LT. 10.0%*I) GO TO 115 AXS6041
NA = NA + 1 AX56042
GO TO 10% AXS6043
115 ADIST = FLOAT(ICNT)*SCDT AXS6064
IF (ADIST .GT. ALNGTH) GO TO 200 AXS56045
XC = XORG + ADIST*CR - FLOAT{(NA)*WNUM/XCON + 0.05 AXS6046
YC = YORG + ADIST*SR - YCON . AXS6047
IF (YC «GTs YLAB +ANDe YLAB «GTe (YC - SRSCDT) «OR. XC «GT. XLAB AXS6048
1 +ANDe. XLAB oGT. (XC - CRSCDT)) CALL SYMBL 4 (XLABs YLABs HLAB»s AXS56049
2 HEADs ALAB, NC) AXS6050
XNUM = ANUM + PLUG AXS6051
CALL NUMBER (XC»YCsHNUM»XNUM30,0sN) AXS56052
ICNT = ICNT + 1 AX56053
ANUM = ANUM + DELNUM AXS6054
GO TO 100 AXS6055
200 IF (YLAB +GE«{YORG+ALNGTH)) CALL SYMBL&4(XLABsYLABsHLABsHEAD » AX56056
1 ALABNC) AXS56057
1 =3 AXS6058
205 XC = XORG + FLOAT(ICNT -~ 1)*CRSCDT AXS6059
’ YC = YORG + FLOAT{ICNT - 1)*SRSCDT AXS6060
D-64
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. TABLE D-4. (Continued)
CALL PLOT (XCs YC» 1) AXS6061
; 1=1-1 AXS6062
IF (1 oLTe 11 1 =1 AXS6063
XC = XC - SR*¥DATK AXS6064
YC = vYC = CR#DATK AXS6065
CALL PLOT (XC» YC» 1) AXS6066
XC = XC + 5R*DATK AXS6067
: < YC = YC + CRXDATK AX36068
: CALL PLOT (XC» YC» 1) AX56069
: ICNT = ICNT - 1 AXS6070
: IF (ICNT +LE. 0) RETURN AXS6071
o GO TOo 205 . AXS60T2
’ END AXS6073
!
: N
f
4
\»; P

O

’

|
i
€
i
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C

301

99

100

101
102

205

3

10
11
13

16

30

31

$IBFTC MFO6

SUBROUTINE MFOUT
AS OF 04/27/65

COMMON P sMsMAXT sMAXKsMAXCsKSPsKST s KURVT sNCVGINSTSsNFAB

COMMON NABL s NKSP s LMMF 9 NRMF s NREAD

DIMENSION P{16000)sM(16)sNABLI10)sTEML(1) s TIMLIL)»TEMS(1) »TIMSI(1)

DIMENSION NLNO(1500)sKNODI(1)

EQUIVALENCE (P(1)sKNOD(1)sTEML(1))s(P(3000)sTIML{1))s(P(6000)>
1 TEMS(1))s(P(9000),TIMS(1))

REAL M

FORMAT (7012)

REWIND 10

REWIND 9 :

IF (NREAD) 145142

WRITE (61204)

GO TO 770

KK=0

DO 102 I=1,NRMF

READ (105301) TOsTFsNTsMC
L=LO0C (NT)

L=L+1

KK=KK+1

NDN=KNOD(L) /16777216

IF (NDN) 101,101,100
NLNO{KK)=NDN

GO TO 99

NLNO{KK}=0

CONTINUE

REWIND 10

L=0

DO 40 1=1sNRMF

READ (105301) TOsTFsNTsMC
WRITE (65200) TOsTF

WRITE (65205)

FORMAT (1HO»5Xs8HNODE NOa«3»6X3s5HMAX Ts13Xs5HMIN TsllXs

1 11HTIME OF MAXs7Xs11HTIME OF MIN )

L=L+1

JJ=1

KK=1

ND1=NLNO(L)

IF (NDL) 4054056

DO 30 J=1sNREAD

READ (95301) T1sT2sNT2sMMTsND2sTEMs TIME
IF (NT=NT2} 30,10,30
IF (ND1-ND2) 30511,30
GO TO (13516) sMMT
TEML(JJ)=TEM
TIMLIJJ) =TIME
JI=JJ+1

G0 TO 30
TEMS(KK)=TEM
TIMS(KK)=TIME
KK=KK+1

CONTINUE

TEML(JJ) =0,
TIML(JJ)=0,
TEMS(KK)=0,
TIMS(KK)=0.,

IF (JJ-KK) 31,32,32
JJ=KK-1

GO TO 34

MF06000
MFO6001
MFO6002
MFO6003
MFO6004
MFO6005
MF06006
MFO6007
MF06008
MFC6009
MFO6010
MFO6011
MFO6012
MF06013
MFO6014
MFO6015
MFO6016
MF0O6017
MFC6018
MF06019
MF06020
MF06021
MF06022
MF06023
MFO6024
MF0Q6025
MF06026
MF0O6027
MF06028
MFQ602¢9
MF06030
MFO6031
MF06032
MFQ6033
MFC6034
MF06035
MF06036
MF06037
MF0O6038
MF06039
MFO6040
MFO6041
MF06042
MFO6043
MF0O6044
MF06045
MFO6046
MFO6047
MF06048
MFO6049
MFO06050
MF06051
MF06052
MF06053
MFO6054
MFO6055
MF06056
MF06057
MF06058
MF06059
MFO6060
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32 JJ=JJ-1 MF06061
34 WRITE (65202) NDLls(TEML(K)} s TEMS{K} s TIML{K) »TIMS(K) sK=1sJJ) MFQ6062

REWIND 9 MFO60673

GO TO 3 MFO6064

40 CONTINUE MFO6065

200 FORMAT (28H1 RANGE OF MINIMUM—-MAXIMUM //4Xs2E1848 ) MFO6066

202 FORMAT (4H0 110s4FE1848/(14X94E1848)) MFO6067

204 FORMAT (43H NO MAXIMUMS AND MINIMUMS WERE RECORDED ! MFO6068

REWIND 10 MF06069

770 RETURN MFO6N70

END MFO6Nn71

-
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$IBFTC XLN6 XLN6000
FUNCTION XLIN(X1yX2sN) XLN6001

C AS OF 6/17/65 . XLN6002
C ) XLN6003
C XLIN = AREA UNDER CURVE N FROM X1 TO X2 XLN600&%
C XLN60CS
COMMON Py M XLN6006
COMMON /CP2/ ERROR XLN6007
DIMENSION P(16000)s M(16) sKP(1) XLN6008
EQUIVALENCE (P(1)4KP(1)) XLN6009

REAL M . XLN6010
KOD=32765 XLN6011

PER = 32767, XLN6012
SUM=0, XLN60121
NJC=1 XLN60121

X=X1 XLN60121

LL = LOCIN) XLN6013

LL = LL + 1 XLN6014
NFLAG = 1 XLN6015

IF (KP{LL ) NE«KOD) GO TO 1 XLN6016
KOD=KP(LL+1) XLN6017
LL=tLl+2 XLN6018

1 IF (P(LL-1)«NEJPER) GO TO 3 XLN6019
2 PER = P(LL) XLN6020
LL = (L + 1 XLN6021
NFLAG = 2 XLN6022

3 LU = LL e XLN6023
J = LL XLN6024

5 LU = LU + 2 XLN6025
IF (P(LU) ~ P(J)) T 65 6 XLN6026

6 J = LU XLN6027
GO TO 5 XLN6028

7 LY = LU -1 ] XLN6029
’ LV=LU+2 XLN6030
8 IF (X - P(LL)) 95 10s 10 XLN6031
9 PERX=-PER XLN6032
GO TO (40, 18)s NFLAG XLN6033

10 IF (P(LU ~ 1) =~ X) 12 255 25 XLN6034
12 PERX= PER XLN6035
. GO TO (40, 18)s NFLAG XLN6036
18 IF (ABS{(P(LU-11-P{LL))/PER=14)eGT«PER¥1.E~6) GO TO 40 XLN6037
DO 20 J = LLs LV,s 2 XLN6038

P(J) = P{J) + PERKX XLN6039

20 CONTINUE XLN6040
GO TO 8 XLN6041

25 LL = LL + 2 XLN6042
26 DO 30 J = LLs LU,y 2 XLN6043
IF (X = P(J)) 27y 27s 28 XLN60 &4

27 IF (KODsNE432765) GO TO 272 XLN60&45
271 XLN=(P(J+1)=P(J=1))/(P{J)=P(J=2) )% (X~P(J=2) ) +P(JI=1) XLN6046
GO TO 50 XLN6047

272  XLN=(ABS(P{J+1))~ABS(P(J=1)))/(P(J)=P(J=2)11%(X-P(J-2)}+ABS(P(J-1))XLN60O4S
IF (KOD+EQ.0) GO TO 50 ’ XLN6049

76 FORMAT (47HODERIVED VALUES USED IN THE FOLLOWING CURVES. . ) XLN6050
IF (TIME.EQ.M(1)) GO TO 80 ’ XLN6051
IF(TIMEL.EQ.M{11)) GO TO 50 XLN60511
TIME=M(1) XLN6052
80 F (TIMEL«NEJM(11)) WRITE (6576) XLN60521
TIME1=M(11) XLN60522
“RITE (6577) NsKODsXsLIN XLN6053

-77  rORMAT (11H CURVE NOe= 16% 8H COD = 15s25H INDEPENDENT VARIABLXLN6054
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1E = E1264+23H DEPENDENT VARIABLE = E12.4) XLN6055

GO To 50 XLN6056

28 SUM=SUMH(P(J)-PLJ=2) 1% (P(J=11+P(J+1)) /2, XLN60561
30 CONTINUE ’ XLN6057
LL = LL - 2 XLN6058

40 WRITE (6s 42) Xs N ’ XLN6059
WRITE (65 73) (P(I)s I = LLy LU) XLN6060

73 FORMAT (29HOCURVE POINT PAIRS FOLLOWeses /(1Xs3(2E1848+4X)) ) XLN6061
42 FORMAT (27HOINDEP VAR FOR LIN INTERP«= E 20+8s 7H CURVE= I 4 XLN6062
1 16H OFF CURVE ) XLN6063

IF (ERROR.EQ.0.) WRITE (65 75) XLN6064

75 FORMAT (30HO LAST TIME POINT CALCULAYED ) \ XLN6065
M(8)=1. XLN6066

IF (ERRORWEQ.0,) ERROR=2., ' XLN6067
RETURN . . XLN6068

50 IF (NJC.EQ.2) GO TO 85 XLN6069
NJC=2 XLN60T0
SUMI=SUM+ (X=P(J=2) )% (P(J-1)+XLN) /2. XLN6071

X=X2 XLN6072
SUM=0, XLN60T73

GO TOo 26 . XLN6074

85 SUM2=SUM+(X=P(J=-2) )% (P (J=-1)+XLN} /2. XLN6075
XLIN=(SUM2-SUM1}/(X2~X1) XLN6076
RETURN XLN6077

END XLN6078
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APPENDIX E

DATA DIAGNOSTIC PROGRAM

A special program has been written, based extensively on the compile

I(J

hese of the Thermal Analyzer Program, which scans input data and notes any
crrors that it finds. The purpose of this program is to allow a short diag-

nostic run for a large data deck before submitting it to execute.

PROGRAM OPERATTION

The program actually compiles the data, printing notes on any errors
it finds as it goes along. & much more rigorous examination is mede in this
routine than in the regular Thermal Analyzer compile phase.

In the Thermal Analyzer several errors can cause the program to termin-
ate before completing its error check. The coding covering most of these errors
has been changed in this program to allow the error check to continue. In
particular, optional error exits have been selected so that bad data that would
cause termination of the run under normel circumstances will simply be noted
end the program will continue execution.

To simplify the program set-up on the computer, the special tapss usa2d
for the Thermal Analyzer have been eliminated from this Job. All the program
Gecks are contained in the card deck submitted to the computer. Therefore the
vrogram library tape used with the Thermal Analyzer is not used with this
Progrem. Any curves which are requested from the material properties library
&p2 will merely be noted. The tape is not searched, and therefors is not
s2ded. However, the program cannot meke sure that the requested curve actually
is.on the tape; if it is not, a diagnostic will result later from the Thermsl
“rzlyzer run.

Since the problem is not executed, those diagnostics peculiar to ths2

=xzlution phase of the Thermal Analyzer do not appear in this progrem. For

LOCKHEED E-1

iaa .

S
<3

i s



‘ ) IR 18902

example, a condition producing a time step of zero can be detected only in
the execution phase. An independent variable that goes beyond the range of
the independent variable specified in a curve for interpolation.can only be
detected in the execution phase. Such errors will not be noted in the diag-
nostic program. V

Since the Thermal Analyzer has versions with different storage alloca-
tions, some of the errors do not apply to_all versions. For example, if the
data exceeds 14000 storages but not 16000, it cannot be run on version C, but
may be run on versions A or B. Where such restrictions apply, the diagnostic

will so state. .

PROGRAM SET-UP

Figure E-1 shows the deck set-up for the diagnostic program, and
Table E-1 is a list of the diagnostic comments that could occur.

The input date is set-up just as for the Thermal Analyzer:

Temperature block cards

NBK card

Resistor block cards

NBK card

Capacitor block cards
NBK card
Data Sub-block cards
NBK card

.

.

Time block cards
NBK card
Restart
NBK card
END

O 0O N OV oW o

o
)

} -Repeat as often as needed.

=
W
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|
When the data deck is ready, it is inserted into the diagnostic
crogrem deck following the $DATA card; it is input data for this program, too.
;allowing the last data card, which is the "END" card, are the required pro-
ram termination cards to return control to IB monitor system, $EOF and

I25YS.

Uy

Table E-2 is a complete listing of the eleven data diagnostic program

subroutinss.
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DATA DECK
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Figure E-1 Source Program Deck Sctup For Data Diagnostic Program
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SIBFTC DIAG]

TABLE E-2

DATA DIAGNOSTIC PROGRAM LISTING

C AS OF 12/4/64
NLAG =°1
CALL EXETIV (NLAG)
CALL EXIT
TsTeRTT T T
END

$IBMAP DIAG2

END
_SIBMAP DI1AG3

TENTRYT

+UN10. PZE

ENTRY «UNNG .
<UNO&, PZE UNITO4
UNITO4 FILE sUT4 sREADY s INOUT sBLK=223BCDsNOLIST
END
TBIBVAP DIAGE T
ENTRY JUNCO,
+UNO9, PZE UNITO9
TUNTTOS FITE™ T75BU3)sREADY s INOUT s3LK=22sBCDsNOLIST

+UN10,
UNIT10
2A(3),READY s INOUT »BLK=22,BCDsNOLIST

2088M0N3
2088M004
2088M005
2088M006
2088vn07
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TABIE E-2. (Continued)

$I1BFTC DIAGS

__SUBROUTINE EXETIV_ (NLAG!) EXETVOC2
C "AS OF 5725765
COMMON P(laOOO),M(16)’MAXT,MAXR,NAXCsKSPgKSTyKURV7.NCVG;NSTS;NFAB EXETVO010
COMMON NABL (10) s NKSP s LMMF s NRMF s NREAD$CC(12) EXETV020
COMMON NRyMAXP yMAXK s MAXS s MAXM EXET 020
COMMON /CP2/ ERROR sMAXMUM EXETO021
COMMON /CP1TM/ ITIMO EXETO06

T COMMON /CPNET/NTYPEs TKRAD s TKLEN, TEMPZ sNRAD SNCIRINSECT sNTNK

1 TKTHK(5)$TKWAL1;TK‘ALZ!I\NOO;KCUT’

2 FMCOsFMNOsFMOLCsVGASs IGCs IPRESS»FMOLNsFMINyFMAX s PMINS
3 PMAX s FMOL X» TSAT s ANGLE s TXsPR s TANKV 5

4 MM(50)s NUMTAB(100), NEXW(50) »
) RADI{4) sNSEX(50) sHELB(14) sLLFLOWSHELTsHELP sHELW
[ s TSTRAT s SAREA, [CPTSX(5)

COMMON /CONTR/ TLIQs»SCLIQ3sTGASs»SCGAS»SCALL»TLSMAX»SCINT sTSGAS

1COMUN{5) sDMCCs TLMAX> TALL s FMLOsGAVITY s FKGsFKLZCsPCaZNsFMLUSFMLAS

2 TTT2X s CPXs TLASGAMMA s RHOL s RHOG s CPL s CPGsRLAMSMCNT s PN s FMC 9o FMN R
COMMON/CHP /SMCV s SMCA s SMNV » SMNA s SDMCC s SMLAS s SMLUS s SUMEX s HELWS s GOLD »

1 _ANGOLD s FMGsFML s TSsDELTSDELVS,FMGAS

COMVON 7CPPLT/NPLT sNENDIXSKIP

COMMON ZEXFLG/NTFLGsNSAVINFLG HTB 006
COMMON_ /EXPLT/ NLFLG

DIMENSTON VS(1001sFLA(25)

EQUIVALENCE (P(13651),VS)s(P{13751),FLA)

MAXMUM = 13650 .. .. . . ... .. . DIAGOO7Y
ITIMO = 1 ] EXETOG69
NEND=0
NPLT=1 . e .
ERROR=0. FXFT n25
NTYPE=0 . EXET 025
NTFL.G=0 . . EXET 026
5 IR=NLAG EXETVO30
8 CALL COMPIL(IR) EXETVO60
NLAG=IR _ . ) EXETVNT0
NLAG=2 .
IF (NEND.GT+0) RETURN EXETQ772
__IF (ERROR+GT41.,) ERRZOR=0, EXETOT73
IF (1.EQ.1) GO TO 5 EXETO78
RETURN EXETO79
_..END EXET099
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O
TABLE E-2 (Continued)
N~
$IBFTC DIAG6
SUBROUTINE COMPIL (IR) ) COMPOO3
| T ASOF 04/27/65
| . d 8/21/64 CHANGED TO INCLUDE MINMAX coMPNNG
i COMMON Ps M MAXTs MAXRs MAXCs KSPs KSTs KURV 7, NCVGs NSTSs NFAB COMPGO4
COMMON NABL s MKSP s LMMF s NRIMF s NREAD»CC CONPCOS
COMMON NRECDs NWPDs NWCT»s NWSTs NWTM COMP0OO6
COMMON /CP2/ERROR s MAXNMUM COMDPOOS
TOVMMON 7CPPLT/ NPLTSNEND COMPOOG
COMMON /EXPLT/ NLFLG COMPOO6
DIMENSION CZ(6)sCY(6) coveno?
TTTTTDTIMENSTON AT12)s 1 10120 1 2012)s I 3(12)s NABLI10)s CC(12) CoMPO07
DIMENSION P(14000)s IRLINE(1)s KPSD(1)s NSTRT(1)s M{16)s KDAT(1) CO¥PNOS8
EQUIVALENCE (P(40C0)s IRLINE(1))s (P{8000)s KPSD(1))s (P({13000}s COMPGO9
TTUTTATUNSTRTLLT )y (PU1)s KDATI(1)) COMP0O10
i REAL Ms INCs NBKSNET comMPo
i INTEGER CP covMPO11
! TTTDATATENDF76H -1 / compcll
| DATA NET/6HNFT / corpoll
i —— . DATA DEC/6HDEC  / covpo1l
DATA INC/6HINC 7 covpoll
i DATA PER/6HPER / covMpall
! = DATA NBK/6HNBK / comenll
= “777 DATA CID/6RCID  / CoMPO11
; DATA TAP/GHTAP 7/ COMPO11
| ... DATA RES/GHRES  / covpo11
"DATA CAP/6HCAP / covenll
DATA COD/6HCOD 7 . corpPoll
‘ .. _ __DATA ZERO/6H000000/ corpnll
DATA {CZ(1)s1=1+6)/2H01+2H0252H0352H04»2H05»2H06/ sBLANK/1H / COMPO11
1 DATA (CY(I)s1=156)/2H 192H 232H 352H 432H S92H 6/3ZERZ/2H0OQ/ COMPO11 (:T)
—_ DATA ZERY/2H 0/ . . compoll -
2C0 FORMAT (5Xs 4(I 5s E 10e2)) COMPC15
201 FORMAT (5Xs I 5, £ 10425 I 5) coMPole
_202_ FORMAT (5X, 2(31 5, £ 11.2)} CovMPO17
2037 FORMAT (5Xs 31 5, E 10425 1 5) CoMPQ18
; 204 FORMAT (5Xs 1 5) COMPO19
! .205__FORVAT (5Xs 6E 10.2) COMP020
! 208 FORMAT (1H1,A3,12,12A6) covpo2l
: 209 FORMAT (A35A2,12A6) . comMpPO21
) 210 _FORMAT_ (5Xs1248) covpo21
\ 211 FORMAT (5Xs A3,12,12A6) CONPO22
212 FORMAT (1H1,9Xs12A6) corpp23
i 214 _FORMAT (56H0 RLOCK COUNT IN COMPIL ROUTINE IS AN UNREASONARLE VALUCONMPO24
1€ ) CovPN241
215 FCRMAT ( 66HC COUNT IN COLS. & ARD 5 IS NOT AN INTEGER LESS THAN 0COMP(C25
~ 1R EQUAL TO 6 1 coMPO251]
216 FORMAT (1 35 A 6) COMPO26
.218 FORMAT (I 35 3Xs I 2) CoMPO27
i 219 FCRMAT (38HO KOD 1S NOT CORRECT IN COMPIL ROUTINE ) corpPo23
: 220 FORMAT (26HOTABLE NCe = 0 IS ILLEGAL, covpPn29
i 222 FORMAT (30HO TOO MANY WORDS IN DAT SLOCK ) CovPE3n
223 _FORMAT (7HOCODE= A6512H IS ILLEGAL.) covPo21
224 FORMAT (25HOCANNOT FIND CJURVE NAMED 464517H ON LIBRARY TAPE.) COvPO21
230 : (28HOSOMETHING WRONG AFTER TABLEI6,17H AND BEFORE TABLEI6) COMPO21
231 FO (2SHOSCMETHING WRCNG IN TABLE 16) covpo21
232 (5X,35%%%,5X, 6HCURVE AS,36H FROM LIBRARY TAPE WILL APPEAR HDIAGQ22
" 1 covonil
P 1 Compn32
¢ MATLIS =1 convpo3?
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NSW2=1
NPLT=1
NUFLG=1
NETSW=0
NFAB = 1
NSWZ=1
LINE = 1
LMMF=
TTONRNMFEG T
NREAD=0
DO 101 I = 1, 10
TTNABL{TI =0 o
101 CONTINUE
GO TO (105, 149, 149), IR
105 REWIND & o
DO 107 1 = 1 » MAXVUM

P(I) = O.
T07 CONTTRUE ™

KOUNT = 1
110 ¢P=-1

7101 DO 1102 I=1s6

IF (CP.GE.O) GO TO 1103
cP=0 ‘
ERROR=1. e
TWRITE (69215) CX

1103 IF (LINE.LT.60) GO TO 111

109 WRITE (6s212)
LINE = 1

111 IF (CM.EQ.CID) GO TO 117
If (CM.EQ.TAP) GO TO 150

LINE=LINE+1

IF (CM+EQ.RES) GO TO 122
IF (CMeEQsCAP) GO TO 124
e o JE_{CM.EQ.NET) GO TO 170
IF (CM.EQ.COD} GO TO 112
115 WRITE (65223) CM
..-. .- ERROR=1.
GO TO 110
112 KOD = 9
.--GQ T0 125
116 KOD =1
.GO TO 125
117 _CMID=CM
ICp=Cp
DO 1171 I=1,12
.. €CtI=AlT)
1171 CONTINUE
LINE =1
WRITE (6,212)
GO To 110
118 XOD = 3
GO TO 125

TABLE E-2

WRITE (65211) CMsCPs(A(I)s1=1,12)

IF (CM_.EQ, DEC) GO TO 116
IF (CM .EQ. INC) GO TO 118
IF (CM +EQ. PER) GO TO 119
IF (CM .EQ. NSK) GO TO 120

~(Continued)

IF (KOUNT.EQ.2.AND.NETS®.EG.J) GO TO 180
IF (KOUNT<EQ.3.ANDSNETSH.EQs1l) GO TO 190
IF_(MATLIB,EQs1) READ (53,205) CMsCXs(A{I)s1=1512)

1102 IF (CXeEQeCY(I)sOR.CXEQ.CZ(I)) CP=1
IF (CXeEQeBLANK2ORWZCX4FQ.ZERZ4OR.CXEQ.ZERY) CP=0

(CClI1sI=1512)

(CC(I)sI=1s12)

2266032
2266032
2266032
comMPO32
COMP033
COMPO34
coMPN34
COMPO3YG
coMpPO34
COMPO34
COMPQ35
COMPO36
comMpPQ37
COMPO38
COMPN39
covpnan
COMPO4O1
COMPO4O2
CoOMP 042
COMPO43
COMPO431
COMPO431
COMPO4Y
COMP 045
COMPO451
COMPO46
COMPO46]
COMPN4LE2
COMPOLS?
COMP0462
COMPO4E3
COMPO47
COMP04S
COMPO49
COMPQ491
COMP 0492
COMPO492
COMPO50
CovMPNS1
COMPQ52
COMPO53
COMPO50
COMPO50
COMPOS3
COMPOBO
CoOMPOSL
CNMPNBY
comMpnss
cNMbPO55]
COMP(O552
COMP0S6
comMPns57
COMP0O57
coMPnRT]
covMPns72
coMpN&73a
cNvPNST74
COMPNO575
COMPO575
COMPOST6
coMpPnsa
covpnsa
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TABLE E-2 (Continued)
119 KOD = 4 coMpngn
GO TO 125 COMPn6l
120 KOO =5 . COMPNG2
KOUNT = KOUNT + 1 COMPO63
IF (KOUNT - 6) 125, 121, 122 COMPO64
A2l KOD = 6 _ COMPO65
GO TO 125 COMPO6A
122 WRITE (64+214) COMPO6T
e ERROR =2, covp063
RETURN cNvpPnea
123 KOD=7 COMPNE9]
GO TO 125 COMPNKEAQ D
1347 KOb=ER" COMPN6Q3
GO TO 125 COMPO69L
150 WRITE (65211) CMsCPs(A(I)s1=1,12) DIAGOT02
TUTTTWRITE (65232) A1) DIAGO703
LINE = LINE +2 DI1aGgn704
GO T0 110 covPOT71N
170 NETSW=2 COMPOT11
CALL INSIDE coMpPo712
GO To 110 COMPOT712
180 READ (105209) CMsCXsl{A(I)sI=1,12) COMPOT713
IF (A(1)NELENDF) GO TO 1101 COMPO714
U NETSW=1 COMPQT715
REWIND 190 .COMPNT1S
GO To 110 covpn716
190 READ ( 93209) CMyCXs(ALI)sI=1,12} COMPOQT17
IF (A(1)eNE.ENDF) GO TO 1101 COMPO718
NETSw=0 COMPQ719
. .REWIND 9 cevpnTle
GO T0O 110 comMpn720
125 WRITE (45218) KODHCP comMPp721
o WRITE (45 210) (A(I)s I = 1,y 12) CoOMPNT3
IF (KOUNT - 6) 110y 130s 122 COMPO 74
13C END FILE & COMPOT5
— REWIND_4. . COMPQT76
REWIND 3 COMPO77
CALL CcoMpP2 078
o < RETURN 079
149 CALL RESTRT
RETURN
__END —_— 080
E-12
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TABLE E-2 (Continued)

SIBFTC C1AGY

. SUBROUTINE INSIDE

c AS OF 6/30765
COMMON P(14000)
_COMMON /CPNET/NTYPE »TKRAD TKLENSTEMPZ sNRAD sNCIRSNSECT s NTNK s
1 TKTHKT5) s TKWAL 1 s TKWAL2 s INNOD 9 KCUT »

2 FMCOsFINOsFIHOLCsVGASITIGCs IPRESS sFMOLNSFMIN,FMAX sPMIN,
3 PMAX s FMOLX3s TSATsANGLE s TXsPRaTANKV s

BT T ORADIG ) sHELB14) s LLFLOWsHELT sHELP $HELW

6 sISTRATHSAREASIQOPTSX(5)sFMULTF(5) s STRINP(20)

7 sGSOLD (2)sTTCPBLI2)sDLIG  »NLSURF»ICALL

TEQUIVALENCE  (FMULTF(1)s FLTHs (FMULTF(2)sFLKL)
DIMENSION VS(250) s0UMMY(500)
1 sNUMTABU100) sNEXW(125) sNSEX(125) sMM(125)
TDTMENSION LNO(250) sNLNNS(125) sNGNNS(125)
EGQUIVALENCE (P{123251)5VS)s(P(13501)sDUMMY)
15(P(12526) sNUMTAB) s (P{12¢26)sNEXW) s (P{12751)sNSEX) s (P(12876) sMM)
TTEQUTVALENCE(P (122761 sLNO) s (P(12151) sNLNNS) s {P({12026) sNGNNS)
REAL LEN -
_ Pl = 3.14159255
¢ V=0,
FLA=O0,
_.CALL SREAD
INODE=INNDD
REWIND ©
__REWIND 10

C TANKV = VOLUME OF TANK

VOLX=DI*#TKRAD® %2
IF (NTYPE«EQ.2) TANKV=1.33333%VOLX*TKRAD
IF (NTYPE«EQel) TANKV=VOLX*{1433333%#TKRAD+TKLEN)
ITIM= 1
SUM =040 |
DO 10 I=1sNTNK
SUM =SUM+ TKTHKI(I)
10 _CONTINVE
FNRAD =NRAD

FNCIR =NCIR

FNSECT= NSECT

KEYNOD= -1

C IF CYLINDER NTYPE=1 sIF SPHERE NTYPE=2

PI2= 3.14159265%2.C

NRES =0

C COMPUTE RADIAL RESISTORS FOR HEMISPHERE
15 KK = NRAD/4

M=0

K1 = (NCIR+NTMK +1)

JJ =_ NRAD

Jl1 = NCIR + NTNK +1

11 = NCIR +NTNK

DO . 50. .Ki= 1,KK

K = KI-1

DO 40 JI= 1,4

_J=J1 -1

DO 30 1= 1,11,1

M = M+l

_NODE = ¥-1  +INODE

29 NRES =NRES+1
NODELl= NODE+1
. WRITE(10,8002) NRES»NODE,NODE1sFLA
8002 FORMATI(5KHDECO1,+315,E1043+50X)
30 CONTINUE

1911002

1911007
1911004
INSD
INSD
1511005

INSDOOT
INSDOO71
INSDOO72
1911008
1911009
1911010
1911011
1911012
1911013
1911014
1911015
1911016
1911017
1911018
1911019
1911021
1911022
1911023
1911024
1911025
1911026
1911027
1911028
1911029
1911030
1911031
1911032
1911033
1911034
1911056
1911057
1911058
INSDOS59
1911060

LOCKHEED
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|
TABLE E-2 (Continued)
M= M+l 1911061
40  CONTINUE , 1911062
50 CONTINUE 1911063
M =0 . 1911064
11 =11+1 ] N ) 1911065
DO 80 K1 =17KK 1911066
K = KI-1 - ‘ 1911067
DO 70 JI =1,3J 1911068
J = Ji=1 0 Y - 1911069
DO 60 1 =1,11 1911070
Moo= Mo+ 1 1911071
TTTTTTTNGDE = M +INODE - 1 1911072
NODE1 = NODE +NCIR +NTNK+ 1 1911073
IF(JI.EQeJJ) NODEL = NODE-(NRAD-1)%* (NCIR+NTNK+1) 1911074
L TTTTTTTTTIF(TLUEWNCTR+1Y GO TO 59 INSDO75
I IF(1NE.II) GO TO 60 INSD0BS
] __ 59 _ NRES = NRES # 1 . , 1511089
; TTTWRITE(1058002) NRESsNODEsNODE1sFLA 1911090
| 60  CONTINUE 1911091
; 30 _CONTINVE __ . . 1911092
' 80 CONTINUE 1911093
: M =0 . 1911094
; - KK =KK=1 . . . 1911095
i IF (KK¥JJ*¥IT.EQ.0) GO TO 115
! DO 110 KI=1,KK 1911096
* - _ X = xI-1 ) . 1911097
; D6 100 JI=1,JJ 1911098
i J = J1-1 1911099
i ——eee—..DO 90 I=1s11 19111060
i M=M+1 :
1! - NODE = M=1+INODE : 1911101
a - NODE1=__  NQDE +{NRAD)#(NCIR + NTNK + 1) 1911102
! IF(1.LE«NCIR+1} GO TO 89 INSD103
! IF{I.NE.IT) GO TO 90 INSD112
89 NRES = NRES + 1 ] o 1911116
1 WRITE(10+8002) NRESsNODEsNODE1lsFLA 1911117
; 90  CONTINUE 1911118
100 CONTINVE . . . . . ' 1911119
110 CONTINUE 1911120
C CALCULATE CONDENSOR BLOCK LIST FOR SPHERE - 1911121
...115_ _CONTINUE | .
M =0 1911122
KK = NRAD/4 : 1911122
e = _NRAD 1911124
IT = NCIR + NTNK + 1 1911125
DO 140 KI= 1,KK 1911126
oo K EKIZL : 1911127
CON =—SIN{FLOAT(K)}*PI2/FNRAD) +SIN(FLOAT(K+1)*PI2/FNRAD) 1911128
DO 130 JI= 1,JJ 1911129
SRR ST ) €3 O : 19111291
DO 120 I =1»I1 1911130
M o= M+l 1911131
__.__NODE = M -1 +INODE 1911132
119 WRITE(958003) NODEsV 1911147
8003 FORMAT(SHDECO1s15+E1043360X) INSD148
_..120 _CONTINUE | 1911149
: 130 CONTINUE 1911150
' 140 CONTINUE 1911151
' _C_  __TEST. _KEYNODE 1911152
C 1911153
C 1911154
1

LOCKHEED E-1L
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TABLE E~-2 (Continued)

C
1F( KEYNOD.EG.~1)1GO TO 200
- JJ = NRAD ’
11 = NCIR +NTNK + 1
M =0 .
C CALCULATE CONNECTING RESISTORS SPHERE TO SPHERE AND SPHERE TC
C CYLINDER
DO 170 JI =15JJ
- J= J1-1"
DO 160 1 =1,11
M= M+l

7T TUTTNODE TE TM=1 +KEYNOD .
_ NODE1 = M-1 +IMNODE
IF(1.LE.NCIR+1) GO TO 149
TTIF(I.NELTIY GO TO 160
149 NRES=NRES+]
_ WRITE(10,8002) NRESsNODEsNODE1sFLA
- 16C "CONTINUE
170 CONTINUE
_ 190 NEND =-1 _ .
- WRITE( 958002) NEND
WRITE(10+8002) NEND
e END FILE 9 .
END FILE 10
REWIND 9
REWIND 10
RETURN
200 IF(NTYPE.EQ.1) GO TO 201
KEYNOD= _INODE . . ... ... .. ..
INODE = (NCIR + NTNK+1)*NRAD*¥2/4 +INODE
Go To 15
201 _KEYNQD = INODE . . . . .
INODE = (NCIR + NTNK+1)*NRAD**2/4 + INODE

C CALCULATE RESISTORS AND CONDENSORS OF CYLINDER BODY
M =0
IT = NCIR +NTNX
JJ =

- e KK 2

DO 230
K = KI-1

e ...DQ 220 JI =1,JV
J o= J1-1
DO 210 I =1,1I

e M= MOAL .
NODE = M-1 +INODE

NODE1l= NODE +1
209 . NRES.= NRES + 1
WRITE(10,8002) NRESsNODESNODE1,FLA
210 CONTINUE
— Moo= MRl
220 CONTINUE
230 CONTINUE

1L =11+1
M =20
DO 270 KI =1sKK
——— - K = KI=]
DO 26C JUI =1,JJ
J = JI-1
_....DO 250 1 =1,11
Moo= M4
NODE = M=-1 +INODE
NODE1l= NODE +NCIR +NTRK + 1

1911155
1911156
1911157
1911158
1911159
1911160
1911161
1911162
1911163
1911164
1911165
1911166
1911168
INSD169
INSD178
INSD183
1911184
1911185
1911186
1911187
1911188
1911189
1911190
1911191
INSD1911
INSD1911
1911192
1911193
1911194
1911195
1911196
1911197
1911198
1911199
1911200
191120
1911202
1911203
1911204
1911205
1911206
1911207
1911208
1911209
1911210
1911211
1911233
1911234
1911235
1911236
1911237
1911238
1911239
1911240
1911241
1911242
1911243
1911244
1911245
1911246
1911247
1911248

‘E-15
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TABLE E-2 (Continued)

249 IF(JI4EQeJJ) NODE1 = NODE1 ~NRAD*{NCIR + NTNK+] ) 1911264
NRES =NRES +1 1911265
WRITE(1028002) NRESsNODEsNODE1sFLA 1911266

250 CONTINUE 1911267

260 CONTINUE 1911268

270 CONTINUE - — 1911269
KK = KK-1 1911270
LEN =TKLEN /FNSECT 1911271
M =0 e 1911272
IF (KK*JU*I1,EQ.0) GO TO 305
DO 300 KI =1,KK 1911273
K = KI-1 L N 1911274
DO 290 JTI =1,JJ 1911275
J=JI-1 1911276
DO 280 I =1,11 1911277
M=M+1
NODE = M-1 +INODE 1911278
NODE1 = NODE FINRAD )% (NCIR+NTNK+1) 1911279

— IF(I.LE.NCIR+1Y GO TO 279 INSD280
IF(1NEsI1) GO TO 280 : INSD287

279 NRES = NRES ¥1 = e ~ 1911291
WRITE(1058002) NRESsNODE ,NOOEL sF LA 1911292

280 CONTINUE 1911293

290  CONTINUE S 1911294

300 CONTINUE 1911295

'd CALCULATE CONDENSORS FOR CYLINDER 1911296

305 _CONTINUE
KK =KK+1 - 1911297
M=0 1911298
DO 330 KI=1,KK __ 1911299
K = KI-1 1911300
DO 320 JI=1,Jy 1911301
J = Jr=1 L 1911302
DO 310 I =1,1I X 1911303
M =M+1 1911304
NODE = M -1 +INODE_ 1911305

309 WRITE( 958003) NODE»V 1911319

310 CONTINUE 1911320

320 CONTIMVE 1911321

330 CONTINUE 1911322
IT = NCIR + NTNK +1 1911323
JJ_= NRAD L 1911324
M =0 1911325
DO 350 Jl-=1,4J 1911326

—— Jo.z =1 1911327
DO 340 I =1,11 1911328
M = M+l 1911329
_— NQDE__ = M-1 +KEYNOD 1911339
NODE1 = M-1 +INODE 1911331
IF(1.LE.NCIR+1) GO TO 349 INSD332
o eee JE LT NE o L1} GO TO 340 INSD340

349 NRES=NRES+] INSD344
WRITE(10,8002) NRES sNODEs NODE1sFLA 1911345

340 CONTINUE . _ o : 1911346

350 CONTINUE 1911347
KEYNOD= INODE +(NCIR+NTNK+1)*NRAD *{NSECT~1) : 1911348
INODE = INODE +(NCIR+NTNK+1)*NRAD *NSECT 1911349
GO TO 15 1911350
END 19112572
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TABLE E-2 (Continued)
SIBFTC DIAGS
SUBROUTINE SREAD
€ AS OF ‘05/18765
C IF KQUT=1 ~~SOME AUXILTARY PRINT
< IF _KOUT=2 ==ALL AUXILIARY PRINT
COMMON P(14000)
COMMON /CPNET/NTYPEs TKRAD » TKLENs TEMPZ sNRAD sNCIRsNSECT sNTNK »
1 TKTHK(S) s TKWALL s TKWAL2 s INNODSKOUT s
5 FMCOSFMNOSFMOLE S VGAS, 1GCs IPRESS s FMOLN s FMIN s FMAX sPMIN s
3 PMAX s FMOL X s TSAT s ANGLE s TX s PR s TANKV »
4 _MM(50)s NUMTAB(100), NEXW(50) »
Tty T TRADIT4)SNSEX(50) sHELB(14) sLLFLOWIHELT s HELP s HELW
6 s ISTRAT s SAREASIOPTSX(5)
DIMENSION VS(100)sFLA(250)
EQUIVALENCE (P{13651)5VS) s (F(13751)sFLA)
EQUIVALENCE (IOPTSX(1)sIRSTRT)s(IOPTSX(2)sIPTLIQ) s
1 - _(IOPTSX(3)sLIBTAP)» (1OPTSX(4) sMTIME )
Tt s (1OPTSX(5) sKUT )
¢ MTIME = MACHINE TIME FOR THIS SEGMENT (MINUTES) IF RUN IN SEGMENTS
C KUT = TIME(IN SECONDS) AT WHICH CURRENT SEGMENT IS TO BE cUT
DIMENSICN STRINP(7)sFMULTF(5)
DIMENSTON IFRROR(1)
. ____DATA IERROR(1)/32/s NERROR/1/
CALL FXPPT (IERROR,NERROR)
CALL FSWTON(3532,33545)
e CALL FXNPRT(1532) -
READ(5510) NTYPE,NRADSNCIRsNSECT sNTNK,INNOD» IGCs IPRESS s KOUT
1 s {IOPTSX(IYsI=134),KUTLsKUT2sKUT3
o~ IF _(IERROR(1).GT.0) GO TO 1.
WRITE (65210) NTYPEsNRADsNCIRsNSECT sNTNKs INNOD»1GCs IPRESS sKOUT
1 s LIOPTSX(1)sI=154)sKUT1sKUT2,,KUT3
. _IERROR(1) =IARS({IERRORI(1)
1 CONTINUE
MTIME = MTIME %40
KUT = 1000000%KUT1 + 1000%KUT2 + KUT3
IF (NTYPE«LTe1eCReNTYPEZGT42) GO TO 101
2 IF (NRAD.LE.0.OR MOD(NRAD»4 ) NELO) GO TO 102
3 _IF (NCIR.LT.1) GO TO 103
4 IF (NSECT.LT.1) GO TO 104
5 IF (NTNKeLT+Os OReNTNKWGT45) GC TO 105
6 . _IF (IGCeLT41.0R.1GC4GT42) GO TO 106
7 IF (IPRESS.L.Tel+4OR.IPRESS.GT42) GO TO 107
8 READ (532C) TKRADsTKLENsTEMPZsTKWALL » TKWAL2
C_IF {IERROR(1} JGT.5) GO TO 11
WRITE (69211) TKRADsTKLENs TEMPZ,TKWALL s TKWALZ
IERRCR(1) =IABS(IERROR(1))
11 _ CONTINUE
" READ (5,520) (TKTHK(I),I=1,5)
IF (IERROR(1).GT«0) GO TO 12
e _WRITE (65211) (TKTHK(I)s1=1,5)
IERROR(1) =I1ABS (IERROR(1))
12 CONMTINUE
____READ (55 20} PRsVGAS»TSAT»FMOLCsFMOLNFIAOLX»TX
IF (IERRCR(11.GT.0) GO TQ 13
WRITE (69211) PRyIVGASsTSAT s FMOLCsFMOLNFMOLXsTX
... IERROR{1) =IABS(IERROR(1))
13 CONTINUE
READ (55 20) FMINSFMAXsPMIN,DMAX
IF (IERRCR(1).,GT.0) GO TO .14
WRITE (69211) FMINsFMAXsPMIN,PYAX
IZRROR(1) =IABS(IERROR(1))

2266005

2266200
2266201
2266202

2266203
2266204
2266295
2266206
2266207

2266208
22662009
2266210
2266211
2266212
2266213
22662131
2266214
2266215
2266216
2266217

2266218
2266219
2266220
2266221

2266222
2266223
2266224
2266225

2266226
2266227
2266228
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TABLE E-2 (Continued)
14 CONTINUE 2266229
. READ (5,20) (RADI(I),1=1,4)
IF TTERROR(11.G6T.0) GO TO 15 2266230
WRITE (65211) (RADI(I)sI=1,4) 2266231
IERROR(1) =1ABS(IERROR(1)) 2266232
187 TCONTINUE " 7 22662213
READ (5,20) (HELB(I)sI=1s 8) 2266001
IF (IERROR(1)+GT+0) GO TO 16 2266234
TUTTTTTTTHIRTYE (65211) (HELR(I)21=1,8) 2266235
IERROR(1) =IABS(IERROR(1)) 2266236
e 16 CONTINUE 2266237
READ 15520) (STRINP(I),I=1,T)
IF (IERROR(1)4GT&0) GO TO 17
e _MRITE (65211) (STRINP(I)s1=1,7)
TERROR(1) = IARS(IERROR(1))
17 CONTINUE
READ (5520} (FMULTF(1)s1=1,5
T TIFTUIFRROR(114GT.0) GO TO 18
WRITE (65211) (FMULTF(1),1=1,5)
TERRCR(1) = IABS(IERROR(1))}
I8 T UEBNTINUE N
WRITE (65601)
1 NTYPESsNRAD,NCIRS>NSECTsNTNK»INNOD» IGCs IPRESS s
T TKRAD» TKLEN s TEMPZ s TKWAL 1 s TKWAL 2> (TKTHK(T) s 1=125) »
3 PRsVGAS»TSATsFMOLCIFMOLN FMOLX s TX s
o 4 FMINIEMAX s PMIMsPMAX s (RADT (1) s1=1s4) s
5 (HELB(I},I=1, 8)
HELBI(5) = HELB(5)+460,
o JHELT = HELBI(S) 2266002
HELP = HELB(7) 2266004
HELB(11) = HELT
e _HELB(13)=(NCIR+NTNK) ¥ (NRAD* (2+NSECT ) )+
1(NCIR+NTNK+1 1% (NRAD* (3+2%NSECT ) +2% (NRAD* (NRAD/4—111)
HELB(12)=(NCIR+NTNK+1)*(NRAD *(NSECT+2#NRAD/4))
.. .601 _FORMAT(29HIPRESSURIZATION PROGRAM INPUT /7
1 80H NTYPE NRAD NCIR NSECT NTNK INODE 1G
2¢ IPRESS /1H 1357110/ 5QHOTKRAD TKLEN TEMPZ T
e U3BKWAL 1 TKWAL 2 /XFT74334F10e3/23HOINSULATION THICKNESSES/
4XFT743,4F1043/, :
5 70HO PR V GAS T SAT  MoL C MOL N MOL X
BT X /XF74336F10e3/35H0F MIN F MAX P MIN P MAX
T/XFT4393F1043/, .
8 40HORADI F  RADI S RADI E1  RADI E2
e A /X FTa39E11¢352F10437
9 20HOHELIUM BOTTLE INPUT  /  XF74156F10e3/ F7e3/1H1)
TSAT = TSAT+460.
e JJEMPZ = TEMPZ+460.
TX = TX+460.
LLFLOW = 0
e RETURN
10 FORMAT(2413)
.20 FORMAT(7F10.0) .
— 101 _WRITE ($6,201) NTYPE
GO To 2 2266250
102 WRITE (6+202) NRAD
GO 10 3 _. | 2266252
103 WRITE (6+203) NCIR
GO TO & 2266254
104 WRITE (65204) NSECT
GO TO 5 2266256
105 WRITE (65205) NTNK
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TABLE E-2 (Continued)
e
GO TO 6 2266259
106 _WRITE (6,206) 1GC |
- GO 10 7 226626n
107 WRITE (6,207) IPRESS .
6o 1o 8 . o ) 2266262
7201 FORVAT (I1OHONTYPE OF 15512H IS ILLEGAL.) 2266270
202 FORMAT ( 9HONRAD OF I5412H IS ILLEGAL.) 2266271
203 FORMAT ( 9HONCIR OF 15912H IS ILLEGAL.) 2266272
T304 FORNAT (10HONSECT OF 15+12H 1S ILLEGAL) 2266273
205 FORMAT ( 9HOMTNK OF I5512H 1S ILLEGAL.) 2266274
206 FORMAT ( 8HOIGC OF 15512k IS .ILLEGAL.) 2266275
T 207 T FORMAT (11HOIPRESS OF 15512H IS ILLEGALS) 2266276
210 FORMAT (1HO 71H AN ILLEGAL CHARACTER HAS BEEN REPLACED BY A ZERO 12266277
IN THE FOLLOWING CARD /1H 2413) 2266278
21T FORMAT (IHCiOO0H AN ILLEGAL CHARACTER HAS SEEN REPLACED BY A ZEROC 12266279
1IN THE FOLLOWING PRESSURIZATICN PROGRAM INPUT CARD /1H 7F10.2) 2266280
END .. . -
SIBFTC DIAGY
_ FUNCTION LOC (KT) LOC 002
C AT OF C&/727/65
C : LOC 003
C  LOC ROUTINE FINDS FIRST LOCATION AHEAD OF LOCATION STARTING TABLE KTLOC 004
C i LOC 005
COMMON Ps My MAXTs MAXRs MAXCs KSPs KST LOC 006
____ _COMMON /EXADR/ LCTNsLCTO,LCR,LCCsLCQSLCRCILCPSLCKLCKA LOC 5207
e 7CP27/TERROR ' ’ LOC 5207
DIMENSION P(1400031s M{16)s NSTRTI(1) LOC 007
_ ___ EQUIVALENCE (P(1)s NSTRT{1)) LOC 008
REAL LOC 009
[F (K7.LE.0) GO TO 13 LOC 523
1% JELCKA LoC 524
11 J1=NSTRT{J)/2%%18 LOC 5241
J2=MOD(NSTRT(J) s 2%#%18) LOC 525
e __IF UJ1.EQ.XT) GO TO 12 LocC 527
[F (J1.EQe0) GO TO 13 LOC 528
J=J+1 LOC 529
SR < A Lo I § SN LoC 530
i IF (P(J2)eNEL32767.) J2=J2-1 LOC 531
LocC=J2 : LoC 532
——e  RETURM LOC 533
13 aRITE (6521) KT LOC 534
21 FORMAT (10HOCURVE NO.15525H IS NOT IN ADDRESS TABLE,) LOC 535
— _=le . LNC 536
LOC 537
LOC 538

E-19
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TABLE E-2 (Continueq)

$IBFTC DIAG10
SUBROUTINE COMP2

C AS OF 06/02/65
COMMON Ps My MAXT's MAXRs MAXCs KSPs KST» KURV 7s NCVGs NSTS» NFAB COMPOO4

cnM2002

COMMON NABL s NKSP s LMMF 3 NRMF s NREAD , CC COMPOO5
CONMON 'NRETDY NWPDs NWCTs NWST» NWTM -COMPOO06
COMMON /CP2/ERROR s MAXMUM COM2006
DIMENSION RCDRB(5) com2007
DTMENSTON A(T2)s T 10120 I 2(12)s I 3(12)y NABL(10}s CC(12) COMPOCT
DIMENSICN P(14000)s IRLINE(1)s KPSD(1)s NSTRT(1)s M(16)s KDAT(1) COMPOOS
EQUIVALENCE (P(400C)» IRLINE(1))s (P(8CO0)s KPSD(1))s (P(13000)s COMPOOS
T UTTTTITUURSTRT(L) )Y (PU1)s KNAT(T)) CoMPALN
REAL Ms INCs NBKsNET COMPO
INTEGER CP COMPO11

DATAT(BCOBII)91=155)/6HTEMP e s6HRESTSs s 6HCAPAC s 6HCURVE +6HMISC. /COM2011

200 FORMAT (5Xs 4(1 5, E 1042)) COMPO15

: 201  FORMAT (5Xs I 5s E 10429 I 5) COMPO16

2027 FORMAT (5%, 2(31 55 E 1042)) ComMPO17

202  FORMAT (5Xs 31 55 F 10,25 I 5) COMPO18R

204 FORMAT (5X, I 5) COMPO19

’ 205 FORMAT (5Xy 6E 10.2) COMP Q20

206 FORMAT (5X,E1042,515) co~2021

__._208 FORMAT (1H15A3s12512A6) COMPO21

2097 FORMAT (A3,12,12A6) COMPO21

210  FORMAT (5X512A6) COMPO21

211 FORMAT_(5Xs A3,512512A5) COMPO22

212 FORMAT (5H1 12A 6) comMpPn23

214 FORMAT (29HO INPUT MUST BE BAD, QUIT JORB ) COMPO24
215 _FORMAT. (40HO KOUNT IS NOT CORRECT IN COM2 ROUTINE ) CoMP025 (:)
216 FORMAT (1 3, A 6) coMPNn26 p

218 FORMAT (I 3, 3X, I 2) COMPO27

219 FORMAT_ (15HCKOD MUST NOT =15s8H IN THE A6,7H BLOCK.) CoM2028

220 FORMAT (26HOTABLE NO« = 0 IS ILLEGAL.) COMP029

222 FORMAT (30HO TOO MANY WORDS IN DAT BLOCK ) COMP 020

...223 _FORMAT (7HOCODE= A6912H IS ILLEGAL.) . comMpo21l

224 FORMAT (2S5HOCANNOT FIND CURVE NAMED A6,17H ON LIBRARY TAPE,) COMP021

230 FORMAT (2BHOSOMETHING WRONG AFTER TABLEI6s17H AND BEFORE TABLEIS) coviPo21

231 _FORMAT (25HCSOMETHING WRONG IN TABLE 16) . compo2l
232 FORMAT (THCERROR»I55E1545+22H NEGATIVE NODE NUMBER.) COMP0O30
233 FORMAT (7HCERROR»3155E15.5526H NEGATIVE RESISTOR NUMBER, ) COMP0320

. .-234_ FORMAT (9HCRESISTORIS»15H CONNECTS NODESIS»1Hs15,27H GREATER THAN COM20301

IMAX TEMPWNQW=15) COM20302

235 FORMAT (14HOCAPACITOR NO.I15,22H IS GREATER THAN MAXT=151 coM2030

—— 236 _FORMAT _(5HONQDE I55,20H HAS NO CONNECTIONS.} CoMPO39
240 FORMAT (5X3315,3E1040,15) CoM2031
241 FORMAT (5Xs315+3E1040,215) CoM2031

e 242 FORMAT (5X»15,3E10.05215) cnM2031
243 FORMAT (5X»15,3510409315) COM2031
244 FORMAT (1HO»16533H DATA STORAGE EXCEEDED. TOTAL OF 16» coM20311
1 12H_DATA ITEMS.) COM20312
245 FORMAT (30HCOATA WILL FIT VERSION A OR B.) DIAGO312

250 FORMAT (14H1P STORAGE MAP /14HO TEMPERATURES»9Xs15s2%s6HTOTAL [6) Cov20313

_____251_ FORMAT (234 TEMPERATURES 1658Xs6HTOTAL 16) COM20313
252 FORVAT (23H RESISTORS 16+8Xs6HTCTAL 16) covM20313
253 FORMAT (23H CAPACITORS 16+8Xs6HTOTAL 16) CcoOM20313
254 FORMAT (23H CURRENTS (Q) 163s8Xs6HTOTAL 16) COM20313
255 FORMAT (234 R-C PRODUCTS 1698X»6HTOTAL 16) coM20313
256 FORNMAT (234 PSEUDD-SEQENCE [6+8Xs6HTOTAL 16) COM20313
257 FORMAT (23H DATA BLOCKS (CURVES) 16,8Xs6HTOTAL 16) COM20313
258 FORMA (23H DATA 8LOCK ADDRESSES 16+8X+s6HTCTAL 16) CcoM20313
350 FORN (1=C8CH ILLEGAL CHARACTER IN ONE OF THE FOLLOWING NODE NOS.COM2032

O
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TABLE E-2 (Continuzi)
1 CK TEMPS. REPLACED BY ZEROW/5Xs155F1042515,F10e23155F10425155F10.CC*2033
22) cnM20331
== 331 FORMAT (1HO87H ILLEGAL CHARACTER HAS WEEN REPLACED 2Y 0 IN THE FOLCOM2034
1LOWING INC CARD»s TEMPERATURE BLOCK./1H SHINC 15551042515} COM2035
352 FORMAT (1HO4SH FOLLOWNING CARD ILLEGAL IN TEYPERATURE BLOCK /5XA3,COM2036
TTTUTTTTYT2W124h6) cov2037
153  FORMAT (1HO42H FCLLOWING CARD ILLEGAL IN RESISTOR BLOCK /5XA2512,COM2038
112A6) . COM2030
— PT35I FORVAT U1HO87H AN ILLEGAL CHARACTER HAS BEEN REPLACED BY A ZERO INCOM2040
1 THE FOLLOWING CARDs RESISTOR BLOCK) coM2041
354 FORMAT (1H A351253155F10¢253155F1042) coM2042
T T3%6 TFORMATT (1H A5531553F1042+215) . COM2043
357 FORMAT (1H A5y3153E1042515) CoM2044
355 FORMAT (1HO043H FCLLOWING CARD ILLEGAL IN CAPACITCR BLOCK /5XA3512+COM2045
TTTTTi286) CoM2046
259 FORMAT (1HO &8H AN ILLEGAL CHARACTER HAS 3ZCN REPLACED BY A ZERO ICOM2047
IN THE FOLLOWING CARDs CAPACITOR PLOCK) CoM2048
TTT260  TFORMAT (1H A35125159F10e23155F10429155F10629155F1C42) COM2049
261 FORMAT (1H AS5+4F1Ce25215) COM2050
262 FORMAT (1H SHINC 155F10.2515) CoM2051
263 FORMAT (1H 5HINC 15s3F10425315) coM2052
264 FORIMAT (1HO43H FOLLOWING CARD ILLEGAL IN DATA SUB-BLOCKS /5XA3,12,COM2053
o 112m&)_ . coM2n54
265 FORMAT (1HO 87H AN ILLEGAL CHARACTER HAS BEEN REPLACED BY A ZERO I1CCM2055
IN THE FOLLOWING CARDs DATA SUR-BLOCK) COM2056
266 __FORMAT (1H SHDE 15) COM2057
267 FORMAT (1H A35125F10423F10e25F10e23F10423F19425F1042) CoM2058
268 FORMAT (1H A53F1042+J5) COM2059
__ . 269 FORMAT (1HO 37H FOLLGWING CARD ILLEGAL IN TIME BLGCK /1H A3,12,12ACOM2060
15) comM2061
270 FORMAT (1HO 83H AN ILLEGAL CHARACTER HAS BEEN REPLACED BY A ZERO ICOM2062
N o __1N THE FOLLOWING CARDs TIME BLOCK /1H A35I125F10423F1042+F10.23F10,COM2063
(j Y 225F10.2+F1C42) COM2064
4 DIMENSION CONE(8) comM2071
_DATA_CODE /6HDEC »6H y6HINC » 6HPER s GHNBK » SHNBK »6COM2072
1HRES y6HCAP 7 CoM2073
DIMENSION TERRNDR(1} CoM2074
~ DATA I1ERROR(1)/32/sNERROR/1/ COM2075
CALL FXPPT{IZRRORsNERROR) comM2076
CALL FSYWTON(3532,33+45)
CALL FXNPRT(1532)
MAXAB = 16000 DIAGOT61
NSW2=1 COMPOTY
NGRC=1_ . conMzo7e
NGRC1=1 cov2078
KGRC=1 comM2n7s
. KQUNT = 1, covpn7s
MAXT = 0 . comMpn7a
MAXR = 0 COMPO8O
I MAXC = 0 comMPng1
MAXP = O comMpPO82
L =0 covP0B83
___DO 131 1=1,5000 22660821
KDAT(1})=10 22660832
131 CONTINUE 22660832
o IK =1 COMPO84
MAXS=1 : COMP(085
132 READ (4» 218) XOD»s KOD 1 COMP086
IERROR(1)V=TABS(IERROR(1))
IF (NGRCWEQe24ANDJNGRCL.ECQ42) NGRC=1 com20861
IF (NGRCeEQe2) NGRC1=2 CoM20862
GO TO (134, 135, 136s 1237 138s 1391, KOUNT COMPOBY
i \.
L
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TABLE E-2 (Continued)

¢ .
C READ IN INITIAL TEMPERATURES OF ALL NODES
C . .

134 GO TO (351359513514513,13513} ,KOD

3 READ (45 200) (1 1(I)s A(l}s I = 1, KOD 1)

IF_{ IERROR(11.GT+0) GO TO 500
WRITE (65 3500 ( I1(I}s AC1), I=1s KOD1)
TERROR(1) =IABS(IERROR(1)}

500 CONTINUE
0 7 1 = 1, KoD 1

J =1 1(I
. IF _(J - MAXT) 55 5, 4
4 MAXT = J 77
5 IF (JJEQe0) WRITE (69232) JsA(l)
IF_(JeEQe0)_ERROR=1.
6 PIJY = AL
ITEM = J

ATEM = A1)
7 CONTINUE
GO TO 132
9 READ (4 201) N 19 A 1y N 2
IF {TERROR{1)«GT.0) GO TO 501
<WRITE (63351) N1sAlsN2
IERROR(I) =£ABS(IERROR(1))

501 CONTINUE

J = ITEM
e JAA = ATEM

DO 121 =1, N 2

J=J+N1

AA = AA + A1 .
IF {(JeGTeMAXT) MAXT=J

11 P(J) = AA :
———— _1TEM = U
ATEM = AA
12 CONTINUE
— GO T0 132

13 READ (45210) (A{I)y 1=1512}
WRITE (65352) CODE(KOD)»KOD1, (A{I)sI=1512)
__ERROR_= 2. .
TERROR(1)=T1ABS{IERROR(1))
GO T9 132
w1 KQUNT = KOUNT + 1
TEMPX=04
DO 141 I=1,MAXT .
_IF (KDAT(T1).EQ.1C) P(I}=TEMPX
IF (KDAT(I)«NE.10) TEMPX=PI(1)
141 CONTINUE
— ... READ (45 200 1 1(1)
IERROR(1) =IABS(IERRCRI{1})
WRITE (3) MAXTs NCVGs NSTS
- WRITE (3) (P(I)s I = 15 MAXT)
WRITE (3) MAXTs NCVGs NSTS
WRITE (3) (P(I}s I = 1, MAXT)
e 2o DOU15 T = 1y 5000
P{I) = 0.
15 CONTINUE
___NWRITE (6+250) MAXT,,MAXT
MAXTM=MAXT+MAXT
WRITE (65251) MAXTsMAXIM
e GO TO 132,
C
C READ IN RESISTERS

135 7GO TO (17516524516230516529516)s KOD
16 READ (45210) (A(I)sI=1512)

comMpnge
COMP0O89
COMPO90
coM2091
COMPQ92
coM20921
COM20922
cOM20923
COM20924
cCOMPN93
COMPN9Y
COMPQ95
coMPO9s
COMP0OS7
CNMPO971
comppasg
ComMpPOQ9
CNMP 100
comMpP10l
covp1e2
COMP103
comM21031
CoM21032
COM21033
COM21034
CcoMP1ng
comp10s
COMP106
coMpP107
COMP108
coMP109
coMP111
comMpll2
COMP113
CoMP114
coMP115
COM21160
coM21161
covM21162
COM21163
COM21164
covp118
22661181
2661182
22661183
22661184
22661185
coMP119
CnM21191
comMpP129
covp121
CoMP122
COMP123
CoMP124
Comp12s
comMpP126
comM21261
cOmM21262
COM21263
coMP127
comMp12s
CoOMP129
COMP130
CoM21310
22661311
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TABLE E-2 (Continuzd)

WRITE (65353) CODE(KOD)sKOD1s (A(I)sI=1412)

TERROR(1) =1ABS(IERROR(1))

GO TO 132

17 READ (45 202) (1 1(I)s I 2€I)s I 3(1)s A(I}s [ = 1, KOO 1)

_IF_(IERROR(1).GT.0) GO TO 175
WRITE (652531)
WRITE (55354) CODE(KODYs KODLs(T1101) 12011213010 A(1)s1=1,K0D1)
[ERRCR(1) =IABS(IERROR(L))

175 CONTINUE
18 90 22 1=1,X0D1
o= Ly L
[F T GTVMAXRY MAXR=J
19 IF(J.LEWO) WRITE (69233) T1(1)512(1)s13(1)+A(1)
IF{J.LE+O) ERROR=1.
T2 PO =AC(TY
L =L +1
_ U IRLINE(L) = T 3(1) + 4096%(1 211) + 4096%J)
IF (J.GE.2048) IRLINE(L)=—IRLINE(L)
ITEM = J
ITEM 2 = 1 2¢1)
ITEM 3 = 1 3(1)
ATEM = ALI)
o IF (ITEM2.LE.MAXT<ANDLITEM3.LELMAXT) GD TO 22
WRITE (65234) ITEMsITEMR, ITEM34MAXT
ERROR=1.
22 __CONTINUE
GO TO 132
25  READ (45241) I1(1)1512(1)5I3(2)sXsYsZsKRVCsH2
___1f (1ERROR(1).GT.0) GO _TO 2502
WRITE (6s2531)
WRITE (65356) CODE(3)sI1(1)s12(1)sI123(1)sXsYsZsXRVC N2
— _TERRDOR(1) =TABS{IERRQOR(1))
2502 CONTINUE
J=1TEM
DD 2301 I=1sN2

J=J+I11(1)
[TEM2=ITEM2+412(1)

! . LTE¥3=ITEM3+413(1)
g X1=X1+X

Yi=Yl+Y
L21=21+2

KLPV=XKRV+XCRY

IF {JaGTawAXR) MAXR=J
PlJY=X1/7(Y1%Z21)

=L+l

TRLTNEL) =T TEM3440G6% ([ TEVMZ+4C96%))
19 (Je5542C68) TRLINE(L)=~IRLINE(L)
[TFvsy
TULKGROI=J+4096%KKRY
:”"C*l
M2eLEJMAXTGANDSITEMILLELMAXTY GO TC 2501
(Ov434) [TEMSITEM2 I TME3 s MAXT

(2571+25) 9NGRYZ
Il(l)sIZ(l)’IE(l),A(l)sHZ
1)eGTWC) GO TO 2402

S(3)91101)sI201)5 1301198 01) N2
ERROR(1))

CoOM21312
coM21313
coM21314
COMP132

comM21321
comz1322
comM21323
comM21324
coM21325
coM2133

COMP134

COMP135

ComMP137

coMpP1371
COMP138

covMP139

COMP140

coM21401
COMPl41

coMP142

ComMPl43

COMP144

CCM21441
CoM21442
COM21443
COMP 145

COMP146

COM21461
CoM21462
comM21463
COM21464
COM21465
CoM21466
COM21462
COM21463
COM21464
COM21464
COM21464
COM21464
COM21464
COM21464
COM21464
COM21465
COM21465
COM21465
COM21466
coM21467
coM21467
COM21467
COM21468
COM21469
coM2147

coM21471
com21472
COM21478
COM21479
COM21480
com21l481
coM21482
comz1482
com21483
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TABLE E-2 (Continued)
J = Liem coMZiaBG.
DO.28 1 = 1s N 2 COMP149
JE T+ T 11 ) COMP150
ITEM 2 = ITEM 2 + 1 2(1) COMP151
ITEM 3 = ITEM 3 + I 3(1) CoMP152
ATEM = ATEM ¥ A(1) COMP153
IF (J.GT.MAXR) MAXR=J .COM2154
26 P(J) = ATEM COMP156
L= U+1 CoOMP157
IRLINE(L) = ITEM 3 + 4096%(ITEM 2 + 4096%J) COMP158
IF_ {J.GE.2048) IRLINE(L)——IRLINE(L) comM21581
"“__""—YTEH‘E'J CONMP159
IF (ITEM2.LEMAXToANDWITEM3.LE.MAXT) GO TO 28 COM21591
WRITE (622341 ITEMsITEM2,1TEM3 sMAXT CoM21592
ERROR=1. CoM21593
28 CONTINUE COMP160
GO T0 132 v COMP161
29 READ (49240) 1101)512(1151301)9XsYs2 +KCRV coMz116l
IF (1IERROR(1)4GT+0} GO TO 2901 CoM21611
e ___MRITE (652531) COM21612
WRITE 1653561 CODE(T) 511011 s1201)51301)sXsYsZsKCRY COM21613
IERROR(1) =IABS(IERROR(1)) COM21614
_ 2901 CONTINUE COM21615
Al1)=X/(Y*2) COM21162
NGRC=2 CoM21162
— X1=X_ COM21162
Yi=y COM21162
21=2 CoM21162
- NSTRTUKGRC)=11(1)+4096%KCRV _ COM21163
KGRC=KGRC+1 coM21164
KKRV=KCRV COM21164
— GO 10 18 . COM21165
30  KOUNT = KOUNT + 1 COMP162
READ (4s 202) I 1(1) COMP163
e . LERROR (1) =TABS(IERROR(1)) COM21631
WRITE (3) MAXRs NCVG» NSTS COMP164
WRITE (3) (P{I)s I = 1, MAXR) COMP165
e RO 31 I = 1, MAXR COMP166
P(I) = O. COMP167
31 CONTINUVE COMP1 68
e MAXIM=MAXIM+MAXR CoM21681
WRITE (652521 MAXRsMAXIM CoM21682
GO TO 132 COMP169
e CoMP170 -
C READ IN CAPACITORS comvp171
C CoMPL72
136 GO TO_(33532,46+32,52,32532+43), KOD coM2174
32 READ (45210) (A(I}sI=1512) "COM21741
WRITE (65358) CODE(XOD)sKOD1ls (A(1)sI=1512} COM21742
—e———-]ERROR(1) =1ABS(IERROR(1)) COM21743
GO TO 132 COM21744
33 READ (4s 200) (1 1(I}s A(I)s I = 1s KOD 1) COMP174
—— _IF (IERROR(11.6GT.0} GO TO 3301 COM21745
; TTWRITE (6,259 COM21746
WRITE (65260) CODE(KOD)s KODls (I1(I1}sAl1),1=1,K0D1}) COM21747
_ IERROR(1) =IABS(IERROR{I}) : COM21748
i 73301 .CONTINUE COM21749
1 NOP = O COMP17T5
39 DO 42 1 =1, KOD 1 COMP176
J =1 1(n COMP177
IF (JoGTeMAXT) WRITE (65235} JsMAXT CoM2178
|
|
|
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TABLE E-2 -(Continued)

IF (JeGT.MAXT) ERROR=1. coM2178
IF (JoGToMAXC) MAXC=J covP178
s T IF 1JLLELO) MRITE (65232) JsAll) COMP180
IF (JJ.LE.O) ERROR=1. COMP1801
36 PULJ) = ACL) CoMP181
TTTTTTITEM = Y coMP182
ATEM = A(I) COMP183
KPSD(IK)=T11(1)+4096%(KKRV+4096%KKRV1) CoM2184
TUTTTTRPSDITKY =SKPSD (1K) coM21841
MAXP = MAXP + 1 COMP185
NODCCOM=0
TTTTTAAR FTIK T+ . COMP186
DO 41 K = 1y L cComMP187
IDAT 1 = IRLINE(K)/16777216 CoMP188
TTTTTTTIF T UIRCINE(K) «LTW0) IDAT1=1ABS(IDAT1)+2048 COM21881
IDAT 2 = MOD(IRLINE(K)/4096s 4096) COMP189
IDAT 3 = MOD(IRLINE(K)s 4096) COMP190
TUTF TTRUINE(K) oLT40) IDAT2=1ABS(IDAT2) . CoM21901
IF (IRLINE(K)oLT.0) IDAT3=1ABS(IDAT3) COM21901
IF (1 1(I) ~ IDAT 2) 38, 37, 38 COMP191
37 DO 3671 19=1,KGRC COM2192
KGR=MOD(NSTRT{I9)+4096) CoM21921
_KGKX=MODINSTRT(19)/6409654096) coM21921
TTTTTIF (KGRVEQ.IDATL) GO Te 3602 COM21922
3601 CONTINUE COoM21923
KGX=0 e coM21924
3602 KPSD(IK}=IDAT3+4096#({ IDAT1+4096%KGK ) COM21925
IF (KGReEQ.IDAT1) NSTRT(I9)=0 COM21926
—_— MAXP = MAXP_+ 1. . comMPlo3
NODCON=1
IK = IK + 1 . . COMP194
38 IF (I 101y - IDAT 3) 41s 40y 41 COMP195
40 DO 4001 19=1,KGRC CoM2196
KGR=MOD(NSTRT(19)+4096) CoM21961
KGK=MOD (NSTRI(19) /409624096 CoOM21961
IF (KGR.EQ.INATL} GO TO 4002 COM21962
4C01° CONTINUE COM21963
o _KGK=0_ . . _. . COM21964
4302 KPSDIIK)=IDAT2+4096* (IDAT1+4096%KGEK ) COM21965
IF (KGR.EQ.IDAT1) NSTRT(IS)=0 COM21966
— . MAXP = MAXP 4 1 CoOMP197
NODCON=1
IK = IK + 1 ComMP198
41.__CONTINUE. _ CoMP199
IF (NODCON.EQ.1) GO TO 42
ERROR=1, COMP190o]
.. . WRITE . (65236) 11(1) COMP1992
42  CONTINUE COMP200
IF (NOP) 132, 132, 48 CoMP201
43 READ_ (49242) I11(1)sXsYsZsKKRVsKKRV1 CoOM22011
IF (IERROR(1)4GT4C) GO TO 4201 comM22011
WRITE (65259) comM22012
— . WRITE (6+261) CODE(KOD)»I1(1)sXsYsZsKKRVsKKRV1 CoM22013
TERROR{1) =IA3S(IERROR(1)) CoM22014
4201 CONTINUE COM22015
s ALY =Xy %Z comM22012
NGRC=2 COM22013
. GO TO 39 COM22014
46 GO TO (47+4701) sNGRC COM2202
47 READ (45201) N1sAlsN2 coM22021
IF (IERROR(1)4GT.0) GO T 471 Cov22022
) ____WRITE (6,358) coM22023
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TABLE E-2 (Continued)
WRITE (642623 N1sA2sN2 coM22024
. TERROR(1) =1ABS{IERROR(1)) COM22025
471  CONTINUE - COM22026
NOP = NOP + 1 COMP203
KOD 1 = 1 COMP204
60 10 50 o COMP205
4701 READ (45263) N1sX19Y1sZ13TK1sIK2sN2 coM22051
IF (IERROR(1)+GT.0)} GO TO 4705 COM22052
WRITE (64+358) ) ) COM22053
WRITE (652637 NT3X1sY157Z151K1s1K2,5N2 -COM22054
TERROR(1) =TABS(IERROR(1}) cOM22055
4705 CONTINUE COM22056
KOD1=1 coM22052
GO TO 49 COM22053
4702 T1(1)=ITEM+NI CCM22054
X=X+X1 COM22055
Y=Y+Y1 COM22055
2=2+421 COM22055
AlT)=X*Y*¥Z " CoM22056
KKRV=KKRV+1K1 COM22056
_ KKRV1=KKRV1+IK2 COM22056
GO T0 39 COM22057
48 IF (NOP — N 2) 49, 132, 132 COMP206
49 _NOP = NOP + 1 COMP207
GO TO (50547021 sNGRC comM22071
50 I (1) = ITEM + N 1 CoMP203
All) = ATEM + A 1 COMP209
GO TO 39 CoOMP210
52  KOUNT = KOUNT + 1 cCoMP211
MAXP_= MAXP + 1 COMP212
KPSDI{MAXP) = 0 CoMP213 .
READ (4s 200) I 1(1) COMP214
__IERROR(1) =IABS(IERROR(1)) coM22141 i
WRITE (3) MAXC, NCVGs NSTS COMP215
WRITE (3) (P(I)s I = 1, MAXC) COMP216 l
. DO 53 I = 1s MAXC. CoMP217
P(I) = O, coMP218 §
53  CONTINUE CoMP219 :
WRITE (3) MAXCs NCVGs NSTS COMP220 1
WRITE (3) (P(I)s I = 1, MAXC) COMP221 i
WRITE (3) MAXCs NCVGs NSTS CoMP222 ;
. WRITE (3) _(P(I)s I =_1, MAXC). CoOMP223
WRITE (3) MAXP, NCVG» NSTS COMP224
WRITE (3) (KPSD(I)s I = 1y MAXP) COMP225
e NUPD_= Maxp CoMP226 !
NRECD = 7 comMp227 ;
KSP = 2¥MAXT + MAXR + 3%MAXC + 1 comMp228
e KST 2. KSP 4 _MAXP COMP229 :
KST 1 = KST COMP230
NKSP = KST - 1 COMP231
SN S N0 ) COMP232
N2=0 comM22321
MAXIM=MAX1M+MAXC COM22322
e —.. WRITE (65253} MAXCsMAXIM CoM22323
. MAXIM=MAX [M+MAXC ’ COM22324
WRITE (6+254) MAXC,MAXIM COM22325
e MAXIM=MAXIM+MAXC COM22326
WRITE (65255) MAXCsMAXIM coM22327
MAXIM=MAX IM+MAXP comM22328
e JMRITE (63256) MAXPsMAXIM COM22329
GO TO 132 covp233
C . CovP234
-C _READ IN DATA SUB-BLOCKS COMP235
C CONMP236
137 GO TO (563555663679683555555555691) coM2237
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TABLE E-2 (Contlnued)
(45210) (A(I)51=1512) CoM22371
£ 4y s1=1»
>3 SE??E (67264) CODE(KOD)s KODl, (A(1)51=1512) gg:ggg;g
TTTTTTUTERRORT1Y =TABS(IERRCR(1)) COM22374
GO TO 132 covp23s
56  1F (KOD 11"2%1N$Zé.§ﬁ COMP239
READ (45 204 M22361
> IF (IERROR(1)4GT40) GO TO 5701 28M22392
WRITE (69265) COM22303
WRITE (6+266) NTASB COM22394
IERROR(1) =TABS(IERROR(1)) Covsr308
5701 CONTINVE : COMP240
TTTTTTTTE (NTAB) 62, 58, 59 COMP241
58  WRITE (6s 220). COMP242
GO _TO 132 COMP243
59 1F (NSW2.EQ.17 GO T4 591 COMP2431
WRITE (65230) NTABOsNTAB Comp2432
ERROR=1. COMP2433
) NS We=T COMP2434
KST=KST1+JJ COM22435
591 NSTRT(MAXS)=KST+2%*18%NTAB COMP2436
NSW2=2 COMP2437
NTABO=NTAB COMP244
MAXS=YAXS+1 COMP246
- GO TO 132 coMpP247
62 IF (NSW2.EQe.2) GO ToO 621 CoMP2471
WRITE (6+231) NTABO CoMP2472
ERROR=1. COMP2473
621 NSw2=1 *COMP2474
IF (NlA_E}ﬂL__éB_!_él’_63 A COMP248
T781  KURV 7 = KST 1 + JJ ~ KsT CoMP249
63 KST = KST 1 + JJ COMP250
GO _To 132 e COMP251
64  READ (45 205) (A(I)s I =1, KoD 1) CoMz2e11
(:j) IF (ISRROR(1).GT.0) GO TO 6401 COM22512
TE (63265 . < 2513
WRTTE (65267) CODE (KOD)sKOD1»(A(T)»1=1,KO0D1) ggm§251“
IERROR(1) =TABS(IFRROR(1)} COM22515
6401 CONTINUE = . CoM2252
Te4l DO 65 1 = 1, KOD 1 CoMP253
JJ = U+ 1 coMP254
_._v-,_.B! JJ) f_.A! . - COMP 255
65  CONTINUE coM22551
IF (N2.GT.0) GO TO 661 CoMP256
. 6010132 | coM22561
66 | READ (452061 AINC,N2 COM22562
IF (IERROR(1).GT.0) GO TO 6601 Comr2263
WRITE (6+265) - COM22564
T TWRITE (65268) CODE (KOD) sAINC N2 CoM22565
IERROR{1) =TABS(IERROR(1)) CoM22566
6601 CONTINUE - CoM22562
Al1)1=0(0) COM22562
KOD1=1 COM22563
661 Al1)=A(1)+AINC ComM22564
T N2=NZ2-1 COM22565
GO TO 641 COMP257
67__READ (4, 205) A(1) COM22571
T IF TIERROR(11.6T.0) 6O TO 6701 ComM22572
WRITE (6,265) COM22573
WRITE (65268) CODE(KOD)sA(1) COM22574
~ IERROR(1) =IABS(IERROR(1)) COM22575
6701 CONTINUE
o
)
e

‘ E-27
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TABLE E-2 (Continued)
P(JJ + 1) = 32767, COMP258
P(JUJ + 2) = AL1) COMP259
JJ = JJ + 2 CoOMP260
GO TO 132 COMP261
68  KOUNT = KOUNT + 1 CoMP262
KST = KST = 1 COMP263
NWCT = JJ COMP264
WRITE (3) NWCTs NCVGs NSTS COMP 265
WRTTE U371 1PTIYs T 71y NWCTY ™ COMP266
" NRECD = NRECD + 2 CoMP267
READ (45 205) A(1) COMP268
TERROR(I) =TABS{IERROR(1)} coM22681
WRITE (3) MAXSs NCVGs NSTS COMP269.
WRITE (3) (NSTRT(I)s 1 = 1, MAXS) COMP270
NWST = MAXS ~~ ~ 77T ’ COMP271
JJ =0 comMP272
DO 69 I=1,40 coM22721
P(1)=0. CoM22722
69  CONTINUE COM22723
MAXIM=MAXIM+NWCT COM22724
WRITE (65257) NWCTsMAXIM COM22725
MAXIM=MAXIM+MAXS coM22726
WRITE (65258) MAXSsMAXIMsMAXIM CoM22727
TTTFMAXTMG LT JMAXMUM) GO TO 132 COM22731
ERROR=1. i coM22732
WRITE (65244) MAXMUMSMAXIM COM22733
IF (MAXTM.LE.16000) WRITE (6,2%45) DIAG2733
IF(MAXIMeGT+16000) WRITE (69264) MAXABIMAXIM DIAG2734
G0 _T0.132 COM22734
691 READ (4,204) 1COD comM22731
KDAT(JJ+1) = 32765 CoM22732
KDAT(JJ+2) = 1COD__ CoM22733
JJ = JU+2 COM22734
GO TO 132 COM22735
138 GO TO (70573973973572+72) sKOD COM2274 <::>
73 READ (49210) (A{IYs 1=1512) coM22741
WRITE (6+269) CODE(KOD)sKOD1,»(A(I)sI=1,12) COM22742
1ERROR(1) =1ASS(IFERROR(1})_ COM22743
GO TO 132 ) COM22744
C70  READ (&4» 200) {(I1(I)}sA(I)sI=1,XOD1) CoM2275
70 READ (45 20Q5) [... . A(I},I=1,K0D1) COM2275
IF (IERROR(1).GT.0) GO TO 7001 COM22751
WRITE (63270) CODE(KOD)s KOD1ls (A(I}sI=1,KOD1) COM22752
- JERRQR(1) =IABS(IERROR(1)) COM22753
7001 CONTINUE COM22754
DO 71 I = 15 KOD 1 CoOMP276
Lot = 31201 . CcoM2277
JJ = JJ+1 comM2277
P(JJ+20)=A(1) “COMP278
_ 71 __ _CONTINUE _ CoMP279
GO TO 132 CoMP280
72  KOUNT = KOUNT + 1 CoMP281
L ___THE FOLLOWING 5_CARDS GO WITH THE ‘NON-C CARDS ABOVE
P(1)=P(23) CoM22810
P(21=p(23) coM22810
P(3)=P(22) com22810
P(4)=p(21) COoM22810
IF (P(24)«NELVs) P(T7)=P(24) COM22810
— P(11)=P(2) _ coM22810
JJ=16 cov22811
WRITE (3) JJs NCVGs NSTS comp2g2
WRITE (3) (P(I)s I = 1, JJ) COMP283
NWIM = JJ CoMP284
END FILE 3 COMP285
NRECD=9 coM22851
REWIND 4 COMP286
139 REWIND 3 coMP287
’ RETURN coMp288
END .
¢
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TABLE E-2 (Continued)
$I8FTC DIAG11
SUBROUTINE RESTRT REST0002
C AS OF 04727/65 .
COMMON Ps M, MAXTs MAXRs> MAXC, KSPs KSTs KURV 7s NCVGs NSTSs NFAB COMPOO4
COMMON NABL s NKSP s LMMF s NRMF 3 NREAD » CC COMP005
COMMON NRECDs NWPD» 'NWCTy NWSTs MWTM™ COMPOO6
COMMON /CP2/ERROR s MAXMUM REST006
COMMON /CPPLT/NPLTsNEND
T DIMENSTON AT1IZ23s T 1(12)s I72(12)s 1 30(12Ys NABL(10)s: CCL12) COMP0OO7
DIMENSION Al(6) REST007
DIMENSION CZ(6)sCY(6) RESTO007
— DIMENSTON P(14000), IRLINE(1)s KPSD(1)s NSTRT(1)s M{16)s KDAT(1) COMPOOS
EQUIVALENCE (P(4000)» IRLINE(1))s (P(BQOO0)s KPSD(1))s (P(13000)s COMPOO9
1 _NSTRT(1))s (P(1}s KDAT(1)) COMPO10
REAL Ms INCs NBKsNET CoMPO
INTEGER CP COMPO11
DATA ENDF/6H -1 / COMPO11
T DATATNET/EHNET ™ s T ) COMPO11
DATA DEC/6HDEC 7 COMPO11
DATA INC/GHINC 7 COMPO11
’ DATA PER/GHPER 7 ~ COMPOL1
DATA NBK/GHNBK  / COMPO11
DATA CID/6HCIC 7/ COMPO11
T T T U DATATTAP/GHTAR T /T COMPO11
DATA COD/6HCOD  / RESTOL11
DATA ZERQ/6HC00000/ COMPO11
DATA END /6HEND / RESTO11
DATA (CY(1)s1=156)/2H 192H 2,2H 3,2H 442H 542H 6/52ERZ/2H00/ RESTO11
DATA (Cz(I)sl= 1,6)/2H01,2H02,2H03,2Ho4,2H05,ZHoe/,BLANK/lH / RESTO11l
DATA ZERY/2H 0/ RESTO11
DIMENSION CODE(4) 22660111
- DATA CODE/GHDEC  »6HINC  »6HPER s6HNBK 7 22660112
(:3 200 FORMAT (5Xs 4(T 55 € 1042)) COMPO15
A 201 FORMAT (5Xs I 55 E 1042s I 5) COMPO16
202 FORMAT (5X, 2(31 5, £ 10.2)) COMPO17
203 FORMAT (5X,s 31 55 E 10425 1 5) CoMPO18
204  FORMAT (5Xs I 5) COMPO19
205 FORMAT (5X» 6E 10e2) COMP0O20
208 FORMAT (1H1,A3,12,12A6) COMPO21
209 FORMAT (A3,A2:12A6) RESTO021
_210 _FORMAT (5Xs12A6} A COMPO21
211 FORMAT (5Xs A3,12,512A6) COMPO22
212 FORMAT (1H1s9X>12A6) REST023
214 _FORMAT (29HO INPUT MUST BE RADs QUIT JOR ) COMPOZ4
215 FORMAT (40HO KOUNT IS NOT CORRECT IN RESTRT ROUTINE ) COMP0O25
216 FORMAT (I 3, A 6) COMPO26
218 _ FQRMAT (1 3, 3Xs I 2) COMPO27
219 FORMAT (38HO KOD IS NOT CORRECT IN RESTRT ROUTINE ) COMP028
220 FORMAT (26HOTABLE NOs = 0 IS ILLEGAL.) COMP029
—_.222 FORMAT (30HQ_TOO MANY WORDS IN DAT BLOCK ) COMP030
223 FORMAT (7HOCODE= A6s12H IS ILLEGALS) COMPO21
224  FORMAT (25HOCANNOT FIND CURVE NAMED A6s17H ON LIBRARY TAPE.) COMPO21
230 FORMAT (28HOSOMETHING WRONG AFTER TABLEI6s17H AND BEFORE TABLEIS) COMPO21
"231 FORMAT (25HOSOMETHING WRONG IN TABLE 16) CoMPO21
236 FORMAT (15HOBLOCK NUMBER =16+29H 1S ILLEGAL. RESTART DELETED. ) RESTO21
237 FORMAT (14HIEND QF CASES.) RESTO021
241 FORMAT (5XsE1040515) RESTO021
242 FORMAT (5X32E10.0515) REST021
243 FORMAT (5X33E£10.0,15) RESTO021
264 FORMAT (5X34E1040515) RESTO021
245 FORMAT (5X35E1Ce0515) RESTO21
\
- ———
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TABLE E-2 (Continued)
246 FORMAT (5Xs6E10.0515) RESTO21
280 FORMAT (1HO 44H FOLLOWING CARD OUT OF PLACE IN THIS RESTART) 22660221 N
251 FORMAT (1R A331Z2512A6Y ~ ~~ 7~ 7 ~ == -~ 22660222
252 FORMAT (1HO 70H AN ILLEGAL CHARACTER HAS BEEN REPLACED BY ZERO IN 22660223
1THE FOLLOWING CARD /5XsSHDEC [5) ‘ 22660224
253 FORMAT TIHO 64H FOLLOWING CARD TLULEGAL IN TEMPERATURE BLOCK OF PRE22660225
1VIOUS RESTART) 22660226
254 FORMAT (1HO 88H TERMINATING CARD OF ONE OF THE BLOCKS IN PREVIOUS 22660227
— TRESTAERT CONTATRNS ANTTULEGAT CHARACTER) 22660228
. 255 FORMAT (1HO113H AN ILLEGAL CHARACTER HAS BEEN REPLACED BY A ZERO 122660229
IN THE FOLLOWING CARD OF THE TEMP BLOCK OF THE PREVIOUS RESTART) 2266023
256 T FORMAT TIH 8RX5A3512515,F10.25 157 - : 22660231
257 FORMAT (1HO 61H FOLLOWING CARD ILLEGAL IN RESISTOR BLOCK OF PREVIO22660232
1US RESTART) 22660233
258 FORMAT (1R A3,12,6F1077) T 22660234
259 FORMAT (1HC116HAN ILLEGAL CHARACTER HAS BEEN REPLACED BY A 2ERO IN22660235

OF THE PREVIOUS RESTART)22660236

IN CAPACITOR BLOCK OF PREVI22660237

10US RESTART) 22660238
261 FORMAT (1HO112H AN ILLEGAL CHARACTER HAS BEEN REPLACED BY A ZERO 122660239
IN THE FOULOWING CARD OF THE CAP BLOCK OF THE PREVIOUS RESTART) 22660240
262 FORMAT (1HO 57H FOLLOWING 7ARD ILLEGAL IN TIME BLOCK OF PREVIOUS R22660241
1ESTART) . i ' 22660242
263 FORMAT (THOI13H AN TLLEGAL CHARACTER HAS BEEN REPLACED BY A ZERO 122660243
IN THE FOLLOWING CARD OF THE TIME BLOCK OF THE PREVIOUS RESTART) 22660244
264 FORMAT (1H0115HN5N“ILLQQAE_SHABA;IEB.yAS>BEEN REPLACED BY A 2ERO 122660245
IN THE FOLLOWING CARD IN A DATA SUB-BLOCK OF THE PREVIOUS RESTART) 22660246
265 FORMAT (1H A3312,F10e2,15} 22660247
266 FORMAT (1H A3512,2F10.2515) 22660248
267 FORMAT (1H A3,1243F10.2515) 22660249
268 FORMAT (1H A3,51254F1042515) 22660250
269 FORMAT (1H A3312,5F1042515) 22660251
270 FORMAT (1H A3,12,5F10.2,15) 22660252
271 FORMAT ({5Xs3H¥*%,5Xs6HCURVE A6336H FROM LIBRARY TAPE WILL APPEAR HDIAGO252 (::>
1ERE.) e
DIMENSION IERROR(1) 2266024
DATA TERROR(1) /32/sNERROR/1/ 2266025
e CALL FXPPT_(IERROR3JNERROR) 2266026
CALL FSWTON(3532,33,45)
CALL FXNPRT(1,32)
come—eo__NRECD=9 _ CESTO032
MATLIB =1 COMPO32
LINE=1 COMP032
— 149 __REWIND 4 cComMpP288
139 REWIND 3 COMP301
DO 310 I =1, 16 comMpP302
- e MUY = 040 COMP303
310 CONTINUE COMP304
M{7) = 0.25 COMP305
— . _._MAXP = O COMP306
JJ =1 COMP307
DO 75 I = 1, NRECD COMP308
READ (3) N1 = COMP309
MAXP = MAXP + N 1 COMP310
READ (3) (P(U)s J = JJ, MAXP) COMP311
e J) = MAXP + 1 COMP312
75  CONTINUE coMP313
READ (3) N 1 COMP314
L _.__ READ (3) [M{I)sI=1,N1} REST315
T REWIND 3 T COMP317
IF (MAXP -MAXMUM) 701,701,81 comMpP3lg
81 WRITE (&6, 222) coMpP322
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TABLE E-2 (Continued)
100 ERROR=2. coMe3213
701 IF (MATLIB.EQs1) READ (55209) CMsyCXs(A(I)s1=1412) REST325
Cp=-1 : REST3251
1101 DO 1102 I=1,6 REST3251
1102 IF (CXeEQeCY({I)sOReCXeEQaCZ(1)) CP=1 REST3251
IF (CX+EQeBLANKsORsCXeEQWaZERZ.ORsCX4EQ4ZERY) CP=0 COMP3251
IF (CP.GE.0) GO TO 11637 ) ’ REST3251
WRITE (65215) REST3251
ERROR=1. REST3251
CP=0 REST3251
1103 IF (CM4.EQ.END) GO TO 900 REST3251
IF (CM«EQ.TAP) GO TO 150 REST3251
IF {LTNELCT. 6070 GO 707611 REST3252
WRITE (65212) (CCUI)s1=1512) REST3253
LINE =1 REST3254
7011 IF (CM.EQ.CID) GO To 117 REST3255
WRITE (65211) CMsCPsy(A(I)}s1=1,12) REST3256
LINE =LINE+1 ) REST3257
IF {CM «EQ., DECY GO TO 762 COMP332
IF (CM +EQ. INC) GO TO 703 COMP333
IF {CM«EQ.COD) GO TO 707 REST333
IF {CM «EQ. PERY GO TO 704 COMP334
IF (CM +FQ. NRK) GO TO 705 COMP335
WRITE (65223) CM REST336
ERROR=1, T REST3361
GO To 701 REST3362
__ 117 CMID=CM REST3363
I1CP=Cp REST3364
DO 1171 I=1,12 © e REST3365
CCIN=AL1) REST3366
1171 CONTINUE REST3367
LINE=1 REST3367
WRITE (65212) . (CC(I)yl=1512) REST3368
(::) GO TO 701 REST3369
150 WRITE (65211) CMsCPs(A(I)s1=1,12) DIAG3372
WRITE (65271) A(1) DIAG3373
LINE = LINE + 2 DIAG3374
GO TO 701 REST338
702 xOD=1 REST3381
GO TO 706 REST3382
703 KOD = 2 COMP339
GO TO 706 COMP340
704 KOD = 3 COMP341
GO TO 706 COMP342
707__KOD =5 REST3421
GO TO 706 REST3422
705 KOD = &4 COMP343
206  WRITE (44,2181 KODsCP . _ . _ _ __ REST347
WRITE (45 210) (A(IY}s I = 1, 12) COMP348
IF (KOD.LT.4) GO TO 701 REST349
——1F_(KODxEQd.&) GO TQ.708. . REST3491
WRITE (65215) REST3492
ERROR=1. REST3493
108 END FILE & . COMP350
REWIND & : COMP351
714 READ (4s 218) KODs KOD 1 C0o4P352
— IERROR(1) =JABS(IERROR{1)) . 22663521
GO TO (717,1221512215719) »KOD 2266353
1221 READ (45210) (A(I)s1=1412) 22663531
_ WRITE (6,280) _ _  _. e 22663532
WRITE (65251) CODE(KGD)»XKOD1>(A(1)s1=1512) 22663533
IERROR(1) =[ABS(IERROR(1)) 22663534
.. GO To 714 . . . 22663535
717 IF (KOD 1) 718, 718, 716 COMP354
716 WRITE (6, 250) COMP355
f'“)
(g
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TABLE E-2 (Continued)

250 FORMAT (43H KOUNT HAS BEEN INCLUDED ON BLOCK FLAG CARD ) ComMP356
ERROR=1. REST357

GO TO 714 REST3571

719 REWIND 4 COMP358
COMP359

COMP360

ME1)=M(2) REST360
M1 =Me2) REST360.
JJ =1 COVNP361

DO 800 I = 1, NRECD COMP362

. GO TO (780, 780s 782> 784s 7845 7845 786y 788 790)s I COMP363
780N = MAXT COMP364
GO TO 798 COMP3gS

782 N_1 = MAXR CoMP366
GO T0 798 COMP367

784 N 1 = MAXC COMP368
—..._.G0 _To 798 COMP369
786 N 1= mwpD COMP3 70
GO To 798 comp37l

788 N 1 = NWCT comMp372
© GO TO 798 COMP373
790 N 1 = NWST COMP274
798 _WRITE (3) N 1s NCVGs NSTS COMP375
MAXP = MAXP + N 1 CoMP376
WRITE (3) (P(J)s J = JJs MAXP) COMP377

e .dJ = _MAXO 4+ ] comMp378
800 CONTINUE COMP379
N1 =16 COMP380

—— - MWRITE (3) N 1, NCVGs NSTS comp3sl
WRITE (3) (M({I)sI=1sN1) CnvP382

END FILE 3 covp3g3

— __REWIND 3 covMp3g4
RETURN COMP385

718 READ (4» 204) NBLK CoMP387
_IF_(IERROR(1)+.GT4C)} GO TO 7181 22663871
WRITE (6s252) NBLK 22663872
IERROR(1) =I1ABS(IERROR(1)) 22663873
7181 _CONTIMUE 22663874
IF (NBLK.EQ.11) GN TO 714 22663875

IF (NBLKsGEW1+ANDGNBLKGLEL5) GO TO (720573057405750,760) sNBLK REST388
__WRITE (652361 NBLK REST3881
ERROR=1. REST3882

NBLK =1 REST3883
— . .GO _TO 714 REST3884
720 READ (45 218) KOCs KOD 1 comMp389
TERROR(1) =IABS(IERRCR(1)) 22663851

) . GO TO (722,725,7201s719), KOD 2266390
7201 READ (4210) (A(I),1=1,12) 22663901
WRITE (65253) 22663502
WRITE (65251) CODE(KOD)»s KODIs (AlI)sI=1,12) 22663903
GO TO 720 22663904

722 IF (KOD 1) 721, 721, 723 COMP391
721 _READ (&4, 204) 1 : COMP392
IF (IERROR(1).GT.0) GO TO 7211 22663921
WRITE (65254) 22663922

... IERROR(1) =IABS(IERROR(1)) 22663923
7211 CONTINUE 22663924
GO TO 714 COMP393

723 READ (45 200) (1 1(I)s A(I)s I = 1y KOD 1) COMP394
IF (IERROR(1)+GT40) GO TO 7231 22663941
WRITE (6+255) 22663942
WRITE (6+258) CODE(KOD)» KGDLs (A(1),1=1,K0D1) 22663943

E-32

CALIFORNIA COMPAaNny




O

LR 18902

'

TABLE E-2

TIERROR(1} =T1ARS(IFRROR({11)
7231 CONTINUE
DO 724_1_= 1,_KOD 1
J =1 1)
JJ = J + MAXT
P(JJ) = ALI)
PLJY = ALT)
ITEM I 1(D)
ATEM = ALl)
724 CONTINUE —~~
GO TG 720
725 READ (4s 201) N 1s A 1y N 2
TTTTTTTTTIF UTERROR(IT 4 GTL0) GO TO 7251
WRITE (6+255)
__ WRITE (65256) CODE(KOD)s KOD1s N1y
TERROR(1) =TARS(IERRCR(1))
7251 CONTINUE
J = 1T1EM

o ATEM =
726 CONTIANU
GO TO 720
730 READ (4 218) KODs X0D 1
IERROR(1) =TABS(IERRQORI(1))
GO TO (731 734+73015719)s XKOD
7301 READ (4,210}
WRITE (6+257)

IERROR(1) =IABS(IERROR(1))
GO TO 730
731 IF (KOD 1) 721s 721» 732
_132_F

IF (IERROR(1).GT.0)} GO TO 7321
WRITE (6+259)

IERROR(1) =IARS(IERRCR(1)}
7321 CONTINUE
DO 733 .1 = 1, KOD 1
J =1 1(1) + 2#*MAXT
PLJ) = ALT)
e L JLTEM = T 101
ATEM = A(I)
733  CONTINUE
——-50 T 730
734 READ {4y 201) N 1s A 15 N 2
IF (IERROR(11+GT.0) GO TO 7341
mee __WRITE. (65259}

won

TERROR(1) =TIABSIIERROR(1)})}

1341 CONTINUE. ..
J = ITEM

(Continued)

AlsN2

WRITE (65251) COPE(KCD)s KCDls (A(I)el=1,12}

READ (4» 200) (I 1(I), A(I)s I = 1, KOD 1)

e _MRITE (65258) CODE(KOD)s KCDls (A{I)s1=1,K001}

WRITE (65256) CODE(KOD)s KOD1ls N1sAlsN2

22662544
22663945
CovP395
COMP396
coMP397
covMP398
CcNMp3ao
COMP4&00
convpany
COMP4O2
ceMPL03
COMP4O4
22664061
22664042
22664043
22664044
22664045
COMP4O5
COMP4O6E
COMP&07
COMP408B
COMP4LOS
COMP&10

© COMP41]

cnoMp4l2
CovpP4l3
COMP414G
COMP415
COMP416
CoOMP417
22664171
2266418
22664181
22664182
22664183
22664184

coMpP419
COMP420
22664201
22664202
22664203
22664204
22664205
CoMP421
CoMP422
comMpP423
COMP424
coMP425
COMP426
COMP427
COMP428
22664281
22664282

. 22664283

22664284
22664285
COMP4L29
coMP430
covP43l
COMP 432
COMP433
COMP4L3G
coMP435
covMPL3g
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TABLE E-2 (Continued)
ATEM = AA CoMpPa43y
136 _CONTINUE _ . COMPa3g
GO T0 730 COMP439
740 READ (4, 218) KODs XKOD 1 COMP4L&LO
IERROR(1)=TABS(IERROR(1)} ] : 22664401
GO TO (741,744,7401,719),s KOD 2266441
7401 READ (492101 (A(1)s1=1,12) 22664411
WRITE (69260) L 22664412
WRITE (652517 CODE(KOD}s KODLs (A(1),1=1,512) 22664413
IERROR(1) =IABS(IERROR(1)) 22664414
- o080 TO 740 . . 22664415
Ta17TIF (KOD 17 721, 721 742 COMP&42
742 READ (45 200) (I 1(I)s A(I)y I = 1s KOD 1) COMP443
IF _(1ERROR(11.GT.0) GO TO 7411 22664431
WRITE (65261) 22664432
WRITE (6+258) CODE(KOD)s KOD1ls (Af1)sI=1,KOD1) ° 22664433
— . IERROR(1) =1A8S(IERROR(1)) 22666434
T 7411 CONTINUE 22664435
DO 743 1 = 1, KOD 1 CoMP4LY
J.= 1 101) + 2*MAXT + MAXR o COMP&44S
PlJ) = A(I) COMP 446
ITEM = T 1(I) COMP&LT
e ATFEM = ACI) B COMP&44S
743 CONTINUE COMP449
GO TO 740 COMP4SH
144 READ (45 201) N 1s A 1, N 2. COMP451
IF (IERROR(1).GT.0) GO TO 7441 ’ 22664511
WRITE (65261) 22664512
WRITE (63256) CODEIKOD)sKOD1sNIsALsN2 22664513
IERROR(1) =IABS{IERROR(1}) 22664514 (::>
7441 CONTINUE 22664515
e 2 LTIEM COMP4LS?2
AA = ATEM COMP453
DO 746 1 = 1, N 2 COMP454
J o= S+ N1 . COMP455
JJ = J + 2%MAXT + MAXR ‘ COMP4SE
AA = AA + A1 COMP4ST
e PLIDY = AR - . : COMP4SE
ITEM = U ’ cAMp4sa
ATEM = AA COMP460
146 ._CONTINUE COMP461
GO To 740 COMP4LE2
750 JJ = 5 COMP4E3
~J31__READ._{&4y 218) KOD»s KOD 1 COMP&L64
IERROR(1) =IABS(IERROR(1)) 22664641
GC TO (75257511575115719})s KOD 2266465
L7511 READ. (452100 (A{I)s1=1,12) 22664651
: WRITE (65262) , 22664652
© WRITE (692511 CODE(KOD)s KOD1s(A(I)sI=1+KOD1) 22664653
v . IERROR(1) =IABS{IERRCR(1)) 22664654
GO TO 750 22664655
752 IF (KOD 1) 721, 721, 752 COMP4 66
753 _READ (4 205) ( A(I)s1=1,43D1) REST467
IF (IERROR(1).GT.0) %0 TO 7531 22664671
WRITE (6,263) 22664672
_ WRITE (65258) CODE(KOD)s KOD1s (A(I),1=1,K0D1) 22664673
TIERROR(1) =IABS{IERROR(1)) 22664674
7531 CONTINUE 22664675
DO 754 I = 1, KOD 1 CoMP46E
JJ = Ju-1 REST469
IF (JUJeECe1) MU Ti=ALTY REST4691
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TABLE E-2 (Continued)
s
IF (JJeEQel) GO TO 754 REST4652
MUJJ) = ACT) COMP4TO
74 CONTINUE COMP4T]
GO TO 751 COMP4T2
760 READ (4 218) KODs KOD 1 COMP473
TERRORTIT =TABSTIERROR(1)Y ™ 22664731
IF (KOD«EQ.4) GO TO 719 22664732
759 READ (4s 204) NTAB COMP4TS
T IF (TERRDR(IT.GT.0) GO TO 7591 22664741
WRITE (63264) 22664742
WRITE (6+256) CODE(KOD}s KODls NTAB 22664743
TERROR(1) =TABS(IERROR(1)) 22664744
7591 CONTINUE 22664745
IF_(NTAB)_760Cs 714, 761 CoMP475
761 L = LOC (NTAB) REST&4T76
762 READ (4, 218) KODs KOD 1 coMP4TT
____1ERROR(1)_=IABS(IERROR(1)) 22664771
GO TO 1764577057635719,773) 4KOD REST478
763 L = L + 1 cNvMP4 79
READ (43 _205) A(1) ) COMP48D
IF (IERROR(1)4GT.0) GO TO 7631 22664801
WRITE (65264) 22664802
e _MRITE (63258) CODE(KOD)sKOD1l,s A(1)} 22664803
IERROR(1) =IABS(IERROR(1}) 22664804
7631 CONTINUE 22664805
PIL) = A1) comMp4gl
GO TO 762 coMPag?2
764 IF (KOD 1) 759, 759, 766 CoMP483
J66__READ (45 205) (AlI)s I = 1, KOD 1) CoOMP 484
IF (IERROR(1}.GT.0) GO TO 7661 22664841
WRITE (64+264) 226648642
WRITE (65258) CODE(KOD)»KODLs (A(T)51=1,K0OD1) 22664843
TERROR (1) =TARS(IERROR(1)) 22664844
7661 CONTINUE 22664845
-.kK0D2 = kg1 - 22664846
DO 769 1 = 1, KOD 1 COMP48S
L=1L+1 COMP486
) PLL) = A1) e e COMP4BT
769 CONTINUE COovMP4BR
GO TO 762 COMP48Y
270 __IF (KOD1.LEL.Q) KOD1=KOD2 ) REST4850
GO TO (7701s77025770237704+7705,77061 K001
7701 READ (45241) (Al(1)sI=1+KOD1)sINCR
- _IF_{JERRORI(1)+6T«0) GO TO 771 . 2266500
WRITE (6:264) 22665001
WRITE (65265) CODE{KOD)s KODLs (A(I)s1=15KOD1}sINCR 22665002
e GQ TQ..7707 - 22665003
7702 READ (45242} (A1(I)s1=19KOD1)sINCR
IF (IERROR(11.GT.0) GO TO 771 22665011
—— WRITE (6s264) _ _. 22665012
WRITE (6£»266) CODE (KOD)»s KOD1s (A(I)5I=1,KOD1)>»INCR 22665013
G0.T0 7707 22665014
7703 READ (432243) (AL{1)5I=1,KOD]1)sINCR
"IF (IERROR(1)4GT43) GO TO 771 2266502
WRITE (65264) : 22665021
WRITE (63267) CODE(KOD)sKOD1s(A{I)sI=1,K0D1)5INCR 22665022
GO To 7707 : 22665023
T704 READ (4244) (A1{1),1=1,KOD1)sINCR
o IF_(IERRCRI(1).GT,0) GO TO 771 2266502
WRITE (6,5264) 22665021
WRITE (65268) CODE(KOD)sKOD1s(A(I)y1=21+KOD1)sINCR 22665022
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TABLE E-2 (Continued)
GO TO 7707 22665023
7705 READ (45245) (AL1(1),1=15KODI)sINCR
TF (IERROR(11.GT.0) GO TO 771 2266503
WRITE (65264) 22665031
WRITE (65269) CODE(KOD)»KOD1» (A(I)s1=1,KOD1)sINCR 22665032
GO TO 7707 s 22665033
7706 READ (45246) (A1{1)sI=15KOD1)sINCR
1F_(IERROR(1)4GT.0) GO TO 771 L 2266504
WRITE (6+264) b T : 22665041
WRITE (65270) CODE(KOD)sKOD1s (A(1}51=1,KODI)sINCR 22665042
GO _To 7707 o , , 22665043
7707 TERROR(1) =1ABS(TERROR(IT] . 2266505
771 DO 772 I=1,K0D1 REST4893
ACI)=ALI)+A2(]) e REST4894
=L+l - REST4894
PLLI=A(T) REST4895
772 _CONTINUE o , REST4896
TNCR=INCR-1 REST4897
IF (INCR.GT40) GO TO 771 REST4898
GO TO 762 e o REST4899
773 READ (4+204) ICOD REST490
KDAT (L+1) = 32765 REST4901
KDAT (L+2) = ICOD e _ REST4902
L=L+2 REST4903
GO TO 762 REST4904
900 REWIND 3 e REST4905
REWIND 4 REST491
WRITE (65237) REST4911
NEND=1 e S
RETURN
END REST494
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