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FOREWORD

The Martin Marietta Thermal Radiation Analyzer

System (TRASYS) program marks the first instance that thermal

radiation analysis has been put on the same basis as thermal

analysis using program systems such as MITAS and SINDA. As

with these thermal analyzer programs, the user is provided the

powerful options of writing his own executive, or driver logic

and choosing, among several available options, the most desir­

able solution technique(s) for the problem at hand. In addi­

tion, many features never before available in a single radia­

tion analysis program ar~ provided.

Among the more important are:

• 1000 node problem size capability with shadowing

by intervening opaque or semi-transparent surfaces;

• choice of diffuse, specular or diffuse/specular

radiant interchange solutions;

• capability for time variant geometry in orbit;

• choice of analytically determined or externally

supplied shadow data for environmental flux cal­

culations;

• form factors and environmental fluxes computed

using an internally-optimized number of surface

grid elements, selected on the basis of user­

supplied accuracy criteria;

• A general edit capability for updating thermal

radiation model data stored on tape.

• A plot package that provides a pictorial repre­

sentation of the user's geometry.



TRASYS is indebted to a number of predecessor pro­

grams in the thermal radiation analysis field. The major con­

tributors were HEATRATE, MTRAP version 2.0, RADFAC and

the MRI Computer Program for Determining External Radiation

absorbed by the Apollo Spacecraft.

This User's Manual represents a concerted effort to

document the capabilities of TRASYS and will, hopefully, serve

the twofold purpose of instructing the user in all applications

and serve as a convenient reference book that presents the

features and capabilities in a concise, easy-to-find manner.

This User's Manual was generated under NASA Con­

tract NAS9-l3033, "Development of a Thermal Radiation Analysis/

Heat Rate Computer Program System." The technical monitoring

for this program was provided by Mr. Robert A. Vogt of the

Thermal Technology Branch of the Structures and Mechanics

Division, NASA Lyndon B. Johnson Space Center. His helpful

suggestions during the development of TRASYS are gratefully

acknowledged. TRASYS would not exist without the superb

design and programming efforts of Messrs. R. E. Paulson and

R. J. Connor, who were responsible for generating the

majority of the TRASYS code. Their efforts are gratefully

acknowledged. Extensive thanks are also due Mr. G. M.

Holmstead for his efforts in developing the direct irradiation

program segment and for the valuable consulting effort he

performed during the course of program development

Mr. R. G. Goble is al$o recognized for his praiseworthy

efforts in developing the specular-diffuse radiation inter­

change segment, the orbit plotter se~~ent, and for his

solutions of many knotty problems that cropped up during

program checkout.
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1. INTRODUCTION

1,1 WHAT IS TRASYS?

The Thermal Radiation Analysis System is a digital

computer software system with generalized capability to solve

the radiation related aspects of thermal analysis problems.

When used in conjunction with a generalized thermal analysis

program such as the Systems Improved Numerical Differencing

Analyzer (SINDA) program, any thermal problem that can be

expressed in terms of a lumped parameter R-C thermal network

can be solved. The function of TRASYS is twofold. It pro­

vides:

a. Internode radiation interchange data; and

b. Incident and absorbed heat rate data from

environmental radiant heat sources.

Data of both types is provided in a format directly usable by

the thermal analyzer programs.

One of the primary features of TRASYS is that it

allows the user to write his own executive or driver program

which organizes and directs the program library routines

toward solution of each specific problem in the most expedi­

tious manner. The user also may write his own output routines,

thus the system data output can directly interface with any

thermal analyzer using the R-C network concept.

Other outstanding features of TRASYS include:

a. 1000 node allowable problem size.

b. Time variable problem geometry allowed.

c. Edit capability allowing the combination or

separation of multiple thermal radiation models.

d. A plot package that provides pictorial plots of

input geometry and orbit data as well as output

data.

1-1
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The TRASYS system consists of two major components:

(1) the preprocessor, and (2) the processor library. The

preprocessor has two major functions. First, it reads and

converts the user's geometry input data into the form used by

the processor library routines. Second, it accepts the users

driving logic written in the TRASYS modified FORTRAN language

that directs user-provided and/or library routines in the solu­

tion of the problem. The processor library consists of FORTRAN

language routines that perform the functions commonly needed

by the user. The user has, in some cases, a choice of solution

techniques to perform the same function.

1.2 SYSTEM STRUCTURE

In the usual engineering environment, a programmer

is commissioned to prepare an applications program which is

subsequently made available to the engineer on a production

basis. The engineer supplies input data and receives output

data, as shown in Figure 1-1.

( DATA IN HPROGRAM bJ
FIGURE 1-1: BASIC FLOW IN USING AN APPLI­

CATI ONS PROGRAM

Changes to the logic and equations are difficult

for the program user to implement conveniently since they

must be written in a computer-oriented language and submittal

may be required through a formal programming organization.

When TRASYS is used, however, the engineer need only calIon

the programmer to supply a standard deck of computer oriented

"control cards" which will call the various elements of the

system into action in the proper sequence. The engineer then

formulates his problem in the engineering-oriented TRASYS



language, assembling both data and solution techniques (i.e.,

logic and equations) into this card deck, which then serves

as the complete input to the TRASYS system. Programmer

support has been minimized since the bulk of the programming

effort is already built into the TRASYS preprocessor and pro­

cessor library. The engineering user need only specify the

data and the order and type of "program building blocks" which

he deems necessary for the solution of his problem, as illus­

trated in Figure 1-2.

1-3

DATA
IN

LOGIC &
EQUATIONS

TRASYS
DATA

OUT

FIGURE 1-2: BASIC FLOW IN USING THE TRASYS

It should then be evident that TRASYS is much more

than an applications program. It has, in fact, all of the

functions and capabilities of a special purpose operating

system. Since most computers in current use in engineering

environments already have operating systems built around a

FORTRAN compiler, TRASYS is designed to augment the existing

FORTRAN system. Hence, the TRASYS library serves as an exten­

sion to the existing FORTRAN library, and the TRASYS program

serves as a preprocessor to (i.e., it preceeds) the existing

FORTRAN compiler. This augmentation arrangement is illustrated

in Figure 1-3.
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DATA IN

LOGIC & EQUATIONS

PRE­
PROCESSOR

SYSTEM
FORTRAN
COMPILER

LOADER

PROGRAM

COMPRESSED
DATA

~=========~. DATA OUT

FIGURE 1-3: DETAILED INTERNAL FLOW OF TRASYS

When using the full capability of TRASYS, the engineer

will be required to exert a programming effort of sorts, in a

language consisting of FORTRAN statements and problem oriented

TRASYS statements that are FORTRAN related. This, together with

the wide variety of options and features offered by the system,

suggests an appropriate word of caution: TRASYS is a comprehen­

sive system which cannot be mastered overnight. The prospective

user should not assume that a cursory review of the Instruction

Manual will lead to immediate success, nor should he assume that

this manual represents a "cookbook" which will eventually yield

to a plodding and rigid adherence to each and every rule. In

prese~ting instructions on the use of a computer program, it is

not possible to completely avoid some "cookbook-like" sections;
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however, every effort has been made to explain the "why" and

"how" behind each rule, option, and feature, with the intent of

encouraging the reader to think about and understand TRASYS in

depth. To help the novice user, an attempt has been made to

default much of the required input to normally used values so

that the user need not define them.
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2. BACKGROUND INFORMATION

TYPOGRAPHICAL CONVENTIONS2.1

2.1.1 Punched Cards

The reader is (or soon will be) familiar with the

standard 80 column punched card. It is the user's primary means

of conveying his input data and logic to TRASYS.

The program input format design is predicated on mini­

mum dependence upon data/card column relationships. Most card

input is covered by one column rule: card columns 1 thru 6

inclusive comprise the control field and columns 7 through 72

comprise the data field. Data in the control field are used by

read routines to identify the type of data to expect in the

cards' data field. In this manual, the typographical convention

shown in Figure 2.1 will be used to indicate the card columns

of interest. (Card columns 1,7 and 12 in this case).

CCl CC7 CCl
2

FIGURE 2-1: SAMPLE CARD COLUMN DESIGNATIONS

Throughout the rest of the manual (in contrast to

Figure 2.1) punched cards will not be identified as figures.

Whenever material is presented with one or more indicators with

the format CCX directly above, a punched card is indicated. The

card data will always be presented as Gothic capitals and/or

numerals. For example, a card format might be shown as follows:

CCl

TITLE

CC7

THIS IS A SAMPLE TITLE CARD

CC7

3 0012

In general, the character directly below the column

number begins the relevant data field.

2.2 FILE AND TAPE CONVENTIONS

Since TRASYS can be implemented on a variety of com­

puters, it is necessary to refer to data storage media by some

nomenclature which will be independent of the particular system
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configuration. FORTRAN Illogical unit numbers" are often used for

this purpose, but were rejected for use in this manual because

certain installations impose restrictions on the type of physical

storage device which may be assigned to a given unit. Instead,

each serial access storage device referenced by TRASYS is given

a proper name as follows:

"Purpose TAPE"

Hence, for example, the processed Data Tape contains the result

of processing the user's data, and Edit Input Tape contains

input for the Edit routine. "Tape" is used as part of the name

only because a reel of magnetic tape is normally associated with

computer storage. However, any "Tape" may, in fact, be a disk

file, a drum file, a punched paper tape, or a magnetic tape, at

the option of the USer. Appendix G contains a list of the sys­

tem-oriented unit designations for each of the "Tapes" mentioned

in this manual, along with the recommended type of storage device

to which these units should be assigned.

On the other hand, when speaking in general about

saving or retrieving data on or from a serial access storage

device, the generic term "file" will be used.

2.3 TERMS AND DATA CONVENTIONS

The words SUBROUTINE and ROUTINE are generally used

interchangeably. A program SEGMENT is specific collection of

routines used to do a specific processing job, such as the cal­

culation of radiation interchange factors. Generally, the rou­

tines comprising a segment are brought into core together, and

in this sense, a segment can be thought of as an OVERLAY, where

that concept is applicable to a particular computer operating

system. INTEGER and FIXED POINT mean the same thing, as do

REAL and FLOATING POINT.
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The term HOLLERITH* is applied to strings of alpha­

numeric characters. The term DATA VALUE, or LITERAL, will be

taken to mean one element of the set of all integers, floating

point numbers, and 6-character** Hollerith strings.

A data value may also be any arithmetic FORTRAN

expression, which may contain variable names. For example:

ANAME 6 . 8'i(4 . 3 1 7 / CON 1

is allowed. On the other hand, function calls such as:

DNAME = 4.7* SIN (1.73)

are not. The user is also cautioned to avoid mixed-mode

expressions.

Integers will be shown in print as a sequence of digits

preceeded, optionally, by a plus or minus sign. Floating point

numbers will appear in print as a sequence of digits with a

leading, trailing, or imbedded decimal point, prefixed, option­

ally, by a plus or minus sign, and suffixed, optionally, by an

exponent (to the base 10) denoted as the letter E followed by

an integer. Hollerith strings of characters will be delineated

in print by asterisks. These are necessary because blanks are

valid characters and have a specific binary code (i.e., they do

not appear on the printed page, but they do appear explicitly

in the computer).

*The Hollerith code is actually a binary code for representing
alphanumeric characters on punched cards. Other common binary
codes for representing alphanumeric characters include BCD,
ASCII, EBDIC, and FIELDATA. The use of Hollerith to denote
character strings in general is purely arbitrary.

**A 6-character string may be stored in one UNIVAC 1108 computer
word. TRASYS implementations on other computers may provide
more or less characters per word. In the general case, a
Hollerith data value would contain as many characters as will
fit in one computer word.



2-4

In addition to DATA VALUES, another entity, called an

IDENTIFIER, REFERENCE FORM, or VARIABLE, will be used (in a

programming sense). For example, consider the following state­

ment:

PI = 3.14

In this case, 3.14 is a floating point data value, and PI is an

identifier. Note that PI is different from *PI* which is a

Hollerith string.

The data field of any card may be terminated by the

character $. This terminates any further data read operations

for that card, and allows the user to enter comment data to

the right of the $. This may tempt the user to enter a

comment to the right of it in an otherwise blank card. This

results in an empty data field and a fatal error. Instead,

comment cards are formatted in the classic FORTRAN manner,

that is, with a C in card column 1. Such comment cards may be

used in any of the data blocks.



3. INPUT DECK

3.1 Introduction to the Input Deck

3.1.1 Basic Concepts

TRASYS input decks consist of two fundamental parts. Part I consists of
the EDIT/CONTROL blocks. These blocks do not participate at all in the defini­
tion of the mathematical model of the thermal radiation problem. This part pro­
vides basic program control and provides the user with his edit capability.
Part II is referred to hereinafter as the TRASYS MODEL. This part is made up
of the data blocks that describe the user's problem in terms of geometry defini­
tion and drive logic. The Options, Model Collect, and Source Edit data blocks
comprise the EDIT/CONTROL portion of the input data. Examples of options data
are problem title inforruation, edit tape identification, input data punch/no
punch, list/no list flags and a documentation data list/no list flag. A one
line (CC7-72) problem title is entered in the options data block. This title
identifies the MODEL portion of the input deck on any tapes or storage units it
may be transferred to. This title will also appear on each page of output
printed by the standard library output routines during execution. The Model
Collect data block allows the user to collect the input data defining two or
more thermal radiation analysis models and combine them into one. These models
must have been previously stored on tape, under model name identifiers. The Edit
Data block allows the user to do a line by line edit on previously taped input
data. This input data may be a single model found on tape, or the result of
the model collect operation.

The MODEL portion of the input deck consists of the following blocks:

Documentation Data
Array Data
Quantities Data
Surface Data
Block Coordinate System (BCS) Data
Form Factor Data
Shadow Data
Flux Data
Correspondence Data
Operations Data
Subroutine Data

In general, the largest block is the surface data. This block is the
user's means to describe the geometry of the surfaces that participate in the
radiant interchange of his problem. Because of the surface data block's size,
a number of input options, differing in format and concept, are provided. This
allows the user to choose the most convenient means of defining the different
parts of his geometry; thus easing his most laborious task.
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Another type of data that may comprise a large portion of the user's in­
put may consist of information normally considered to be program output or inter­
im output. A user may have, for example, a large portion of the form factors
needed for his solution available from some external source. Using the form
factor data block, he may enter this data and save much processing time. The
lnost frequent application of this type of input is for restarting runs that were
not completed for one reason or another. Input blocks are available for form
factor and direct flux data.

Another data block that allows the user to take advantage of large blocks
of previously known data is the shadow data block. If shadow factor tables are
known for a portion of this model, the user may enter them through this block
and avoid computing them in a shadow factor generating run.

The remaining data blocks used for general alphanumeric input are the
correspondence data, array data and quantities data blocks. The correspondence
data provides the capability for the user to redesignate node numbers, combine
a number of nodes into single nodes, or subdivide nodes into subnodes. The
array data block provides a convenient input point for auy array data that the
user may require. Array data may be integer or floating point data value strings,
or Hollerith strings. The quantities data block performs the same function as
the array data block except that single values are entered rather than strings.
If the user desires, he may enter an extended written description of his prob­
lem in the documentation block. This will appear at the user's option at the
beginning of his printed output and will be stored with the remainder of his
input data on his edit out tape.

The user's driver logic is entered in the operations data and subroutines
data blocks. The operations.data block consists of a series of calls to user­
addressable subroutines and computation segments arranged in a series of steps
that are used for orderly handling of the output data in out-oi-core storage.
Operations block subroutine calls are primarily used to input and update appro­
priate problem parameters. The calls to the computation segments are what actu­
ally result in the generation of output data. The operations block subroutine
calls are in classic FORTRAN format, and the user has at his disposal the FOR­
TRAN V language for coding specialized operations block logic .. In the opera­
tioris block, the user has access to all variables he identified in his array
and quantities data, plus an extensive list of program variables located in
labeled common.

The subroutines data block contains FORTRAN language subroutines that are
either user-called or called by the various computation segments. Routines
found in the subroutines block bearing the same name as processor library rou­
tines will compile in place of the library routine, thus giving the user the
capability to override any program function he desires.

3.1. 2 Basic Structure

The basic structure of the
This figure illustrates the three
in their correct input sequence.
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TRASYS input deck is shown in Figure 3-1.
EDIT/CONTROL blocks and the 11 MODEL blocks
Format of the header cards that lead each



DATA BLOCKS------I

OPTIONS DATA BLOCK

Figure 3-1 Input Deck Structure

END OF DATA CARD

SUBROUTINE DATA BLOCK
LOGIC BLOCKS ----I

OPERATIONS DATA BLOCK

r---MODEL DATA

r--- EDITICONTROL DATA
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block is defined in Figure 3-2. The data blocks must appear in the orde,~ shown
in Figure 3-1. Any block except the options block may be omitted, along Wi~"h

its header card if it is not required for the problem at hand. ~

The EDIT/CONTROL blocks are discussed in Section 3.2; the model data
blocks in Section 3.3 and the operations and subroutines blocks in Section 3.4.
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3.2 EDIT/CONTROL Data Blocks

3.2.1 Options Data Block

3.2.1.1 Basic Concepts

The Options data block provides the user with the following capabili­
ties and operating options:

1) An entry point for his problem title and model name

2) Error plot option control

3) Source deck list/no list control

4) Source deck punch/no punch control

5) Go/No-Go option (No Go for edit only, no execution)

6) Print/no print for edit directives

7) Relabel edit directives

8) Print/no print of documentation data block

9) Read/write directions for all input and output tapes.

3.2.1.2 Options Data Block Variables

Table 3-1 lists the options data block variables together with their
options, default values, and descriptions.

3.2.1.3 Options Data Block Example

Figure 3-3 is an example of an options data block.

3.2.1.4 Automatic Node Plots Option

When surface data input rules are violated to the point where any sur­
face is insufficiently defined to be usable, a fatal error flag is set and the
run is terminated at the end of preprocessor execution. This is oftentimes
undesirable because the primary objective of the first run on a newly defined
model is usually to obtain plots of the problem geometry so that the user can
visually verify his input. Time and effort can be saved if the surfaces that
are usable to the node plotter are plotted in spite of the fatal errors.
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Table 3-I Options Data Input Detail

W
I

co
Options Data Input

CCl CC7

TITLE

MODEL

LIST SOURCE

PUNCH SOURCE

NOGO

NO PRINT

RELABEL

DMPDOC

EDITI

EDITO

CMERG

BCDOU

ERPLOT

TAPENAME

OPTIONS

PROBLEM TITLE IN CARD
COLUMNS 7-72, INCLUSIVE

= ANY 1-6 CHARACTER
MODEL NAME

NAMEl - NAME2

- ACTIVE
- INACTIVE
- ALL
(NOT INPUT)
- ACTIVE
- INACTIVE
- ALL
(NOT INPUT)

(INPUT)
(NOT INPUT)

- EDIT
(NOT INPUT)

(INPUT)
(NOT INPUT)
(INPUT)
(NOT INPUT)

- TXXXX

- TXXXX

- TXXXX

- TXXXX

(INPUT)
(NOT INPUT)

- TXXXX

DEFAULT
VALUE

NONE

;('tt-;'<"k

NONE

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE

NONE
NONE

NONE
NONE

NONE
NONE
NONE
NONE

NONE

NONE

NONE

NONE

NONE
NONE

NONE

DESCRIPTION

PROBLEM TITLE

PRIMARY MODEL NANE

CRANGE MODEL NAME FROM NAMEl TO NAME2

LIST ACTIVE CARDS IN MODEL
LIST INACTIVE CARDS IN MODEL
LIST ALL ACTIVE AND INACTIVE CARDS
NO LIST
PUNCH ACTIVE CARDS IN MODEL
PUNCH INACTIVE CARDS IN MODEL
PUNCH ALL ACTIVE AND INACTIVE CARDS
NO PUNCH

EDIT, BUT DO NOT PREPROCESS OR PROCESS
EDIT, PREPROCESS, AND PROCESS

DO NOT PRINT EDIT DIRECTIVES
PRINT EDIT DIRECTIVES

CHANGE MODIFIER LABEL TO (AA) AND DELETE
ALL INACTIVE CARDS
PRINT DOCUMENTATION DATA BLOCK
NO PRINT

DIRECTS EDITOR TO READ EDITI TAPE TXXXX

DIRECTS EDITOR TO WRITE EDITO TAPE TXXXX

DIRECTS EDITOR TO READ CMERG TAPE TXXXX

DIRECTS PROGRAM TO WRITE BCDOU TAPE TXXX)

ACTIVATES AUTOMATIC NODE PLOT
NO PLOT

DIRECTS PROGRAM TO READ OR WRITE TAPE
TXXXX TO GENERAL UNIT TAPENAME*

t

*See Appendix G for allowable TAPENAME OPTIONS
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The automatic node plot routines eliminate this problem. This capabil­
ity functions as follows: when the word ERPLOT appears in the options data block
and fatal errors result from the surface data, an operations data block is gen­
erated by the preprocessor. An example of such an operations data block is
shown in Figure 3-4. This example is for a model that uses three block coordi­
nate systems. The operations data block generated is then executed and the job
terminates. Note that four automatically scaled plots are generated for each
BCS. The views are from the x, y, and z axes, plus a 3-D. Also note that any
operations data entered by the user is ignored.

HEADER OPERATIONS DATA
STEP 1

L

L

L
END OF

CALL BUILDC(BCSl)
CALL NDATAS(1,3HALL,O)
NPLOT
CALL BUILDC(BCS2)
NPLOT
CALL BUILDC(BCS3)
NPLOT

DATA

Figure 3-4 Sample Operations Data Block Generated for Automatic Node Plots

3.2.2 Model Collect and Edit Data Blocks

3.2.2.1 Basic Concepts

Figure 3-5 is a block diagram of the edit portion of the preprocessor.
Edit logic flow is shown, together with its relationship with the remainder of
the program.

The edit portion consists of two basic parts:

1) The MODEL COLLECTOR which transfers files consisting of complete
TRASYS models from one or more input units to a single unit which
may be output as is or edited.

2) The SOURCE EDITOR which deletes, inserts, merges, and yanks rec­
ords and blocks of records to form a model.

The model collector uses information contained in the MODEL COLLECT
block (input on cards) to pick files from any number of input units and generate
from them an EMERG tape. Each input tape may contain one or more TRASYS models,
in TRASYS source edit format, each identified by a six character model name.
These units are all in binary mode, having been generated as EDITO tpes. One
input unit, the EDITI tape, contains the primary model. The EDITI model may be
passed directly on to the source editor in lieu of the EMERG tape if no model
collect operations are required.

The source editor's function is to generate a complete model and pass
it on to the data and logic preprocessors on the DATAl unit. If desired, the
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user may obtain a permanent copy of the DATAl model on an EDlTO tape. Source
editing can be done in several ways. The simplest mode is to read the user's
cards and pass them on as a complete model on the DATAl unit. Alternatively, the
user supplied CMERG tape can be passed along directly if the CMERG tape is nothing
more than the user's cards previously transferred to tape. The CMERG unit also
provides an interface between any user supplied input processing routine(s) and
the ;rogram. In the general edit case, the source-edit cards are used to gener­
ate an executable model from input data found in card form and in the CMERG,
EDITI, or EMERG units.

The product of the TRASYS editor is a single TRASYS model. This model,
designated the primary model, is either a model selected from an EDlTI tape, or
a model in the card input stream. Edits can be in the form of record deletions
and record insertions. Records for insertions can be obtained from these
SO'i.rces: (1) the card input unit (edit data block); (2) the card merge unit ­
CMERG; and (3) the edit merge unit - EMERG.

The CMERG unit can be single or multifile tape, disk, or drum. The
data contained on the CMERG unit must be in BCD mode, TRASYS card image form.
This type of data is usually generated by: (1) card-to-tape by an off-line com­
puter; (2) TRASYS processor output; or (3) TRASYS input data conversion programs.

The EMERG unit can be a single or multifile tape, disk, or drum. The
data contained on the EMERG unit must be in binary mode, TRASYS generated format.
All EMERG files are generated by an EDITO output file from a previous run, or a
combination of the files combined onto one EMERG unit by the use of the model
collector. ..

Any record or group of records contained in any file or model on the
EMERG or CMERG units can be merged into the primary model. Cards to be merged
into the primary model can be in random order on the EMERG and CMERG unit. Note
that inserting data from cards in the edit data block is possible only when the
primary model comes from an EDITl unit. In fact, a Header Edit Data card re­
sults in an error abort if no EDITI tape is specified in the options data.

Besides deleting, inserting, and merging cards into the primary model,
the source editor has the capability of yanking modifications. Each time a
primary model is edited, the inserted and deleted cards are tagged with a modi­
fier label and deleted cards are maintained on an inactive status. A "yank"
provides a simple means of returning a primary model to the condition it was
before a given modification. For instance, yanking modification "A" will in­
sert all cards deleted by "A" and delete all cards inserted by "A." More than
one label can be yanked in one run. Cards deleted by a yank are not maintained
on inactive status.
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3.2.2.2 Model Collect Data

Cards in the model collect data block enable the user to select entire
models from a single or multifile tape containing TRASYS models and transfer
them to a single EMERG unit.

The following are the allowable commands from the model collect data
block:

Format

CC7

UNIT*, MODNAM

UNIT,MODNAMl,CHANGE,
MODNAM2

Function

Selects a model named MODNAM from UNIT
(Defined in options data block) and writes
it to EMERG.

Same as UNIT,MODNAM, except model is renamed
on EMERG.

UNIT ,DIRECTORY Prints a directory of model names found
on UNIT

*Choices are USERl, USER2
3.2.2.3 Edit Data Block

After a valid EDITO tape has been generated, the user will have a
source listing with edit numbers and edit labels. This tape may then become
an EDITI or an EMERG tape that can be edited according to the source listing
using edit directives in the edit data block. Table 3-11 presents details of
the edit data block directives together with format information. Figure 3-6(a)
is an example of an edit data block.

3.2.2.4 Edit Operations

Edit operations are illustrated by the following examples, see Fig.
3-6(b), 3-6(c) , and 3-6(d):

1) Primary model on cards, edits directly from cards and from
EMERG and CMERG tapes.

2) Primary model on an EDITI tape, edits from cards, EMERG and
CMERG tapes.

3) Restart from CMERG after DI calculations.
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Table 3-II Edit Data Block Input Details

EDIT DATA INPUT
V..l I(SEE NOTES AT
I

END OF TABLE)f-'
.p.

*1, Nl
OR
*INSERT, Nl

'~D, Nl
OR
>'<DELETE, Nl

*D, Nl, N2
OR
DELETE, Nl, N2

~\'C , Fl
OR
>~CMERG, Fl

~<C, Fl, Nl, N2
OR
*CMERG, Fl, Nl, N2

>~C, Fl, Nl, ALL
OR
*CMERG, Fl, Nl, ALL

*E, NAME
OR
>~EMERGE, NAME

,~p

OR
>~PUNCH

>~P, INACTIVE
OR
>~PUNCH, INACTIVE

'~P, ALL
OR
'~PUNCH, ALL

>~L

OR
'~LIST

DESCRIPTION

THE CARDS FOLLOWING THIS CARD WILL BE INSERTED AFTER EDIT NUMBER -Nl-

DELETE PRIMARY MODEL CARD WITH EDIT NUMBER -Nl-

DELETE PRIMARY MODEL CARDS WITHEIDT NUMBERS -Nl- THROUGH -N2-

MERGE THE ENTIRE CARD FILE -Fl- FROM UNIT -CMERG-

MERGE LINES N2 THROUGH N2FROM CMERG FILE Fl

MERGE ALL LINES FROM Nl TO END OF CMERGE FILE Fl

MERGE THE ENTIRE EDIT MODEL, -NAME- FROM UNIT -EMERG-

PUNCH ACTIVE CARDS FROM THE UPDATED MODEL (SEE NOTE 3)

PUNCH INACTIVE CARDS FROM THE UPDATED MODEL (SEE NOTE 3)

PUNCH ALL ACTIVE AND INACTIVE CARDS FROM THE UPDATED MODEL
(SEE NOTE 3)

LIST ACTIVE CARDS FROM THE UPDATED MODEL



Table 3-11 (conclJ

EDIT DATA INPUT
(SEE NOTES AT
END OF TABLE)

l~L, INACTIVE
OR

>~LIST, INACTIVE

>'~L, ALL
OR

>~LIST, ALL

*S
OR

>~SEQUENCE

>~Y, AB
OR

*YANK, AB

>~Y, AB, AD
OR

>~YANK, AB, AD

NOTES:

DESCRIPTION

LIST INACTIVE CARDS FROM THE UPDATED MODEL

LIST ALL ACTIVE AND INACTIVE CARDS FROM THE UPDATED MODEL

NUMERICALLY SEQUENCE PUNCHED CARDS. THIS CARD MAY APPEAR ANYWHERE IN
THE EDIT DATA BLOCK

DELETE ALL CARDS FROM PRIMARY MODEL THAT WERE INSERTED BY EDIT DIREC­
TIVE -AB- (SEE NOTE 4)

DELETE ALL CARDS FROM PRIMARY MODEL THAT WERE INSERTED BY SOURCE EDIT
DIRECTIVES -AB- THROUGH -AD- (SEE NOTE 4)

W
I
f-l
VI

1. AN ASTERISK (*) IN CARD COLUMN 1 DESIGNATES AN EDIT CONTROL CARD.

2. EDIT CONTROL CARDS ARE FREE FIELD FORMATED IN CARD COLUMNS 2 THROUGH 72 WITH BLANK COLUMNS
AND COLUMNS 73 THROUGH 80 IGNORED.

3. THIS CARD MAY BE USED IN PLACE OF THE -PUNCH SOURCE- OPTION IN THE OPTIONS DATA BLOCK. IF
BOTH CARDS ARE INPUT, THIS CARD OVERRIDES THE OPTIONS DATA INPUT. THIS CARD MAY APPEAR ANY­
WHERE IN THE EDIT DATA BLOCK.

4. ONLY ONE YANK DIRECTIVE CAN APPEAR IN THE EDIT DATA BLOCK, AND THAT CARD MUST IMMEDIATELY
FOLLOW THE -HEADER EDIT DATA- CARD.
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HEADER OPTIONS D~TA

TITLf ~DITnp C~ECK OUf-ExAMPLl 1
MODEL - DATAl J) DATAl :: ~-10[)t:L NAME THAT INILL APPEAR ON £OITO TAPt
n~EKG - TX,UX
CM[RG - TXXx;(
F:r'ITO - TXXXX

HEADER SURFACE nATA
(SURFACF DATA CARDS)

C T~SEPT CARDS 199 THRU 9q~ F~OM [MERGE MODEL SURFDI INTO SURFACE
C DATA BLOCK
*EMEPG,SlIPfr)l, lq9,~g8

(ADDITIONAL SU~F~CE DATA CARDS)
HEADER FORM FACTOR DATA
C INSERT FILE 4 FROM CMEHG TA~t

*CM[PG,4
HEAj)F=J~ FLUX DATtl

(FLUX DATA CARDS)
HEAOfR nPFRATIONS DATA
C T~SERT PART OF FILE 2 FROM C~EHG TAPE
*C,2d,30
END OF DATA

(0) Edit Opu'at'ions DJ:arnple - Primary Model on Cards

HEADER OPTIONS DATA
TITLE EniTOR CHECK OUT EXlHAPLI: i

MODEL :: flOCK 1 - DUCK 2 ~ DOCK 1 = E. DI T I (Ph' I MAH Y) MODEL NAME
C UOCK? = EOITO MODEL ~AME

O'ERG - TXXXX
CMFRG - T)(~X)(

r:r'ITI - TXXXX
FnITo - TXXXX

HEADER FnIT DATA
*0,2.6

ICARns TO dE INStHTtn IN lIlU OF CARDS ~ THRU h)
* I , 1 1

ICAkOS TO HE INS~~Tto AFTEH CARD III
*1,340 ';,('Ai-(l\ FOi..Lln/ING It'JSEwTS CARDS 312 THkU 45U FROM ,.40DEL DOCKA
C ON ENERG AFTER CAHU 340
*E.DnCK~.31?,4S0

*' C, 3 , .? , 1 1 J 'b I 'J SEiH ':> CAK D~ 2 1 rl R U 1 lIP'; H~ CMEH G F 1LE .:1
END OF ;'1l, T A

(e) [r3 - Primary Mode l on ED TTl Tape
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HEADER OPTIONS DATA
TITLE RESTART FROM CMERG EXAMPLE - FIRST RUN

RTO-T3815
(DATA BLOCKS AS REQUIRED)

HEADER OPERATIONS DATA
STEP 1

(BUILDC & ADD CALLS AS REQUIRED)
C COMPUTE FORM FACTORS & WRITE THEM TO TAPE (ONE FILE)

FFPNCH = 4HTAPE
L FFCAL
STEP 2

C
C
C
ORBGEN
END OF

(ORBIT DEFINITION AS REQUIRED)
DIPNCH = 4HTAPE
FOLLOWING CARD COMPUTES FLUXES FOR
11 POINTS IN ORBIT-WRITES 11 FILES
TO TAPE. STEPS 10000 THRU 10010 ARE GENERATED
INER, 0., 360., la, 0, 0, a
DATA

HEADER OPTIONS DATA
~ITLE RESTART FROM CMERG EXAMPLE - RESTART RUN

BCDOU - TXXX
CMERG - T3815

(DATA BLOCKS AS REQUIRED)
HEADER FORM FACTOR DATA
*c, 1 $ FORM FACTORS ON FIRST FILE OF CMERG
HEADER FLUX DATA
*c, 2 $ FLUX DATA, STEP 10000
*c, 3 $ FLUX DATA, STEP 10001

*C, 12 $ FLUX DATA, STEP 10010
HEADER OPERATIONS DATA
STEP 1

(BUILDC & ADD CALLS AS REQUIRED)
FFPNCH = 2HNO

L FFCAL $ READS IN FORM FACTORS FROM FF DATA BLOCK
CALL GBDATA (1, 4HBOTH)

L GBCAL
DIPNCH = 2HNO

(ORBIT DEFINITION)
ORBGEN INER, 0., 360., 10, 1, 1, 1

CALL QODATA (0, 0, 4HTAPE, 2HNO, 0, 0, 0, 4HBOTH, 0)
L QODATA $ WRITE OUT ABSORBED HEAT DATA TO BCDOU TAPE
END OF DATA

(dJ Edit Operations Example - Restart from CMl!,'RG

Figure 3-6 (eonelJ
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3.3

3.3.1

Model Data Blocks

Documentation Data

Experience has shown that thermal mathmatical models may have an extended
useful life, especially if tape storage with convenient editing capability is
available. The usual environment of sketchy and rarely updated documentation
results in a waste of resources as these long-lived models are passed from anal­
yst to analyst through project personnel changes.

As an aid in alleviating this problem, TRASYS users may document their
efforts in an easily edited and easily accessed form in the documentation data
block.

The documentation data block has the following format:

eel ee7

HEADER DOCUMENTATION DATA

Documentation Data Card 1
Documentation Data Card 2

Documentation Data Card N

ee7
2

Documentation data cards have a data field from ee7
have no restriction on their alphanumeric content.
on the number of documentation cards allowed.

through 72 inclusive and
There is no practical limit

The control field of documentation data cards is used for carriage con­
trol. The integer N appearing anywhere in eel through 6 of a documentation data
card results in N lines being skipped before printout of that card. If less
than N lines are available on a page, the card will begin a new page. If a new
page is desired, the letter P is placed in Cel. A documentation data printout
is available at the user's option. The flag DMPDOe appearing in the options
block results in a printout of the documentation data prior to any preprocessor
or processor operations.

3.3.2 Quantities and Array Data Blocks

3.3.2.1 Basic Concepts

The quantities and array data blocks have the primary function of provid­
ing the user with a convenient input point for any single variable and array data
he plans to use during his execution. User constants are defined in the quanti­
ties data block and arrays in the array data block. A user variable or array
may take any name not appearing in the program reserve name list or program con­
trol constant list (see Appendix A). Real, integer, or Hollerith data may be
entered. Mode agreement is required for real and integer data names. Hollerith
strings are limited to 6 characters in the quantities data block.
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The pre-processor provides default values for all program control con­
stants, so no control constant input is required in the quantities data. Fur­
ther, all control constants can be redefined in the operations block. Thus, de­
fining control constants at the quantities data block merely has the effect of
redefining the default values. In general, this practice is not recommended
because it is easy for the user to forget that he has a non-standard default
value in his quantities data block when he is defining control constants in the
operations data block.

3.3.2.2 Rules for Input

All quantities and array data are entered in the data field (Columns 7
through 72) of the cards following the appropriate header card. Specific rules
for input are:

1) The general quantity data formats are':
NAME = DV, (integer)
ANAME = DV, (real)
NAME (or ANAME) = DV where DV is a 1 to six character
string. (Left justified, blank filled)

2) The general array data formats are:
NAME = DVl, DV2 - - - DVN (integer)
ANAME = DV1, DV2 - - - DVN (real)
NAME (or ANAME) = *1 AM A HOLLERITH ARRAY* (Hollerith)

3) Array data values may be operated as follows:
NAME = DVl, REPEAT, DV2, N, DVN+2 (Repeats DV2 N times,
continues with DVN+2)

Real array repeat format is identical.

4) Variable names must consist of 3 to 6 alphanumeric characters,
with an alphabetic character heading.

5) Any number of constant or array data values and
entered in Card Columns 7 through 72 inclusive.
continue to following cards with no data in the
provided the fields between commas are complete

names may be
Input may

control field,
on each card.

6) Commas are assumed at the end of each card.
entered at the beginning or end of cards at
The read routine ignores these.

Commas may be
the user's option.

7) Cards may end but not begin with equal signs.

8) Empty fields (consecutive commas) are illegal.

9) Mode agreement between names and data values must be maintained.
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3.3.2;3 Quantities and Array Data AccessinB

Quantities and array data are placed in common and are thus accessible
from any user or program-called execution routines. The following are the rules
for accessing this data:

1) Quantities data are accessed by name only.
For example, with

ANA..lv1 = DV,
in the quantities block, the statement

VAL = ANAM
in any execution routine results in DV being stored under the
name VAL. Mode must be preserved according to the rules of
FORTRAN.

2) Array Data
examples.

ANAM =

appears in

is accessed as illustrated
Each example presumes that
DV1, DV2 - - - DVN
the array data block.

by the following
the array:

-

A. SUBROUTINE CALLS
The statement:
CALL SUBX (ARGl, ARG2, ANAM ARG4 ---)
in any execution routine will pass the entire ANAM array
to subroutine SUEX.

B. INTEGER COUNT
The integer count for any array is accessed through the
following function call:
IC = IACT (ANAM)

C. INDIVIDUAL DATA VALUES
Individual data values are accessed under the usual rules of
of FORTRAN. The statement:
VAL = ANAM (6)

results in DV6 being stored under the name VAL.

3) The array data block serves as the only means of reserving
space for the operations data block. The following example
illustrates this with:

ANA}1A = DVl, DV2, - - - DVN,
XARRAY = REPEAT, 0., N

in the array data block, the statements:
DO 1 I = 1, IC

1 XARRAY (I) = ANAc"1A (I)
in the operations data block will locate the ANAMA array in
the first Ie ,',lords of XARRAY.
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3.3.3 Surface Data

3.3.3.1 Basic Concepts

In its present state of development, TRASYS allows the user's geometric
configuration to be made up of the following geometric shapes, or portions there­
of:

(1) Rectangles
(2) Discs
(3) Polygons
(4) Right Circular Cylinders
(5) Cones
(6) Spheres
(7) Paraboloids
(8) Rectangular Parallelepipeds with 5 or 6 faces

The surface areas of these shapes are what TRASYS is concerned with. The
volume within a sphere, for instance, has no bearing on the thermal radiation prob­
lem. Either or both sides of any surface can be defined as "active." Also, any
surface can be defined as a "shadower" or "non shadower" depending on whether or
not it is desired that it be considered in shadowing (blockage) calculations.

A

Active -

C

B

The active side concept is illustrated in the sketch. If form factors
were computed in this geometry, F

AC
and F

BC
would exist because the active sides

involved are in view of each other. Surface B, however, is ignored by surface A.

Again referring to the sketch, if surface B is defined as a shadower in
form factor computations, it will affect the calculation of F

AC
' reducing it

accordingly. If not entered as a shadower, it would be totally "invisible" from
surface A. Active side definition has no bearing on a surface's effect as a
shadower. One further condition must exist for surface B to effect the value of
F

AC
' that is surfaces A and Cmust be flagged as "can be shaded" surfaces in

form factor calculations.
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A similar logic is used in computations of direct irradiation. Surfaces
defined as shadowers may affect the direct irradiation computed depending on
direction to the incident flux source.

Since all surfaces in nature can shade and be shaded, it may seem ques­
tionable to leave the shadowing definition up to the user. The reason for this
is that significant amounts of computation time can be saved by flagging out sur­
faces that cannot enter into shadowing.

Any surface may be subdivided into nodal surfaces of equal or unequal
size. In general, the nodal surfaces chosen should correspond with the isother­
mal nodes that appear in the user's thermal analyzer model. For various reasons,
this may not be possible, so a convenient means for combining nodes is provided.

3.3.3.2 Coordi~ate System Definition

The surface data is associated with four different, right-handed carte­
sian coordinate systems:

Surface coordinate system
Intermediate coordinate system
Block coordinate system
Central coordinate system

There definitions are as follows:

Central Coordinate System (CCS) - The single coordinate system to which
all vehicle surfaces must be related. This coordinate system is also used to
orient the spacecraft relative to the sun, planet, or a star. This coordinate
system is analogous to the body coordinate system used in trajectory tapes.

Block Coordinate System (BCS) - Any "block" of surfaces that will be
moved relative to other surfaces during execution must be related to a named
Jlock coordinate system. Similarly, if it is desired to activate and/or deacti­
vate a block of surfaces during the course of the problem, these surfaces are
related to a separate block coordinate system.

Intermediate Coordinate System (ICS) - An intermediate coordinate system
is used when it is convenient to relate a group of surfaces to a coordinate sys­
tem distinct from any BCS or the CCS.

Surface Coordinate System (SCS) - Each surface is related to its own SCS
in a manner that provides a convenient means of input. The surface must then be
related to the CCS by defining the rotations and translations necessary to make
the SCS and CCS coincide.
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3.3.3.3 Coordinate System Hierarchy

Each surface and hence nodal surface defined in the surface data block
may undergo three transformations, as follows, before processing begins:

ses -+ les -, ReS -, ees

where, for example the symbology ses -, les indicates a transform form SeS-defined
3-space to leS defined 3-space. These transforms must be performed because all
processing is done assuming surface definition in eCS-defined 3-space.

Depending on the complexity of each particular surface definition problem,
the user mayor may not concern himself with all the transforms. In the simplest
case, the user defines a surface in terms of x, y, z coordinates in ees 3-space.
The program automatically generates an ses for each surface and also generates
the transforms necessary to describe the surface in ees 3-space. In the most
complex case, the user defines his surface in ses 3-space, defines six rotation
and translation variables for the SCS -+ les transform, defines six rotation and
translation variables for the ICS -+ Bse transform, and finally six more variables
for the BCS -, ees transform. For cases of intermediate complexity, for instance
when an ICS is not needed, the lCS -+ BCS transform variables will default to
zero and the user's ses -+ les transform variables will, in reality define an
ses -+ BeS transform. Further, if neither an ICS or BCS is required, the SCS -+

rcs and IeS -+ BCS transforms will default to zero, and the user's SCS -+ leS
transform definition will, in reality, define an ses -+ ecs transform.

3.3.3.4 Surface Data Input Philosophy

The user is provided with two distinct methods of defining his surface.
He may define a surface relative to an SCS, then relate it to the remainder of
the surfaces by defining the ses-ces translations and rotations; or he may lo­
cate the surface directly in relation to the CGS by entering the x, y, z coordi­
nates of up to 15 points on his surface (point method). His choice of these
methods depends on the particular surface being considered and its relationship
to the remainder of the vehicle. In general, it is easy to define a surface
relative to an SGS. This requires five numbers. It mayor may not be convenient
to determine the translation and rotation data (up to 6 numbers) needed for the
SCS -, res, scs -, BCS, or SCS -+ ecs relationship. When the computation of these
rotation and translation parameters is laborious, the point method is usally a
better choice, Except for polygons, this requires up to 5 point definitions per
surface (15 numbers), but generally these points are on the surface involved and
may be easily scaled from an engineering drawing.

3.3.3.5 Surface Data Variables

A total of 54 variable names are reserved for the purpose of surface"
data definition.

These variable names are defined in Table 3-111. Also tabulated are
their default values, and the allowable range of each variable, where applicable.
Figure 3-7 illustrates the relationship of the dimension surface data variables
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Table 3-III Surface Data Input Detail

RANGE OR
w I VARIABLE NAME OPTIONS DEFAULT VALUE DESCRIPTION
I

N
0'1

I GENERAL DATA:

SURFN 1-99999 NONE a. INTEGER ARRAY OF NODE NUMBERS ASSOCIATED
WITH SURFACE

b. INITIAL NODE NO. ON SURFACE

NNX 1-999 1 NO. OF NODES IN X DIRECTION

UNNX N/A NONE X-DIMENSION ARRAY FOR UNEQUAL NODE BOUNDARIES

NNY 1-999 1 SAFE AS NNX EXCEPT Y-DIRECTION

UNNY N/A NONE SAME AS UNNX EXCEPT Y-DIRECTION"

NNZ 1-999 1 SAME AS NNX EXCEPT Z-DIRECTION

UNNZ N/A NONE SAME AS UNNX EXCEPT Z-DIRECTION

NNAX 1-999 1 SAME AS NNX EXCEPT AX-DIRECTION

UNNAX N/A NONE SAME AS UNNX EXCEPT AX-DIRECTION

NNR 1-999 1 SAME AS NNX EXCEPT R-DIRECTION

UNNR N/A NONE SAME AS UNNX EXCEPT R-DIRECTION

TYPE RECT, TRAP
DISC, CYL
CONE, SPHER
PARAB, BOX 5
BOX6, POLY NONE SURFACE TYPE

IDUPSF 1-99999 NONE NUMBER OF PREVIOUSLY INPUT SURFACE TO BE
DUPLICATED

IMAGSF 1-99999 NONE NUMBER OF PREVIOUSLY INPUT SURFACE TO BE
IMAGED
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Table 3-III (contJ

VARIAB LE NAl-JE

GENERAL DATA:

ACTIVE

BCSN

CON

SHADE

BSHADE

RANGE OR
OPTIONS

TOP, BOTTOM
BOTH (PLANAR
SURFACES)
IN, OUT, BarH
(SURFACES OF
REVOLUTION)

1-6 CHARACTER
NAME

N/A

FF, DI, BOTH,
NO, ONLY

FF, DI, BOTH
NO

DEFAULT VALUE

NONE

ALLBLK

BlAJ."nZS

BOTH
Fr"/(

BOTH

DE SCRIP.'IT.Ql!

ACTIVE SIDE DEFINITION
TOP IS +Z FACE OF PLANAR
SURFACES

BLOCK COORDINATE SYSTEM NAME - IDENTIFIES
SURFACE WITH A BCS

30 CHARACTERS OF COMMENT TO DESCRIBE SURFACE

SURFACE CAN SHADE FLAG

FF: SHADES IN FORt·! FACTOR CALCULATIONS m:LY
DI: SHADES IN DIRECT IRRADIATION CALCULA-

TIONS ONLY
BOTH: SHADES IN BOTH FF AND DI CALCULATIONS
NO: SURFACE CANNOT SHADE
ONLY: SURFACE IS A SHADOWER ONLY (FF AND DI)

SURFACE CAN BE SHADED FLAG

FF: CAN BE SHADED IN FF CALCULATIONS ONLY
DI: CAN BE SHADED IN DI CALCULATIONS ONLY
BOTH: CAN BE SHADED IN BOTH FF AND DI CALCU-

LATIONS
NO: SURFACE CANNOT BE SHADED



o•~ ALPHA ::; 1. 0 NONE

0.:; EMISSS; 1.0 NONE

-1. 0~ TRANI S 1. 0 0.0

-1. 0 ::; TRANS s 1. 0 0.0

O.~ SPRI < 1.0 0.0

o. S. SPRS < 1. a 0.0

-270. So AXMIN ~ 450. NONE

-270. < AXMAX ~450. NONE

N(A NONE

NjA NONE

N/A NONE

NjA NONE

NjA NONE

NjA NONE

Pl - P15 NONE

EMISSIVITY - IR

TRANSMISSIVITY-IR

SURFACES OF REVOUrnON

DESCRIPT:ION

MAX, DlMENSION-:;; DIRECTION

SPECULAR REFLECTIVITY - S0LAR

SPECULAR REFLECTIVITY - IR

MINIMm1 ~\DIUS - DISC SECTION

NAX. X-ANGLE

MIN. DlMENSION-Z DIRECTION

ABSORPTIVITY-SOLAR

P~~IAL DIMENSION

Z DIMENSION

CARTESIAN POINT INPUT (GENERAL FOPJ.I:
PN = XN, YN, ZN)

1-lI.N. X-ANGlE

1~~IMUM ~~DIUS - DISC SECTION

TRANSMISSIVITY-SOLAR

DEFAiJLT VALUE
RANGE OR

OPTIONS

TahZe 3-III (cant)

w
I VARIABLE NAMEN
00

DIMENSIONS DATA:

AXMIN

AXMPJC

ZHIN

ZPAX

RHIN

RW.x

R

Z

Pl, P2 --- ETC.

PROPERTIES DATA:

ALPHA

EMISS

TRANI

TRANS

SPRI

SPRS
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N
\0

Tab te 3-III (eJont)

VARIABLE NAME

POSITION DATA:

TX

TY

TZ

ROTX

ROTY

ROTZ

ICS DEFINITION
(I CARD) DATA:

ICSN

IX

TY

TZ

RANGE OR
OPTIONS

N/A

N/A

N/A

-360.< ROTX~360.

-360.< ROTY~360.

-360.< ROTZ6360.

1-99999

N/A

NjA

N/A

DEFAULT VALUE

0.0

0.0

0.0

0.0

0.0

0.0

NONE

0.0

0.0

0.0

DESCRIPTION

TRANSLATION DISTANCE FRON ORIGIN OF CCS,
BCS OR rcs TO ORIGIN OF SCS, l-EASURED ALONG
CCS, BCS OR ICS X-AXIS.

SAME AS TX, EXCEPT ALO~~G Y-AXIS

SAME AS TX, EXCfPT ALONG Z-AXIS

ROTATION ANGLE TO ROTATE CCS, BCS OR ICS
INTO SCS; ROTATES ABOUT CCS, BCS OR ICS X-AXIS,
Y TOWARD Z POSITI\~.

S~1E AS ROTX, EXCEPT ROTATES ABOUT Y, Z
TOWARD X POSITIVE.

SAME AS RO'IX, EXCEPT ROTATES ABOUT Z, X
TOWARD y POSITI\~.

INTERNEDIATE COORDINATE SYSTEM NUMBER

TRANSLATION DISTANCE FROM ORIGIN OF CCS OR
BCS TO ORIGIN OF Ies, MEASURED ALONG CCS OR
BCS X-AXIS.

SAl-lE AS T~, EXCEPT ALONG Y-AXIS.

SANE AS TX, EXCEPT ALONG Z-AXIS.



Tai,Ze 3-1"1":' (concZJ

~ I VARIABLE NAHE
w
o

ICS DEFINITION
(I CARD) DATA:

ROTX

ROTY

ROTZ

R-CARD DATA:

REFNO

D-CARD DATA:

DV

N-CARD DATA:

INC

RANGE OR
OPTIONS

-360. < ROTX < 360.

-360. < ROTY < 360.

-360. < ROTZ < 360.

1-99999

FLOATING POINT

INTEGER

DEFAULT NAME

0.0

0.0

0.0

NONE

1.0

0.0

DESCRIPTION

ROTATION ANGLE TO ROTATE CCS OR BCS INTO
ICS; ROTATES ABOUT CCS OR BCS X-~~IS, Y
TOWARD Z POSITIVE

SAME AS ROTX, EXCEPT ROTATES ABOUT Y, Z
TOWARD X IS POSITIVE.

SAME AS ROTX, EXCEPT ROTATES ABOUT Z, X
TOWARD Y POSITIVE.

NUMBER OF REFLECTING PLANE SURFACE.

LENGTH UNIT MULTIPLIER

SURFACE NUMBER CHANGE VALUE (SURFN
SURFN + INC).

*If the surface has a component of specular reflectance and the can-shade flag is either unspecified
or set to "NO," the flag is reset to "FF." If the flag is set to "DI" it is reset to "BOTH." (Spec­
ular surfaces must be shadowers in the FF segment.)



EXAMPI~: PI: 2.0, 3.0, 0.0

RECTANGLE
z

NOTE: ONE CORNER MUST BE ON THE Z
AXIS, WITH RECTANGLE

l'.ARALLE L TO X·· Y PLANE.

l-m:.:, 2
NNY .,= '2

SCS
METHOD

SCS ORIGIN /

PI = X, Y, Z

y

x

y

p3

ecs, BCS, OR res
ORIGIN

P2

Z EXAMPLE: 1'1 Xl, Yl, 21
P2 X2, Y2, 22
p) .. X3, Y3, 23

NOTE: POINTS NUMBERED ecw AS
VIEWED FROM ACTIVE
SIDE WHEN ACTIVE IS
FLAGGED "TOP"

PI

POINT
MET1{OD

X

Figure 3-7 Surface Geometry Definition
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scs
l·IETIIOD I PI

NOTE: TRAPEZOID IS ALWAYS GENERATED
FROM Pi TOWARD P2 IN X TOWARD Y
DIRECTION. TRIANGLES ARE INPUT AS
l'OLYGONS.

pI Xl, Y1, Z
P2 X2, X2, Z

EXAMPLE:

~__/_P2~

z

P3

POINT
NE1'HOD

CCS, BCS OR les
ORIGIN ~

""

/

NOTE: POINTS ARE NUMBERED CCW
AROUND FIGURE AS VIEWED
FROM ACTIVE SIDE WHEN

P2 ACTIVE = TOP. PI-P4
MUST BE SHORTER THAN
AND PARALLEL TO P2-P3.

y

EXAMPLE:
Pi Xl, Yl, Zl,
1'2 = X2, Y2, 22
1'3 = X3, Y3, 23
p4 = X4, Yt+, 24

x

Figure 3-7. (cant)
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yI '- SCS ORIGIN

EXAHl'LES:
DI~lliNSIONS '" 12.,10., 15.,25.,45., I,STANDA.I{D)

OR: Z 12.
RMIN" 10.
RMAX:= 15. ALTERNATE
AXmNc 25.
AX}1A.;\:= 45.

I"l_

x

~~
( (RM1N<~

\ \

""~-----.....-~
,/

/-. AXMIN.f --.----
I

SCS
METHOD

(PIE- SECTION)
Yl, 21
Y2, 22
Y3, 23
Y4, 24

EXAMPLE:
PI :;: Xl,
p2 = X2,
P3 = X3,
P4 ;s X4,
NOTE:
Pl = DISC CENTER, P2, P3, & P4
ENTERED CCW, AS SEEN FROM
ACTIVE SIDE

z

P4

POINT
METHOD

NOTE:

Y
'-. CCS, Bes, OR les ORIGIN.

EXAMPLE: ANNULAR SECTION)
Pi = Xl, Yl, 21
P2 X2, Y2 J 22
P3 • X3, Y3 1 23
P4 = X4, Y4, 24

X PS=XS,Y5.Z5
PI, 1"3, I4, A0lD PS NL'HBERED CCW ABOUT SURFACE AS VIEWED FROM ACTIVE SIDE,
WHEN ACTIVE = TOP. LINE P2-Pl MUST BE PERPENDICULAR TO LINE P4-Pl AND ALL
OR PART \.W THE ACTIVE SLJRFACE MUST LIE BETWEEN P2 AND P4.
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CYLINDER z

---------Y
SCS ORIGIN

10., 22., 25., 45.IALTERNATE

11.5,
1l.S..
10. ,
2')- .,
25.,
45.,

EXAMPLES:
DU1ENSIONS
R
ZMIN
2KL\X
AA'MIN
AXMAX

AXMIN

x

ZMAX

Bes
METHOD

Z

\

POINT
METHOD 1'4

y

"-- ees, Bes, OR Ies ORIGIN

x

EXAMPLE:
PI
P2
1'3
p4

Xl,
== X2,

X3,
X4,

Yl, Zl
Y2, 22
Y3, 23
Y4, 24

FiguY'e 3-7.
3-34

NOTE: SURFACE GENERATED FROl'i P2 TO P3 CCW ABOUT AXIS
AS VIEWED FROM Pl END.

(cont)



CONE-

3- 35

z

SCS ORIGIN

FIVE POINT INPUT

scs
METHOD

POINT
METHOD

x

FOUR FOINT INPUT

P3

EXAMPLE:
DIt",ENSIONS
R
ZMIN
ZMAX
AX.HIN
AXMAX

z

P4
/

AXMAX

15., 20., 31.5, 24.2, 47. (5TD)
15. ,

= 20 c ,

• 31.5, ALTERNATE
2L+. 2 ,

::: 47.,

\
\

\

ecs, Bes, OR lCS ORIGIN·

EXAMPLE:
Pl '" Xl, Yl, 21
P2 X2, v'1 22.LL j

p3 X3, Y3, 23
P4 '"' x4, Y4, 24

NOTE: SURFACE GENERATED FROt,: P2 TO P3 ,CCW ABOUT AXIS AS VIEWED FRON Pl TOWARD APE:X

Figure 3-? (cant)
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z
SPHERE

SCS
METHOD

POINT
METHOD

SCS
ORIGIN

x

FOUR POINT
INPUT

x

z

- CCS,

I

y

FIVE POINT INPUT

PS

OR ICS ORIGIN
Y

NOTES: P2 AND P3 LIE ON A "LATITUDE" LINE. SURFACE IS
GENERATED FROM P2 TO P3, CCW AS VIEWED FROM PI
TOWARD P4, P3 AND PS LIE ON A "LONGITUDE" LINE.

A CONPLETE SPHERE IS GENEEATED FROM 3 POINTS:
PI - NORTH POLE, P2 - CENTER; P3 - POINT ON EQUATOR
WHERE NODE GENERATION BEGINS.

Figure 3-7. (cont)
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CIRCULAR PARABOLOID

SCS
IvIETHOD

FOCAL POINT

x

FOL~ POINT INPUT

z

R

~t.------.,..-----y

SCS ORIGIN
EXAMPLES:
DIHENSIONS = 41.,57.,21.,32.5,9.3 (STD.)
R ::; 9.3
ZHIN 21.
ZMAX 32.5 ALTERNATE
AXMIN :::: 41.
A.\HAX "" 5 7.

z
FIVE POINT INPUT

EXN1PLE:
PI = Xl, Yl, 21 (APEX OF PARABOLOID).
P2 = X2, Y2, 22
1'3 = X3, Y3, 23
p4 :::: X4, Y4, 24
P5 = X5, Y5, 25

POINT
METHOD

p2

\

3
P5-+~r1i~__ P2

4-

ees, ORIGIN

Figure 3-7. (cant)

NOTE: PI AND P4 DE FINE AXI S OF REV OLUn ON.
SURFACE IS GENERATED FROM P2 TO P3
CCW AS VIEWED FROM PI TOWARD P4
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FIVE M1D SIX SIDED
BOXES--
NOTE: ACTIVE = BOTH

NOT ALLOWED

z NOTE: Face in X-Y Plane Deleted
for S-sided box

SCS
METHOD

X

z

SCS ORIG

PI= X, Y, Z

Y

POINT
METHOD

Figure 3-7. (cant)
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X

p4

p3

PI

-CCS, BCS, OR lCS ORIGIN
Y

EXAMPLE:
PI = Xl, Yl, 21
P2 = X2, Y2, 22
P3 = X3, Y3, 23
1'4 - '~~4 , Y4, 24

NOTE: PI, P2 AND P3 MUST ALL LIE ON SAME FACE OF
FIGURE, WIT~l p4 DIAGONALLY OPPOSITE PI. FACE
CONTAININC PI, P2 and P3 DELETED FOR 5-SIDED BOX.



N-SIDED POLYGON
Z

EXAJ1PLE:
PI ;: 0., O. , O.
P2 X2, Y2, O.
P3 '" X3, Y3, O.
P4 -' X4, y/. , O.
P5 ::: X5, Y5, O.

POINT
METHOD 1

SCS ORIGIN

1.tI::~-------- Y

~;"-_--P4

X NOTE: POINTS ENTERED IN CCW DIRECTION ABOUT FIGURE AS
VIEWED FROM ACTIVE SInE WHEN ACTIVE = TOP.
MAXIMUM N ALLOWED IS 15. TRIANGULAR NODES ARE
GENERATED IN THE ORDER INDICATED BY THE CIRCLED
NUMBERS.

z

POINT
METHOD 2

EXAMPLE:
PI = Xl, Yl, Z1
P2 = X2, Y2, Z2

Pl~P5-- p4

Q) .~P2
P3

P3 • X3, Y3, Z3
P4 = X4, Y4, 24
P5 = X5, Y5, Z5

CCS, BCS OR lCS
ORIGIN

x

Figure 3-7. (conclJ

II}--------__ Y

NOTE: POINTS MUST BE NUMBERED IN
CONSECUTIVE ORDER ABOUT FIGURE, GCW
AS VIEWED FROM ACTIVE SIDE, WHEN
ACTIVE = TOP. TRIANGULAR NODES ARE
GENERATED IN THE ORDER INDICATED
BY THE CIRCLED NUMBERS.
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to each geometric figure. Both the surface coordinate system methods and point
methods of input are shown. A careful study of Table 3-111 and Figure 3-7 will
pay dividends to the new TRASYS user.

The variables found in the surface data block can be grouped as follows:

- general data
- dimensional data
- properties data
- position data
- lCS definition data

~ summary of the function of each data group follows:

:;eneral data - this "catch all" data group is used to def,ine:

1) node identification numbers
2) surface type (disc, sphere, etc~)

3) active side information
4) shadowing information, and
5) nodal breakdown and dimension information.

Dimensional data - This data group is used to define the desired boundaries of
the geometric surfaces and portions of same.

Properties data - This data group is used to define the optical properties of
the surfaces .. Properties allowed are diffuse solar absorpti­
vity and transmissivity, diffuse infrared emissivity and
transmissivity, specular solar reflectivity, and specular
infrared reflectivity.

Position data - These data are the six rotation and translation variables nec­
essary to locate an ses relative to an ICS, BCS or ees.

3.3.3.6 Nodal Surface Identification

When a surface is subdivided into nodal surfaces, the user has the
option of numbering the nodal surface consecutively, beginning with the identi­
fication number he used for the surface, or arbitrarily, using a node number
array. In either case, he must understand the scheme used by TRASYS to identi­
fy nodal surfaces. Figure 3-8 illustrates this process with examples of sur­
faces with single and dual active sides.

The user will no doubt quickly discover that Figure 3-8 shows node num­
bering schemes that are related to the SeS-referenced method but have no rela­
tion to the eeS-referenced point method. The number scheme functions with
point input, however, because the first step in processing a point-defined sur­
face is to provide it with an internally generated ses. Once this is done, the
node numbering scheme can proceed. It is necessary, therefore, for the user
to understand how the internally generated surface coordinate system relates
to his point input. This is illustrated for each surface type in Figure 3-9.
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YMIN. ZMIN, RMIN
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RMAX
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Figure 3-8 Node Generation Ordey'
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ON OUTSIDE OR TOP.
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An understanding of Figure 3-8 and 3-9 should enable the user to properly
number his nodal surfaces when using point input to define the surface.

The user should realize that the generalized node breakdown schemes in­
volving NNX, NNY, UNNX, UNNY, etc., do not pertain to the BOX and POLYGON sur­
face types where a fixed node generation scheme exists. If a user desires to
subdivide the faces of a box, the faces must be input as rectangles. Subdivi­
ding a polygon requires entering the individual triangles desired. The user may
wonder at the capricious-looking node breakdown that results from his polygon
input. This occurs because shadowing solutions exist for triangles, but not
polygons. After processing, the polygon's triangles are combined for output
as one node, but the user should be aware of this subdivision process in order to
avoid duplication of node numbers.

3.3.3.7 Dimensional Units

Nodal areas are carried in data storage for direct irradiation and radi­
ation conductor calculations. For this reason, surface data length inputs must
be in feet, the standard TRASYS length unit. Convenient means of units control
are provided by D-cards (Ref 3.3.3.12).

In regard to the surface data block, the user needs to remember that all
the linear dimensions he uses in defining the surfaces of his model must be in
feet (after D-card manipulations) and that all angular measurements must be in
degrees (and decimal fractions of degrees) of arc.

3.3.3.8 Properties Data

In its present state of development, TRASYS is restricted to the assump­
tions that all surfaces are IIgrey", all surfaces emit diffusely, and all surfaces
reflect with diffuse and specular components of reflectance.

aIR + PIR = P~R + T IR = 1.0

a + P + P s + T. = 1.0
s s s s

where:

a diffuse absorptivity

p diffuse reflectivity component

pS specular reflectivity component

T = transmissivity

subscripts:

IR infrared waveband

s solar waveband
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It might be observed that since semitransparent materials and specular
surfaces are allowed, the form factors are not, in general, surface property in­
dependent but a function of the transmissivities and specular components of
reflectivity.

Material transmissivity plays a part in form factor calculations where
blockage by a semitransparent surface is involved. The assumption made for these
calculations is that any element to element configuration factor with an inter­
vening semitransparent surface is multiplied by a shadow factor equal to the
value of the blocking surface's transmissivity. This is a reasonable approach
for thin intervening bodies.

Since only surfaces, rather than bodies, are used in TRASYS calculations,
only one face of the semitransparent body will !'count" as a shadower. If two
surfaces are input for one body, the square root of the transmissivity can be
used as the shadow factor to avoid having the shadowed configuration factors
erroneously multiplied by the square of the transmissivity. In this case, the
user enters a negative transmissivity value. This is detected by the program
and the absolute value of the square root of the transmissivity used as the
shadow factor.

Specular reflectivity comes into play in the form factor calculations
as a result of the imaging techniques used and the definition of an "image fac­
tor" as described in Appendix I.

It might be noted that the presence of semitransparent surfaces where
'IR =t- 's and/or the presence of specular surfaces where P1R =f P~ results in

separate form factor matrices for the infrared and the solar wavebands. Both of
these matrices are carried in program data storage and are printed in the stan­
dard output.

3.3.3.9 Surface Data Format

3.3.3.9.1 Control Field Formats

Four different types of cards containing control field information are
allowed in the surface data block. The card types are:

New Surface Card (S
BCS Identifier Card
ICS Definition Card
Constant Definition
Comment Card

S. Cards are uS0d to signal
ilnd the bl'ginning of a nc,\' surface.

Card)
(B Card)
(I Card)
Card (K Card)

the completion of the input for a surface
Their general format is:

eCl eel

,\ny Surface Data

CC7
3

Card ID Information

Preceding page blank 3-47



Any data encountered beginning with an S card and ending with the card preceding
the next S card is presumed to apply to a single surface and is defined as a sur­
face description. If insufficient data to define a surface is found between two
S cards, either default will be supplied or an error message results. If redun­
dant data is entered an error message results.

B cards are used to identify surfaces with the desired block coordinate
system. Their general format is:

CCI

BCS

CC7 CC7
3

Block Coordinate System Name Card ID

All surface descriptions encountered between two B cards will be keyed
to the BCS name found in the leading B card. Any surfaces not preceded by a B
card will be automatically keyed to a block coordinate system named ALLBLK.
BCS ALLBLK has zero rotation and translation parameter values. That is, it coin­
cides with the CCS.

I cards are used for definition of intermediate coordinate systems.
Their general format is:

CCI

I

cel

Intermediate Coordinate System Data

CCl

3
Card ID

Continuation cards are allowed for IeS definition. In other words, all
information encountered between an I card and another card containing informa­
tion in CCI (except for comment cards) is presumed to pertain to a single ICS.

NOTE: A general surface data deck structure rule is that all I cards must pre­
cede all S cards.

K cards are used for definition of user constants referred to in surface
data. Their general format is:

CCI

K

CC7

Constants Data

CC7
3
Card ID

Continuation cards are allowed for constants definition. All cards be­
tween a K card and the next card with data in CCI (excepting comment cards) can
be thought of as a data subblock that defines surface data constants.

NOTE: A general surface data deck structure rule is that all K cards must pre­
cede all S cards.

It should be noted that a basic difference exists between K-card con­
stants and constants entered in the quantities data block. Unlike quantities
data constants, K-card constants are used for surface data manipulation only,
and are not available during processor execution.
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Comment cards, with the following format:

CCI

C

eel

Comment Information

eC7
3
Card ID

may appear anywhere in the surface data block. Another means of entering comment
information is to delimit a data field (CC7-72) with a $ and enter comment infor­
mation to the right of it, as follows:

CCl

Surface Data $ Comment Data

CCl

3
Card ID

This may tempt the user to place a $ in the data field of an othenvise blank
card and enter a comment. This is illegal. It results in a blank data field
and an error message.

3.3.3.9.2 Single Variable Input Format

Any single variable recognized as surface data may be entered in a card
data field according to the general format:

CC7

NAMEI = DV, NAME2 = DV, ---

eC7
2

NAMEI and NAME2 may be any variable name defined by the surface data variables
list (Table 3-1), plus in the case of K cards, the names may be as defined by
the user, limited only by the mode and word length limit of 6 characters.

Single variable input is the only means available for defining the fol­
lowing list of surface data variables:

NNX
NNY
NNAX
ICSN (in a surface description)
SURFN
IREFSF
IDUPSF
lMAGSF
REFNO

both of these variables greater than zero re-

TYPE
ACTIVE
SHADE
BSHADE

SPRI I Note 1
SPRS I

Values of either or
quires:

NNX = NNY = 1 (one node allowed per specular surface)
TYPE = RECT, DISC, TRAP, BOX5, BOX6, or POLY (specular surfaces must be

planar)
SHADE = FF or BOTH (specular surfaces must be shadowers in FF seg­

ment. This flag is reset by the program to "FF" if unspecified
or specified as "NO" and is reset to "BOTH" if specified as "DI.")

LNote:

3-49



All other surface data variables may be defined in convenient "short form" array
formats per subsections 3.3.3.9.3 through 3.3.3.9.9.

3.3.3.9.3 Intermediate Coordinate System Data Format

ICS data may be entered in array format as follows:

CCI

I

ce7

ICSN, TX, TY, TZ, ROTX, ROTY, ROTZ

CC7
2

This array defines the translations and rotations n0cessary to transform a BCS
(or CGS into the ICS. The three rotations, ROTX, ROTY, and ROTZ are performed
in that order. If it is desired to alter the order of the rotations, the fol­
lowing hybrid format is used:

CCI

I

CC7

ICSN, TX, TY, TZ, ROTY
ROTZ : DV, ROTX: DV

DV,

CC7
2

for rotation first about the BCS Y-axis, second about the BCS Z-axis and third
about BGS X-axis.

It should be noted that each ICSN value appears at least twice in the
surface data block. Once in the I card defining the ICS, and again in each sur­
face description where an SGS/IGS transform is desired.

3.3.3.9.4 Surface Identification Format

A single node surface is identified as follows, in single variable input
format:

CC7

SURFN = DV (Integer)

ee7
2

If a surface is to be subdivided into several nodes, and they are not to be num­
bered consecutively, the node number array may be entered according to the for­
mat:

cel

SURFN = DVl, DV2, ---DVN

for an N-node surface.

3.3.3.9.5 Properties Data Format

eel
2

The diffuse properties data may be defined using the following format:
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eC7

PROP ~ ALPHA, EMISS, TRANI, TRANS

ee7
2

If values for TRANI and TRANS are not encountered, they will default to zero.

Specular properties data must be input in the single variable format
(see 3.3.3.9.2).

3.3.3.9.6 Dimensions Data Format

The dimensions data may be defined using the following format:

ee7

DIMEN = R, ZMIN, ZMAX, AXMIN, AX§~

3.3.3.9.7 Point Data Format

ee7
2

The x, y, z coordinates of point data input are defined using the follow­
ing format:

ee7

PN XN, YN, ZN

ee7
2

N values up to 15 are recognized, depending on the surface type (Ref. Figure 3-4).

This is the only format allowed for point data. Single variable defini­
tions are nDt allowed.

3.3.3.9.8 Position Data Format

The position data may be defined using the following format:

ee7

POSIT ~ TX, TY, TZ, ROTX, ROTY, ROTZ

eC7
2

This array defines the translations and rotations necessary to transform an rcs,
BCS, or CCS into the SCS. The three rotations ROTX, ROTY, and ROTZ are per­
formed in that order. If it is desired to alter the order of the rotations, the
following format is used:

ee7

POSIT TX, TI', TZ, ROTY DV, ROTZ DV, ROTX DV

ee7
2
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3.3.3.9.9 Comment Data Format

A Hollerith string of up to thirty characters may be entered with each
surface description according to the following format:

ce7

eOM = * Any Alphameric Data *

ee7
2

These comments will be passed to the processor and printed with the stan­
dard surface description output.

3.3.3.9.10 Node Boundary Dimensions

When it is desired to generate an unequal node breakdown on a surface~

it is necessary to define the node boundaries using one or more of the UNNX~

UNNY~ UNNZ, UNNAX and UNNR arrays. Figure 3-10 illustrates this scheme for NNZ=
2, NNAX=3.

1

3

5

DVIZ

~j
ZMAX

Figure 3-10 Examp~es of Unequal Node Boundaries

This example required the following unequal boundary arrays:

UNNAX = DV1AX ~ DV2AX
UNNZ = DVlZ

These arrays are entered in the surface data block according to the following
format:
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CC7

UNNAX = DVIAX, DV2AX
UNNZ = DVIZ

The general format is:

CC7

UNNX = DVl, DV2, ... DVN

where: N = NNX -1.

3.3.3.10 DUP Surfaces

CC7
2

CC7
2

The DUP option enables the user to create surfaces by duplicating pre­
viously input surfaces. The following restrictions and rules apply when using
the DUP option:

a) Surfaces to be duplicated must appear i~ the sl1rface data block
before the surfaces that are to be created by duping.

b) Any or all of the surface description variables of the surface
being duplicated can be changed.

c) If the surface to be duplicated was input by the point method and
any changes are to be made in the points, all points must be input
for the surface being created.

d) Generated surfaces such as boxes and polygons will be duped in
their entirety. That is, the individual nodes generated by "box"
or "polygon" cannot be duped.

e) Surfaces created by the DUP option may later be imaged (3.3.3.11).
f) The DUP surface and the surface DPPed Illust be defined with respect

to the same ICS, BCS or CCS.
g) The surface to be duplicated is specified by setting the variable

IDUPSF equal to the surface number.

3.3.3.10.1 DUP Option Example

A sample input deck using the DUP option is shown in Figure 3-11.

3.3.3.11 IMAGE Surfaces

The IMAGE option allows the user to create surfaces by imaging pre­
viously input surfaces in some specified reference plane. The following restric­
tions and rules apply when using the IMAGE option:

a) Surfaces to be imaged must appear in the surface data block before
the surfaces that are to be created by imaging.

b) Reference planes (imaging planes) in which surfaces are to be
imaged are special surfaces designated by R-Cards. These cards
must appear in the same BCS sub-block as the surface(s) being
imaged and the resultant image surface(s). Each of these planes is
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assigned a unique identification number and is defined by speci­
fying any three n6n-colinear points lying on its surface. These
points are defined with respect to an ICS, a BCS or the CCS.

c) Generated surfaces such as boxes and polygons will be imaged in
their entirety. That is, individual nodes generated by "box"
or "polygon" cannot be imaged.

d) Surfaces created by imaging cannot be duped.
e) The image surface, the image plane and the surface imaged must

all be defined with respect to the same ICS, BCS or the CCS.
f) The surface to be imaged is specified by setting the variable

IMAGSF equal to the imaged surface number. The reference plane
in which IMAGSF is to be imaged is specified by setting IREFSF
equal to the reference plane number.

g) When a surface is imaged, the nodes are also imaged resulting
in a reversed order of node numbering. The active side of the
surface also follows image rules. Figure 3-12 illustrates these
phenomena.

3.3.3.11.1 IMAGE Option Example

A sample input deck using the IMAGE option is shown in Figure 3-13.
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SURFACE 1

ICS 100

SURFACE 11
(IMAGE OF
SURFACE 1)

INDIcATES ACTIVE SIDE

REFERENCE PLANE 50

\-J---------y

L-INPUT

/C INDICATES ACTIVE SIDE

x

z

I,CS 100

SURFACE 11
(IMAGE OF
SURFACE 1)

15 "
13 14­

/I 12.

P3

fiffi
s INPUT

4 3

Z I

PI P2
y

REFERENCE PLANE 50

SURFACE 1

NOTE: NODE X+I0 IS THE IMAGE OF NODE X

Figure 3-12 Imaging of Nodes and Active Side (Image Option Sample Problem)
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HEADER OPTIONS DATA
TITLE IMAGE OPTION SAMPLE PROBLEM
HEADER SURFACE DATA
Ies 100,0.0,10.0,5.0,0.,80.0,90.0
S SURFN 1

TYPE RECT
ACTIVE TOP
NNX 3
NNY 2
PROP 0.5,0.9
P1 3.0, 4.0, 1.0
P2 1.0, 6.0, 1.0
P3 1.0, 6.0, 4.0
ICSN 100
COM *SCRFACE TO BE lMAGED*

S SURFN 11
lMAGSF 1
IREFSF 50
ICSN 100
COM *IMAGE OF SURFACE 1*

R REF NO 50
P1 0.0, 1.0, 0.0
P2 0.0, 1.0, 1.0
P3 1.0, 1.0, 1.0
ICSN 100
COM ;<REFERENCE PLANE;<

HEADER OPERATIONS DATA
STEP 1

CALL BUILDC(ALLBLK)
L NPLOT
END OF DATA

Figure 3-13 Sample Problem Using the Image Option
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3.3.3.12 Linear Dimension Units Control

Since TRASYS computations cannot be made independent of dimensional
units, it was necessary to choose a standard units system for compatibility be­
tween the various computation segments and subroutines. The TRASYS standard
length unit is feet, which is oftentimes inconvenient when the user is working
from engineering drawings in inches, or perhaps a metric unit. This problem has
been eliminated by allowing for dimension change (D-cards) in the surface data
input. These cards function as follows: when a D-card is encountered in the
surface data, all linear dimensions in the surface (S-card) data following will
be multiplied by the floating point data value on the D-card. This holds true
until another D-card is encountered or until the end of the surface data block.
All intermediate coordinate systems referenced by surfaces being modified by a
D-card .are also modified by the D-card. This means that the following rule must
be observed carefully: the linear dimensions on any rcs referred to in a sur­
face description must agree with the linear dimensions of the pertinent surface
data, prior to modification by aD-card.

3.3.3.12.1 D-Card Formats

The D-Card format is:

eel
D

CC7
DV (floating point)

3.3.3.12.2 D-Card Operations Example

A surface data block using D-Cards is shown in Figure 3-14
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S

S

S

P

S

S

D
N
S

HEADER OPTIONS DATA
TITLE CLASSES FOLLY

MODEL=CLAS
SHADO=TXXXX
SURFACE DATA
1./12. $ FOLLOWING LINEAR DIMENSIONS ARE MULTIPLIED BY 1./12.
TYPE=CYL,
SURFN=201 ,
R=1.0,ZMIN=3.0,ZMAX=lS.0,AXMIN=0.0,Ax1AX=360.0,NNZ=1,NNAX=1,
ACTIVE=OUT, ALPHA=0.3,EMISS=0.9,
TY=S.O,
TYPE=SPHER,
SURFN=301
R=3.0,ZMIN=0.0,ZMAX=3.0,AXMIN=O.0,AXMAX=180.0,NNZ=I,NNAX=I,
TZ=20.,
ACTIVE=OUT,ALPHA=0.2,EMISS=O.9,
TYPE=CONE,
SURFN=401,
R=1.0, ZMIN=O.0,ZMAX=2.0,AXMIN=0.0,AXMAX=360.0,NNZ=1,NNAX=I,
TZ=17.0,ROTY=180.,
TY=S.O,
ACTIVE=OUT,ALPHA=0.9,EMISS=0.9,
TYPE=CONE,
SURFN==501,
R=3.0,ZMIN=1.0,ZMAX=3.0,AXMIN=0.0,AXMAX=180.0,NNZ=I,NNAX=1,
TZ=2.0,
ACTIVE=OUT ,A!.PHA=O. 9 ,EMISS=O. 9,
1. $ TERMINATES EFFECT OF PREVIOUS D-CARD
10 $ RE}~INING NODE NUMBERS ARE INCREASED BY 10

TYPE=CONE,
SURFN=701 ,
R=1.0,ZMIN=1.0,ZMAX=2.0,AXMIN=O.O,AXMAX=360.0,NNZ=1,NNAX=1,
TZ=1.0,TY=S.O,
ACTIVE=OUT,ALPHA=O.9,EMISS=0.9,
TYPE=TRAP,
SURFACE=901,
Pl=O.707*4.0,O.707*5.0,4.0,
P2=0.707*3.0,0.707*3.0,S.0,
P3=0.707*3.0,O.707*3.0,8.0,
P4=0.707*S.0,O.707*S.O,6.0,
ACTIVE=BOTH,ALPHA=O.2,EMISS=O.9,
SURFN =90S,TYPE=POLY
P1=-. 707~'S . , . 707~'5 . ,4 .
P2=-.707~'3., .707~"3.,S.

P3=0.707*3.0,O.707*3.0,8.0,
P4=O.707*5.,.707*5.6.
ACTIVE=BOTH,PROP=.2,.9

HEADER OPERATIONS DATA
STEP 1

CALL BUILDO(ALLBLK)
L NPLOT
END OF DATA

HEADER
D
S

and N-Card Operations Example
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3.3.3.13 Node Identification Number Control

The thermal analysis of large vehicles frequently involves combining
several TRASYS models into one. The component models will generally have been
generated independently, perhaps by different contractors, and node/surface num­
ber duplication in the various surface data blocks will be common. The labori­
ous task of renumbering nodes to eliminate duplication is alleviated consider­
ably by use of the N-Card option. When an N-Card is encountered in the surface
data, all node and surface numbers in the surface (S-Card) data following will
be changed accordingly to:

SURFN = SURFN + INC

where:

INC is an integer value found on the N-Card.

This holds true until another N-Card is encountered or until the end of the sur­
face data block. Changing SURFN for a surface means that all node numbers asso­
ciated with that surface are changed, whether automatically generated or input
as an integer array.

The following N-Card restriction must be observed: the variable INC
may take on any positive or negative integer value such that

1 < SURFN + INC < 99999

is true for all values of SURFN involved.

3.3.3.13.1 N-Card Formats

The N-Card format is:

CCl
N

CCl
DV (integer value for INC)

3.3.3.13.2 N-Card Operations Example

A surface data block using N-Cards is shown in Figure 3-14 of paragraph
3.3.3.12.

3.3.3.14 Shadower-On1y Surfaces

In many radiation~dominated thermal analysis problems, there are surfaces
which are so remote from the region of interest that they do not actively enter
into the radiation network. These surfaces, however, block incoming radiation
and the view to space for the nodes of interest. The use of shadower-only sur­
faces permits the user to account for this blockage without increasing the com­
plexity of his problem in the region of interest.
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The following rules apply in the use of shadower·only surfaces:

a) Shadower-only surfaces provide blockage in both the FF and the
DI segments. They appear nowhere in the program output of the
user's problem. however.

b) Form factors from node i to shadower-only surfaces are summed
and added to F .. to conserve energy (infers T h d = T.).

11 S a owers 1

c) Because these surfaces are not active in the problem, neither
the active side nor the surface optical properties need be
input.

d) Shadower-only surfaces are specified by setting the shade
flag; SHADE = ONLY.

e) Shadower-only surfaces must be added after all active surfaces.
It is recommended that shadower-only surfaces be input in
separate BCS(s) and that these BCS(s) be added last in the
BUILDC-ADD sequence. (Reference Appendix D. PP D-2. D-3).
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3.3.4 BCS Data

Each block coordinate system named in the surface data block must be
defined in the BCS data block. This is done according to the following formats:

CCI

B

CCl

BCSNAM, TX, TY, TZ, ROTX, ROTY, ROTZ

CC7
2

If the rotations are not to be performed in the standard x, y, z, order, the
hybrid format:

CCI

B

cel

BCSNAM, TX, TY, TZ, ROTZ
ROTX = DV, ROTY, = DV

DV,

CC7
2

may be used. Rotations in this example are performed first about Z, then X,
then Y.

The variable names entered in the BCS data block are defined in Table
3-IV. Note that these definitions are' almost identical to the ICS and position
data of the surface data block, even to variable names. This creates no ambi­
guity, because the position and ICS variables are used in the preprocessor only,
and unlike the BCS variables, are not addressable from the processor routines.

3.3.5 Form Factor Data

The form factor data block has two basic functions. It provides an
entry point for form factor data that is known to the user in advance, and it
provides for restart of form factor runs that were interrupted.

From the standpoint of TRASYS operations, information in the form factor
data block is used by the preprocessor to define two arrays. First it defines
the node identification number array, and second the form factor request matrix
is filled. If a form factor data block is not encountered in the input stream,
surface data information is used to define the node ID matrix and the form fac­
tor request matrix defaults everywhere to -1.0.

The form factor request matrix is a triangular matrix of the same form
as a form factor matrix. It is used for detail direction of form factor compu­
tations, and finally for storage of the form factors. This is done as follows:
prior to computing each form factor, the corresponding value in the request
matrix is examined; if it is zero or greater than zero, it is presumed to be a
valid form factor and is left in the matrix unchanged; if less than zero, the
form factor is computed and stored in place of the negative number. Thus, if
the request matrix is first initialized everywhere to -1.0, then the known form
factors (including zeros vlhere the surfaces are known to be "out of sight ll of
each other) are placed in the matrix, form factor computations can proceed with
no waste motion.

Preceding page blank
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TabZe 3-IV BCS Data Input Detail

~

~ VARIABLE NAME
~

BCSN

TX

TY

TZ

ROTX

Ran

ROTZ

RANGE OR
OPTIONS

ANY 6
CHARAC'l'ER

NAME

N/A

N/A

N/A

-360. < ROTX < 360.

-360. < ROTY < 360.

-360. < ROTZ < 360.

DEFAULT VALUE

NONE

0.0

0.0

0.0

0.0

0.0

0.0

DESCRIPTION

BLOCK COORDINATE SYSTEM NAME

TRANSLATION DISTANCE FROM ORIGIN OF ecs
TO ORIGIN OF BGS, MEASURED ALONG CGS
X-AXIS.

SAME AS TX, EXCE PT ALONG Y-AXIS

SAME AS TX, EXCEPT ALONG Z-AXIS

ROTATION ANGLE TO ROTATE CCS INTO BGS;
ROTATES ABOUT CCS X-AXIS, Y TOWARD Z
POSITIVE.

SAME AS ROTX, EXCEPT ROTATES ABOUT Y, Z
TOWARD X IS POSITIVE.

SAME AS ROTX, EXCEPT ROTATES ABOUT Z, X
TOWARD Y IS POSITIVE.



The above discussion applies to a single problem, geometry. If more
than one geometry exists in a given job, multiple request matrices are involved.
The form factor data block provides for definition of as many request matrices
as required.

At the user's option, the form factor segment will punch the cards, in
form factor data format, that will define the request matrix necessary to con­
tinue form factor calculations from any point a run might have been interrupted.
It is strongly recommended that the user request this punched data when his prob­
lem will involve a considerable amount of run time. The punched output will in­
clude a node identification matrix as well as the form factor values.

3.3.5.1 Variable Definitions

Form factor data block variables are defined in Table 3-V.

TabZe 3-V Form Factor VariabZe Definition

VARIABLE NAME RANGE OR OPTIONS
DEFAULT

VALUE DESCRIPTION

INITL ANY FLOATING POINT -1.0
NUMBER

STEPN 1-99 NONE
(INTEGER)

NODE A 1-99999 NONE
(INTEGER ARRAY)

3.3.5.2 Form Factor Data Formats

VALUE INITIALLY STORED IN EACH
REQUEST MATRIX LOCATION

OPERATIONS BLOCK STEP NUMBER

NODE IDENTIFICATION NUMBER ARRAY

1) INITL is entered according to the following format:

eel

INITL

ee7

DV (floating point)

ee7
2

2) STEPN is entered according to the following format:

eel

STEPN

ee7

DV (integer)

ee7
2
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3) The NODEA array is entered according to the following format:

eel

NODEA

eel

NNl, NN2, ... NNN, END

eel
2

for an N-node matrix. The node numbers must be entered in the
exact order that results from the surface data block and the
order of BUILDe and ADD calls in the operations data block.
For this reason, the chances of a user-written node number matrix
being valid for a large problem are remote. When a node array is
needed, use Subroutine FFNDP (Ref P3-68).

4) Single form factors are entered according to the following format:

eel

NA, NB, DV
where: NA, NB and DV correspond respectively

to I, J and the FA product in the
expression:

FI J AI = FJI AJ = DV

cel
2

3.3.5.3

5) Multiple-repeated form factors involving a single node are entered
according to the following format:

cel eCl
2

NA, NB, NC, DV

This will result in an FA product equal to DV being entered in the
row of the request matrix corresponding to node NA, for columns
corresponding to nodes NB through Ne, inclusive.

6) An entire row of repeated form factors may be entered according to:

ee7 eel
2

NA, ALL, DV

This will result in an FA product equal to DV being entered in
the entire row of the request matrix that corresponds to node NA.

Form Factor Data Block Example

An example of a form factor data block is presented in Figure 3-15.
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Figure 3-15 Form Factor Data Block ExampZe



3.3.5.4 Equivalent Form Factors

Many radiation enclosures involve geometry that is symmetric in some
manner and may, therefore, have many form factors that are exactly equivalent to
other form factors because the node pairs involved are the same size and shape
and "see" each other in the same way. The analyst can identify these situations,
and if he can conveniently enter this information, a considerable amount of com­
puter time may be saved in form factor computation. This capability has been
provided, and the following sections describe the required form factor data block
input.

3.3.5.4.1 Equivalence Data Formats

Form factor equivalence data records appear in the form factor data
block in the following format:

ce7

NNI, NNJ, NNK, NNL

All four variables are integer node numbers. The four numbers are inter­
preted to mean the form factor from NNI to NNJ is equal to the form factor from
NNK to NNL. In conunon with the other form factor data, only one record of four
words or less with the comma delineators may appear on a card (except for the
node array).

3.3.5.4.2 Restrictions

The order in which the node numbers appear on the cards is controlled by
the order node numbers appear in the node array. Form factors are computed from
each node to the remaining nodes in the order the nodes appear in the node array.
When a form factor is equivalent to another, the other form factor must have
been previously computed so that it may be retrieved and stored. This means
that the first occurrence in the node array, of either NNK or NNL must precede
the first occurrence of either NNI or NNJ.

3.3.5.4.3 Punching a Node Array--Subroutine FFNDP

Writing a node array for a large complex problem is exceedingly prone
to error, yet a node array must appear in the form factor data block even if it
only contains equivalence cards. Subroutine FFNDP may be used to obtain a node
array, punched in form factor data format. This may be done in a preliminary
run, (when node plots are generated for instance) and the user will then have
an error-free node array to use with his form factor equivalence data. The call­
ing sequence is:

ee7

CALL FFNDP
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3.3.6

3.3.6.1

Shadow Factor Data

Basic Concepts

Shadow factors are fractional numbers that describe the amount of
shadowing (blockage) encountered by collimated energy incident on a nodal sur­
face. A shadow factor of one indicates no blockage, zero indicates 100 percent
blockage. Blockage results from other parts of the spacecraft or from the
surface itself, if nonplanar.

Shadow data consists of tables of shadow factors, one table per node.
These are l71-point bivariate tables. When the direction to an energy source
is specified, using clock and cone angles, the clock and cone angles are used
as arguments in a double-linear interpolation that returns a shadow factor to
be used in computing direct irradiation according to:

DI = SF * DIshadowed nonshadowed

The 171 points result from all combinations of 19 clock angles and nine cone
angles, spaced as described in Appendix C.

The shadow factor data functions to provide a punched card entry point
for shadow factor data that is known in advance, for restart of interrupted
shadow faclor generation runs, and to direct the updating of an existing shadow
factor (SHADI) tape. The use of the shadow factor data block is illustrated by
the following examples:

1) No shadow factor data block - if no shadow factor ~ata block is
encountered, it is assumed that no shadow data is known in advance
and no shadow factor read (SHADI) tape is mounted. All shadow factor
tables are computed and written on the SHADO (shadow factor output)
tape as directed by operations block data. Figure 3-l6a shows the
pertinent options data block and operations data block input for
this example.

2) Shadow factor data block input, SHADI tape to be updated - in this
case, the~shadow factor data block must contain at least one model
name. This enables the program to find the proper set of tables on
the SHADI tape. Shadow factor tables for selected nodes are updated
either by direct r~placement through TABLE cards, or by recomputa­
tion through RECOMP cards. lnthis case, the node number (NODEA)
array is obtained from the SHADI tape and is not entered in the
shadow factor datd block. Figure 3-l6b shows the pertinent options
data block, shadow data block, and operations data block input for
this example.

3) Restart of a run generating a SHADO tape - in this case, a partially
complete SHAnl tape is mounted. The information on this tape is
passed directly to the SHADO tape and the remainder is computed.
Figure 3-l6c shows the pertinent options data block, shadow data
block, and operations data block input for this example.
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The following is some general information on the subject of shadow fac­
tor operation.

1) The SHADl and SHADO tapes have the same format (see Appendix C).
SHADl is a read tape. SHADO is a write tape.

2) The model name on the SHADl tape is for reference in reading SHADl
data and is not automatically passed over to the SHADa tape. The
model name on the SHADO tape is defined only through an SFDATA call
prior to SFCAL execution.

3) An SFCAL call is the only means of writing a SHADO tape. Thus, if
an update operation consists only of replacing some tables on a
SHADl tape with some data input on cards, an SFCAL call must still
be made in the operations data block.

4) A shadow factor data block is mandatory whenever a SHADl tape is to
be read. Thus, this block is required for restart of shadow factor
generation, shadow factor table modification, and for using the
shadow tape in computing fluxes. Except for table modification, the
block will consist only of a header card and a card defining the
model name.

HEADER OPTIONS DATA
SHADO - TXXXX $ TAPE NUMBER REMINDER

(OTHER DATA BLOCKS)
HEADER OPERATIONS DATA
STEP 1

CALL BUILDC(ALLBLK)
CALL SFDATA (0,4HMOD2)

L SFcAL
END OF DATA

(aJ Shadow Faator Operations.. No -SHADI- Tape

HEADER OPTIONS DATA
SHADI - TXXXX
SHADO - TXXXX

(OTHER DATA BLOCKS)
HEADER SHADOW DATA
MODEL MOD3, SAVE $ SAVE OPTION SAVES MOD3 FILE FILE ON -SHADO- TAPE
C TOGETHER WITH MOD4
NODEA 101,102,103,104,105,110,120,130,140
RECOMP 104
RECOMP 130
TABLE 101,C2,REPEAT,1,.12,.5,.5,.4,.4,.3

C9. REPEAT,. 5,19
HEADER OPERATIONS DATA
STEP 1

CALL BUILDC(ALLBLK)
CALL SFDATA(4HMOD3,4HMOD4)

L SFCAL
END OF DATA
(bJ Shadow Factor Operations.. Updating -SHADI- Tape

Figure 3-16. Shadow Factor Operations Detair

3-70



HEADER OPTIONS DATA
SHADI - TXXXX
SHADO - TXXXX

(OTHER DATA BLOCKS)
HEADER SHADOW DATA
MODEL MODl
HEADER OPERATIONS DATA
STEP 1

CALL BUILDC(ALLBLK)
CALL SEDATA (4HMOD1, 0) $ - SHADO- TAPE FILE NAME DEFAULTS TO MODI

L SFcAL
END OF DATA

fa) Restapt of -SHADD- Tape Genepation Run

HEADER OPTIONS DATA
SHADI - TXXXX

(OTHER DATA BLOCKS)
HEADER SHADOW DATA
MODEL MOD12
HEADER OPERATIONS DATA
STEP 1

cALL BUILDC(ALLBLK)
(fALL ADD (CMOD)
cALL ORBIT2(3HMOD,0. ,0. ,0. ,0. ,0. ,0. ,0.)
CALL DTDT2S(O,O.,120.,O.,180.,0.,120.*6080.,3HPUN)

C OOMPUTE DIRECT FLUXES WITH ANALYTICAL SHADOW OOMPUTATIONS JT t. T IONS
L DICAL

(ADDITIONAL ORBIT POINTS)
STEP 20

CALL BUILDC(DMOD)
( IN)cALL DIDT2S 0,10. ,150. ,120.,20.,1.2,7s.*6080.,3HPUN)

CALL SEnATA(sHMOD12,O)
L SFCAL
C OOMPUTE DIRECT FLUXES USING SHADI TAPE
L DICAL

(ADDITIONAL ORBIT POINTS)
END OF DATA

(d; Direct Irradiation Calculations with Shadow Tapes

Figure 3-16. (concl)
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3.3.6.2 Variable Definitions

Variable Name

MODELl

NODEA

Notes:

Description Default Value

Configuration name on SHADI None
tape Hollerith, up to 6
characters.

Node number array None

1) This name defines the configuration name to look for on input tape
SHADI. If not defined, it is assumed that no SHADI tape is present.

3.3.6.3 Shadow Data Formats

MODEL and NODEA are entered according to the following formats:

CCl

MODEL

NODEA

CC7

CONFI $ (any Hollerith name up to 6 characters)

DVI, DV2, DV3, -~- DVN $ (integer node numbers)

Instructions to recompute shadow factor tables for a specified list of
nodes are entered as follows:

eCl

RECOHP

RECOHP

CC7

DVI $ (integer node numbers)

DV2

Note that this input only applies when a SHADl tape is mounted.

A complete shadow factor table for one node is entered according to:

CCl CC7

TABL.E, NN, Cl, DVl, DV2, J)V19
C2, DVl, DV2, DV19
" " " "
" " 11 "
" " " "
" " " "

C9, DVl, DV2, DV19
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The mnemonics Cl through C9 refer to the 9 cone angles in a shadow fac­
tor table. The 19 data values following are for the 19 clock angles in a shadow
factor table. If a cone number mnemonic is omitted, the 19 data values asso-·
ciatred with it default to zero (100 percent shadowed). If less than 19 data
values are entered following a CX mnemonics, the data values encountered are
stored consecutively beginning with Clock 1. For example, if

CX, DV1, DV2, DV3 --- DVN (N less than 19)

is encountered, the shadow factors for cone angle X, clock angles 1 through N
will be DVl through DVN. The shadow factors for clock angles N + 1 through 19
will default to zero.

Repeated data values may be entered using the repeat option for array
data. For example, the card:

CC7

C6, REPEAT, 0.5, 12, REPEAT, 0., 7

will enter shadow factors of 0.5 for clock angles 1 through 12 and O. for clock
angles 13 through 19 in the cone angle 6 array.

The user is referred to the description of the shadow factor tape for­
mat (Appendix C) for an explanation of the way the clock and the cone angles
relate to the energy source/vehicle orientations used in shadow factor genera­
tion.

3.3.6.4 Shadow Factor Operations Examples

EXcJl1\ples 6f shadow factor operations are shown in Figure 3-16.
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3.3.7

3.3.7.1

Flux Data

Basic Concepts

The flux data block has two functions, it provides a punched card entry
point for direct irradiation fluxes that are known to the user in advance, and
it provides for restart of direct irradiation runs that are interrupted.

From the standpoint of TRASYS operations, information in the flux data
block is used to define the flux data request matrix and a node identification
array. If a flux data block is not encountered in the input stream, surface
data information is used to define the node identification matrix and the flux
request matrix is set everywhere to -1.0.

The flux request matrix is a 3 X NN array (where NN = number of nodes)
that is used to direct flux calculations. In the direct irradiation processor
segment, the three request matrix elements associated with each node are examined
prior to any calculations. Any element less than zero results in a flux calcu­
lation. Zero elements and elements greater than zero are presumed to be valid
flux values and are passed directly to output data storage. The three elements
associated with each node correspond to solar, albedo and planetary infrared
radiation, and are input in that order (Remember: Solar, Albedo, Planetary ­
SAP). The variables INITL, NODEA, and STEPN are used in the flux data block to
perform the same functions as they do in the form factor data block (see Section
3.3.5.2). .

At the user's option, the direct irradiation segment will punch BCD cards
in flux data block format as computations proceed. Thus, in case of interrup­
tion, the run can be continued by entering the cards in the flux data block. It
is strongly recommended that the user always use the punch option when genera­
ting direct fluxes for large problems. The punched output includes a node iden­
tification array as well as the flux values.

3.3.7.2 Variable Definitions

The flux data block contains three variables with names in common with
the form factor data block. These variables are defined in Table 3-V.

3.3.7.3 Flux Data Formats

1) INITL, STEPN, and NODEA are entered using the same formats as the
corresponding variables in the form factor data block (see Section
3.3.5.3).

2) Flux values may be entered in either of two formats. The quadruplet
format is as follows:

ee7 ee7
2

NODID, DVl, DV2, DV3
101, 232., 114., 99.*.317 I example
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Where:

NODID
DVI
DV2
DV3

= node identification number
= incident solar flux
= incident albedo flux
= incident planetary infra-red flux

Restrictions:

One quadruplet only per card.
All four data values are required. No default logic applies.
Flux values must be in TRASYS standard units (Btu/hr-ft 2).

The single value format is as follows:

C~ C~

2
NODE = DVl, SUN = DV2, ALB = DV3
PLAN = DV4

or
DVI, S = DV2, A DV3, p DV4

Where:

DVI = node identification number (integer)

DV2 = incident solar flux

Dv3 = incident albedo flux

DV4 = planetary infrared flux

Restrictions:

All data values encountered between NODE values pertain to the
preceding node number. Undefined data values default to INITL.

Standard punched card output from the direct flux calculation segment is
in the single-value format.
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3.3.7.4 Flux Data Block Example

_ .......

An example of a flux data block is shown in Figure 3-17.
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3.3.8

3.3.8.1

Correspondence Data

Basic Concepts

The correspondence data block performs the function of providing the
user with an input point for the node numbering data necessary to make his ther­
mal radiation model correspond on a one-to-one basis with his thermal analyzer
RC (Resistance Capacitance) model.

Using the information entered in this block, the radiation interchange
and absorbed heat processor segments perform the necessary calculations to pro­
vide for energy conservation when the user desires to combine one or more TRASYS
node surfaces into a single RC model node.

3.3.8.2 Variable Definitions

Correspondence data block variables are defined in Table 3-VI.

Table 3-VI Correspondence Data Variable Definition

VARIABLE NAME

STEPN

KOMB

RANGE OR
OPTIONS

1-99

(INTEGER)

N/A

DEFAULT
VALUE

NONE

NONE

DESCRIPTION

OPERATIONS BLOCK STEP NUMBER

HOLLERITH CONTROL FLAG FOR NODE
COMBINE OPERATIONS

_ -liiiIrt.-.

3.3.8.3 Correspondence Data Formats

1) STEPN is entered according to the following format:
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CCI

STEPN

ee7

DV (integer)

ee7
2

2) The control field flag, KOMB, is entered as fellows:

eCl

KOME

ee7 ee7
2

3) Node correspondence data is entered according to the following
forma t:

ee7

NODID DVl, DV2, - - - - DVN

3.3.8.4

NODID is an RC model node number (one to five digits, integer)
and DVl through DVN are the TRASYS node numbers that will be
combined into node NODID.

Correspondence Data Block Structure

The correspondence data found between a card defining a step number and
the next step number definition card can be thought of as a correspondence data
sub-block. One of these sub-blocks is required for each unique geometry of the
user's problem, assuming node combine operations are required for each geometry.
For example, if operations block steps 1 through 5 involve the same geometry,
and steps 6 through 10 another, two correspondence data sub-blocks are required,
one under STEPN :; 1 and another under STEPN = 6. The correspondence data operations
are performed in the order the data is encountered. Because of this, do not utilize
a RC node number that is identical to a TRASYS node number that appears later in
the correspondence data.

It should further be noted that correspondence data only applies to opera­
tions block steps involving RKCAL (radiation interchange) and QOCAL (absorbed heat
output) program segment execution.

3.3.8.5 Correspondence Data Block Example

An example of a correspondence data block is shown in Figure 3-18.
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3.3.9

3.3.9.1

Operations Data Block

Basic Concepts

The operations block can be thought of as a digital computer program
coded in a somewhat modified FORTRAN language. The most powerful statements in
the block are calls to processor library subroutines followed by "link" calls
to primary processor program segments. Interspersed with these statements might
be FORTRAN statements used to redefine any of the program variables in the
reserve name list or control constant list, calls to user-supplied routines in
the subroutines block, and any branching statements required for direction of
problem solution logic. The operations data block is converted by the prepro­
cessor to subroutine ODPROG. This routine serves as the driver for processor
execution. In general, the conversion is a one-to-one passover of FORTRAN state­
ments. The segment execution calls (L cards) however, result in the operating
system dependent language necessary to define an overlay execution.

An operations block for a problem involving one or more geometry changes
or more than one point in orbit consists of a series of modified FORTRAN pro­
grams known as steps. These steps are numbered, for reference in later opera­
tions, and to allow data from the form factor, flux, shadow, and correspondence
data blocks to be properly transmitted to the processor. The steps are executed
in the order encountered, regardless of the step number called out.

Some operations' block logic restrictions must be observed: each step
must be serially executable, that is no branching from one step to another is
allowed. Further, any DO loop containing a program segment execution (L card)
in its field will not execute properly because the indices are lost when the
segment is overlaid and removed from core. This, however, does not prevent cod­
ing the equivalent of a DO loop using idices located in common through bein~

entered in the quantities data block. The user should keep in mind, too, that
multiple executions of any program segments other than NPLOT, OPLOT, PLOT or
SFGEN within a step will make later data retrieval impossible for that step,
because provision for storage of only one set of each type of data is provided
per step (Reference Figure 3-19). If the user is satisfied with the printed or
punched output obtained during a particular segment's execution, this is no
restriction. Statement numbers from 1 to 9999 may be used, and each statement
number must be unique in the operations block. All program control constants
and variables in common at execution of the operations block (subroutine ODPROG)
may be found in Appendix A. This list is automatically extended to contain any
constants and arrays entered in the quantities and array data block.

3.3.9.2 ORBGEN Option

Writing an operations data block for the calculation of direct irradia­
tion and absorbed heats for an extensive series of points in orbit can be a
tedious, repetitive job. To alleviate this, the ORBGEN option is available.
When an ORBGEN card is encountered in the operations data block, a package of
preprocessor routines use the data on the card to generate the operations data
code necessary to compute direct irradiation, absorbed heats, and print a set of
heat/rate vs time tables in a standard SINDA input format. These tables may be"
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thought of as a default output that prevents loss of computed data. All flux and
absorbed heat data computed using the generated code is stored in the usual man­
ner and may be retrieved, manipulated, and output in any way the user desires.

ORBGEN cards are defined as follows:

Format

eel

ORBGEN

Definitions

eC7

TYPE, TRUANI, TRUANF, NPT, IAI, lAS, IeOR

TYPE is a Hollerith variable defining the spacecraft orientation reference and
pertinent orbit characteristics. Options are:

INER: Spacecraft is in planetary orbit, inertial (sun or star) oriented.

PLAN: Spacecraft is planet oriented.

CIRP: Spacecraft is planet oriented, in a circular orbit.

NOPL: Spacecraft is in a heliocentric orbit (no planet).

TRUANI is the true anomaly* at the first point in orbit 0 < TRUANI < 360.

TRUANF is the true anomaly at the final point in orbit. If TRUANF = TRUANT + 360,
data for a complete orbit will be generated.

NPT is the number of equal true anomaly increments between the points for which
fluxes and direct irradiation will be computed. If the planet shadow is not
encountered by the orbit, NPT + 1 points will be computed. If the planet shadow
is encountered, NPT + 5 points will be computed, thus describing the flux dis­
continuities at the planet shadow points.

IAI is the step number where an infrared grey-body factor matrix is in storage
This step must precede or be the same step in which the ORBGEN card is entered.

lAS is the same as IAI, for a solar grey-body matrix.

IeOR i3 the step number reference for the pertinent correspondence table
(entered as STEPN in the correspondence data block).

Restrictions

1) Prior to entering an ORBGEN card, the orbit must be defined through
a call to ORBITl or ORBIT2.

2) Orientation must be defined through a call to ORIENT.
3) Spin must be defined, if applicable, through subroutine SPIN. If

spin is not zero, INER and CIRP are not allowable for TYPE.
4) Problem geometry must be defined prior to any ORBGEN card.

*Reference Figure 4-7

3-83



5) If IAI and lAS are input as zero, the operations data generated is
for fluxes only. No AQeAL calls will result, and no grey-body
matrices are required.

6) Punch/tape flags and accuracy parameters must be defined through
subroutine DIDTI or DIDTlS prior to an ORBGEN card.

7) Because the user does not know the step numbers generated by the
ORBGEN card, any calls to QODATA or PLDATA immediately following the
ORBGEN card must use the ALL option.

3.3.9.3 Operations Block Formats

1) Step number cards are punched according to the following format:

eel

STEP

CC7

DV (integer)

CC7
2

Where DV is the integer step number, with the allowable range 1 to
9999.

2) Subroutine calls are made in the classic FORTRAN format, with the
word CALL beginning in ce7. Calling sequences for each user-access­
ible processor routine can be found in Appendix D.

3) Computation segment (link) calls are made using the following for­
mat:

CCI

L

ce7

SEGNAM

CC7
2

3.3.9.4

Where SEGNAM is the name of one of the program segments contained in
the processor library. Appendix E describes the processor segments
and their functions. Currently allowable options for SEGNAM are:
NPLOT, OPLOT, SFCAL, FFCAL, BlCAL, GBCAL, RKCAL, AQCAL, QOCAL, and
PLOT.

Operations Block Examples

Operation~ block structure and function is illustrated by the listings
of sample operations blocks in Figure 3-20.

Sample 1 of Figure 3-20 is a single step operations block that generates
three node plots of a single geometry. Sample 2 is a two-step operations block
that generates form factor matrices for two geometric configurations. Sample 3
is a l7-step operations block that generates direct irradiation data at 16
points in orbit, including the planet shadow in/out points. A geometry change
at the shadow in/outpoints is involved. Sample 4 is a listing of the opera­
tions data block code generated by an ORBGEN card.
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C SAMPLE 1 -- OPERATIONS BLOCK FOR PLOT OPERATIONS

BUILD GEOMETRY
CALL BUILDC(BNAMEl)
CALL ADD(BNAME2)
CALL ADD(BNAME3)

INITIALIZE FOR PLOT 1
CALL NDATA(1,3HGEN,0,0,A20,1,3,2,O.,O. ,37.)

INITIALIZE FOR PLOTS 2 AND 3
CALL NDATAS(2,3H3-D,O)
cALL NDATAS(3,lHX,0)

MAKE PLOTS 1,2 AND 3
NPLOT

C

C

HEADER OPERATIONS DATA
STEP 1
C

C
L

C SAMPLE 2 -- OPERATIONS BLOCK FOR FORM FACWR OPERATIONS

HEADER OPERATIONS DATA
STEP 1

CALL BUILDC(BNAME1)
CALL ADD(BNAME2)
CALL ADD(BNAME3)

C SET FF CALCULATION PARAMETERS (PRINTS FF S, DOES NOT PUNCH)
CALL FFDATA(O. ,.2,0,0. ,1.E-3,5HPRINT,0)

C COMPUTE FORM FACTORS
L FFCAL
STEP 2
C MOVE BNAME2 SURFACES

CALL CHGBLK(BNAME2,0. ,0. ,25.,1,2,3,0.,45.,0.)
CALL BUILDC(BNAME1)
CALL ADD(BNAME2)

C CALCULATE FORM FACTORS WITH SAME PARAMETERS AS STEP 1
L FFCAL
END OF DATA

Figure 3-20 Sample Operations Data Blocks

3-85



SAMPLE 3 --- OPERATIONS BLOCK FOR TWO GEOMETRY ABSORBED HEAT PROBLEM

COMPUTE ALL)

SET UP TO COMPUTE PLANET AND ALBEDO FLUXESUPDATE TRUE ANOMALY,
TRUEAN = 30.
CALL DICOMP(l,O,O)
DIeAL
AQCAL
3
TRUEAN =60.
CALL DICOMP(l,O,O)
DIcAL
AQCAL
4
TRUEAN =90.
CALL DICOMP(l,O,O)
DICAL
AQcAL
5

SKIP OVER PLANET SHADOW
TRUEAN =270.
CALL DICOMP(l,O,O)
DICAL
AQCAL
6
TRUEAN =300.
CALL DICOMP(l,O,O)
DICAL
AQCAL

C

C

c

C
L
C

L
C

L
C

C
L
C

HEADER OPERATIONS DATA
STEP 1

CALL BUILDC(BNAME1)
CALL ADD(BNAME2)
CALL ADD(BNAME3)

SET FF CALCULATION PARAMETERS, PUNCH FFS
CALL FFDATA(0,.2,O,0,1.E-3,0,3HPUN)
FFCAL

cALCULATE GREY BODY FACTORS
CALL GBDATA(O,4HBOTH)
GBCAL

SET RADK CALCULATION PARAMETERS, PUNCH RADKS
CALL RKDATA(0,0,0,1000.SHSPACE,999,0,0,0)

COMPUTE RADKS
. RKCAL

DEFINE ORBIT AND LOCATE SUN
CALL ORBIT2(3HEAR,0.,90.,0,0,0,120.*6080.,0.)

ORIENT VEHICLE (CCS Z-AXIS TOWARD SUN)
CALL ORIENT(3HSUN,1,2,3,0.,90. ,0.)

SET DI COMPUTATION DATA
CALL DIDTIS(O.,O,O. , 3HPUN)

COMPUTE DIRECT IRRADIATION (DlCOMP PARAMETERS DEFAULT TO
DICAL

SET ABSORBED HEAT cALCULATION PARAMETERS
CALL AQDATA(l,l,O,O,O)

L AQCAL
STEP 2
C

L
L
STEP
C

L
L
STEP

L
L
STEP

L
L
STEP

L
L
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C

L
C

L
C

L
C

C
L
C

L
L
C

COMPUTE DATA AT SHADOW ENTRY POINT (DAYS IDE GEOMETRY)
TRUEAN =SHADIN - . 1
CALL DICOMP(1,O,O)

L DICAL
L AQCAL
STEP 10
C . COMPUTE DATA AT SHADOW OUT POINT (DAYSIDE GEOMETRY)

TRUEAN = SHAOUT + . 1
CALL DICOMP(l,O,O)
DICAL
AQCAL

PUNCH AQ,AQAVG VS. TIME TABLES - DAYSIDE
CALL QODATA(3HALL,0,2HNO,3HPUN,0,0,0,4HBOTH,O)

L QOCAL
STEP 11
C BUILD DARKSIDE CONFIGURATION

CALL BUILDC (BNAME1)
CALL ADD(BNAME2)
CALL ADD (BNAME4)

CALCULATE FFS (FFDATA PARAMETERS SET IN STEP 1)
FFCAL

CALCULATE GREY BODY MATRICES
CALL GBDATA(O,4HBOTH)
GBCAL

SET RADK CALCULATION PARAMETERS, COMPUTE RADKS
CALL RKDATA(0,0,0,1000,5HSPACE,999,0,0,0)
RKCAL

REORIENT TO PLANET
CALL ORIENT(4HPLAN,1,2,3,0.,90.,0.)
TRUEAN =120.
DICAL

SET ABSORBED HEAT PARAMETERS, COMPUTE ABSORBED HEATS
CALL AQDATA(11,11,0,0,0)

L AQCAL
STEP 12
C UPDATE TRUE ANOMALY, STUFF HEAT DATA FROM STEP 11 BECAUSE ORBIT
C IS CIRCULAR, PLANET-ORIENTED

CALL STFAQ(1S0.,0,11)
STEP 13

CALL STFAQ(180. ,0,11)
STEP 14

CALL STFAQ (210. ,0,11)
STEP 15

CALL STFAQ(240. ,0;11)
STEP 16
C STUFF DATA FOR SHADOW ENTRY POINT (DARKSIDE CONFIGURATION)

CALL STFAQ(SHADIN + .1,0,11)
STEP 17
C STUFF DATA FOR SHADOW OUT POINT (DARKSIDE OONFIGURATION)

CALL STFAQ(SHAOUT - .1,0,11)
PUNCH AQ,AQAVG VS TIME TABLES - DARKSIDE

CALL QODATA(ISARY,O,2HNO,3HPUN,0,0,0,4HBOTH,0)
L QOCAL
END OF DATA

STEP 8
C STUFF TRUEAN = 0. VALUES (DUPLICATE POINT)

CALL STFAQ(360.,0,1)
STEP 9
C

Figure 3-20. (cant)
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Figure 3-20. (cont)
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*
*
*

*
*
*
*
*
*
*
*

STEP lOllO7
TRUE liN = SI-1~nllT+O.l

IF (TRUfA~;.LT. T91 IA'JI. OR.
1 TRlJFAN.GT.TRUANFl GO TO 90200

C"LL nIC0MO(O.4HZFPO.IOOOO)
L OrCH.

(ALL IIODATA(IAr.IAS.O.O.Ol
L nr:\CIIL
90200 CO~!TTNUl":
STFP InnOR

TPliF 1I~1 = SHIIOUT-O.l
IF(TRUEAN.LT.TRUIINI.OR.

1 TRlIEA~!.GT. TRUA'IFl GO TO 90300
CALL OrCOMP(O.O,lOOOOl·

L DrCAL
CALL AQDIITA(IAI.IAS,O,O.Ol

L AOCAL
90300 CONTINUE
9040(1 CONTPJUE

cnL 000ITII(3HIILl,0.0.0.0,0.0,0. 2)
L ooeAL
c

*
*
*
*
*
*
*
*
*

~********************* OR8IT GENERATION ENOS HERE *********************

Figure 3-20 (eonel)
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3.3.10

3.2.10.1

Subroutine Data Block

Basic Concepts

The subroutine data block is a collection of FORTRAN language subrou­
tines supplied by the user in order to extend or modify TRASYS capabilities for
the problem at hand. These subroutines may be either user-addressable (from the
operations block) or program-addressable, from the various computation segments.

Unless the user is creating what amounts to a major rewrite of a compu­
tation segment, the program subroutines in his subroutine block will bear the
same name as processor library subroutines. The effect of this name duplication
is that the user-supplied routine in the subroutine data block is compiled in
lieu of the processor library subroutine prior to execution. Removal of such a
routine reactivates the like-named librdry routine.

Two deviations from FORTRAN language are defined for the subroutine data
block. L-cards are used to identify subroutines with particular processor seg­
ments, and COMMON cards are used to automatically supply program common to the
subroutines.

3.3.10.2 Subroutine Block Formats

Subroutine data block format is illustrated in Figure 3-21. The segment
names on the L-cards are strictly order-dependent. The L-cards with their asso­
ciated subroutines need not all be present, but they must be encountered in the
order shown. Subroutines in the leading sub-block, with no L-card, are address­
able only from the operations data block.

COMMON cards are optional. When used, they serve to insert all labeled
and blank common lists, associated with the segment named on the preceding L­
eard, into the subroutine. Appendix A-3 defines the variable names in common
for subroutine ODPROG and the various segments.

Note that COMMON cards preclude beginning a subroutine block comment
card with the word COMMON.

3.3.11 End of Data Card

The input deck must conclude with an END OF DATA card punched according
to the format:

eel ee7

END OF DATA
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4. USER CALLED ROUTINES

4.1 Basic Concepts

User called routines may be defined as those subroutines
and computation segments callable from the operations block.
Unless one or more subroutines of this type are entered in the
user's subroutine data block, the user callable subroutines
contained in the processor library comprise the entire list of
user callable subroutines. Segments cannot be entered in the
input stream.

4.2 Processor Library

The user callable processor library rputines are listed
below. In general, they are grouped according to their associa­
tion with each of the processor computation segments. Page ref­
erences for the subroutine descriptions in Appendix Dare
included.

4.2.1 Library Listing of Subroutines

General Subroutines

Plot Package
Subroutines

Form Factor
Subroutines

Direct Irradiation
Subroutines

Name

BUILDC
CHGBLK
NDUPCK

NDATA
NDATAS
PLDATA

FFDATA

ORBITI
DIDTI
DIDT2
SPIN
DICOMP
DITTPS

D-2
D-4
D-37

D-5
D-5
D-21

D-8

D-9
D-ll
D-12
D-13
D-23
D-24

Name Page

ADD D-3
FFNDP D-35
TAPELS D-36

ODATA D-6
ODATAS D-6

AD SURF D-34

ORBIT2 D-lO
DIDTlS D~ll

DIDT2S D-12
ORIENT D-14
DITTP D-24
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Name Page Name Page

Radiation Inter- GBDATA D-15 RKDATA D-16
change Subroutines GBAPRX D-31 RCDATA D-32

Absorbed Heat AQDATA D-17 STFAQ D-18
Subroutines

Absorbed Heat QODATA D-19
Output Subroutine

Shadow Factor SFDATA D-20
Subroutine

Data Modification MODAR D-26 MODPR D-27
Subroutines MODTR D-28 MODPRS D-29

MODSHD D-3D

4.2.2 Library Listing of Processor Segments

Plot Package NPLOT E-2 OPLOT E-2
Segments PLOT E-2

Form Factor FFCAL E~3

Segment

Direct Irradiation DICAL E-4
Segment

Shadow Factor SFCAL E-5
Generator Segment

Radiation Inter- RKCAL E-6 GBCAL E-6
change Segments RCCAL E-6

Absorbed Heat AQCAL E-7
Segment

Absorbed Heat QOCAL E-8
Output Segment
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4.3

4.3.1

Subroutine Descriptions

Basic Concepts

The user-callable subroutines in the processor library
fall into two functional groups. The most numerous group con­
sists of subroutines used to define the program variables and
set the logic flags that are required before a computational seg­
ment can be linked into the processor and executed. Variable
definition in this manner, as opposed to definition from the data
blocks, achieves two important goals. First, in any complex prob­
lem many segment calls are made, necessitating frequent redefini­
tion of program variables. Under these conditions, data block
input would be redundant. Second, the subroutine calls, in
classic FORTRAN format, form natural groups of input variables,
and as the calls are input serially in the user's operations
block, he is provided a highly visible presentation of the vari­
able definitions existing at each stage of his execution. Thus,
if the user carefully proofreads a listing of his operations
block, his logic and variable definitions should be error-free.
If his geometry inputs have been verified using the plot package,
the user may proceed with some confidence to consume a large
block of computer time. It is the hope of the TRASYS designers
that these features will ease somewhat the all too prevalent gar­
bage in-garbage out syndrome.

The second group of processor library subroutines per­
form data handling tasks that eliminate redundant calculations.
For example, direct irradiation may be required at 15 orbit
points for a sun-oriented spacecraft. Armed with the knowledge
that his solar flux is everywhere constant (outside the planet
shadow), the user may compute the solar flux in Step 1, then use
the STFAQ routine to retrieve the data from Step 1 and place it
in data storage for any of the other 14 steps he desires.

Appendix D is composed of summary descriptions of each
user subroutine. Definitions of each variable in the calling
sequences are given, together with their default values, wh~re

applicable. The additional material necessary to USe the sub­
routines is presented in the remainder of this section. After
achieving a working knowledge, the user should find Appendix D
sufficient for his quick-reference needs.

4.3.2 General Subroutines

Subroutines BUILDC and ADD are used to choose, from the
various blocks of surfaces in the surface input data, what
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blocks are to be assembled to create the problem geometry. Also,
the relative spatial positions of the surfaces and nodes in the
active blocks may be changed using subroutine CHGBLK.

4.3.2.1 Subroutine BUILDC

Calling Sequence: CALL BUILDC (BCSNAM)

This subroutine begins the process of assembling the
geometry desired from the blocks of surfaces in the surface data
block. BCSNAM is any block coordinate system name found in the
surface data block. If no BCS is named in the surface data
block, CALL BUlLDC (ALLBLK) will define a geometry consisting of
the entire surface data block. This call must be made for geom­
etry definitions or after geometry redefinition via subroutine
CHGBLK. A BUILDC call voids any previous BUILDC and ADD calls.

4.3.2.2 Subroutine ADD

Calling sequence: CALL ADD (BCSNAM)

This subroutine adds another block of surfaces to the
geometry defined by previous BUILDC and ADD calls. One BUILDC
call must precede any ADD call in the operations block.

4.3.2.3 Subroutine CHGBLK

Calling sequence: CALL CHGBLK (BCSNAM, TX, TY, TZ, IROTX, IROTY,
IROTZ, ROTX, ROTY, ROTZ)

This subroutine is used to spatially relocate blocks of
surfaces by redefining a block coordinate system's location and
orientation in central coordinate system 3-space. BCSNAM is the
Hollerith name identifying the block coordinate system being
changed. Its spelling must be exactly as called out in the BCS
data block.

The arguments TX, TY, TZ, ROTX, ROTY, ROTZ are the trans­
lation and rotation parameters necessary to transform the central
coordinate system into the block coordinate system in its new
position. These parameters are further discussed in paragraphs
3.3.3 and 3.3.4.

The arguments IROTX, IROTY and IROTZ control the order
in which the rotations ROTX, ROTY and ROTZ are performed. They
may take on the integer values 1, 2, or 3. For example, for
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IROTX = 3, IROTY = 1, and IROTZ = 2, the rotations will be_ performed
in the order ROTY first, ROTZ second, and ROTX third. If zero is
passed for all three arguments, the default values IROTX = 1,
IROTY = 2, and IROTZ = 3 will result and the rotations will be
performed ROTX first, ROTY second, and ROTZ third.

4.3.3 Form Factor Subroutine

The subroutine FFDATA is used to set the variables and
control constants required before executing the FFCAL computation
segment. An FFDATA call prior to all FFCAL executions is not
mandatory because each FFDATA argument assumes a default value
(ref Appendix D). The variables defined by an FFDATA call will
hold for any subsequent FFCAL executions in the operations block.

4.3.3.1 Subroutine FFDATA

Calling sequence: cALL FFDATA (FFACC, FFACCS, FFNOSH, FFRATL,
FFMIN, FFPRNT, FFPNCH)

FFACC is the variable that provides user control of the
node surface elemental breakdown used for double integration
form factor calculations. In general, the accuracy of a form
factor calculation is proportional to the ratio of each elemental
area divided by the square of the distance between each elemental
area pair involved. Thus, if the element count for each node
were chosen so that a given value of this ratio were never ex­
ceeded, then the error of each form factor calculation would
similarly be limited. The form factor segment logic provides
for this, and FFACC is the upper limit allowed for the area ­
distance squared ratio. The default value used, (FFAcc = .1)
provides form factor accuracy of approximately 3 percent for
parallel flat plates. Background information for this accuracy
relationship can be found in Appendix B. The user is cautioned
that his problem run time is tied directly to his nodal element
count, and indiscriminate reduction in the value of FFACC can be
costly. The recommended approach to accuracy improvement is to
selectively re-compute suspect form factors using a reduced
FFAcc value.

~~en node pairs are situated such that the interelement
distances vary a great deal, it is sometimes necessary to tempG­
rarily subdivide node pairs in order to obtain sufficient accuracy.
The parameter FFRATL controls this. The number of elements is dic­
tated by a weighted average distance and compared to FFRATL. If
this value exceeds FFRATL, the node pair is subdivided. When

4-5



accuracy problems are encountered with node pairs having large
interelement distance variation (nodes with congruent edges,
for instance), the recommended procedure is to enter an FFRATL
value lower than the default value (FFRATL = 15.), and selec­
tively recompute the form factors. No change in FFACC should be
required for this operation. Additional descriptive material
on this technique can be found in Appendix B.

The elemental breakdown of node pairs also influences
form factor accuracy when shadowing by intervening surfaces is
involved. For large magnitude form factors, the node pair ele­
ment breakdown required to satisfy shadowing considerations is
computed and used if it exceeds that dictated by separation dis­
tance (see Appendix B). The element count dictated by shadow­
ing is inversely proportional to the parameter FFACCS. The
default value for FFACCS (FFACCS = .1) was chosen based on expe­
rience. If the user knows that one or more of his significant
form factors will be heavily influenced by shadowing, the recom­
mended procedure is to selectively compute such form factors
using a reduced value of FFACCS.

The parameter FFMIN is used to reduce radiation inter­
change factor compute time by inserting zeros in the form factor
matrix in place of very small values. The default value, FFMIN =

1. - E-6 is sufficiently small that it does not materially affect
the energy balance of the problem.

The remaining FFDATA parameters, FFNOSH, FFPRNT and
FFPNCH are used to override shadowing computations and to pro­
vide print and punch output options. The user is referred to
Appendix D for instruction in their use.

4.3.4 Plot Package. Subroutines

4.3.4.1 Subroutines NDATA, NDATAS

Calling sequences: CALL NDATA (NV, VU, SCL, SELN, TIT, IROTX,
IROTY, IROTZ, ROTX, ROTY, ROTZ)

CALL NDATAS (NV, VU, SCL)

These calls are used to define plot parameters prior to
executing the NPLOT program segment. A call to one of these
routines prior to an NPLOT execution is not mandatory, because all
arguments have default values (ref Appendix D). The variables
defined by NDATA or NDATAS calls will hold for any subsequent
NPLOT execution in the operations block.
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The NV parameter allows the user to make up to 6 NDATA
or NDATAS calls, thereby defining up to 6 plot operations, before
executing NPLOT. One NPLOT execution will execute all the plot
operations defined.

VU defines the type of plot desired. The options are
3H3-D, IHX, 1HY, 1HZ, 3HALL , and 3HGEN. 3-D results in a 3­
dimensional pictorial plot. X, Y, and Z produce orthographic
projections of the geometry as seen from the X, Y, ~nd Z axes
of the CCS, respectively. ALL results in four frames, 3-D, X,
Y, and Z. GEN is a general 3-D plot, where the user has control
of the orientation of the CCS axes relative to his point of view.

SCL is the plot scale factor, defined by:

SCL length on plot frame/length of surface where
lengths of surfaces are as defined in the
surface data block.

The user should keep in mind that his hardcopy plot
frames are probably about 17.8 cm (7 inches) square.

SELN is the name of the array that contains a list of
the integer node identification numbers the user desires to plot
selectively. The selective node number array is entered in the
array data block.

TIT is the name of the Hollerith array containing any
title the user desires on his plot frame. Up to 66 characters
are allowed.

I ROTX , IROTY, IROTZ, ROTX, ROTY, and ROTZ are the group
of six parameters defining point of view from which the user
will "see" his problem geometry in a general view. For ROTX,
ROTY, and ROTZ identically zero, the central coordinate system
appears in plots as shown in Figure 4-1.
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Z

y

~ x

Figure 4-1 Node Plot Coordinate System Reference

Using Figure 4-1 as the reference position, the user
may arbitrarily relocate the axes by defining ROTX, ROTY and
~OTZ to relocate the reference system so that it coincides with
the desired systemS location. The order of the rotations is defined
us ing IROTX, IROTY,' and I ROTZ.
4.3.4.2 Subroutines ODATA, ODATAS

Calling sequences: CALL ODATA (NV, VU, SCL, SCLR, RPLN, TRUEAN,
TIMEST, TIME,: SELN, TIT, IROTX, IROTY, IROTZ,
ROTX,ROTY, ROTZ)

CALL ODATAS (NV, VU, SCL, SCLR, RPLN, TRUEAN,
TIMEST ,TIME)

These subroutines are functionally analogous to NDATA
and NDATAS in relation to execution of. the orbit plotter segment,
OPLOT.

NV is defined and functions identically with the s~m~­

larly named parameter in NDATA. VU defines the plot type.
Options are 3H3-D, 4HBETA, 5HCIGMA, 3HSUN, 3HALL , and 3HGEN.
3H3-D results in a 3-dimensional pictorial plot of the planet
and spacecraft. 4HBETA results in an edge-on view of the orbit
plane, with the BETA angle shown true. The 5HCIGMA view places
the orbit plane in the plot frame, as seen from north of the
celestial equator. 3HALL produces four frames, 3-D, CIGMA, BETA,
and SUN.GEN results in a plot with the orbit coordinate system
axes rotated according to user definition. SOl relates the
user's geometry dimensions to plot scale according to:
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where

SFAC SCL/OPMAX (NNS)

SFAC is the absolute surface scale factor (same as SCL in
NDATA),

OP~~X (NNS) is the maximum extension of any surface point
from the CCS origin (user surface data units).

The user should generally enter a value of SCL equal to
about 1/2 the desired planet radius in inches of plot frame.

SCLR is the distance from the planet center where the
user desires to see his CCS origin (in inches on plot frame).

RPLAN is the planet radius as plotted in inches. The
planet radius default value used is 3.56 em. (1.4 inches). The
default values for SCL and SCLR are related to RPLAN according
to the relationships:

SCLR

SCL

8.*RPLAN/7.

(3.15 - SCLR)/2.

The user may note that his spacecraft's altitude, as it
appears in the ploes, is not related in any way to actual orbit
altitude. This is because the primary reason for orbit plots
is for visualization of orientation. Orbit radius is, however,
available in common as the variable RTHET in the operations
block. Therefore, if the user cares to consider the scaling
involved, he may write operations block logic to relate SCLR
to actual orbit radius.

TRUEAN is the true anomaly at the orbit point being de­
fined for plotting (degrees from periapsis passage).

TIME is the time at which the orbit point plot is de­
sired, in hours (required only if TRUEAN is not defined).

TIMEST is time of periapsis passage, in hours (required
only if TRUEAN is not defined).

The remaining ODATA arguments, SELN, TIT, IROTX, IROTY,
IROTZ, ROTX, ROTY, and ROTZ, are exactly analogous to the identi­
cally named NDATA arguments (ref Section 4.3.4.1). Figure 4-2
depicts the orbit coordinate system as plotted for ROTX = ROTY =
ROTZ = O.
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4.3.4.3 Subroutine PLDATA

Calling sequence: CALL PLDATA (IPLUNT, IPLSN, IPLNA, PLCRUF,
PLLABX, PLLABY, PLTITl, PLTIT2, PLXMPF,
PLYMPF)

This subroutine is used to define parameters necessary
to execute the output data plotter segment PLOT. Refer to Ap­
pendix D, p D-21 for argument definitions.

Y
o

z X
o 0

Figure 4-2 Orbit Plot Coordinate System Reference

4.3.5 Direct Irradiation SU2routines

The direct irradiation subroutines are used to spa­
tially locate the spacecraft relative to energy sources. The
various calls give the user the option of locating his space­
craft using classical orbit parameters, with a modified sun­
referenced set of orbit parameters, with look angles, or with
trajectory tape parameters. Subroutines are also available
for defining spacecraft orientation and spin rate.

4.3.5.1 Subroutine ORBIT1

Calling sequence: CALL ORBIT1 (PNAME, ALAN, APER, OINC, TIMEST,
HP, HA, SUNRA, SUNDEC, STRRA, STRDEC)

or:

CALL ORBITI (PNAME, ALAN, APER, OINC, TIMEST,
HP, ECC, SUNRA, SUNDEC, STRRA, STRDEC)
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This subroutine defines an orbit using classic orbit
parameters and locates the sun in the same celestial coordinate
system referenced to the Vernal Equinox (reference Figures
4-3 and 4-4).

In the case of a star-oriented spacecraft, the star is
located in the celestial coordinate system, in the same manner
as the sun.

Xc-Y c Plane
Parallel to
Ecliptic

Xc

To
Vernal
Equinox

ALAN - Longitude of ascending
node measured from Xc
axis to line of nodes;
positive toward Yc

APER - Argument of perifocus.
measured in orbit Xc-Yo
plane in direction of Sic
motion from ascending node
to periaps is

liP

Periapsis

Ascending
Node

Line of
Nodes

HP - Altitude at periapsis

OINC - Orbit inclination (angle
between Xc-Yc plane and
orbit plane as seen from
ascending node; O. < orNC < 1800

a --(OINC > 90 for retrograde
orbits)

Figure 4-3 Orbit Definition &n a Celestial Coordinate System
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Sun or Star

or

SUNRA or
STRRA

To Vernal
Equinox

SUNRA, STRRA - Right ascension
of sun/star; measured in Xc-Y c
plane from Xc axis; positive
toward Yc axis; O. < RA < 360

SUNDEC, STRDEC - Declination of
sun/star; positive fromXc-Y c
plane toward Zc; -90.< DEC ~ 90

Figure 4-4 Sun and Star Locations ~n Celestial Coordinate System
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PNAME is a Hollerith name used as a flag to direct
the definition of the planet-dependent parameters. The allow­
able PNAME options are: 3HMER, 3HVEN, 3HEAR, 3H}100, 3HMAR,
3HJUP, 3HSAT, 3HNEP, 3HURA, and 3HSUN. These names serve to
define the following variables:

PRAD

SOL

PALB

WDS

WSS

GRAV

planet radius

solar constant at the average planet-sun
distance

planet albedo value (surface solar re­
flectance)

infrared emissive power at planet
surface, dark side

infrared emissive power at planet sur­
face, subsolar point

acceleration of gravity at planet surface

The values obtained from the different planet name
arguments are tabulated in Table 4-1. Note that the values
tabulated are in metric units. The values stored in core,
however, are in the TRASYS base units system, that is, length
in feet, time in hours, energy in British thermal units. If
the user desires to manipulate these quantities using his own
operations block FORTRAN code, he would expect them to be in the
ft - hour - Btu units.

Note that only Mercury and the Earth's moon are treated
as bodies with nonuniform surface temperatures. This is correct
for airless, slow-rotating planets. For these two bodies, the
emissive power is considered everywhere constant on the dark
side. On the sunlit side, the emissive power reduces from the
subsolar value to the darkside value at the terminator, accord­
ing to a cosine law.

The user is cautioned that his results using PNAME =
3HMER may be extremely misleading. This planet's eccentric
orbit, plus its nearness to the sun, results in a solar constant
variation of from approximately 6 to over 10 Earth "suns" during
the Mercury year. Corresponding variations in the subsolar
emissive power occur. The recommended procedure for PNAME =
3HMER is for the user to properly define SOL and WSS according
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I
Table 4-If-' StoY'ed Planet PY'opeY'ty Values

~

Solar Constant
Planet at Mean Darkside Subso1ar
Radius Planet Distance Emissive Power Emissive Power

(km) a (ft2
2 b . 2 2 c . 2 2 c 2

Planet Albedo (w/m) (B/Ft -hr) (w/m) (B/ft -hr) (w/m) (B/ft -hr)

Mercury 2485. (8.153 E06) 0.058 8920. (2830) O. (0. ) 8402. (2666.)

Venus 6199. (20.34 E06) 0.76 2570. (815.5) 154.2 (48.93) 154.2 (48.93)

Earth 6370. (20.90 E06) 0.30 1352. (429) 236.6 (75.08) 236.6 (75.08)

Moon 1738. ( 5.702 E06) 0.047 1352. (429) 6.5 (2.060) 1288. (408.7)

Mars 3314.(10.87 E06) 0.148 577.3 (183.2) 123.0 (39.03) 123.0 (39.03)

Jupiter 69885. (229.3 E06) 0.51 49.6 (15.74) 6.1 (1. 936) 6.1 (1.936)

Saturn 57515.(188.7 E06) 0.50 14.7 (4.66) 1.8 (.5711) 1.8 (.5711)

Uranus 25482.(83.61 E06) 0.66 3.65 (1.16) .31 (.0983) .31 (.0983)

Neptune 24850. (81. 53 E06) 0.62 1.48 (.47) .14 (.0444) .14 (.0444)

Sun 698500. (2291. E06) 7 7-- 6.262 x 10 6.262 x 10

aVa1ues stored in program are in ft.

bReferenced to 1352 w/m
2

(429 Btu/hr-ft
2

) at 1 AU. Values stored in program are in Btu/ft 2-hr.

cVa1ues stored in program are in Btu/hr-ft
2

•

dVa1ues stored in program are in ft/s 2 .

2 d 2
(m/s) ( f t / s )

3.513 (11.49)

8.462 (24.68)

9 • 844 (32. 20)

1.622 (5.306)

3.921 (12.83)

26.04 (85.18)

11.17 (36.54)

11.52 (37.68)

8.977 (29.36)

273.8 (895.6)



to his knowledge of the planet-sun distance. This is done us­
ing two FORTRAN statements immediately following his ORBITI
call. This same technique is available, of course, whenever the
user desires to change WDS, WSS, or SOL to values other than
the built-in nominals. The use~ls values will hold until another
ORBIT call is encountered.

ALAN, APER, OINC, HP, and HA are the longitude of the
ascending node, argument of perifocus, orbit inclination, and
periapsis and apoapsis altitudes. These are the five parameters
necessary to define an orbit in the celestial coordinate system.
The alternate ORBITI call allows the input of eccentricity (ECC)
in lieu of apoapsis altitude. TIMEST is the time of periapsis
passage, in hours.

The angular measurement arguments are in decimal de­
grees of arc. The altitudes must be specified in feet. Note
that FORTRAN allows arithmetic operations within argument lists;
thus the following ORBITI call might be used where HP is known
to be'lsO nautical miles:

CALL ORBITI (3HEAR, 32., 90., 22.5., 0., 6080.
~'~lsO., .94, -41., 18., 0., 0.)

SUNRA and SUNDEC are the right ascension and declina­
tion of the sun, respectively, input in decimal degrees of arc
(See Figure 4-4).

STRRA and STRDEC are the right ascension and declina­
tion, respectively, of a star for a star-oriented mission (see
Figure 4-4). Zero or dummy arguments are passed for non-star­
oriented missions.

For heliocentric orbits, (PNAME = 3HSUN) ALAN, APER,
OINC, SUNRA, and SUNDEC have no meaning and are passed as zero
or dummy arguments.

4.3.5,2 Subroutine ORBIT2

Calling sequences: CALL ORBIT2 (PNAME, CIGMA, BETA, CIGMAS,
BETAS, TIMEST, HP, HA)

or:

CALL ORBIT2 (PNAME, CIGMA, BETA, CIGMAS,
BETAS, TIMEST, HP, ECC)
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This subroutine defines an orbit using sun-referenced
parameters in the orbit coordinate system. The orbit coordinate
system has its X and Yaxesin the orbit plane and its Z axis
completes a right-handed set. The spacecraft travels from X .
towards Y.

PNAME functions identically with ORBITl.

CIGMA and BETA locate the solar vector in the orbit co­
ordinate system (see Figure 4-5). CIGMAS and BETAS locate a
star in the orbit coordinate system (see Figure 4-5). Again,
these arguments are zero or dummy for non-star-oriented missions.

For heliocentric orbits, (PNAME == 3HSUN) ORBIT2 is not
applicable.

4.3.5.3 Subroutine ORIENT

Calling sequence: CALt ORIENT (TYPE, IROTX, IROTY, IROTZ,
ROTX, ROTY, ROTZ)

This subroutine is used to define the spacecraft orienta­
tion relative to space-environment heat sources. Orientation is
accomplished by relating the spacecraft central coordinate system
to a vehicle coordinate system (VCS) that remains fixed, relative
to a heat source or a star reference.

option allows orientation to be defined from a tra-

or star and the Z -axis is in the
v

lies in theThe Y-axis
v

set. The TAPE
jectory tape.

TYPE is a Hollerith name used as a flag to define orienta­
tion of the VCS. Allowable options for TYPE are 4HPLAN, 3HSUN,
4HSTAR, or 4HTAPE. Figure 4-6 depicts the VCS relationship to the
heat sources, star reference, and orbit coordinate system for the
PLAN, SUN, and STAR options. The X -axis points to the planet, sun,

v
same half-space as the Z-axis.

o
orbital plane and completes the right-handed

An ambiguity exists when the sun or star vector is paral­
lel to the Z -axis. In this case, the Y-axis is defined to be

o v
in the direction to the velocity vector.

IROTX, IROTY, IROTZ, ROTX, ROTY, and ROTZ are the rotation
parameters necessary to locate the spacecraft CCS relative to the
VCS and, hence, the heat source(s). ROTX is the rotation angle to
rotate the VCS intotheCCS; it rotates about X -axis, Y toward Z

-- v v v
positive. ROTY is the same as ROTX, except about the Y-axis; ROTZ

v
is the same as ROTX, except about the Z -axis, X toward Y positive.

v v v
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PERIAPSIS -

STAR

CrGMA Angle from Xo axis to sun vector projection in
Xo - Yo plane. Measured CCW as seen from 20
axis (in direction of sic motion).
o. ~ CIGliA 5360

CIGMAS - Same as CIGMA except to star vector projection

BETA Angle from 20 axis to sun vector
o So. BETA ~ 180

BETAS - Same as BETA, except to star vector

Figure 4-5 Orbit Definition in Orbit Coord1:nate System

4-17



TYPE = 4l{PIAN

Xo

20

Yo

ccs/vcs Origin

TYPE = 4HSTAR
:t

,I"-0-
.... ,'

Xc

20
Yo

"tl

- CCS/VCS Origin

TYPE = 3HSUN

Yv

"I"-....0,-
1 \
I \
I... \

Xo

20

Yo

'fJ"
, ! ,

-0-
"1'

~,
~

00

Orientation Example.
(CCS Z-axis locked to sun):
TYPE = 3HSUN

, I "

-0-
", '

I \

I \

Xc /

tr
Yo

20

Xc

IROTX = 1
IROTY = 2
IROTZ = 3 Rotates VCS into CCS, -2700

ROTX = O. about Y axis
ROTY = -270.
ROTZ =90 0 Rotates 900 about Z axis

Figure 4-6 Vehicle Orientation with Subroutine ORIENT



IROTX, IROTY, and IROTZ control the order in which the rotations are
performed. Integers 1, 2, and 3 are the allowed options. For ex­
ample, IROTX = 1, IROTZ = 2, and IROTY = 3 results in rotation first
about X , then about Z , and then about Y .

v v v

4.3.5.4 Subroutines DIDTI and DIDTlS

Calling sequences: CALL DIDTI (DINOSH, DIACC, DIACCS, TRUEAN,
NSPFF, TIMEPR, DIPNCH)

or:

CALL DIDTIS (TRUEAN, NSPFF, TIMEPR, DIPNCH)

These subroutines allow the user to define the form
factor and shadowing accuracy parameters used in his direct ir­
radiation calculations. Additionally, these routines can be
used to update the spacecraft position in orbit by defining true
anomaly (reference Figure 4-7). True anomaly can be defined
directly or by defining a current time.

DINOSH is a shadow/no shadow flag for direct irradia­
tion calculations. DINOSH = 4HSHAD retains shadowing calcula­
tions. DINOSH = 4HNOSH bypasses shadowing calculations.

DIAcc is the element selection accuracy factor for node
planet form factor calculations. Its function is similar to
FFACC in form factor calculations and its default value is 0.25.
(ref para 4.3.3.1 and Appendix B).

DIACCS is the element selection accuracy factor for
shadowing calculations (not applicable when DINOSH = 4HNOSH).
Its function is similar to FFACCS in form factor calculations
and its default value is 0.1. (ref para 4.3.3.1 and Appendix B).

TRUEAN is the true anomaly of the spacecraft measured
in decimal degrees of arc from periapsis passage in direction
of spacecraft motion.

TIMEPR is ueed to define true anomaly in terms of time;
TIMEPR is current time, in hours. If TIMEPR is defined, TRUEAN
in decimal degrees is returned to the operations block in common.
If TRUEAN is defined, current time is returned to the operations
block under the variable name TIMEPR.

NSPFF specifies a step number within which a planetary
flux calculation was made. If the FORTRAN statement: PLSAVE =
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Figure 4-? Definition of True Anomaly and Shadow Entry/Exit Points

4HSAVE appears prior to this calculation, the form factor matrix
from the spacecraft to planet will be stored out of core under
step NSPFF. If this form factor matrix is valid for additional
orbit points (i.e. circular orbit, planet oriented), the FORTRAN
statement PLSAVE = 4HREAD is made in the first step subsequent to
NSPFF. This will result in the planet form factor calculations
being bypassed for the subsequent steps, with a corresponding sav­
ing in computer time.
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Subroutine DIDTlS is a short form version of DIDTI to
be used when the user does not desire to specify his accuracy
and shadow/no shadow flag. See Appendix D for DIDTl and DIDT1S
argument default values.

DIPNCH is the flag for punching direct irradiation data
in the flux data block format. Options are 3HPUN, 2HNO, and 4HTAPE.

4.3.5.5 Subroutines DIDT2 and DIDT2S

Calling sequences: CALL DIDT2 (DINOSH, DIACC, DIAcCS, NSPFF,
SUNCL, SUNCO, PLCL, PLCO, TIMEPR, ALT, DIPNCH)

or:

CALL DIDT2S (NSPFF, SUNCL, SUNCO, PLCL,
PLCO, TIMEPR, ALT, DIPNCH)

These subroutines are identical in function to DIDTI
and DIDTIS in that they define the shadowing and accuracy param­
eters to be used in the subsequent direct flux segment execu-
tion, as well as furnish the parameters necessary to define the
spacecraft's spatial relation with the sun and planet heat sources.

The arguments DINOSH, DIACC, DIACCS, and NSPFF are
exactly as discussed in paragraph 4.3.5.4 and tabulated in Ap­
pendix D.

SUNCL, SUNCO, PLCL, and PLCO are the clock and cone
angles needed to define the direction of the sun and planet posi­
tion vectors in vehicle coordinate system 3-space. Figure 4-8
shows how these parameters are defined. Their input units are
decimal degrees of arc.

ALT is the spacecraft altitude, above the planet, this
argument must be input in feet.

It should be noted that a DIDT2 call is not sufficient
to define all the variables needed for a direct irradiation seg­
ment execution. In general, an ORBIT1 or ORBIT2 call must be
made, or the variables PRAD, SOL, PALB, ~~S, and WSS (ref para
4.3.5.1) must be defined individually in operations block FORTRAN
statements. The call to OREITl 'or ORBIT2 need only define PNAHE.
The remaining arguments may be dummys.

The user should also be aware that spacecraft spin, as
defined by subroutine SPIN, is not applicable when DIDT2 or DIDT2S
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To Sun

To Planet

Figure 4-8 Spacecraft Orientation tJJith Subroutine DTDT2

are called, since DIDT2 and DIDT2S directly define spacecraft
orientation as well as position in space.

4.3.5.6 Subroutine SPIN

Calling sequence: CALL SPIN (CLOCK, CONE, RATE, TRUANS, SPNTM)

----------~------------------------------------------- ----------

*If subroutine ORIENT is not called prior to DIDT2 or DIDT2S, the
vcs and ccs coincide. This is the recommended mode of use. Star
is not allowed as an orient type when using DIDT2 or DIDT2S.
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This subroutine is used to define spacecraft spin.
The arguments CLOCK and CONE define the spin axis with reference
to the central coordinate system. RATE defines the spacecraft
spin rate about the spin axis in degrees per hour. Figure 4-9
illustrates the clock and cone angles, and the algebraic sign
convention used with RATE.

The time spin begins is defined through TRUANS ~
SPNTM. If the user knows the time his spin begins, he specifies
it directly as SPNTM. If he knows the true anomaly where it be­
gins he specifies TRUANS and passes zero for SPNTII.

Spacecraft spin computations are done on the basis of
the following: the spacecraft is assumed to be in the orienta­
tion defined by the last call to subroutine ORIENT at SPNTIL At
any subsequent points in time, the spacecraft is reoriented,
presuming a constant spin-rate, about the SPIN-defined spin axis,
over the time elapsed since SPNTN.

4.3.5.7 Subroutine DICOMF

Calling sequence: CALL DICOMP (ISOLFL, IALBFL, IPLAFL)

This subroutine allows the user to define the logic
used in a subsequent DICAL execution. The choice of ccmputing,
stuffing from another step, or zeroing out individual solar, al­
bedo, and planetary fluxes is available. See Appendix D, p D-23,
for argument definitions.

4.3.5.8 Subroutines DITTP and DITTPS

Calling sequence: CALL DITTP (TIME, ITYPE, PLANAM, I DWDN , FIDEN,
l-,)TIH, NTYPE, NCLPL, NCOPL, NeLS, ITCOS, NRAD,
NWOR, ALT~IT, IFLS, DIPNCH)

or: CALL DITTPS (TIME, ITYPE)

These subroutines allow the USer to define his mission
by reading trajectory tapes of the attitude timeline variety.
The pertinent data are read from the tape and placed in storage
for use by the DICAL segment through an internal call to DIDT2.

Subroutine DITTP allows the USer to define the trajec­
tory tape format, identify the proper file on multifile tapes,
define the attitude parameters for his first compute point, and
position the tape for reading subsequent points. Subsequent
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Figure 4-9 Spacecraft Spin Definition

points are read using DITTPS, which presumes that the tape is pre­
viously positioned to the correct file, and a call to DITTPS re­
sults in repeated reads. of trajectory tape records until a time
value equal to TIME is encountered. If ITYPE is defined (as an
integer data value), repeated reads are made until TIME is en­
countered, then reading continues until a special event identifier
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equal to ITYPE is encountered. Note that this tape reading
method precludes calling for a time value less than the time
argument used in a previous DITTP or DITTPS call.

Figure 4-10 is an operations data block segment that
generates direct irradiation for three time points, using a tra­
jectory tape. In Step 2, the trajectory tape is positioned to
a file named ZLVI and the data are read at TIME = 10.0 hours, which
is not a special event point. The planet involved is Earth,
flux output is punched, and the spacecraft altitude data on the
tape are in nautical miles (ALTMF = 6080.). Trajectory tape for~

mat information is as follows:

a) Tape records are 58 words'ong (NWOR 58) •
b) Tape is for 1 body (IBOD = 0).
c) File identification is found in word 1 of tape records

(IDWDN = 1).
d) Time is found in word 3 of tape records (NTIM = 3).
e) Special event iaentifier is found in word 5 of tape records

(NTYPE = 5).
f) Planet center-to-spacecraft distance is found in word 13 of tape

records (NRAD = 13).
g) Clock angle-to-planet vector is found in word 9,

(NCLPL = 9).
h) Cone ang1e-to-planet vector is found in word 10,

(NCOPL = 10).
i) Clock ang1e-to-sun vector is found in word 11,

(NCLS = 11).
j) Cone ang1e-to-sun vector is found in word 12,

(NCOS = 12).

Step 2 reads trajectory tape information at time =
10.5 hours, which is not a special event. Step 3 reads trajec­
tory tape information at a special event of type 2, which occurs
just subsequent to 11.0 hours.

4.3.6

4.3.6.1

Radiation Interchange Subroutines

Subroutine GBDATA

Calling sequence: CALL GBDATA (IGBSFF, GBWBND)

This subroutine defines the parameters necessary prior
to executing the GBCAL segment to obtain a grey-body factor
matrix.
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Argument IGBSFF identifies the previously executed
step number that computed or otherwise defined the form fqctor
matrix corresponding to the grey-body factor matrix desired.
Prior to the GBDATA call, calls to BUILDC and ADD must be in'
effect that define the geometry as it was defined in Step IGBSFF.

Argument GBWBND (Options: 3HSOL, 2HIR, 4HBOTH) defines
the energy waveband--solar, infrared, or both--that will be used
in grey-body factor calculation.

4.3.6.2 Subroutine RKDATA

Calling sequence: CALL RKDATA (IRKNGB, RKPNCH, RKMIN, IRKCN,
RKSP, IRKNSP, SIGMA, RKAMPF, RKTAPE)

This subroutine defines the parameters necessary prior
to executing the RKCAL program segment to obtain radiation con­
ductors (RADKs) in thermal analyzer format •.

Argument IRKNGB identifies the previously executed
step number in which grey-body factor matrix corresponding to
the desired radiation conductors was computed. Prior to the
RKDATA call, calls to BUILDC and ADD must be in effect that de­
fine the problem geometry as it was in Step IRKNGB.

Argument RKPNCH (Options: 3HPUN , 2HNO) is the punch/
no punch flag for radiation conductors on BCD card format.

Argument RKMIN defines the lower limit of the radia­
tion conductor values that will be punched or put on BCD tape.
RKMIN is defined as follows:
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for a valid radiation conductor,

f .. / C > FMIN .q 1.

where

F.. is the grey-body factor from node i to j,
~J

E:.. is the infrared emittance of node i.
~

Argument IRKCN is the initial radiation conductor
identification number. The radiation conductors are numbered
consecutively from IRKCN.

Arguments RKSP and IRKNSP provide the information to
define radiation conductors to space for problems that do not
form a complete enclosure. RKSP (Options: SHSPACE, 2HNO) is
the flag for calculation of radiation conductors to space. When
RKSP = SHSPACE, radiation conductors to space for node i are
computed according to:

f.
~-space

c
~

N

L:
j

f ..
~J

for an N-node problem. IRKNSP is the user-defined identifica­
tion number for his space node.

SIG~~ and RKAMPF are available for the user to obtain
unit agreement between his radiation model and thermal analyzer
model. SIG~~ is the Stefan-Boltzmann constant that will appear
on the radiation conductor and RKAMPF is an arbitrary multipli­
cation factor available to change from .the TRASYS standard area
units (square feet) to the area unit the user desires. If
RKAMPF is 1.0, the area unit associated with SIGMA must be square
feet.

Argument RKTAPE (Options: 4HTAPE, 2HNO) allows the
user to write his radiation conductors to his BCD RADK tape
(thermal analyzer format).

All RKDATA arguments have default values (see Appen­
dix D) so that an RKDATA call before an RKCAL execution is not
mandatory.
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4.3.7

4.3.7.1

Absorbed Heat Subroutines

Subroutine AQDATA

Calling sequence: cALL AQDATA (IAQGBI, IAQGBS, RSOLAR, RALB,
RPLAN)

This subroutine defines the parameters necessary prior
to executing the AQCAL program segment to compute absorbed heats.

All arguments are step number references to the cur­
rent or previously executed steps that have resulted in valid
direct irradiation and grey-body data being placed in out-of-core
storage.

IAQGBI is the step number reference for an infrared
grey-body matrix.

IAQGBS is the step number reference for a solar grey­
body matrix.

RSOLAR is a solar-heat rate multiplying factor
(defaults to 1.0).

RALB is an albedo-heat-rate multiplying factor (de­
·faul ts to 1. 0) •

RPLAN is a planetary-heat-rate multiplying factor
(defaults to 1.0).

Step number arguments will default to the current step
number, so that an AQDATA call is not required if all necessary
data are in storage under the current step number. Prior to an
AQCAL execution, the BUILDC and ADD calls in effect must agree
exactly with those in effect when each of the five referenced
steps were executed.

4.3.7.2 Subroutine STFAQ

Calling sequence: CALL STFAQ (TRUEAN, TIMEPR, NSTP)

This subroutine stuffs values of absorbed heat and/or
direct flux computed in a previously executed step into out-of­
core storage for the current step. It also stores time for the
current step, defined either directly or from true anomaly.

The argument NSTP is the step number from which the
desired absorbed heat values will be obtained.
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The geometry, as defined by BUILDC and ADD calls, in
effect at the time any STFAQ call is made must agree exactly
with that in effect when step NSTP was executed.

4.3.7.3 Subroutine QODATA

Calling sequence: CALL QODATA (NSARRY, N1}~RY, QOTAPE, QOPNCH,
QOAMPF, QOFMPF, QOTMPF, QOTYPE, IQOCOR)

This subroutine defines the parameters necessary to
allow absorbed heat data in thermal analyzer format to be gener­
ated in a subsequent QOCAL execution.

Argument NSARRY is the name of an array containing
the previously executed step numbers where the desired absorbed­
heat data can be found in storage. Unless ~SARRY = 3HALL , this
array must be entered in the array data block and must be dimen­
sioned to agree exactly with the number of valid step numbers it
contains. The user is referred to Figure 3-13 for examples of
ways this array may be defined. If the 3HALL option is used, all
absorbed heat data computed since the last call to BUILDC will
be output.

Argument NTMARY is the thermal analyzer array number
the user desires for his time array when Q vs time tables are
being generated. The Q arrays generated will be numbered conse­
cutively from NTMARY+l.

Arguments QOTAPE and QOPNCH are flags to control the
form of Q table output. Options are 3HPUN, 2HNO for punch/no
punch control, and 4HTAPE, 2HNO for write/no write to BCD tape.

Arguments QOAMPF, QOFMPF and QOTMPF are the multiply­
ing factors for area, energy, and time, respectively. The de­
fault values of 1.0 result in time in hours, area in square feet,
and energy in Btu/hr.

Argument QOTYPE controls the type of output obtained.
3HTAB results in Q vs time tables; 2HAV results in an average
Q for the time period defined by NSARRY.

Argument IQOCOR defines the correspondence data block
step number to be used. This argument defaults to the current
step number.
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4.3.8

4.3.8.1

Shadow Factor Subroutine

Subroutine SFDATA

Calling sequence: CALL SFDATA (NAMEI , NAMED)

This subroutine is used to label files on shadow factor
input (SHADI) and shadow factor output (SHADD) tapes. This call
is mandatory if a SHADl tape is used so that the correct file is
selected: SHADD tape files are identified with the Hollerith
n,me NAMED.

4.3.9 Data Modification Routines

A series of routines are available that enable the user
to change certain types of data from the operations data block.
This provides a convenient way to perform many types of parametric
studies without the necessity of making multiple runs and error­
prone changes to ~he surface data.

The series of routines allows the following node prop~

erties to be changed:

a) Area;

b) Diffuse infrared emissivity and/or solar absorptivity;

c) Specular infrared and/or solar reflectivity;

d) Infrared and/or solar transmissivities;

e) SHADE/BSHADE flags.

Calling sequences are designed so that the properties may be
changed for one or all active nodes with one call. The use and
function of these routines is explained in the following sections.

4.3.9.1 Subroutine MDDAR

Calling sequence: CALL MDDAR (ND, AR)

This subroutine changes the area of a designated node
or the area of all currently active nodes by use of a multiplier.
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-
Argument Name

ND

AR

Description

Node Number
Designator

Desired Value
for Area

Options

a) Any Active
Node Number
(Integer).

b) 3HALL

a) Floating­
Point Data
Value

b) AreaMulti­

plierl (3HALL
Op tion Only)

Default.
None

None

Note: 1. When ND = 3HALL, all active node areas are modified
according to AREA = AREA*AR.

Restriction: Call not valid prior to geometry definition
through calls to BUILDC and ADD.

4.3.9.2 Subroutine MODPR

Calling sequence: CALL MODPR (ND, ALPHA, EMISS)

This subroutine modifies the diffuse infrared emissivity
and/or the diffuse solar absorptivity of a designated node.

Argumen~Name

ND

ALPHA

EMISS

Description Options Default

Node Number Any Active None
Designator Node Number

Diffuse Solar a) O. < DV .'2-1. None
Absorptivity

b) DV < O.

Diffuse IR a) O. < DV .'2-1. None
Emissivity

b) DV <: O.

Note: 1. If ALPHA ~ O. or EMISS < 0., current values are not
changed.

Restriction: Call not valid prior to geometry definition
through calls to BUILDC and ADD.

4.3.9.3 Sub routine MODTR

Calling sequence: CALL HODTR (ISR, TRANS, TRANI)
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This subroutine modifies the solar and/or intrared trans­
missivity of a designated surface.

-
Argument Name

ISR

TRANS

TRANI

Description Options

Surface Number Any Active
Designator Surface Number

Solar Trans- a) O. < DV ~ l.-
missivity

b) DV < O. 1

IR Transmissiv- a) O. < DV ~ l.
ity

1b) DV < O.

Default

None

None

None

Note: 1. If TRANI < O. or TRANS < 0., current values are not
changed.

2. Transmissivity changes affect the entire surface.

Restriction: Call not valid prior to geometry definition through
calls to BUILDC and ADD.

4.3.9.4 - Subroutine MODPRS

Calling sequence: CALL MODPRS (ND, SPRS, SPRI)

This subroutine modifies the solar and/or infrared
specular reflectivity of a designated node.

Argument Name Description Options Default

ND Node Number Any Active None
Designator Node Number

SPRS Specular Reflec- a) O. ~ DV ~ 1. None
tivity, Solar

b) DV < O. 1

SPRI Specular Reflec- a) O. < DV :'l. None
tivity, Infrared

b) DV O. I
<

Notes: l. If SPRI < O. or SPRS < O. , current values are not changed.

Restrictions: 1. This call is applicable only to nodes defined as
specular reflectors in the surface data block.
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4.3.9.5

2. Call not valid prior to geometry definition
through calls to BUILDC and ADD.

Subroutine MODSHD

Calling sequence: CALL MODSHD (ISR, SHADE, BSHADE)

This subroutine modifies the SHADE/BS}~DE flags for a
designated surface.

Argument Name

ISR

SHADE

BSHADE

Description

Surface Number
Designator

Can Shade Flag

Can Be Shaded
Flag

Option

Any Active
Surface Number

FF, DI, BOTH,

NO, 01

FF, DI, BOTH,

NO, 01

Defaul t

None

None

None

Note: 1. If SHADE or BSHADE data values are zero, their values
are not changed.

2. Shade flag changes affect the entire surface.

Restrictions: 1. Call not valid prior to geometry definition
through calls to BUILDC and ADD.

2. Call not applicable to shadower-only surfaces.

4.3.10 Approximate Radiant Interchange Factors

A routine is available in the processor library that
computes diffuse-grey-body interchange factors according to the
first-order approximation:

where

FROPI and PROPJ are the diffuse surface properties,
solar absorptivity or infrared emissivity; ~ .. is the approxi­

_41J

mate radiant interchange factor between surfaces i and j; F .. is
1J

the form factor.

This equation is, of course, exact for a black enclosure (PROPI
PROPJ = 1 for all i, j) and gives a reasonable approximation if
all surface properties are 0.8 or greater.

4-33



A call to subroutine GBAPRX in lieu of executing the
GBCAL segment will generate the approximate grey-body factor data
and store them in the same manner as GBCAL. There is a signif­
icant saving in computer time when the problem size is 200 nodes
or greater.

4.3.10.1 Subroutine GBAPRX

Calling s~quence: CALL GBAPRX (IGBSFF, GBWBND)

This subroutine calculates grey-body radiant inter­
change factors using an approximate relationship and stores the
results in dat.a storage.

Argument Name

IGBSFF

GBWBND

Description

Step Number for
Form Factors

Waveband Defini­
tion Name

Options

Integer

2HIR, 3HSOL
4HBOTH

Default

Current
Step No.

4HBOTH

Note: Input zero for default action.

Restriction: None.

4.3.11 Radiation Condenser Segment

The radiation condenser segment provides the user with
two methods of radiation model simplification.

The first of these methods, which is referred to as the
Multiple Enclosure Simplification Shield .cHESS) technique, allows
a complex radiation enclosure to be modularized into discrete sub­
enclosures by the assignment of imaginary interface shield nodes.
Each of these smaller enclosures can 'be analyzed independently of
the others, resulting in more efficient use of computers and man­
power.

The second method, referred to as the Effective,Radia­
tion Node (ERN) technique, is used to reduce the number of radia­
tion couplings required to thermally model an enclosure by re­
placing small conductors from each node with a single conductor
coupled to the enclosure ERN.

The techniques and their application are described in
more detail in Appendix F.
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4.3.11.1 Subroutine RCDATA

Calling sequence: CALL RCDATA (IRCNGB, RCPNCH, RCMIN, IRCCN,
RCSP, IRCNSP, SIGMA, RCAMPF, RCTAPE, RFRAC,
NERN, IPRIME, ISECND)

This is a user-called subroutine that defines the param­
eters used in RCCAL for the condensation and output of radiation
conductors (RADKS).

VaY'iahle Descnptions and Default Values

Variable Description

IRCNGB Step Number Reference for Infrared
Grey-Body Factors

Default Value

Assumes Current
Step

RCPNCH Punch/No Punch Flag. Options:
3HPUN, 2HNO

3HPUN

RCMIN

IRCCN

RCSP

IRCNSF

SIGMA

RCAMPF

RCTAPE

RFRAC

NERN

IPRIME

ISECND

Minimum Value of F/E That Will Result 0.0001
in a Valid RADK

Initial Radiation Conductor Number l

Flag for Calculation of RADKS to 2llliO
Space. Options: SHSPACE, 2 HNO

Space Node Number 32767

Stefan-Boltzmann Constant 1.7l3E~9

Area Multiplying Factor 1.0

Flag to Write RADKS to BCDOU Tape. 2HNO
Options: 4HTAPE, 2HNO

Significant Radiation Fraction; None
Ref Appendix F, equation 6.

Effective Radiation Node (ERN) Number None

Array Name for Array of Primary MESS None
Node Numbers and Special Node Numbers

Array Name for Array of Secondary None
MESS Node Numbers
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Restrictions: 1. RCDATA must be called prior to RCCAL execution
because all of the variables are not defaulted.

2. Current liedel geometry must agree with that of
step IRCNGB.

3. IPRIME and ISECND arrays must be input in the
array data block to specify MESS node pairs
and special nodes. IPRIME contains a list of
all primary MESS nodes and all special nodes
in that order. ISECND contains a list of all
secondary MESS nodes in a one-to~one corres­
pondence with the primary MESS nodes in IPRIME.

4.3.12 Adiabatic "Closure" Surfaces

It is sometimes desirable to conserve energy in a thermal
radiation problem that does not constitute a complete enclosure.
The usual means of doing this is to complete the enclosure with an
adiabatic reflector surface. This can be accomplished by entering
a rudimentary closure surface in the surface data and using sub­
routine ADSURF to add the closure surface to the form factor matrix
after form factors have been computed for the real surfaces in the
problem.

4.3.12.1 Subroutine ADSURF

Calling Sequence: CALL ADSURF (BCSN, FFSN)

BCSN is the block coordinate system
closure surface appears in the surface data.
executed step number under which form factors

name
FFSN
were

under which the
is the previously
computed.

When ADSURF is called, the form factor matrix is read
from step FFSN, and form factors from each node to the closure
surface are computed by subtracting the form-factor row sums from
1.0. This new row of form factors is added to the form factor
matrix and the resulting matrix is stored under the current step.
Two form factor matrices are now available to the user for use in
generating radiation interchange data.
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5.

5.1

5.1.1

PROCESSOR SEGMENTS

Pictorial Plot Segments

Node Plotter

Calling sequence: L NPLOT

This segment provides the user with 3-dimensional and/or
orthographic projection pictorial plots of his problem geometry.
Its primary use is to verify surface data input prior to proceed­
ing with computations of radiation interchange or absorbed heat
data. Examples of its output can be found in Appendix H.

This segment has no provision for user intervention in
the form of program called subroutines that the user may modify.
Control is provided through the NDATA or NDATAS subroutines.

5.1. 2 Orbit Plotter

Calling sequence: L OPLOT

This segment provides the user with a pictorial repre­
sentation of his spacecraft in relation to the body it orbits
and the sun.

The planet and its shadow are depicted, together with a
pictorial view of the spacecraft in orbit. The standard output
enables the user to verify his orbit in relation to the sun, and
spacecraft orientation relative to the sun, planet, or star.
Examples of its output can be found in Appendix H.

This segment has no provision for user intervention be­
yond that provided by subroutines ODATA and ODATAS.

5.1.3 Data Plotter

Calling sequence: L ·PLOT

This segment provides the capability to plot any com­
puted or input data as x versus y plots. The segment automatically
writes a binary plot data unit (disc or drum) for producing plots
of incident or absorbed heat rates or fluxes as a function of
time (Ref subroutine PLDATA, Appendix D-21).

The segment also provides a completely ·general plot capa­
bility if the user inputs operations data block FORTRAN to pre­
pare the plot data unit prior to executing the PLOT segment. This
type of plot operation is illustrated by the plot unit format
described below.
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5.1.4

The plot segment flow diagram is shown in Figure 5-1.

Binary Plot Unit Format

Write format: NAME, N, (DATA (I), I = 1, N)

where: NAME:
N
DATA:

type of record
number of words in record
array of data

Record 1, TYPE = FRAME, N 6

word 1 5HFRAME
2 4
3 XMIN
4 XMAX
5 YM1N
6 YMAX

Record 2, TYPE =
word 1

2
3
4
5
6
7

LABELX, N = 7

6HLABELX
MAXIMUM OF 5, 30
LABEL ARRAY (1)

(2)
(3)
(4)
(5)

characters, maximum, 6/per word

Record 3, TYPE = LABELY, N = 7 (max)

word 1 6HLABELY
2 N (MAXIMUM OF 7, 30 characters, maximum, 6/per word)
3 LABEL ARRAY (1)
4 (2)
5 (3)
6 (4)
7 (5)

Record 4, TYPE =

word 1
2
3

5-2

NODENO, N 3

6HNODENO
1
INTEGER NODE If
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PLLOAD

~USER DEFINED INCIDENT READ

PLOT DISC TYPE HEAT DATA

READ
DATA

I ABSORBED SORT
DATA BY

HEAT TIME

FNDFLP ,,- -.....
............. ..,,;

GENERATE
PLOT DISC '- ~

PLDRIV

DRAW GRID

READ PLOT
DISC

APPLY
MULTIPLIERS

PLOT

RETURN

Figure 5-1 PLOT Segment Flo~ Diagram
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Record 5. TYPE = TITLE 1, N = 12 (max)

word 1 6HTITLE 1
2 N(MAXIMUM OF 12, 60 characters. maximum. 6/per

word)
3 TITLE ARRAY 1
4 2

12

Record 6. TYPE =
word 1

2

10

TITLE 2. N = 14 (max)

6HTITLE 2
N(MAXIMUM OF 14,,72 characters, maximum, 6/per

word)
3 TITLE ARRAY 1
4 2

14 12

Record 7, TYPE = INDEP, N user supplied

word 1 SHINDEP
2 N (1 ~ N < 1000)
3 DATA (1)

N+2 DATA (N)

Record 8, TYPE = DEPEND

word 1
2

6HDEPEND
N (1 < N < 1000)

Note: a) TYPE DEPEND can occur as many times on a file as
desired for multiple plots on a frame.

b) Any records but FRAME, INDEP and DEPEND types may
be omitted.

S.2 Form Factor Segment

Calling sequence: L FFCAL

This segment computes form factor matrices for any geo­
metric enclosure using a numerical integration method. Internode
blockage is accounted for with differing solar and IR transmis­
sivities and. because semitransparent and specular surfaces are
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allowed, two form factor matrices are computed: FFS for the
solar waveband and FFI for the infrared waveband.

Provision for user intervention via the subroutine data
block is available through three program-called subroutines:
(1) prior to computation of each form factor through subroutine
FFPRE, (2) at the completion of a row of form factors through
subroutine FFROW, and (3) at the completion of the entire matrix
through subroutine FFEND. The logic flow of the FFCAL segment
is shown in Figure 5-2.

FFCAL provides printed output, as well as punched-in
form factor data block format, at the user's option. Examples
of FFCAL output are shown in Appendix H.

5.3 Shadow Factor Segment

Calling sequence: L SFCAL

This segment computes shadow factor tables for each
node of a spacecraft configuration to be used in direct irradia­
tion calculations when analytic shadow effect calculations are
not desirable.

Primary output for this segment is a tape containing
shadow factor tables for each node. This tape contains shadow
data packed according to a format as presented in Appendix C.
The shadow factor tables are also output in printed form. An
example of the printed output resulting from an SFCAL direction
can be found in Appendix H. Shadow factors for both the solar
and infrared wavebands are computed, because semitransparent
shadowing surfaces are allowed.

No user intervention is provided for this segment. Prior
to an SFCAL call, the user may set a flag to obtain punched
shadow factor data through the statement SFPNCH = 3HPUN. Punched
output obtained will be in shadow factor data block format.

5.4 Radiation Interchange Segments

Calling sequences: L
L

GBCAL
RKCAL

Segment GBCAL computes a matrix of diffuse grey-body
radiation interchange factors and places them in out-of-core
storage for later use in computing absorbed heat or radiation
conductors. Solutions for either the solar or infrared wave
bands may be requested. No user intervention provisions are made
beyond that of subroutine GBDATA.

5-5



IN=IN+l

IN=JN+l

FFMAIN

CALL FFRDRQ

IN=IN

CALL FFPRE"'~

CALL FFCAL

NO

NO

NO

CALL FFOUT

CALL .FFROW*

CALL FFEN~~

* USER ROUTINES
RETURN

~= REAL BODY BRANCH, REFERENCE FIGURE 5-3

Figure 5-2 Segment FFCAL FZow Diagram
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IN=IN+l

RBMAIN

CALL
RBRDIN

CALL
RBIMAG

CALL
RBRDRQ

NO

CALL
RBNIMG

~""---r----...I KN=KN+1

CALL
RBPRE

CALL
RBCAL

NO

NO

NO

CALL
RBl}lUT

CALL
RBRDW

CALL
RBEND

RETURN

Figure 5-3 Segment RBCAL now Diagram
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Segment RKCAL computes radiation conductors for thermal
analyzer models and provides output in punched card or BCD tape
form. A printout of the card/tape record images is also pro­
vided. Three program-called user routines are used to provide
user intervention through his subroutines block. Subroutine
RKPRE provides for any special initialization desired before
computations begin. Subroutine RKPNCH performs the actual punch/
tape write operations, and the user may obtain data in any thermal
analyzer program format by altering format statements in this
routine. User routine RKEND provides for user intervention prior
to return to operations block control. Figure 5-4 shows segment
RKCAL logic flow.

An example of RKCAL output can be found in Appendix H.

5.5 Direct Irradiation Segment

Calling sequence: L DICAL

This segment computes the thermal radiation directly
incident on external spacecraft surfaces due to the presence of
the sun or a nearby planet. Three components are computed:
direct solar, reflected solar from the planetary surface (albedo)
and infrared planetary emission. Shadowing effects due to inter­
node blockage are accounted for. Normally, shadowing is computed
analytically; however, at the user's option shadowing may be
computed by the use of shadow data provided on a shadow factor
tape. This requires that the shadow factor tape be mounted and
the flag SFTAPE be defined through a FORTRAN statement in the
operations block prior to the DICAL call. For example, if the
statement:

SFTAPE = CONFI

appears prior to a
will be bypassed.
CONFI will be used
name is found, the

DICAL call, the analytic
Further, a shadow factor
for shadow calculations.
run will abort.

shadowing calculations
tape file with the name
If no file with this

Four program called subroutines are provided for user
intervention through his subroutine data block. Subroutine
DIPRES provides for special initialization prior to sQlar flux
calculations Similarly, DIPREP is called prior to planetary/
albedo flux calculations. Subroutine DIENDS and DIENDP provide
for user intervention subsequent to solar and planetary/albedo
calculations, respectively. Figure 5-5 depicts the logic flow
of segment DICAL.
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RKMAIN

CALL RKPRE

FIND IR
FACTORS

CALL FINDST

READ
CORRE­

SPONDENCE
DATA

COMBINE RADKS

CALL RKCMBN

USER
ROUTINE

YES

USER
ROUTINE

USER
ROUTINE

COMPUTE
RADKS

TO
SPACE

PUNCH RADKS

CALL RKPNCH

CALL RKEND

RETURN

YES

Figure 5-4 Segment RKCAL Flow Diagram

5-9



DIMAIN

ISKPSO =
6HSKPSO

?

NO

INITIALIZATION

YES IN=IN+l

USER
CALL DIPRES ROUTINE

IN = 1

USER
ROUTINE

IORBIT = 2>0......------'

NO

ISKPLA =
6HSKPPL

?

CALL DIRTP

CALC. PLAN. &
ALBEDO FLUXES

CALL DITYPE

CALL DIENDP

CALL DIEND

USER
ROUTINE

® REAL BODY BRANCH~ REFERENCE FIGURE 5-6.
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KN=KN+l

IN=l

NO

CALL DRRDRQ

CALL DRlMAG

KN=l
IN=l

CALL DRCALS

CALL DROUTS

IN=IN+l

NO

IN=IN+l

NO

CALL DRENDS

IN=l

CALL DROUTP

YES

DALL DREND

RETURN

USER
ROUTINES

USER
ROUTINE

Ngure 5-6 Segment DRCAL Flo7;) Diagram



DICAL output is placed in out-of-core storage for later
use in absorbed flux calculations. In addition. direct irradiation
data may be punched at the user's option. This data is in the
flux data block format. A printout of the direct irradiation data
is provided also. An example of DICAL output can be found in
Appendix H.

,5.6 Absorbed Heat Segment

Calling sequence: L AQCAL

This segment utilizes direct irradiation and~radiant

interchange data in out-of-core storage as input. From this. it
computes absorbed heat values for each external spacecraft node.
Internode reflections are accounted for in both the solar and
infrared wavebands.

No user intervention through the subroutine data block
is provided.

Segment AQCAL output is
Printed output is also provided.
be found in Appendix H.

placed in out-of-core storage.
An example of AQCAL output can

5.7 Absorbed Heat Output Segment

Calling sequence: L QOCAL

This segment utilizes absorbed heat data in out-of-core
storage to provide heat source tables in thermal analyzer format.
At the user's option. heat versus time tables or orbital average
heat data are provided for each external node.

Output is provided on punched cards or BCD tape. Q
versus time data is in thermal analyzer array data format. with
a singlet time array and a corresponding singlet Q array for each
node. Also punched are thermal analyzer interpolation subroutine
cards for each node. Orbital average data' is punched in source
'data block format.

Standard output is in SINDA thermal analyzer f?rmat.
Subroutine DAllMDA is used for the interpolation subroutine. Out­
put for other thermal analyzers may be obtained by altering the
format statements in subroutine QOSAVE and entering the altered
version in the subroutines data block. Card image printout of
QOCAL output is provided. An example can be found in Appendix H.
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Segment QOCAL logic flow is shown in Figure 5-7.

5.8 Radiation Condenser Segment

Calling sequence: L RCCAL

Segment RCCAL computes radiation conductors, simplifies
and condenses these conductors using the ERN and MESS techniques,
and provides output in punched card and/or B~D tape form. A
printout of the card/tape record images as well as the original
(uncondensed) RADKS is also provided, Three program-called user
routines are used to provide user intervention through his sub­
routines block. Subroutine RCPRE provides for any special in­
itialization desired before computations begin. Subroutine
RCPNCH performs the actual punch and tape write operations, and
the user may obtain data in any thermal analyzer program format
by altering format statements in this routine. User routine
RCEND provides for user intervention prior to return to operations
block control. Figure 5-8 shows segment RCCAL logic flow. RCCAL
theory is presented in Appendix F.

5.8.1 Sample Problem Using ERN/MESS Technique

The optics housing of the High Altitude Observatory (HAO)
solar telescope, which is mounted on the Skylab Apollo Telescope
Mount, is shown in Figure 5-9. Both the original enclosure and
the modularized enclosure are shown along with the ERNs and the
MESS nodes. Figure 5-10 shows the nodal breakdown for the enclo­
sure.

TRASYS input for subenclosure 1 (see Figure 5-9) is shown
in Figure 5-11. The TRASYS-RCCAL segment output is shown in Ap­
pendix H.
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QOMAIN

FIND AQ DATA

CALL FINDST

SORT AQ DATA

CALL SORTDJ.,

COMB. /DIVIDE
AQ DATA

CALL QOCMBN

NO

USER

ROUTINE CALL QOSAVE ~---~

RETURN
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ReMAIN

~
'-l iSI';I;

[·;():'Tli-:E

'--- .-. --1

liEAD CDNDUCTOR
FROrl REORDERED
1'[1.1':, FLAt: iT, AN

L. ADn IT TO SUBTOTAL

f-_F_I_N_D_l_i;_i_;A_('~l
(;JIU, Fl\lJST~

IU:AD
CORRESi'OtWE~CE

DATA

YES
lCOH!'L 0

:\0

COriRINE RADKS

,-ALL Rcc~mN

R ~ RFRAc
R

YES

CQrlPUTE RADKS

TO SPACE

PUNCH FLAGGED
CONDUCTORS

PUNCH HESS
ONE-WAY

CONDUCTOR
CALL RCPNCH~' CALL RCPNCH'"

l
"USER

ROUTINE

USER
ROUTINE

CALL RCEND

SUM UNFLACGED
CONDUCTORS AND

PUNCH ERN COUPLING
CALL RCPNel!'"

ns.>------.,..1 · 1.. ';
pi

II :-"( ~ ;

L.__- ..__-_~- -_:_J

11\

Figure 5-8 Segment RCCAL Flow Diagram
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MESS NODES

MESS NODES

ORIGINAL ENCLOSURE

MODULARIZED ENCLOSURE

Figure 5-9 HAD Experiment Optics Housing ModuLarized EncLosures
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",--,~V\J'-.-\:'''. 2242

e-:--_.AJ~_-D2305

• Diffusion Nodes

• Radiation Boundary
Nodes

Figure 5-10 Apollo Telescope Mount HAO Experiment
Optics Housing SampZe Problem
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~EAOE~ OPTln~S DATA
TITL:: ROOIIP'!n!\J CONDENSER SAMPLE PROBLEM

s

HEAd'ER
STC-PH
INITL
NOOfA

5-18

~ODEt

A~fH Y !JAT II
IPPI"lE
ISECNrt
SUQFAC ::
SUQl="N
TYPE
AC'TI'rE
SHAnE
BS HADE
Pi
pOOP
SU ?fN
TV~E

AC TI liE:
SHADE
BSHI\,D~

pi
NNY
UNNY

ppnp
~'OR~

1
0.0

1, 2,3, ~ ,5 , b , 7, 8, g, 10 , t 1 ,1 2, 13, 1~ , 15 , lIS , t"1\J 0 4:

t, Z, 0.1)177138· 90. <l"

1, 3, ].!JOS7E,8" 90. ~

1. 4, 0 • IJ 0 628g. q O. <l'

1 , 6 , O. 1 0 4 I:) 75· 9 n. ~

i, 7, ~.t182C31. 90. <l'

1, 6, 0.1160140" 130. ~

1, 9, 0.n4302d. 90. <l'

1,,, 10, 0.032649. 9'0. ~

1, '11, lJ.1127951· 90. 'l:

1, 12, () .119425" 9 O. <t

1, 1.3, 0.1511+26" 90."
1, 14, 0.10c;845" 90. 'l:

t, t 5, O. t t 9 5 68· gO. ~

1, lei, 0.053506. 9D. <t

2, 6, ".150<:144" 13.125 ~

2, 7, O.l14022? 13.125 'l:

l, 11, a• I] 418 52 • 13. 125 '"
2, 12, 0."2.16057" 13.12S ,
2, 11, 0.021062· 13.125 ~

?, 14, 1l.115054" 13.1?S 9:
2 , 1 5 , [J • 0 2 .5 £> 131 • U. 1? 5 ~

2, 16, 0.107440· 13.125 !Ii
1, 6, 0.021028· g. 75 ~

3, ~, 1J.2.80861. 9.7S '!
1, t 1, 0 • 3 0 J885· 9 • 75 'l:
J,12, 0.174021. q.75 'l:

3, 14, [J. I] 0 11 30· 9 .75 'l:
4, ~, 0.D04979. g.75 <l'

4, 7, O•.D499"30· 9.75 'r
4, 8, 0.1179'30. 9.7S'l:
4, 9, O.~504?5" 9.7; ~

4, 1a, o. a1 :J 5 1g. 9 .7ft; '!;
~ , 1 ? , a• 1. 8 34 72... q • 75 l'

Figure 5-11 RCCAL Sample Problem Input
(cont)



4, 13, 0.1331=.90 .. 9.75 1:

It, 14, 0.124245 .. 9.75 or:

~, 1 S, 1).114895 .. q.75 1:

4, 16, 0.1'185010 .. 9. 7~ or
S, 6, 0.D281S14 if. 9.10 1)

5, 7, o. 'OO>3g78 .. 9 .10 ~

«:i, "'I ().239230 .. <3.10 4:

5, c\, 0.00340<3 .. '3.10 ~

; , 10, o. nll0480 .. 9. fO t

5, 11, fl. "20433 .. Q.10 1:

5, 14, 0.548?28 .. g. 10 1:

5, 15, 0.06~204 111- ':3.10 ~

5, H" o. n 04413 .. 9.10 ~

6, 8, 0.111438 .. 71 .78S ,
f), 9, 0.D24525 .. 71. "'8t; ~

1;, 10, 0.00'31?4 ... 7'1.78C:; ,
6, 11, 0.16613" .. 71.1P,C; ~

1;, 1?, 0.?540 0 5 .. 71.781) .,
f), t 3, ().E?<3?30 111- 71 .78S ~

6, 14, ().2dOO c 9 .. 71 .78S 11:

6, 15, O. 0347Z7' ... 71 .18~ ~

6, 16, il.'Ill045 .. 71.78 CO ~

7, 8, 1).0'*4039 .. '72.06C; If;
'?, 9, 0.06%"4 .. 1?05e; ~

1, 10, 0.nCi4688 .. 12. D6S ~

7, 11, O.1813R17 .. 12.065 ~

"1', 12, '). !2.6117 ... "'2.065 ~

7, 1~, ll.?63905 .. 72. 06 c; ~

7', 14, 0.1134592 .. 12.065 ~

7, 1c; , 1).2801+29 .. 72.065 ~

7,- 16, 0.100189 .. 7?065 ~

8, 11, !l.1543ii3 .. F)9.-l+70 ~

8, 12, (J.tlIi175 II- 69.'470 ~

8, 13, 0.051308 .. 69.470 ~

8, 14, O.22J080 • 69.470 ~

8, 15, (J.lJC;4380 ... 69.1+70 ~

~, 16, 0.11 r.259 .. ~9.470 ~

9, 11, o • l] I) 9 565 • 31 .500 ~

9, 12, O.1I2'H!t6 • ~1. 500 ~

q, 13, O.l'711EJ ... :u. c:;o 0 ~

9, 14, 0.018298 .. ~1.f':OO ~

9, 1c; , 0.2·7;746 .. ~1 .500 ~
q, 16, 0.1I8tiOCl1 • 31 .500 ".Ii

10, 11, O.D060Z7 .. 29."'50 1t

10, 12, 0.1108478 .. 29.7150 ~

10, 13, 0.':'41228 .. ZQ.750 ~

10, t4, O. 110768 ... 29.150 It

11), 15, 0.251456 .. 2q .7150 It
10, 1!;, O.?Q17n .. 29.71S0 ~

11, 12, 0.~20815 .. 00 .200 ~

11, 13, 0.ll10974 .. flO.?OO ~

11, 14, o.25 n 96 ... 60.200 ~

it, 15, O. D17 9 6f- .. 60.200 ~

11, 16, 11.1128121 ... 60.200 ~
12, 14, 0.154333 • 79.093 ~

12, 15, 0."44610 • 7g.093 ~

12, 16, ".1)09757 .. 79.093 t
13, 14, [J.052702 .. 88.537 ~
t ~, 15, 1).198592 .. 88.53 7 ~

lJ, 16, 1J.t58 7 87 .. 8d • e:;~7 1 Figure 5-10 RCCAL Sample Problem Input
14, 16, O. 0137f.5 • 88.1<n t (cone luded)
P;, 16, r'l.i7il217' .. d8 • C;:H 't
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H~AD~R CORqE~PO~O~~CE O~Ta

(:TEfN 1
I( eM8

~..

=1
:?,3,4,5
-::F,

=7
=A
:q
=10
=11
=12
=13
=14
=1e:
=1 f.

DATA

2'611
?,?70
:?255
t'25lt
2~r;2

22~~

2?tj1
~1

2264
?26S
225"
?2 C5d
:?2ljO
OP!:'RATtl"~S

1
CALL 8UILOCCAll8LK)
'CALL FFoaT~ (O,O,o,o,'),(),3~~'1~H

FI="'" AI.
r,ALL GRl"IATA(l,2HT""
GBCAl
CALL ~COAT~11,JHFUN,O,100n,",O,1.713E-9,1./144.,2HNO,o,9t,

1 !OR!~f, I~C'~NO)

"'C~ftL
poOqL::~

L
END OF

L

HEAD!:'P
STFP

Figure 5-11 RCCAL SampZe ProbZem Input
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APPENDIX A

RESERVED WORD and SEGMENT COMMON LISTS

RESERVED WORD LIST (COMMON BLOCKS FOR OPERATIONS
DATA BLOCK)

COMMON BLOCKS

AQCAL

DICAL

FFCAL

GBCAL

NPLOT

OPLOT

PLOT

QOCAL

RCCAL

RKCAL

SFCAL

A-2

A-4

A-6

A-8

A-IO

A-12

A-14

A-16

A-18

A-20

A-22

A-24
and

A-25



A-2
RESERVED WORD LIST
(COMMON FOR OPERATIONS DATA BLOCK)

C{\Mr'~ON

•
•
•

•
•
•
to

to

..

..

..

..

..
(' ')t.Ar.AOi\l

1
2
3
4

S
6
7

/ CClH~ 5 TI !) ,. H ~ l-< Tf) ~ PI, :J1 AXt, C ,N i"

,'I S , 1\1\ ,) l) , '\i SUrl 1=' ,J () II L , "J ':, T!: rJ • i~ ., S TE P

• i'Hit'< L'i • [I I 1\ CC ~ \! 1 r.. CC; , fJ 1 i\l;) ~ h , (j I P ,'I C H • ~ F.4 CC
~ FFlICCS ,FF~iF~ , FH;ATL ~ FFND:,H , Ff-l)i\,CH , t-FPRNT
, I Gt~ SF F , b rl \III Hr'~ i) ~ k r', /.\ l\j P F , I :.:< 1", C j\j • Hr<: h1 1 N .. 1 '1 r<: N\..~ H

• I R!< ;'l ~) l-" , R I< f) NCH • >; t< S i' 'KK. TA~ t. , SIr; j~ A • I TjJ C 1 0
• ITPC2u , IfkCJO • rfHC40 , ITKCSO , IIHC60 • ITRC70
, I r RCk U , I.T i~ C <,t I) • 1 r ",' CLIO , IrK Crl 0 , I T~ ceo , 1 j '< Coo
, ITRALL • IAOJHI , IAQ~rlS , IA450S • IAQSDA , lA~SOP

• I ;~ () AR Y , r I} n C{j f..' , (,J 04 ,vi P F , (~U £-' MP F • l.J ,) TM'; F , () () K !VI P F

• (:) 0 T YPt·. , JU 0 r A r', , lJ U 1 {\ P t, , i1 0 P ['oj C .., • I UU TME, N de D Si\
• i-<SOLAH • ~AL~ • H~LA~ ,~FktC , I~E~S , ISPND
, I\j EY ~j ,N '~t. S S ,tvS I-' i\l1) ,N~ F T ,i\j 'J F D , I :::> 0 LF L
• IAl~FL , l~LAFL , lAl ,IllS Ti-<UANf , Ti-<UANI
• ,~ c:, T ::) 0 L , 1\1 S f~) L

IT t\ j.) E I '.. {; I , ;:L' I ~ , t\j F f' , N F F '"

, . ,\J( ~ r~ I ~ , '\I 1" t~ { '< ~~ • N (; l~ SO. 01 b d ~ 0 ~

,:>lOtJT • r>lH~,'j ,NSC'" 1 ,NSC~2

• i\!':;C ...U • ·diJ ,1\IL."P ,i"~~LS

• '\irJLSK ,i\'S\~\Jr'L ,f'Jpur" • f~HC!)OU
, "I S .'u~ lJ <) ,i'J T H t, .J , t H ':-> 0 • ill R TU

• :\IUL,f.kl ,r\)uSE~2 ,K8CDUU ,KSrlli\ln

• Kli--<f.l,J ''',KS) ,KRTO
(n~~UN IT1TLf. I TITLe (Ii) , NrITl~(ll)

1 , 1", (; DEL \J ,ji I l:. , Tt-'1 f • I P AGt
2 ,L[~E ,1H~TEP

i)

, i'JPTll(Y)

9 LNPi-Iuf(b.h)
, lOPI',·tx: P (6)

• lOP r'J VIj ( b )

, UPSCl(t,)
IOPNV

, UPTi~Ut:(b)

, (jPllflol~(td

1 )

1>
1>
1 )

T";l-:.{ { ..:.~,
f\ L)~ 1'\ 1 )
[I h'r::l 1 )
..' ,,' I ':i'::, 1 J
~) i-' r ,,; 1 , '
~) .... '-, () 1 )

Th'!·~ 1)
'T '~"',) 1 )

'i '. • J )
i. l ; : TE j'l j,,) ( } )

~W"!"IP (~)

, ;'J ~ VU ( t1 )

, fro P SCL (h)

, luPfIT(6)
, UPKuf{i),o)

UPSCL,)(h)
, i)PHPU (f~)

, \)~)TI"'~(h)

Ii', U" (1 :1 1~ )
110.: I) X':) ( 1 )
I,Ij)Xf\J ( 1)
I) I ''1 ':; ( j , 1 )
t!~)l'-? (i"

tFS
I K '-,

F>P

PSh

COMi"lON IT NDX. /
cn,"'1rvIOt\! IT "JIJ,l( S I

r:nI'<1MON 11ND!,i'J I
r:()M"'In~j II) 1:';S I
(()i'Y'V,Of\J II;ST!.! I
r: 0 M 1.\ 0 r~ / TF S I
( () M !Vi 0 f'J 11K S I
coMMorJ /p;:, /

,: 0 Mr-1 (lll / PSri I

'~n,JjMOfJ ITS rr:/ /

r:n'JlMON / hlPH I
C('M~n;'j / l\ ME A /'
C() H I'" () fI..1 I F HIS c; /

COMt<iON I ')K I ~ ,I

C()MM()i"~ /Sk~C I
r ()M M() roJ 11 P I ...< I
C' )~" M 0 ~J I T ~.:.; (\ /

l~ () toA "" (1i .I t\i () r) t /
(n''''''vj{iil/rJDTrMf.>/

1
2
J
4
5
6
7



RESERVED WORD LIST (CONT.)
A-3

rl)~M()N h)Rfi IT / A l. A r~ , IlSUN , PSU • OWP
1 , fCC , IOHNT • IORHIT • PERIOO
2 , wSS , PAU3 , PRAO , I-(SUN
,1 , CIGMI\S , H!:TAS , APtR , WDS
4 , WSUN , TIt''''F~T , TlfI.1FPH , lRUEAN
') , SUL , ISKP~O , GRAil • OINC
t- , ·111 , HP , SUNRA • ~ T"HU~

7 , ST~DtC , SUNDE.C , CHiMA , BETA
8 • HTtiET • tJRflJTC3,3) , SPINT (39-.1>
q , lCALFL , NSPFF • CLOCK , CONE:.
0 • HATE , ROn, , I-(OTY , HOTl
1 , p~u r x , IPOTY , IROTi. , PNAME:.
2 , T':>1- T , PLTYPt , INSHAD • SHAUIN
3 , SHflOUT , SUNCL , ~UNCO , PLCL
4 , PLCU , TIMSP

rOMMON IDSTORF/ If>STR (12,3)
(()MMON IISTpDI-U ISTPOR( 1>
C()MMON /f\JSPf.C / NSPEC
r: nMMOr-J /PLOTTR/ IPLUNT. , PLC~VF , PLXMPt- , PLYMPF

1 , IPLNA , IPLSN , PlLt\BX(~)

2 , PLLAt;Y (5) , PLTITl(lO)
~ , PlTtT2(12)

r:OMMON IUIReT I' OIRCT( 10)



A-4
COMMON BLOCKS FOR AQCAL

• ''.iFFR
, (,Jbt'if:l()H

, ;\l5CI.({'

, NPLS
, NHCUOU
, r-Jk TO

, KSHA00

NfF
, r'!(~'"J SO

~ NSCRI
, NT\,iK

• NPTrr ('})
, Z ~~ P HOT ( 6 • ~ )
.IOPNI\JPCb)

• ICH-'!\J\lU(6}

• ()P~CL(b)

• IiJPNV
, OPTRUE(b}
, uP r If"1 S ( b )

• K8CUOU
• r,HTn

• iHiTU:.Ul)
.. TMt , IPAGf

I

I C(:<)!..)':') II U1,... , f-<IU • ..>( , MAxKC , t~N

• i'J S , "H'Jup.. f\ ~ U RF , I () VL • NS TE f-' • I'll ':> S TE. P
.. Nii L. KLN. DI l\ CC • III Ace S • U r r\j () S H • Ll I !J NCri , F F ACC
, FFACC" 'FFI'''lN • t--FRATL , FFNOSH , FFPNCH , fFPRNT
• IC-, HSF f- • (:; H ~1r~ rw • h' K A:"1 F' F .. 1K K Ci" , .... KMIN • I\-( K NGR
, lkKNS~ , ~KPNlH • ~KSP ,kKTA0E, SIGMA , ITI-<CI0
• ITQC20 , IT~Cj0 • IrRC40 , IT~C~O • ITRC6U , ITRC70
• ITRC~O .. ITkC~O • IfRCAO • ITkC80 .. rTHeCO , ITHCOO
• 1 TR j.\ l L • I t, f) Gf~ I , I AU <.; H ~-, • I A \.,j S L) S , I AIJ S l) ,4 • I A\.,l SOP
• luOARY • IYOCOH , WO~~PF , UOFMP~ .. YOfMPF , WORMPF
• (,lI)TYPt_ t ICWfM< ,·IWTAPf. , (JOPNCH , l<.JOTME , NHCOSK

• HSOlA~ 'RALH ,k~LAN • HI-RAC • l~tSS , ISPNO
• N[RtJ ,(";,;'ltSS ,,'~spr'H) ,t4SFT ,N::,Fu ,ISOLFL
• IALriFL , I~LAFL ,JAI ,lAS , fHUANF 9 TRUANI
• i'J STSOL 9 NS TPL

ITAPE I NOI • NOIR
• 1\1(J 11 1 r< ,N l~ I~ I ~ p

'/\,()df • l\'kA~j

, rJSCR j ,1\1 Ti,)

• r.,jptSI-( , ~ISIJr\jrL • NPU"J
• t!SHAUO , ·,1T~4,j • j\j~SO

• NUSEH\ , NUSF~2

, KT'~I\J , tU",::'G

lIrLl:- (ll)
, ""O[;,E:LN • DTt:.
'LI~E ,IH5TtP

f\Jp"Jt-J~ (b)

, !'4~VU(b)

• jr~PSCL (6)
, IO~rI T (6)
, CiF;.<Of (f).b)

, OPSCU«fd
, m)RPLf\j (':J)

, OPTIHt-I(6)
If\jl)~ (lOl,..n
Poll'X::, ( 1)
r~JJXH ( 11

liI'v\S<3, 1)
:) Sf ;-{ ( ~ • 1 )
IfS ( li
[KS ( 1)
Ph (I, 1)
";'::,:-1 14. 1)
r S TH ( J , .~ , J )
llLPH ( 1)
AI-(,r-. A j )

[-','IS:.:> })
'1"" J I-< 1)

C() M (,10 1\1 IINOX I
Cmn'10~J IINDXS I
r:(\M~10N 11 ;'4D '1-.1\1 I
COi'H-10N Il.JH1S I
COt>1~\n!\l /IlSTR I
(n M f'10 f-'; IIFS I

rOMMON IUS I
COM~~O·,·i I":.. 1
Cf)M~'Oi\l !f';::)ri I

cn"H40'j ITSTH I
C()M~O''.j It.U·.lH /

COM",10N IMH:..A 1
C()!'1MOi\! IH--1IS<: I
r(i'>JjilljON I':-.Hlk 1

(OMMON IT I Tty I

C('H'irIiON

•
•
..
•
•
•
•
e

•
•
•

C() 'II! M ()j.j

7

1
r.

1
?
3
4

1
;.-
'3
4

S

"7



COMMON BLOCKS FOR AQCAL (CONT.)

A-5

COMMON IC)KSO I S~SO 1 )
COMMON ITRIR 1 TRIR II
(OMMON ITRSO I T~50 II
rOMMON INODE 1 I\IODE ( II
("OMMON IODTENlPI ODTf:NjP( 1 )
rr)MMON 101-<'81T I ALAN ., tlSUN ., P5D ., IjWP

1 ., t.CC ., IUf'<NT ., IOH8I1 ., PERIOD
C , WS5 ., PAl.R ., PRAD , RSUN
3 , Clh"'1AS ., AETAS ., APER ., WDS
4 ., WSUN , TIMEST ., TIMEPR ., TRUEAN., , SOL ., ISKPSO ., GRAV , OINC
6 ., riA ., HP ., SUNRA ., STRRA-, ., STROtC ., SUI\IDE..C ., cIGMA ., BETA
h ., RTtifT ., ORNTt3,1) ., SPINT(.:h3)
9 ., ICALFL , NSPFF ., CLOCK ., CONE
0 ., RATE ., RoTx ., ROTv ., ROTl
I ., IROTX ., IROTY ., I~OTl , PNAMt.
? ., I SF T ., PLTYPE ., IN5HAO ., St-iADIN
] ., SHAOUT ., SUNCL ., SUNCU ., PLCL
4 ., Pl(.U ., TIMSP

COMMON IDSTOREI !OSTH (12.3)
(OM~10N IISTPDHI ISTPOR( 1)

rOMMON II\jSPEC I NSPEC
(O"1r-lON IPLOTTj-{1 I Pl,lJN T ., PLCkllF , PLXMPF ., PLYMPF

I ., II-'L,-.jA ., IPLC,N ., PLLAt::lX(S)
? ., PLLAlj¥(S) ., PLTIT!(lO)
3 ., PLTIT?(l?)

r::()MMO"~ I A(WDS I IJ()S ( II
rO~MOtl I AtlQDR I nDR ( 1 )
C() ~-1 '"101-.. IAGiQDP I ~DP ( 1>
C()M~ION I~~ AS I GI\<:) ( 1 )
rOMMO'\J IQAR I :JAR ( 1)

COM"~ON I(~AP I UAP { 1>
COr-1MON I (i ti SO I GHSO ( 1)

COMMON IGl-<IR I GHIK ( II
COMMON IAQTEMPI AQTEMP( 1)



A-6

COMMON BLOCKS FOR DICAL

9 NFn~

, NGBSOR
• NSCR2
, NPLS
, f\l~Cu(jU

, NRTO
.. KSHADO

, NPTIT(~)

, ZNPROT(6,6)
• IOPNNP(6)
, IOPNVU(b)
.. OP~Cl(6)

, IOPNV
, OPTRUE(b)
9 uPTIMS(6)

, NFF
• NG!:lSO
, NSC~l

, NT(,lk
, I\lPUN
• (\jRSO
, t<RCDO'U
9 Kt-HO

, NTITlt:(l1)
, TME 9 IPAGE'

/CCONSTI OTI.< , :nD , PI • MAX8C ,!'iN
• NS , ~NOO "N~URF • IOVL ,,~STtP , NSSTEP
.. NbLKLN , DltlCC • IHACCS • DINOSH • DIPNCH , FFACC
.. FFACC~ .. FFMIN , FFRATL , FFNOSH , FFPNCH • FFPRNT
• IGHSFF .. GR~BND • R~AMPF , IRKCN • HKMIN , IRKNG~

• IHKNSP , R~PNC~ • kKSP .. RKTAPE ,SIGMA • ITHCIO
, ITRC20 , ITRCJU , ITHC40 , ITHC~O • ITRC60 , ITHC70
• ITRC~0 • ITRCY~ , ITHCAO .. I1RC~U , ITRCCO , ITHCDO
• ITQ4LL .. lAUGH! , IAQG~S , IA~SDS • IAQSDA , lAQSDP
.. HIOARY • UH,(UR • ~JOAMPF , l,/OFMPF , QO Ti'wlPF , y{)HMPF
,,(.JOTYPE, I(JuTA'1 • (~CTAPt. • (WPNCH , IQOTME ,NHCOSK
, RSOL4R ,RAl~ .. RPlAN ,RFHAC ,IMESS ,ISPND
• Nt. Hl~ , r~ fvli.<j ::, ,!\iS P ND , NSF T , NSF I) , ISO l Fl
• IAL:-3FL .. TPlAFL • IAI • lAS ,T~lJAf\lF, TRUANI
, NSTSUL , i,j~)TPl.

ITAPE I r'\iuI , NO!R
, NGHIR , NG8IHR
'hHhJ1 ,NRAN
, i'j SCR3 , N T(~

,NPLSR • NSQNTL
,NSHAUG • NTHAJ
,NUSE~l , NUSFH2
,KTkAJ , KHSO

TITLE (11)
,lvl()ut:LN , OTE
, LI~t ,1HSTEP

~JPNI\jr' (6)

, :JF'VL!(t:>l
• !.o~P'::iCL ( h)

, ilJ!--'1IT(6)
, Ur' RU r (6 , b )

OPSCL.'~ (h)

, OPFPU~ (b)

, UPTI,'1P(6)
I'JUX (101'-1)
{"IUXS ( 1)
li'JUXN ( 1)

o OIiVlS(j, 1)
[l~lR (~, 1)
If-S ( })
l.<,s ( 1>
P;': ( ? , 1 )
;)Srj (4' ])

TST~ (3,3, 1)
'\Lf-'d ( 1>
t,Kt~/\ ( 1)
t:i'v'I S::' ( })
':> fi 1'< 1 )
)t-<" .... u i)
T,J 1 .-.( 1 )
1 r<;) () 1 )

COMMON ITITU: /

2
C()~MON IPLOT /

1
2
3
4
')

6
7

rnMf'10 r\l I I 'IJDx I
C()~MON lINDA'; I
r(w~()N I1NDAil I
f()MMON 10 rf"1S I
COMMON IUSTk I
rrp-H'10I\J /IFS I

COMMON IlKS I
r,)~'M()N IP~ 1
(()Mfvl()f\! IPS~1 /

rnM~H)~l /TSTi-<' I
COMMON IAUJH /
cmA:v10N /f.lRE<\ I
cnfvH-lON Ir:MIS'~ /

c (l M,v1 (lr J IS~H( I

r () M NlO r.J IS4SU /
1"f)t--1M()N /1 H I k I
r.OM1":O~·J IT·~2>,r) I

COr-4MON

•
•
•
•
•
•
•
•
•
•
•
•
•
•

COMr-10N
1
2
3
4
~

h
7



COMMON BLOCKS FOR DrCAL (CONT.)

A-7

r::f)Mf'.iO~~ I~d) r) F / ~~ 'l \) t. 1 )
(()rv' ~-1Ut~ Ini)r;.:~P/ ou rl:)1~ ( II
Cr)Mf"1()f\j /C'kdiT I AL A~J • ASUN • PSt) 9 DwP

1 , fCC 9 IOkl\iT 9 IOkrlIT 9 PERIOD
;; , \vSS , PALt:l , PkAD , RSUN
3 , Cl',MAS 9 BETAS , API:.R' 9 wDS
4 9 wSUN , TIMEST , TIMEPR • T~UEAN

':> , :>()L , IS~PSO , Gf<AV , VINe
Ii r-lA HP SUN~A STRRA •• 9 , 9

7 ~ STt<Dt.C 9 SUNDt:C , CI (jMA 9 BErA
H , '-<THE.T , O~I'-jT(393) , 5PTNT(j,3)
9 • ICAUL • NSPFF , CLOCK , CONt.
0 , kid t. , HOT)( , pory , ROTl
1 , I~)(!rj. , THOTY , IROTl 9 PNAME
2 , I') F f 9 I-'LTYPt: 9 INSrlAl) 9 SHADIN
3 , 5HAl)J r , ~UNCL • SUr-KO , PLCL
4- , ,jLCU , fIMSP

COMMON IDS1JrJf.1 IUSl';.< ( 12,3)
COMMO"') /TSTPflP/ ISTPl)\-.l( U
C() 'J! ,'At) f\; /;\JSPEC I 1\I~PlC

rf)MMOt-.J IHJiTTr.-1 t PL UN f 9 PLCPIJF , PL;(jI.1PF 9 PLYMPF
1 , I;.JlNA 9 IPLSN 9 PLLArj)(S)
? , PLLM3Y (5) , PLfITHIO)
3 , PLTI12(12).

rn~~M0',1 /ISHA!) I ISH.flU( 1 )
C(l,"11--ION lori;:> / imp ( 1 )
C I)M [-I 0 I'J I ;jilK ,I 'J,)h ( 1>
C,,;>1MO !'.) /01l5 / :~:)S ( 1 )
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COMMON BLOCKS FOR FFCAL

ICC U!\j STlOT K ,i-n f) ,P 1 , !II! ~ x:. rl C ., I\I/\j

• US , ;';\1(1) , f\'SUr(J:" • IOVL ,!~S TfY .. NSS TEY
.. "i'~ LKU~ • t) I Ace • iII Ace S • UPI () :, H , 0 I P "j Crl 9 F F ACC
, ffaccs , FFMIN ,~fkATL, FFNO~H • FfPNCH , FFPRNT
• I G8 ::, F f , (, H 0\1 b fJ IJ , r~ ~; A t~ P f , IRK: (l\l ,kK~ 1N , I f-t K. NG8
, I;':~l<NSt-" RI(Pi~Crl, f~KSP , RKTAPE .. SI"tvlA , ITI-<Cl0
• ITRC20 • ITRC30 , [T~C4U , llRC50 • ITRC60 , ITRC70
, ITRCHO .. ITRC~O .. ITRC~O , IT~C80 .. ITRCC0 , ITkeDO
• ITRALl' IAOGt:1I • I!lO(Jy~. IAOSDS .. IA(.;)SDA, IAQSDP
, I\WAl-tY , IC10COk , i~QA;"'PF , (JOFMPF , QOTMPF , (,lORflAPF
, (,lOTYPE , HWTAri .. (JOT APt , (,)OPf\JCH • li.,lOTME , N8COSK
• ~SOLAI-< ,kAlB ,k~LAN .. ~FRAC , I~fSS 9 ISPND
,Nt:.kN , f'Iv1f;: SS .. l'-IS\-,:\ifl ,,\jSF T .. NSFO , I SOLFl
.. IALHFL .. IPLAFl .. lAI .. LAS ,TRUANF, T~UANI

.. N~TSOL , NSTPL
IT APE I NO! .. NDIR ,NFF 9 NHR

'NGHIR .. NGrlIRR , NGBSO ,NG8S0R
,NOUT 'NkAN ,NSCkl ,NSCR2
, NSCk3 ,NTY ,N1QR ,NPLS
,NPLSk 'NSUNTL ,NPUN ,N8COOU
,NSHAUO .. NTkAJ NRSO ,NRTO
, NUSEHI ,NU~F~t .. KRCDOU ,KSHAUO
,KTRAJ ,KPSO • KRTO

rnMMON ITITLE I TITLt (Ill • NTITL~(ll)

1 , MOUEU~ , U1 E .. TME ,IPAGE
t .. LINE , IHST~P

COMMON IPLOT I NPNNP(6) • NPTIT(q)
1 • NPVU(~) , ZNP~OT(b,6)

? , lNPSCL(6) , IOPNN~(b)

1 9 IOPTIT(6) , IOPNVU(b)
4 , OPROf(b,6) • OPSCL(b)
S , OPSCL~(~) .. IOPNV
6 , OPkt-'LN(b) , OPT~UE(6)

7 , OPTIMP(6) , QPTIMS(b)
COMMON ITNOX I INUX (lOI~)

rnfVI!'vIOh,j IINO,(S I I:\I!)XS ( 1)
COM"10~J I INOXN I INfJXr'4 ( i)
COMMON /OI~S I OIMS(1. 1)
(OMMO~ I~STH I DST~ (S, ])
c()'-nv1 Oi\J IfF') I IF..., ( 1)

cn~MON Ir~S IlKS ( 1)
~n~MOf\J IPH I P~ (29 II
rnMMO~ IPSH I PSH (4' 1)
COMMON ITST~ I T5TH (J.3, 11
rnM~ON ItLPH I ALP~ ( 1)
cn~MON IAREA / AREA ( 1)
(OM"\t)r-; If- 1'·iII SS I I-~fv\ I SS ( 1 )
rOM''''O/" ISI-<I'.( / SRIR ( 1)
Inl"'Mf)o\j /SHSU I SRSO ( 11
COMMON ITRIR 1 fRIk ( }I
r!)MMOt\i / T '" SO I L<sn ( 1 )
( 0 WA nI\J I Hl n t-:: I '\l aUEll
COMMON 100It~PI 0DTEM~( 1)



COMMON BLOCKS FOR FFCAL (CONT.)

A-9

COMMO"! IORHIT I 1\ Lt> l\j • t, ':>J:'J • PSU , DWP
1 , Ece , IUKt,T , IORdIT , fJER I G[l
:;> , I<'S5 , '-)!lL:1 , tJPACl , RSUN
? , CTGr--\AS , HEInS , AP[h: , '",0<:'.J

~ , \0<: ::; Ij "J • rP,1FST • TI i"1E pp • TI-WEAN
':> , Sill. • l;:;i<F''::>O , (jR AV , OINe
6 , HI', , HP , SUNRA , STKRA
l • <;;TKi)t.C , ::,UI\lfltC , C I G~"1A , !:3t:. TA
R , ~HHF r • ORI\!T(3,3l , ,::>PINT(3,3)
q , ICALrL , NSI-FF- , CLOCK , CONE
() , ~/\ Tt • kUT)!., , ROTY , ROTl
1 , l~uTX , U~O fY , IROTl , PNAME
? I' I SF r , PLTYPE , INSHAU , SHAOIN
.3 , :;HAOUT • SUNCL , SUNCU , PLCL
'+ , °LCO , T I ''''SP

C(ll'lf\l' 0 ~J IUS TOPEl II)STK ( U'" j l
r0M!'-1()r~ /ISfPf)H/ ISTPtlL{( II
cnl\HAoN /1\lSPEC / I\J Sl--' t C
cnr"'MOi\l /PLOTTH/ I PL U~j r , PLCi-(I/F , PLXMPf • PLYMPF

1 , IPLNA , JYLSN , PLLAI:jX(SI,. , fJLLAbY('J) • PL TIT 1 ( 10)
j , PLTrT2(12l

C0tvlfv10N /FFI,IAL1/ FFVALI ( 1)

rOMMON /FFv/.\L~1 FFVAl':>( 1)

(nf\.1MON IFF'::>HDCI IShJ~O( 1)

COMMON /FFSUMC/ Sur-j ( 1)
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COMMON BLOCKS FOR GBCAL

ICCONST, nTR 9 RTO • PI • MA~bC "NN
• f ~ S , hII'; uU "NSUHF "I 0 VL "NSTEP "N ~ STEP
, I\jBLKLN "DrAce • IntiCCS , DINOSH , Ob.li.JCH , fFACC
, FFACC~ "FFMIN "FFkATL" FFNOSH • F~P~CH , FFPRNT
, IGRSFF , Gd~~NO , ~KAMPF • IRKCN , ~KMJN "IHKNGH
, IRKNSP 9 J..-KPNCH , ~~KSP "HKT~PE" ~IGt"lI "ITRCll)
t ITRC20 , ITRCJO , ITkC40 , ITkC~U " ITRCbO • ITRC10
, ITRCAO • ITRC~O • IT~CAO • ITRC~O , Ir~cco , ITRCDO
, ITRALL , IAQG~I , IAQGRS , IA~SOS , lAQSDA , IAQSOP
• I~OARY , IQUCOR , ~OAMPF , QOFMPF , QOTMPF • QORMPF
, QOTYPE , IQutA~ " ~OTAUE , QOPNCH , IQOTME , N~CDSK

t RSOLAR "HALH , K~LAN ,kFRAC , IMESS • ISPND
"N[~N "NM~SS "NS?NO "NSFT ,NSFO "ISOLFL
t IALHFL , IPLAFL • 141 , lAS "TRUANF. TRUANI
t t"STSOL t i\iS 1PL

IlAPE I I\JDI ,i'Jl)lk ,NFF , NfFR
1 ,,,j(~HIH , I\jGtHRR ,NGt:jSO • NGI;SOR
? t NuuT t NKAN "NSCRI "NSCR2
3 , ~SCRJ "NTQ "NTQH "NPLS
4 ,NPLSH ,NSYNTL ,NPUN .. N~CDOU

~ "NSHAOO "NT~AJ ,NRSO "NRTO
6 ,NUSEi-<i .. NUSER£l , K8CDOU , KSHADO
7 'KTRAJ 'KHSO ,KRTO

COMMON ITITLF I TTTlL (ill ,NTITLt(lil
) ,MOuELN , UTE , T~E ,IPAGE
2 "LI~E , IHSTEP

rOMMO~ IPLOl I N~NN~(h) , NPTIT(~)

) , NPVU(bJ , lNPRUT(b.b)
2 , ZNPSCL(h) • IOPNNP(61
3 , IOPTIT(6) • IOPNVU(6)
4 .. OPROT(h.o) , OPSCL(6)
5 , UPSCLH(61 t IOPNV
h ,OPRfJU\l(b)" OPTRuf..(6)'
7 , uPTIi"IP(i) , OPTIMS(6)

COMMON lIND/.. / INUX (lUll.J)
COM M0 N I IN!J xS I I IV 1))( ~ ( ] )

COMMON ITNOXN I. INDXN ( 1)
cnMMON IDIMS I DIMS(], 1)
CnMMON IDST'" I DSTH (':)9 1>
COM"'10r--J IfF") I IFS i 1)
COMMON IrKS / IKS ( 11
COMMON IPK I p~ (2, 1)
rOMMOtJ IPSH I PSH (4" 1)
rnMM8~ ITSTH I rSTR (3,3. )
COMMON IAL~H I AL~rl ( )1
COMMON IAHEA I A~EA ( 1)
COMMON IFMISS I f~lS~ ( 1)
COMMON ISRIR 1 SRIR ( 1)
COMMON ISR~O I SRSO ( 1)
COMMON ITHI~ I r~Ik ( II
COMMON I1R~O / T~SO ( 1)
('()i'vH-\fH; I\O'J[ I 'Wi 'E ( 1 )
C011MLH'J IO:)rE\~"'1 \)i'T[~1P( l}



A-ll
COMMON BLOCKS FOR GBCAL (CaNT.)

• C I ! , <Vi J\ .l 'r' t. 1 f1. :J ,A P t k
• 'V', U !\J r I "" i· S r ,T I rvd: P K

, ~0L ,ISKP~O. UKAV
, Hh , HP , SUNRA
• L) T>U r' ( ,~, LI rj Ur r: ,c I GMi\
, HI ~~ t. r ,()k r~ T ( j , ''-\ )

ICt.UL ,I\;~t->Ff ,CLOCK.
,..< t.i ':~ , HOT.< ,t·W rY
, 1,1 I) TA ,1 H f) T Y ,I HOT l.

1 '> F I ,PL T'(,..' r. ,I '" S H A j)

, ..,~< (, :jU T • ;,UNCl. ,:::'UNCU
, ~Lcn ,1I~~~

1 ') ':-> T r' (1 c , .~ )
ISTPf)L.i( I>

, U ..lP
, pun 00

, t<sur"
, vlOS
, TRUl:AN
, OINe
, STRr<A
, H!:.TA
, S P I r,j T ( 3 , J) .

, CONE
, KUTL
, fJNAMt.
, SHAl) l!'J
, fJlCL

,PLX~PF ,PLYMP~

, PlLAtj';(~)

• fJLTJfl(lO)

, ~}:, I)

, IUHHII
, PHAU

i)

1 )

, j·'LL;-IVF
I PL ';;'1"

, II::' ,j r.
, i 0,-; I\i 1

, f' ~ L.. H

') ~-'_1 f: t

;\, <, i-' t:. C
I P L Ij;'H

If;L'\iA

, l.)t.L.At\Y(')

• "LTrlt:'(]i.)
f ;\

f\ I. tl f'!

, Lce
, \-".1 'I :)

C(V·l M0 I\J / i) '-, T ()!{ F /
C:()~~fVlON I I::> TFH),I/

C() M i"1 0 1\; I h S f-' F. (' I

rO!'i~ON !f.1l.CTT:-.I1

r:nM'~O{\; /'~r):'\('f· /

r 11 !vi "'1(1 ~, .I.l (, •.l AC~ /

1
?
3

I
?

''J

()

1
2
J
4

6
7
F



A-12
COMMON BLOCKS FOR NPLOT

cn;I'.J\ni<1 I T I fly I
,
1

2-
r0M/<f.(j\1 /PLUT I

1
?
j

4
,-
~

f..,
('nMi"10N I TNUX I
(J)MM0 f\l I TNDX$ /
r()MrvlON I I Nt: Xl\J /
rOMll:mJ I" P15 I• !

r ('\ ~.4!'" (] N IfjSTfl /
r.nMJv\CJN I IF'::> I
rOM'V;()I,! I I i"':) I
r '1~HJ'ON IP~~ I
('rVI,MON I \.J<,H I
r ri M"~() ri I T r >~ /I::>

r:nMf'Il(j,,! / td. PH /
en MM ()~~ IllktA /
cnM IV; or'J IFM I S5 I
rnMMD!'j / <;,;,~~ It-< I
r :lM1vlOf'i 1""·~S(j I
Cr, ",.4 I'v~ (\ ~J ITf.. [O-J /

C0',Af<!11);\j I T,<Sn /
(' n r·" ~'l () t\J / I,! () J f. /
Cn ~,,~ l'~ 0 l\~ II)f'lTFf..1;-'1

, r-jPTr r ('-)

• LWROT(6,6)
,lOPf\lr'JP(6)
,IOpl\jVU(b)

• UPSCL(b)
IOPt\lv

, f)r-TRut(b)
• OPIIMS(bl

\}; )Tt>w ( 1 )

'4Pr>..!hi~ (n i
, ".JI-' \/ 'J (I) 1
• 7 t\J P ~) CL ( b I
, IOPTIT(f..,)
, OiJROT (b,b)

, l)j.)SCL~ (1;')

, () .... I"<' j.) L:\I ( h )

, O~) T I i-1 P ( 6 )

I/\lDX (101'-1)

II'ji)XS ( 1)
I Nnx,'Ii ( 1 )
!) 1"1 S ( .3 ,I)
US Tr( ( ..., , 1 )

I r :., II
1K S ) )
~k (? 1)
PSt-' (4, IJ

1 ., TR (:! , 0\ ~ 1 )
~ i.~) H 1 )
Af< t. n 1>
1: ·-11 '-,::. 1 )
SRIh II
Y":'() 1 )
TRIk 1l
T~IS() 1)

(" n \' ;,~ () \ I r r: ') r~ ':; f I !)T ;~ .,.. T i) ~ i-' 1 ~ ,-1 A X. 0:, C ~ NN
"','" )""I'..,ll~,~f; J \.."/L N'3 Tr,P :',,':>S; fie'

• ")1\ ¥L',: ~ L"j' ,,(\. :jt,CCS .. ill:',C'::,H , UIP'lCh , FFACC

• F FIl. CC ::;; , F f- i·! f~ • r r HAT L , F F rW S i; • f F ,..' ''Ie H , F F Pk I\j T
1b i-J :, I" 1-"' • \) '1 Vi .~ i~ ,., • ,~ r, ,t ,'I D F • I h: r: Cf,J ,r~ ~,"'i I l\j ,I RK1\ G-3

• IPK~,S~1 , "-'Kf-"\H::-t ,f..-~~"; ~ r-'fTAf-'r. .. SI;,i~A ,ITkCIO
! T,.,l C? 0 , .J T ,) C j iJ ~ i r"< l/. 'J • 1 1 ~~ C~ () ~ ! r "" C I) 0 , I r ~ c70

• II;.) C~Hi , I 1 I.' C'iii , T1 r< C!dJ , IT", CYO, 1 T r< ceo , I 1 HCD 0
• IT~ALl , IAWGbI • IACGYS , IA~58S , IAU5UA , lAQSD~

, I U I) A 1--' r , r () uCU H ~ IU " ,..\ P f- ~ l.J I) r Mf-' F , .,,) () T 1-1 PF , (,l 0 RMP F
• 'JOTY;,)f: , J!)Ult,rl, (JOlA..:-E • (HH-'f'4Ch. l(JUfMi: , l\i8CDSK

• ~SOLAH ~ ~~L~ ,~PLAN • HF~tC [MESS, I~P~O

• NFRN , NMtSS • N~PND ,NSFT • NSFO ,1SOLFL
• IAL~tL , IPLAFL ,141 • lAS • T~UANF , TkUaNT
• ~'j S TS (i L , t ,) ':1 i fJ L

I: rV'1111 (PJ ITt,,~)E I '·JiiI \jfilH, i-JFt· , i~FFK

, NG~IR 'NbHI~P , NGHSO ,NGBSOR
, ,'-IUU r i\lHM,' t\lSC~ 1 "r-JSCRc

,f','SCRj • id\:.i , "I fQI"<' • I\IPLS
, f\i P l <:., k .:--! <:., '.,I ~~ r L • ~j p U ',1 • N i-< CD0 U
,~SHAU0 , Nr~4J , ~kSO ,NwTO
, '\J \I <..., t. l-i 1 9 t,jl )':> f R2 .!< ti Cf) 0 U ,KSHAU0
, ~T~AJ ,K~~n , KRTO

TITL~ 111) , NTITLlCll)
, ;., \) i H:. L"'I ,; j Tt. , H-' E , I P AGt:
, LIN~ I~ST~P

I

•

•

•

•
•
•
•

•

•

J
?
1

4



A-13

COMMON BLOCKS FOR NPLOT (CONT.)

, !),;/P

, Pfr<lUi)

• I-<SUN

• "" I'l :.,
TRUE [l[~

, oINe
, STKRA
, BfTA
, SPI"-Jl (3,3)
, (!)Nt

, HO Tl

• !-'NAMf:.
• SHADIN
• PLCL

, i-) ~j (J

ICd<HIT
~)R AD

• APF~

, 1 I "'fYI,

,PLXMPF • PLYMPF
, rJLLARX(Sl
, f-'LTlll<lO)

! r'~J: 'j r

1'j ,< 'J I
f;ALH

t, I. Af~

, r:'cc
, \,. ') S
, CJ(~MA<'J

, wSt.I:J

, ~) 0 L. 1~ 1<>' :.., ,) '(J i<A V
, HA , HF) , ,::>UNR/l,

• STi-<'lt..C , <:,U"Jl1tC • CIGM;:,
'i"(THtT ,UHNT(i,3l
, rCA LFL. I.: \ r' F F ,CL UCK

• ,-I4'ft , r,<Ulx • kOTY

IRUIA lr<UfY I~U1L

ISFT , i-'LfYf-'t·' ,II\lSf1AU
,Srlf\I]JT , SUf',jCL ,SUfJCO

, PLea , TIMSfJ
] tJ':lTR (If:'d)
IS1Pd",( i)

t~ C, i-' ~_l

IfJLU~n ,fJL\>JvF

• IPLNA • l~LSN

, PLLAH(':,)

• !-'LfrT?(lc.)
"'HJf-' ( 1)

r () I;), M() ',J I LIS T;)0) ~ I
('I1'-4r"()Pl / T '-; T i-Jf) ... /

r:Cp-'MQN p~ :lPt c /
r:OMI"10f\j /wLOTT.-</

c'

l
H
q

()

1
;
J



A-14
COMMON BLOCKS FOR OPLOT

, "JFF ....
, r-JGtbOR
• NSCR2
• NPLS
• NHCDOU
• \lRTO
• KSHADO

, r\lPTlf(C;)

• lNPk01 (6.h)
, I O~NNP (6)

• I (j ~ !\pl U U-')

• OPSCl(!)l
, IOPNiI

~ UPll.JU[(b)
, (I P TI 1>1 ~ ( 6 l

• NFF
• Nl,HSO
• NSC!~ 1
, t\; rt~p

• "/PUr,j
, N!-'SO
• KBCDOiJ
• KkTO

• NTIfL~(lll

• TME ,IPAG~

1l
I FS (
1KS (
H'I' (?,
PSrl (4,
TSlk (';,3.
t L ,..Ih ( 1)
,'\ ~< I:: iJ,. ( 1 )
t '/1 I ') '::. ( 1 )
Si.qf-. ( 1)
SHSO ( 1)

rHI~ ( 1)
;-Qr~i) ( 1)
"H) U[ ( 1 )
()~nt MP ( 1 )

I

/

/

/
I

I

/T,J');) 1
/,\f')Ui: /
/:) [) Tt::-'1 PI

/1 i\iD)( 1
/11,,1)( S I
II NiHI\ I
1['l l",S 1
/r:SfR I
IIFS /
IlKS /
IDh' I
/PSH /
ITSTK
IALPH
/ M-?EA I
IF'''lISS I
ISi~ 1 ,;;>

IS~~':>O

1'Tt-<Ui

cn~MON /TITLE I

(: 0 t,,: '1 \) N ICC 0 1\1 ST / !) T ~{ ...n 0 • PI. ~.,\ AX8 C • NN
~ 1\)':, • '~f\IOll • rJSUr<F • IOVL • t\j~;;Tty • i'JSSTf:Y
• ~~L~lN ,OJ Ace • 0lACCS , OINUSH • UIPNCH • FFACC
• FF t\. CCS • .. f M I ," • FF~ ArL • F FNOS H • FF'"" ''J Ch , FFP to( NT
• IG~Sff , GH~riNU , ~KAMPF • IkKCN • KKMIN ,IHKNGB
• I~K~S~ , ~~~NCrl • ~KS~ ,kKTAP~. SIGMA ,IT~CI0

~ IT~C20 • ITRC30 • ITRC4U • ITHC50 • ITRCbU ~ ITKC70
• IT~CAO , I1HC~O , ITkCAU , ITHC80 , ITkCCO • ITRCOO
• ITRALL , IAwGdl • lAQGdS ~ IAUSUS , IAQSDA , IAWSOP
• IU0AHY , IuUCUR , ~OAMPF , ~OFMPF • QUfMPF , ~ORMPF

• Q0TY~E , loOTAH , ~OlAPE , QOPNCH , IQOTMf , N8COSK
• RSOlAH ,HAL~ ,RPLAN • RfRAC • IMESS ,ISPNU
• "JEi.i~J • NME s~ • 1>i~H\j!J • NSf-- T ,NSFO • 1~OLFL
• IAl~FL , IPlafL • Til • lAS • l~UANf • THUANI
• N':;. TSOL , NS TPL

cnMo.l()i\l /lAPE / NIII • "juIM'
• ~,I(;C~n~ • NG~IHR

, f'J 0 U I • I\j wi\ N

• NSCR3 ,f\!T''}
.\jPL~~ • i\iS(J'\l rL
• ~SHAuu ,NT~4J

, NU"EH 1 ~ tji)Sf. ><2
• K fRA ...1 • KHS)

TITLt. (Ill
• tv!OIH:L!\J ,DIt.
• LINE ,1HSTEP

NP~~!\lP (6l
• ~JP\l',J(h)

• I ''oj P SCL ( 6 )
• lUPTI!(~)

• OPkOTU"h)
• 0 P S CL H ( ,) )

• OPi-<,.:lUJ (6)
, UPTIMP(6)

IhID"- (.1.01'1)
I '~LJ X5 ( 1 )
Jpi UX'~ ( 1 )
i)[:AS(3. 1)
,J S 1 r< ( S ,

C0MM(lN

C(JMI'-10f\J
r.OM~{)N

COMMON
(:()~MOi'~

rOMI"\O~

COM"10N
COM,I.1()l\J

COM,"'ON
COMMON
r: () '-1,"1 0 N
rn'-1M()~J

re,M ,'-'10 IIj

r: 0 w" 0 I\J
rn'vj:v'!')!\J

('n'''':'v\()i\;

! n"'r~(),'i

(irA!"! '')f\'

COMMOl\j

•

•

•

6
7

•

•
•

•

•
•

•

•
•

•
•

1
C
3
4­

S

1
?

1
2
3
4
r:,
(-,

7



COMMON BLOCKS FOR OPLOT (CONT.)
A-15

COMMON IORBIT I ALAN , A5UN , PSO , DWP
1 , ECC , IOkNT , IDRBIT , PERIOD
? , WSS , PALB , PRAO , RSUN
3 , CIGMAS , BE:.TAS , APER , WOS
4 , WSUN , TI'''EST , TIMEPR , TRUEAN
5 9 SOL , ISKPSO , GRAV , DINC
6 , HA 9 HP 9 SUNRA , STRRA
7 9 STROf:C 9 ~UNOEC 9 CIGMA , BETA
A 9 RTHET 9 ORNTC3,3) , SPINTC3,3)
<) 9 ICALFL 9 NSPFF • CLOCK , CONE
0 , ~ATE 9 ~OTX 9 ROTY 9 ROTl
1 , IRQTX 9 JROTY , IROTZ , PNAME
? 9 15FT , PLTYPE , IN5HAD 9 SHADIN
3 9 SHAOUT , SUNCL 9 SUNCO , PlCl
4 9 PLca , TIMSP

COMMON IOSTOREI 10STR (1293)
CO>.1MON IISTPORI ISTPORC 1>
COMMON INSPEC I NSPEC
COMMON IfJLOTTRI IPLUNT 9 PLCRVF 9 PLXMPF 9 PLYMPF

1 , IPLNA 9 IPLSN 9 PLLABX(5)
? 9 PlLABY(5) , PL TIT 1 ( 10)
3 9 PLTIT2(12)

C'()~MON IM$P I MSP( 1)

COMMON IJSURF I JSURfC 1)



COMMON BLOCKS FOR PLOT
A-16

('aMMON ICCONSTI DTR , kTD , PI , MAXAC , "41'4
• • NS , NNOO , NSUkF , IOVL , NSTEP , NSSTEP
• • NtjLKUJ , DrACC , f)IACCS • DINOSH , DIPNCH , FFACCA-

FFACCS FF~IN FFRATL FFNOSI-l FFPNCH FFPRNT• • , , , , ,
• , IGHSFF , Gti\'ll:HW , I-<KAMPF • IRKCN , RKMIN , IkKNG8
• , lRKNSP , RKPNCH , HKSP , HKTAPE , SIGMA , ITRCIO
• , ITRC20 , ITRC30 • ITRC40 , ITRC50 • ITRC60 , ITRC70
• , ITRCiiO , ITRC'10 • ITRCAO , ITRCIjO , ITRCCO • ITRCDO
• • IH~ALL , J AC.,IGH I • I A(,!bH<; , I Al~SDS , IAQSDA , lAQSDP
• , IlJOARY , IQOCUR , QOAMPF , QOFMPF , QOTMPF , <.IOHMPF
• , IWTYPE , JOOTAB • lWT APE , QOPNCH • IQOTME , NBCDSK
• , RSOLAR , RAUi , Hf-'lAN , HFRAC , IMESS , ISPND
• , NERN , NMfSS • NSPND , NSFT , NSFO , IS0LFl
• , IALHFl , IPLAFL • JAI , lAS • TRUANF , THUANI
• • NSTSOl , N5TPL

COMMON ITAPE I NOI , NOH< , NfF , NFFR
1 , NGHIH , NGBIHR , NGljSO , NGRSOR
2 , NOUT , NHAN , NSCRl , NSCR2
3 , N5CHJ , NT(,l , NTQR , NPLS
4 , NPLSH , NSQNTL , NPUN , N8CDOU
5 , NSHADO , NTHAJ , NRSO , I-JRTO
b , NUSEH1 , NUSER2 , KHCDOU , KSHADO
7 , KTRAJ , KRSO , KRTO

rOMMON ITI TLf I TITLE (11) , NTITlE(ll>
1 , MODELN , OTE. , TME , IPAGE
? , LINE , IHSTEP

COMMON IPLOT I NPNNPCb) , NPTITC~)

1 , NPVU(6) , ZNPHOT(6,6)
2 , ZNPSCL(b) , IOPNNP(b)
3 , I Of-' TI T (b) , IOPNVU(6)
4 , OPROT(b,6l , OPSCL(6)
5 , OPSCLR(6) , IOPNV
b , OPRPLNCf,) , OPTRUt.(6)
7 , ()f-'TIMPC6) , OPTIMS(b)

rOMMON IINOX I INQX ( 101<;1)
CflMMON IINOXS I INDJ<S ( 1>
(()MMON IJNIJXN I INDXN ( 1>
COr-1MON IDPo1S I lJIMS(3, 1>
COM"'10N InSTR I DSTH ( c; , 1)

(aMMON IIFS I IFS ( 1>
rOMMON ILKS I IKS C 1)

('Or-1MON IPH I PR C2, 1)

COMMON IPSH I PSH (4, 1>
((\"'1"'10N ITSTI-( I TSTR ( 3 , j • 1)

COMr-lON IALPH 1 AlPH C 1>
COt-4 MON IAREA I AREA ( 1)

COMMON IEMISS I EM!SS ( 1>
C()MMON ISRIR 1 SRIR ( 1 l
CO/-1MON ISRSQ I Sf~SO ( 1)

~



COMMON BLOCKS FOR PLOT (CONT.)
A-17

C()MMON ITRIR I TRIR 1>
COMIIo10N /TRSO I rRSO 1)

COMMON INOOE I N'(>DE ( 1)

r()tvH~ON /ODTEMPI ODTEMP( 1>
COMMON IORI:lIT I ALAN , ASUN , PSD , DWP

1 , Ece , !ORr-H , IORRIT , PEkIOD
2 , \'ISS , PALH , PRAf) , RSUN
3 , CIGMAS , I1ETAS , APER , wDS
4 , WSUN , TIMEST , TIMfPR , TRUEAN
:, , SOL , ISKPSO , GRAV , OINC
f, , HA , HP , SUN~A , STRRA., , STRDEC , SUNDEC , CIGMA , BETA
Ij , RTHET , ORNT(3,3) , SPINT(3,3)
9 , ICALFL , NSPFF , CLOCK , CONE
0 , HATE , ROTX , ROTY , ROTl
1 , IROTX , IROTY , IROTZ , PNAME
2 , I SF T , PLTYPE , INSHAD , SHADIN
3 , SHAOUT , SUNCL , SUNCO , PLCL
4 , PLCO , TU·1SP

COMMON IOSTOh'EI ID5TR (12,3)
COfVIMON IISTPDHI ISTPOR( 1>
CO/l.1/1.10N INSPEC I NSPfC
COMMON IPLOTTRI IPLUf\JT , PLCRVF , PLXMPF , PLYMPF

1 , IPL.NA , IPLSN • PLLABX(S)
2 , PLLAHY(S) • PlTITl(lo)
3 • PL TIT 2 ( 12)

~--------



COMMON BLOCKS FOR QOCAL
A-18

COMMON ICCONSTI OlR • RTD , PI • fIIIA)(!:iC • NN
• • NS , NNOI) • NSUHF , rOVL , NSTEP , NSSTEP
• • NBLt<.:LN , I1IACC , t)!ACCS , lJINOSH , DIPNCH , FfACC
• • fFACC~ , FFMIN • FF RATL , FFNOSH • FFPNCH , FFPRNT
• , IGHSFF , GHWt3ND , ~H< AMPF , IRKCN , HKMIN , lRt<NG~

• • IRKNSP , kKPNC4 , RKSP • HKTAPE , SIGMA , ITRCIO
• • ITRC21J , {TRCJO , I1RC40 , I1RC~O , rfRC60 , ITRC70
• , ITRCHO , ITRCqO , ITRCAO , ITRCliO • ITRCCO , ITRCDO
• , I paLL , IAOGdl , JAlJGHS , IAQSOS , IAQSOA , IAQSDP
• • J(~nARY , J(WCOR , (JOA~PF , QOFMPF , (WTMPF , YORMPF
• • (JO TYPE:. , I (H) TAB , UOTAPt , QOPNCH • IQOTME , NHCDSK

"
, RSOLAR , RALH , HPLAN , RFRAC , IMESS , ISPND

• • NERN , N~f. 55 , NSPNI) , NSFT • NSFO • ISOLFL
.. , LALRFL , IfJLAFL , fAI , lAS • HWANF • TRUANI
"

, NSTSOL , NSTPL
r: 01-1 1-10N IlAPE:. I ,.../ [) I , NDIR , NFf • NFFR

1. • NGHlr< , 1\1(,11 I RR , NG8S0 • NGBSOR
-) , NOUT • NRAN , NSCRl , NSCR2f.

3 , NSCRJ , NT\J , NTQR • NPLS
4 , NPLSR , NS(~N TL • NPUN • NEiCDOU
I:) , NSHADO , NTt-?AJ , NRSO • NRTO
6 , NUSERI , NUSEt-?2 , KBCDOU , KSHADO
1 , KTRAJ , KRSQ , KRTO

COMMON IT ITLE I TT TU:. (11 ) • NTITlE(lU ..,
1 , MODElN , OTE. , TME , IPAGE
2 , LINE , IHSTEP

COMMON IPLOT I NPNNP(6) , NPTIf(\1)
1 , tJPV U(h) , lNPROT(o,6)
" • INPSCL(6) • IOPNNP<o)l.

j , IOPTIT(6) , IOPNVU(b)
If , (JPROT(6,6) , OPSCl(61
S , OPSCL~(6) • IOPNV
f~ , OPKPLf\J(hl , OPTRUE(6)-, , OPTIMP(6) , OPTIMS(6)

COMIvlON IINOX I INOX ( !(19)
COMMON IINf)XS I INDXS ( 1>
COMMON IINOXN I INDXN ( 1>
COIAMON IDIMS I UIMS(J, 1)

CO~MON IOSTR I OSTR (5. 1)

COMMON IIF~ I IFS ( 1>
COMMON /lKS I IKS ( 1>
COMMON IPR I PR (2, 1>
COMMON IPSH I PSH (4. 1l
COMMON ITSTR I TSTt-? (3,3, 1)

COMMON IALPH I ALPH ( 1>
COMMON IAREA I AREA ( 1)

COMMON IEMISS I [MISS ( 1 )
COMMON ISIHR I SRIK ( })
rOMMON 15RSO I S~_SJ2_ ( 1 )



A-19

COMMON BLOCKS FOR QOCAL (CONT.)

T1"< r t~ ! )
f:·):}U 1)

"H)DF 1 )
i l " Tt' '-'H-' ( j )

;'\LA~\j , t,'::,U\J ,P<-'U

• ~ Cc r!) ,.01 I ~ lOR HI 1
• f. S c., ~ ,J i, L,~ ,P k AI)

,CI0~AS ,~~TA~ ,APER
• w~UN rJ~~~T, TrMf~H

, (~[IL • ISKPSn • c;k/lV
, "'A • Hf-' , :::.UNRA

• ~rHU~C • SUN0~r , CIGMA
• >-< 1 H t T ,();-. i'J r ( 3, J )
,JCAL~L • NS~FF , CLUCK
• KATl ,~nTx ~UTY

, I.-(OTx rl-'uTY. TRUTl
[SFT ,~LTYP~, IN~HAO

• SHQOuT ,~uNCL ,SUNCO
Pl CO ,T I .-..1c.:p
I ;) S r i-< (12. 3 )
IS lP[H ( 1 )
f-JS~) EC

1>
1 )

I onl

:.~ n t~ fA () ~.j I r,~ f.~ I
(' n ~I, ~': nh.i /-Yf'1!:::>(J I
r n,~N]O~'.i I:\;UUF"_ I
r () '1 !V1 r) ;'i / ()l' T ,: "p I
r n t-~!Vi ()!'" IUH!j I j I

1
?
]

4
t::
.J

'J

7

~

Y
n
1
?
3
,~

(' () r.l, f\1.') rJ lOS TOf-!t I
r n M ~~ () ~j IISTPiW/
CN~"10N /t,jSPEC I
COMMOtJ IPLO r Ti-o'l

1
t-
3

((W:-1 () i\j IOOt-W!) T/
r I") "'I "'1 (H'J IIU, VfY~:'1

cC"·1Mnj'\~ I r.ucrv-:< I
CnMIAl)N 1(;uF f.<:S I I

C()~H,.jrjN / '" ,<!:.C, T I

I P L I) ,'fT , >- L C i-o' vr:-
, r;.JlJJ4 I~LSI,j

, PI !-\<},,' (~))

• iJl ii l'?'(lc)
j\t(IUF r (

Fl"'~T( lUl')
r,,..) i i~j ( 1 i

, U'IW

, PHduD
, HSur~

• .lIes
• T'"'!LJt~Af~

, c) !iJC
, STRi-iA

• 8F L'>.
• SP 1 i\l T ( j • j )

, CON!::
, '-"OT L
• PNA Mr_
• SHAu p~

• f-lLCL

, PLXM,~F ,PLYMP~

• PLLA!::JA(S)
IJLTrll(l()



COi\llMOi,j

•

•
•

•
•
•
•
•
•
•
•

COMfI.10N
I
?
]

4
':)

6
7

A-20
COMMON BLOCKS FOR RCCAL

ICCONSfl nT~ ,Hln ,PI ,MAXdC 9 N~

, NS ,1\)[101). j\JSUr?F ,1 ()VL ,NS TFP ,(\ISS 1t p

,NHLrLN ,DTACC ,j-lIf.CCS, Dlt,<OSh ,UIPNCti 9 FfACC
• FFACCS 'FFMI~ ,FFkATl. FFNOSH • FFP~CH , ffPRNT

IG~SFF • G~~~Nn , ~KAMPF ,1~KCN 9 HKMIN ,IHKNGH
• IHKNSP • ~K~NCH ,~KSP ,kKTAPE, SIGMA , ITRCIO
, ITRC20 , ITHC30 , [T~C40 , ITHCSO , ITRCb0 , ITRC70
, IT~Cen , rfRC90 • (TReAO • ITHC8D , ITHCC0 , ITRCOO
, IIHALl , IAwGdl , IAQG8S , IAYSOS , IAQSDA , IAQSOP
• I(iOM-:Y • I{)OCOR , ilOf\MPF • (,)()FMPF , I.JOf""PF , VOfUAPF
• uOTYPt~ , lOOTfd , .,/(lTAPE , t./{)PNCH , J(JOTII.1E , NdCDSK
, RSOL tJ.K , t~Al.8 , f.'PLAN ,RFHAC , IMES<; , iSPND
• NfRN , NNfSS ,NSPND 9 NSFT , NSFO 9 I~OLFL

• IALb~L • IPLAFl , IAI • lAS ,TRUANF 9 THUANI
• !'~ ST SOL , "6 T fJ L

ITAPE I Nul • ~nl~ , NFf • NFFH
, NGHIH , NGdlRR ,NGhSO ,NGHSOH
• I\J 0 U T , t~ R Af-.J ,NSCi-< 1 • i.J SCR2
, NSCRJ • NTU , ~TQR , N~LS

, NPLSC< , r\lSlJNTL • NPUN , NSCDUU
• N~HADO • ~THAJ ,N~SO , NRTO
• ~uSEHI 9 ~USE~2 • ~HCDuu 9 KSHADO
,KT~AJ • K~SO • KkTO

COMMON ITITLf I TITLt (Ill • NfrTLt(ll)
1 ,MuDElI.J , DTE , TME , IPAGE
2 , LINE ,IHSTEP

COMMON I~LOT I NPNNP(b) • NPTIT(9)
1 , NPVU(b} , lNPHOT(6,b)
2- 9 lNPSCL (A'> , I OfJ['JI\lP (6)
3 , IOPTIT(A) , IOPNVU(o)
4 , np~OT(b,6} 9 OPSCL(b}
~ • nPSCl~(~) , IO~NV

6 ,OP,-<PlN(b), OPTRUt.(b)
7 .OPTlr,\tJ(6). uPTIMS(b)

rnMMON IINDX I INQX (101Y)
[/ifAMON 1P.Jt)XS I If'WXS ( 1)
Cow"lON III'II)1\!') .I liJDX;\j ( 1)
CO~MON I~IMS I ~IMS(3, 1)
CrH,HJ10N /f')SH< I nST~ ('H 1)
('()f~!II\(H·j I!FS I IFS ( 1)
rOMMON IrKS I I~S ( 1)
C0 MMON IDH I p~ (?, j)

rOMMON IPSrl I PSH (4, 1)
CN~!\II () ~J ITS TPIT S TfJ ( ] ,1 • 1 )
cn~MON IAlPH I ALP~ ( 1)
COMMON IAHEA I AH~A { II
COMMO~ If~ISS I EMISj ]}
cnMMn~ IS~IR I SHIM 11
rO ....Hv10f\1 I(.,H~';{) I :::,f~;I) 1 }
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• PLXMPF • PLYMPF
, i--LU.l,!jJ((SJ

, PLTlf!ClCJ)
IPLSN

r () ~!. ",1 () i\) IT;JHJ I
r. r; 'A r~ n .~ 11R<-:() I
rn',1t-1li,'J !I':(;,)t I
r(\W"'(H~ lULl I t: ~4 P /

rr"tH~Ot\' / Ol~~ I T I

'I
3
4

')

6
7
Ii
9

U
1
?
~
,)

4
C(1MMOi'j I['STuK[/
Cf\M,.iO"4 ItSTPIHU
rn'~"1();\! I '\!S fJt-= C I
cnMMOf'J /PLOTTP/

1
r'
3

rn/.M -1()N IT;';;O" I••J' 'II

r(\iIl!MO'~ /'''Sr~i\ I
rn'AMfHj n,: iJ S I
Ci1 MNiQI\I ISFS I
rn'~r~of',; ISPCNO /

Tk 1 ~ ( 1 )
T~SO ( il
f';i)DE ( 1 )

UDP'-""i..J{ 1)

ALA~ ,~5J~ ~ PSU
, ~C( ,IO~~T 4 10k~lr

, ~s~ ,PALH • PkAn
,CIG~AS ,~ET~S , 4~~R

? 'I.' ::, U' J , r I 1-1 f ~ T ,T I Mt. PR
9 SOL ,I5KPS0. G~AV

, HB , rl~ • SUN~A

,STRU~C ,SUNotC ,CIGMA
,~THlT , O~~T(3,31

• JCALFL • N~PFF ,CLorK
,~.'\TE ,H'lTX ,~OfY

,I~OTA • IH0TY • IHurl
, I SFT Pt Td-'f p ... 5H~U

SHAOUT • su~rL ,SUNC0
• PLCO ,TIMSP

IiISTr-< (1(..J)
IST~U'~( 1)
I\jSPEC
I PL \)i'J T

, I PL"jA
, I-'LL~dY(j}

• IJLTIT21l2)
ISD,\' ( 100>
'-"5"j;) ( 1 (, 0)
t'JflS ( 1)
Sf. ( 1 )
Si-JACi'JO ( 1)

, uI'Jf-'
• f,lff-(IOD

RSur"
9 vms
~ Tt<uc.AN
, OINe
, STk~A

, BETA
• SP I '\I T ( j • 3 )
9 CONE
, RoTL
, t->NAMt:
, SHAJIN
, PLCl
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cn~MON ICCONSTI urR • ~TO • PI • MAXBC ,NN
" fb "Nr'lUP" NSUHF ,I OVL ,NSfEP ,NSSTFP
, N8L~LN "UIACC ,DIACCS" DINOS~ " UIPNCH , FFACC
" F~ACC~ 'FFMIN ,fFRATL, fFNOSH " FFPNCH ,FFPRNT
, IG8SFf , GHwRND , Hr'AI'I1PF ,lkKCN 'KKMIN • IRKNGR
" IR~N~~ • ~KPNCH • hKSP , RKTAPE ,SIGMA ,ITRCIO
, Ir~c~u , IlkCJu , I1RC4U , ITRC~O , ITHC60 , IfRC70
, ITRCdO , IrHC~O , ITkCAO • ITRC80 , ITHCCU • ITRCOO
, ITRAlL , IAwGdI • IA~G8S , IAUSUS , IAQSDA , IAQSDP
• IQnARY , IOOCOR , onAMP~ • UOFMPF , UQTMPF , QORMPF
" 0UTYP~ , IJUTA8 , 0QTAPE , QOPNCH " !uOTME , N8CDSK
, RSOLAK 'HAL~ • RPLAN • RFRAC ,IMtSS ,ISPNO
"NEPN "Nr<I[SS ,,!\j5PNfJ ,NSFT ,NSFO ,ISOLFL
" IALHFL , IPLAFL ,IAI ,lAS "TRUANF, TRUANI
• NSTSOL , NSTPL

ITAPE I NUl 'NDIR "NFF , NFFR
'NGrllk ,NG~IkR ,NGdSU ,NGdSOR

NOUT ,N~ AN ,NSCk 1 , NSCR2
,NSCR3 ,NTU • ~TQR ,NPLS
'NPLS~ ,NSQNTL • NPUN ,NRCDOU
"NSrlAlJ0 ,NTrtAcl • N~SO • NRTO
,N0SEH1 ,NUSE~? ,KHCOUU ,KSHAOO
'KTRAJ , KRSO ,KHTU

COMMON ITITL~ / rI1L~ (11) , NTITL~(ll)

1 '~On[LN ,uTE "TME , IPAGE
2 , LINE ,IHSTEP

cn~MON !PLOT I NPNNP(6) , NP~IT(~)

1 , NPVU(6) • Z~PHOTCb,b)

? , LNP~Cl(6) , lOPNNP(6)
3 , IOPTIT(6) • IOPNVU(b)
4 ,OPkOl(b,b), OPSCLCb)
S 9 0PSCLK{h) , IOPNV
6 , OPRPL~(6) • QPTRUE(6)
7 ,(lVfI:II\P(6), QF"T!MS<t,)

cn~MON lINDA I INDX (IUl~)

COM~ON ITNOXS I IN~~S ( 1)
('nMMON II!\WXl\l I I!'!DXN ( 1)
COMMON IDIMS I DIMS(3, 1)
cnM~ON Ins TI.< I oc, TH (~, 1 )
cn~MON IT~S I IFS ( 1)
('0MrvlON !TKS ILKS ( 1)
CO~MON IPH I PH (?, 1)
COMMON IPSH I PSH (4, })
rn~MON /TSTR I TSTR (3,3, 1)
COMMON IALPH I ALPH ( 1)
('OMMON IA~fA / AREA ( 1)
COMMON /FMISS I fMISS ( 1)
COMMON ISRlk / SHIH ( 1)
rOMMON ISRSO I SPSQ ( 1)
cnMMON ITkIK I l~IR ( })
COMMON JTRSa / T~SO ( 1)
cnMMON INOUE I NOD~ { }>
C()M\\QN /onTEr-.'!-'1 fJDfU-1P( 1)
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,PLXMPF ,PLYMPF
, PLLAbA(:»
, PLTIT1(lO)

.-

1
c

4

')

h

7

H
y
n
1
C'
~

4

1
2
3

rONl"'1()"J Ins TCd-iFI
C()MMON IISTPDRI
r;r"H-i'v!ON Ir\ISI-iFC I
r: () M M() 1'J I fJ L :J TT~... I

r- n M f'I1 (I ~~ If.. KC '-H< /
(nt1~1f)i'J /i·K Fi-( 5 r I

C' n !'JI M0 ~I / WK "4 0 DT I
('jMo.10N ISF /
'-: f) H '"1 ;) N I <., f-' AC l,jI) /

ALA~ ,ASUN ,PSQ
• ~cc ,JoHN1. IOH8IT
• ~ss ,PALH ,PRAU
~ CIGMAS • HtTAS ,APER
, wSUN ,1IMEST, TIMEPR
, SOL ,ISKPSO. GRAV
~ HA , rlP , SUNRA
,ST~DEC • SUNnEc ,CIGMA
, tdrlt::1 9 Oi·HH (], 3)
,ICALFL ,N~PFF • CLOCK
• RATE • ROfX ,HOTY
, I~0TX ,IkOTY ,IROTl
'15FT ,PLfVPE. INSHAD
, SHAUU r , SUNCL ,SUNCO
'~LCO ,1I~SP

Il) S Tf~ (1 2 , .3 )
ISTPtHH 1>
~SPU ..
{PLUI\JT , PLCpvF

,IPL~A , IPLSN
, PLLAbY(S)
, PLTIT2(lZl

ICU~1t; ( lOO)

IFlqSf( IOu)
".jl)f)t I ( 1 )
SF ( 1 l
:::iPACNO ( 1)

• DWP
, PEKIOL)
• RSUN
, \liDS
, TRUE,lIN
, OINe
, STRRA
, 8ETA
, ~PINT(j,J)

, CONE
, ROll
• PNA"'4E
, SHAUI~

, PLCL
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-

• I\JFFR

, NG~SOR

, NSCR~

, NPLS
, Nt3CDOlJ
, NRTO
, KSHAOO

9 i'ljr F
9 NGtiSO

• NSCRI
, rIlTW<
9 NPU~,j

, NRSO
1<.8CDOU

, KRTO
• NTIlLt(!l)

• TME. , IPAGE

, NPl!T{,,1
, LNPROr(6,6)
, IOPNNP(6)
9 IOPNVU(6)
• OPSCL(6)
• IOPNV
9 OPTRUE(6J
, OPTIMS(6)

I

I Jf'1l0X I
ITNDXS I
IIN!)XN I
If1IMS I
InsTR I

IJFS I
III''\5 I
IPR I
IPSH I
ITSTR I
I ~\LPH I
IAHEA I
IFMISC; /

ISFSH[)CI ISHAU( 1)
ISFUUP I WOP{ II
ISFWOR I WDk( 11
ISFCWS I (,II'S ( I)

IrCONSTI UT~ , ~TD ,PI ,MA~BC 9 NN
, NS ,NNOJ, N5U~F , lOVl , NSTEP , NSSTEP
• N8LKLN , OIAce • DIACCS • OINOS~ • UIPNCH , FFACC
, FFACCS 'FfMI~ , ffRATL , FFNOSH , FFPNCH , FFPRNT
, IG8SFF , GHWYNO • ~~AMPF • IkKCN ,RKMIN ,IRKNGB
• IRKNSP , RKPNCH ,HKSP ,kKTAPt, SIGMA , ITRC10
, ITRC20 , ITPC30 • TTkC40 • ITkC50 • ITRC60 , ITRC10
, ITRC80 , ITkC~O , ITHCAO • ITRCHO , ITRCCO , ITRCDO
• IT~ALL , IAVGH[ • IAQGHS , IAUSOS , IAQSOA , IAQSUP
, 1(~OAHY • J(JOCOl~ • :WM"lPF , QOFMPF , QOTMPF 9 QORMPF
• OOTYPE , IWOTAg , YOTAOE , QuPNCH , I~OT~E , N~CDSK
• RsnlAR , R~LH • RPLAN , RFkAC ,IMESS ,I~PNO
,NERN 'N~~SS ,NSPNO , NSFT , NSFO ,ISOlFL
• lAlBFL • JPLAFl ,tAL , lAS , T~U~NF , TRUANI
, NSTSOL 9 i\,/Slt-'L

ITAPE I NOI • NOI~

'Nb~IR • NbdI~~

,WHIT • i\!KAN
, '\lSC;.<j • N TQ
,N~LSH ,NS~NTl

• NSHAUD , NT~AJ

, N~S~Rl ,NUSEH2
, K, TkAJ ,KRSO

COMMON ITITL~ I rrTlE (Ill
, MouELN ,D H.
'LINE , [HSTEP

NPI\JNP(t-»
, N~VU(f:'}

, ZNPSCL(6)
, lOP r 1 T(6)
, OPkOT{6.6)
• OIJSClR(6)
, OPp..'tJU-i (6)
.0PIII"IP(b)

INDX (l(ll~)

U~I),<S ( 1)
UW)(',j ( II
DIMS(]. 1)
!iST~ (.,. 1 I
Irs ( U
1K,:::) ( 1>
PI-! (r, II
P"H (4, 1>
lSlH (j.3, 1)
'\It-'t1 1>
I\L':>f A 1 I
l- r,~ IS::' 1 I

rnMlII!ON IPLOT

rOM!"'ON
r()~MON

CO M r.-1,ON
rnlvlMoN
rO~"I";ON

Cf)~Iv1Of'.'

C()~H"'ON

COMMON
rO ivll'-10N
rn'1rv10N
r r)r.., i'" o,..~

COMMON
r 01'-11-1°r'J

rnM~'OI'J

rOMMnr\l

rnM~"'ON

COMf'IlON
cor~I-10N

..
•
•
•
•
•
•
•
•
•
..
•
•
•

rmHo1 OI\J

1
t!

1
i:
3
4

S
f.,

7

1
?
3
4
5
6
7
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cnMivlON ISRli.l / SPIR 1)

COMI-10N ISR~I) / SkSO 11
COMt.10N /TRlf-< / TRIR 1>
COMtIl\O~'J JTRSa / TI~SO 1>
('OM'00N /i\.ltjDf I '''~ODE ( 1)

COMMON !\.JD TE~o1~/ (nTEMO ( 1>
cnMi>10N /O~H 1 T I Al.~t\j , ASUN , PSt) , DwP

1 , t.CC , IORNT , IORRIl , PEl-HOD
? , wSS , PALH , PRAD , RSUN
3 , CI \J1>jAS , KFTAS , APtR , wDS
iI· , ...;SUN , TIME::>T , TIME~H , TRUE AN
c;; , ::;'(JL , ISKPSO , GRAV , OINe
6 , r'j 1\ , r<t-' , SUNRA , STRRA
7 , ~TkDlC , :,UNDEC , CIGMA , 8ETA
I:i , RTHET , ORI~T (3,3) , SPINT(3,3l
9 , ICALfL , NSj.JFF , CLOCK , CONE
0 , RATE. , ~WT /.. , ROTY , ROTl
1 , I1-<0r" , Ih:OTY , IROTl , PNAME
2 , 15FT , PLTYt-'E , INSHAlJ , SHAOIN
3 , S>-IAOUT , SUNCL , SUNCO , PLCL
4 , PLCO , T'l MSP

COMtJlON /nSTOPI:/ ID~Tk (12,3>
COMMON IlSTPOR/ ISTPDf-l( 1 )
COMMON /NSPEC I t·iSPEC
COMMON ISf:;,HDCI I')rlAU( 1)

COMr-10N /SFQ[)P I lint-' ( 1 )

r:OMW)1\i ISF(mR I CiliH ( 1)

rO/v1MON /'::'FQDS I \J f) S ( 1 )
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APPENDIX B

FORM FACTOR CALCULATION ACCURACY
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A. ELEMENTAL GRID VARIATIONS

The form factor for two finite areas, Al and A
J

(Fig. B-1), is de­
fined as

cos

1
J

e. cos e.
1 ]

----::::..-~2--"'- dAJ dAr­
TIr ..

1J
[B-1]

----__ r ..
1J

Figure £-1 )cf,ermination of Form Factors

A finite-difference approximation of Equation [B-1] is

n m
B. o.

1 2: 2:
cos cos

1 J A. PI .'FTJ
'\ TIr. 2

J 1

i:= 1 j=l
1j

Equation [B-2] approaches an exact representation of Equation
[B-1] as the size of the elemental areas, A. and A., approach

1 J
zero. For identical, parallel, directly opposed rectangles, the
empirical relationship of elE~ental area size-to-separation dis­
tance versus form factor error shown in Figure B-2 is obtained.

[B-2]
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• All elements are
same size.

81 /

41 /
o~ 7 _

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

K Ai/Ri/
Figure B-2 Ermr Characteristics for Identical~ ParaUel~

Directly Opposed Rectangles

A "" K c )
i ij , [B-3 ]

where K is a proportionality constant.

A more general form of Equation [B-2], considering that

cos G. cos e.
--~dA.

TIr. . J
lJ

[B-4]

or

dA.
J

cos

llr .. 2
lJ

e. cos 8 '
1 j

[B-5]

is

A ~

i

K r .. 2
__. .:!o..:L. _
cos n cos A.

i J

[B-6]
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MTRAP version 1.0, LOHARP, and TRASYS use Equation B-2, modified
with a shadowing constant, to compute form factors. The total
numbel~ (Le., size) and distribution of elemental areas is left
to the user to define in MTRAP version LO and LOHARP. The number
of elements to be selected is defined by the closest node a given
node "sees." The selection of elements, hm'1ever, usually ends
up being somevJhat arbitrary or simply a matter of economics; Le.,
the finer the grid, the more machine time required. In reality,
the selection of elemental areas is an independent problem for
each form factor.

The basic assumption for reasonably accurate form factors is, from
Equation [B-6], that the elemental area size is small compared to
the separation distance between two elements.

The TRASYS program uses a technique using Equation [B-6) to auto­
matically select the element grid sizes of each node pair con­
sistent with a user-defined accuracy parameter, K. If all ele­
mental areas on each of two nodes were the same size and had
the same separation distance, r .. , the apparent number of ele-

1J
ments on a node to satisfy the accuracy value K would be (from
Equation [B-6]

AI cos e. cos 8.
··----~-T---~

Ky.. -
1J

[B-7)

Since each element pair on the two nodes may have a different
separation distance, a different apparent number of equal-sized
elements will be required.

The approach used in the TRASYS program is a simple arithmetic
average of element contributions, i.e.,

In. m.

AI
1 J 8-, 8.

L L
cos cos

N
J_ --1, fB-B)----- 2opt

l
Km. TIl. r ..

J i=l j=l 1J

where m. and ill. are the initial number of elements arbitrarily
1 J

chosen for nodes I and J.

The initial number of elements is chosen just large enough for
a representative sample. A similar optimum number of elements
for node J can be defined.
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The optimum grid elements are computed inde-

defined by the user.

(Nmax!Nopt)r

and (N IN ).max opt, J

pendently for each subnode using a separation-distance, weighted­
average criterion, rather than an arithmetic one. The form factors
resulting from the subnode pairs are then combined using form­
factor algebra. Thus, elemental grids vary for each form factor
and may be nonuniform over a node as required to satisfy input
accuracy requirements.

The total number of ele;n('.nts defined by Equation [n-81 is dis-­
tributed uniformly over the node using a criterion that attempts
to make the elements square. The arithmetic average technique
assumes that the mean separation distance between nodes is large
compared with the variation of separation distance over the two
nodes. A check is made to see if this assumption is violated.
The maximum number of elements defined by any element pair On
the t\vO nodes (Equation [B··-71) is compared \vith the arithmetic
average value (Equation [B-SJ). If the ratio of N 1N is

max opt
greater than N . . l' the two nodes are temporaril subdivided

CYltlCd
into subnodes. N . . 1 is an input valuecrltlca
The numbers of sub nodes used are proportional to

B. NODAL PRI':I,IMINARY SHADOWING CHECKS

Shddowing checks between elemental areas account for considerable
machine time. Machine time could be saved if unnecessary checks
'Nere eliminated. The usual procedure in HTRAP version l.0 is to
prucess all the surfaces until either the. form factor contribution
is reduced to zero by shadowing surfaces, or all surfaces identi­
Lied as Sl1c1d,1\vers have been investigated. The function of the
nodal shadmving checks is to eliminate from the element-to-element
shadmving checks all surfaces that cannot cause shadowing on any
portion of the two nodes under consideration. The technique used
in the TRASYS program is a significant modification of the tech­
nique used in LOHARP.
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The nodal shadowing checks consist of constructing a sphere around
each node for which form factors are being evaluated ana for each
shadowing surface. The radii of the spheres are SUdl that the
node or surface is completely enclosed. A test cylinder or cone
frustum, dependIng on the relative sizes of the two spheres in
question, is construct.ed as s!lO\'J!1 in Figure B-3. For the cylinder,
the radius is equal [0 ~le larger of the two spheres. The cylinder
or cone frustum's axial co()rdinate is a v~ctor between the centers
of the two spheres plus the sum of the two sphere radii. Next,
the shadowing surfaces' enclosing spheres are checked to deter­
mine whether they intersect the test cylinder or cone frustwrr.
Only surfaces whose sphere intersects the test cylinder or cone
frustum will be considered in the actual element-to-element
sbadowing checks for these two nodes.

This technique of preliminary shadowing checks allows identifica­
tion of any surface that shades the nodes in question. However,
other marginal ones wU] also be identified.

In the detailed element-to-element shadowing checks, an element
pair is either completely shadowed or not at all. The accuracy,
then, of representing the shadow is proportional to the total
number of e1 ements on both nudEc's. The number of elements on the
shadm.... ing surface(s) is of no consideration. In the TRASYS
program it is assumed that accurate shadowing is required only
for large-magnitude form factors. If the preliminary shadowing
checks irlcntify shadowing surfaces for the form factor in ques­
tion, till' nUle;be, of elements defined to represent the shadow is

r
~ Jf

I;) It(
U 1\.. ,

! s
[B-J.l

K is ale 'l!'ut shadmving accuracy factor, and
s

B is a pro!!\Jrtiunality constant determined by trial and error.

The numbc-r (Jf elements used (ur any given node for forn: factors
is taken dS '-he iTlaximum L·;f that. defined in Equation [B-31 or
Equation [B-9].



B-7

r~surface Ignored

V)(,..-'\----.:::.-- U
1

1

~I ~_ I
/---- / ........ --- ~

NT de 7----7 \ Node J
"0 I /1-'

I J I ~~surface Ignored
Surface ./ \. I __ 2
Identified / __

? ....... ­--- ,-- / ,.-- 1 \
~- I-- \102-E[j\ ( JNode I __ \ \ I

~'!: 7----__,...... /.1
Surface - ~_ ./ 'Nod J
Identified (~, e

'- J....... Surface Ignored

F~gure B-3 NodaZ PreZiminary Shadowing Techniques
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SHADOW FACTOR TAPE FORMAT

C-l
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The Shadow Factor (SHADI) tape is a multifile binary

tape. Each file contains a 171-element, bivariate, shadow­

factor table for each node in a configuration. The files

are identified by configuration (model) name and step

number. The step number is that under which the tables

were originally generated. The date each file was generated

is also stored.

The first record in each file has the following

format:

Word 1 - Configuration name. (Any Hollerith name

of up to 6 characters, left-justified,

blank-filled)

Word 2 - Date generated. (Hollerith, month, day,

year.)

Word 3 - Number of nodes in configuration, NN

(integer)

Words 4 thru NN + 3 - node number array.

(one integer node number per word)

The second record of each file has the following

format:

Word 1 contains 9 shadow factors, for cone angles

1 through 9 at clock angle 1. These shadow

factors are for the first node in the node array.

Words 2 through 19 each contain 9 shadow factors,

for cone angles 1 through 9, at each clock angle,

2 through 19. Word 19 completes a shadow-factor

table for node 1.

Words 20 through 190 are in 19-word groups

identical in structure to words 1 through 19.

Word 190 completes the shadow-factor table for

the tenth node in the node array and the second

record.
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The third through last record of each file contains

the shadow~factor tables for groups of ten nodes, in the

order encountered in the node array. These records have

the same format as record 2.

The tape is te~~inated by a double EOF. 100

configurations (files) per tape are allowed.

Clock angles 1 through 19 range from 00 to 3600 in

20° increments about the central coordinate system

z-axis. (See Figure AC-1)
o 0

The a and 360 points are

repeated to avoid wrap-around interpolation. Cone angles

1 through 9 are the inverse cosines of -1.0, -0.75, -0.5,

-0.25,0.,0.25,0.5,0.75, and 1.0, respectively. The

shadow factors for nine cone angles are packed into

one 36-bit word, providing 4 bits per shadow factor.
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SUBROUTINE DESCRIPTIONS

D-l

Subroutine Subroutine
Name Page Name Page

BUILDC D-2 AQDATA D-17

ADD D-3 STFAQ D-18

CHGBLK D-4 QODATA 0-19

NDATA, NDATAS D-S SFDATA 0-20

ODATA, ODATAS D-6 PLDATA D-21

FFDATA D-8 DICOMP D-23

ORBITl D-9 DITTP, DDTTPS D-24

ORBIT2 D-IO HODAR 0-26

DIDT1, DIDT1S D-ll MODPR 0-27

DIDT2, DIDT2S D-12 MODTR D-28

SPIN . D-13 MODPRS D-29

ORIENT D-14 MODSHD D-30

GBDATA D-15 GBAPRX D-31

RKDATA D-16 RCDATA D-32

ADSURF D-34

FFNDP D-35

TAPELS D-36

NDUPCK D-37



SUBROUTINE NAME:

PURPOSE:

D-2

BUILDC

This subroutine is used to define as problem geometry all nodes and
surfaces identified with a Block Coordinate System. BUILDC is the
first call to define a new configuration.

VARIABLE NAME:

BCSNAM is a Hollerith block coordinate system name consisting of
up to 6 characters.

RESTRICTIONS:

Must be called prior to any Subroutine ADD calls within a step.
BCSNAM must be ALLBLK, or a block coordinate systems name as defined
in surface data.

NOTE: If BCSNAM = ALLBLK, all surfaces in the surface ·data block become
problem geometry.

CALLING SEQUENCE:

CALL BUILDC (BCSNAM)



SUBROUTINE NAME;

PURPOSE:

D-3

ADD

This subroutine adds to the problem geometry all nodes/surfaces
contained in BCSNAM

VARIABLE NAME;

BCSNAM is a Hollerith Block Coordinate System name of up to 6
characters.

RESTRICTIONS:

Call valid only after previous calls to BUILDC or ADD within current
step. BCSNAM must be a block coordinate system name as defined in sur­
face data.

CALLING SEQUENCE:

CALL ADD (BCSNAM)



SUBROUTINE NAME:

PURPOSE:

D-4

CHGBLK

This subroutine allows user to change block coordinate system para­
meters where:

BCSNAM - block coordinate system to be changed
TX - translation along CCS X-axis
TY - translation along CCS Y-axis
TZ - translation along CCS Z-axis
IROTX order X rotation is to be performed (1,2,3)
IROTY - order Y rotation is to be performed (1,2,3)
IROTZ - order Z rotation is to be performed (1,2,3)
ROTX - angle of rotation about CCS X-axis
ROTY - angle of rotation about CCS Y-axis
ROTZ - angle of rotation about CCS Z-axis

RESTRICTIONS:

TX, TY, TZ, ROTX, ROTY, ROTZ must be floating-point numbers.
IROTX, IROTY, IROTZ must be integers, 1, 2, or 3

CALLING SEQUENCE:

CALL CHGBLK (BCSNAM, TX, TY, TZ, IROTX, IROTY, IROTZ, ROTX,
ROTY, ROTZ)



SUBROUTINE NAMES:

PURPOSE:

D-5

NDATA, NDATAS

These subroutines may be called prior to a call to the node plotter
segment to define optional views and miscellaneous parameters where:

Parameter

NV

VU

SCL

SELN

TIT

IRCYrX, IROTY,
IRCYrZ

ROTX, ROTY,
ROTZ

Description

View number

View

Scale

Name of array containing
identification numbers
of nodes to be selec­
tively plotted

Array name of plot title

Order of rotations (for
VU = 3HGEN)

View rotations (for VU
3HGEN)

Options*

1-6

3HALL, 3H3-D
IHX, lHY, 1HZ
3HGEN

Floating-point
no.

Array name

Array name (array
length 66 charac­
ters max.)
1,2,3 (any
order)

Real no.

Default

1

3HALL

Automatic
scale

Plot all
nodes

Uses job
title

1,2,3

0.0, 0.0,
0.0

* Input zero for default action

NOTE: The NV parameter allows the user to define up to 6 plot operations
that will be executed with one NPLCYr call. Later in execution,
(after a geometry change, for instance), he can execute the same 6
operations or change one or more by reference to the appropriate
NV'before his NPLOT call.

RESTRICTIONS:

None

CALLING SEQUENCE:

CALL NDATA (NV, VU, SCL, SELN, TIT, IROTX, IROTY, IROTZ, ROTX,
ROTY, ROTZ)

CALL NDATAS (NV, VU, SCL)



SUBROUTINE NAMES:

PURPOSE:

D-6

ODATA, ODATAS

These subroutines may be called prior to a call to the orbit plotter
to define optional views and miscellaneous parameters where: .

!,aranieter

NV

VU

Description

View number

View

Options*

1-6

3HALL, 3H3-D,
4HBETA, 5HCIGMA,
3HSUN, 3HGEN

Default

1

3HALL

SCL

SCLR

Spacecraft size meas- Real no.
ured from CCS origin
in plot frame dimensions
Orbit radius in Real no.
plot frame dimensions

Computed
automatically

Computed
automatically

RPLN

TRUEAN

TIMEST

TIME

SELN

TIT

IROTX, IROTY,
IROTZ

ROTX, ROTY, ROTZ

Planet radl.us in
plot frame dimen­
sion

True anomaly

Time of periapsis
passage

Present time

Name of array con­
taining surface
numbers to be
selectively plotted

Array name of plot
title

Order of rotations
(for view; 3HGEN)

View rotations (for
view = 3HGEN)

Real no.

Real no.

Real no.

Real no.

Array name (array
length 66 charac­
ters, max.)

Array name

1,2,3 (any order)

Real no.

1.4 inches

None

None

Plots all
surfaces
defines as
shadowers

Uses job
title

1,2,3

0.0, 0.0, 0.0

* Input zero for default action

The NV parameter allows the user to define up to 6 plot operations
that will be executed with one OPLOT call. Later in execution (after a
geometry change, for instance), he can execute the same 6 operations or
change one or more by reference to the appropriate NV before his OPLOT
calL
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SUBROUTINES ODATA, ODATAS (CONTID)

RESTRICTIONS:

Calls valid only after orbit has been defined.

CALLING SEQUENCE:

CALL ODATA (NV, VU, SCL, SCLR, RPLN, TRUEAN, TIMEST, TIME, SELN,
TIT, IROTX, IROTY, IROTZ, ROTX, ROTY, ROTZ)

CALL ODATAS (NV, VU, SCL, SCLR, RPLN, TRUEAN, TIMEST, TIME)



SUBROUTINE NAME:

PURPOSE:

D-8

FFDATA

This subroutine will define parameters used in FFCAL if other than
default values are used.

DEFINITIONS:

Variable Name Default Values

FFACC - orientation accuracy factor
FFACCS - shadowing accuracy factor
FFNOSH - shadowing override flag (4HNOSH, 4HSHAD)
FFRATL - distance/area ratio factor
FFMIN - eliminate small form factors
FFPRNT - flag to print form factors (5HPRINT, 2HNO)
FFPNCH - flag to punch form factors (3HPUN, 4HTAP~*,

2HNO)
RESTRICTIONS:

None

0.05
0.1
4HSHAD
15.0
l.E-6
5HPRINT
3HPUN

NOTES: Example: CALL FFDATA (0., 0., 4HNOSH, 0, 1.E-3,5HPRINT, 0)
Results in no shadowing computations, form factors below 0.001
ignored, form factors printed, default values used elsewhere.
If value passed is zero, default value assumed.

CALLING SEQUENCE:

CALL FFDATA (FFACC, FFACCS, FFNOSH, FFRATL, FFMIN, FFPRNT, FFPNCH)

*Writes to tape RTO.



SUBROUTINE NAME:

PURPOSE:

D-9

ORBITI

This subroutine defines spacecraft orbits in terms of classic orbital
mechanics parameters and a celestial coordinate system.

DEFINITIONS:

Variable Names Default Values

PNAME
ALAN
APER
OINC
TIMEST
HP
HA
ECC
SUNRA
SUNDEC
STRRA
STRDEC

name of orbit-centered body
longitude of ascending node
argument of perifocus
orbit inclination
time of periapsis passage, hours
altitude at periapsis
altitude at apoapsis
orbit eccentricity
right ascension of sun
declination of sun
right ascension of star
declination of star

None
None
None
None
0.0
None
Norie
None
None
None
None
None

RESTRICTIONS:

None

~LLING SEQUENCE:

CALL ORBITI (PNAME, ALAN, APER, OINC, TIMEST, HP, HA, SUNRA, SUNDEC,
STRRA, STRDEC)

CALL ORBITI (PLANAM, ALAN, APER, OINC, TIMEST, HP, ECC, SUNRA, SUNDEC,
STRRA, STRDEC)

NOTES:

PNAME options are as follows: 3HMER, 3HVEN, 3HEAR, 3HMOO, 3HMAR,
3HJUP, 3HSAT, 3HNEP, 3HURA, and 3HSUN. These names are used to key
the following program variables:

WDS
PALB ­
PRAD ­
HSS
SOL
GRAV

darkside infrared emissive power at planet surface
planet albedo value (solar reflectance)
planet radius
infrared emissive power at sbusolar point
solar "constant" at planet-sun distance
planet gravitational constant at surface

Sixth argument is tested for magnitude. If ~ 1.0, ECC is assumed.
If >1.0, HA assumed.

Execution of this subroutine d&fines the planetary shadow entry and
exit points (ref Figure 4-7).



SUBROUTINE NAME:

PURPOSE:

D-IO

ORBIT2

This subroutine defines spacecraft orbits and sun/star position-orbit
relationship in the orbit coordinate system.

DEFINITIONS:

Variable Names Default Values

PNAME
CIGMA

BETA
CIGMAS

BETAS
TIMEST
HP
HA
ECC

name of orbit-centered body
clock angle - X axis to solar vector
., 0

proJect~on

cone angle - 20 axis to solar vector
clock angle - X axis to star vector
., 0

proJect1.on
cone angle - 2 axis to star vector projection
time of periap~is passage, hours
altitude of periapsis
altitude of apoapsis
orbit eccentricity

None
None

None
None

None
0.0
None
None
None

RESTRICTIONS:

None

CALLING SEQUENCE:

CALL ORBIT2 (PNAME, CIGMA, BETA, CIGMAS, BETAS, TIMEST, HP, HA)

CALL ORBIT2 (PNAME, CIGMA, BETA, CIGMAS, BETAS, TIMEST, HP, ECe)

NOTES: See subroutine ORBIT1. This call not applicable to heliocentric
orbits.



SUBROUTINE NAMES:

PURPOSE:

D-ll

DIDTl, DIDTIS

Calls to define direct irradiation shadowing and accuracy parameters and
to compute heat SOurce position vectors from true anomaly or time.

pEFINITIONS:

Variable Names

DINOSH - shadow/no shadow flag (Options: 4HNOSH, 4HSHAD)

DIACC - element selection accuracy factor for node/planet
form factors

DIACCS - element selection accuracy factor for shadowing
calculations

TRUEAN - true anomaly

NSPFF .- step number reference to obtain node-planet form
factors if desired

TIMEPR - time

DIPNCH - flux punch flag (Options: 3HPUN, 4HTAPE*, 2HNO)

RESTRICTIONS:

Either TRUEAN or TIMEPR must be defined in call.

cALLING SEQUENCE:

Defaul t Values

4HSHAD (shadow
calculations not
bypassed) ---

0.25

0.10

None

o (new form
factors computed)

None

3HPUN

cALL DIDTl (DINOSH, DIACC, DIACCS, TRUEAN, NSPFF, TIMEPR, DIPNCH)

CALL DIDT1S (TRUEAN, NSPFF, TIMEPR, DIPNCH)

*Writes to tape RTO.
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SUBROUTINE NAMES; DIDTZ, DIDTZS

PURPOSE:

Calls to define direct irradiation shadowing and accuracy parameters and
to compute heat source position vectors from look angles.

DEFINITIONS:

DIDTIIReference

DINOSH
DrACC
DIACCS
NSPFF
DIPNCH
SUNCL, SUNCO - look angles to sun (clock, cone)
PLCL, PLCO - look angles to planet (clock, cone)
TlMEPR - present time
ALT - spacecraft altitude

RESTRICTIONS:

These calls must be preceded by a call to ORBIT2 in order to define orbit­
centered body.

_CALLING SEQUENCE:

cALL DIDT2 (DINOSH, DIACC, DIACCS, NSPFF, SUNCL, SUNCO
PLCL, PLCO, TIMEPR, ALT, DIPNCH)

CALL DIDT2S (NSPFF, SUNCL, SUNCa, PLCL, PLca, TIMEPR; ALT, DIPNCH)



SUBROUTINE NAME:

PURPOSE:

D-13

SPIN

Subroutine to define spacecraft spin rate, spin axis, and time of
beginning of spin.

DEFINITIONS:

Variable Names

CLOCK - clock angle - CCS x-axis to spin axis projection
CONE - cone angle - CSS z-axis to spin axis
RATE - spin rotation rate, degrees/hour (positive clock­

wise as viewed along spin axis from origin)
TRUANS - true anomaly where spin begins
SPNTM - time corresponding to TRUANS

RESTRICTIONS:

Default Values

o.
o.
O.

o.
O.

Must be called subsequent to orbit definition through subroutines
ORBITl or ORBIT2

NOTES:

a. The time at which spin begins may be defined either directly through
SPNTM or throughTRUANS. If SPNTM = 0, SPNTM is computed from TRUANS.

b. Spinning may be stopped only by a call to subroutine SPIN with RATE = O.
and spin stop time or true anomaly defined.

CALLING SEQUENCE:

CALL SPIN (CLOCK, CONE, RATE TRUANS, SPNTM)



SUBROUTINE NAME:

PURPOSE:

D-14

ORIENT

To define spacecraft orientation relative to orbital heat sources.

DEFINITIONS:

Variable Names
TYPE - orientation type
IROTX - order of rotation about x-axis
IROTY - order of rotation about y-axis
IROTZ - order of rotation about z-axis
ROTX - rotation about ves x-axis to rotate ves into ess
ROTY rotation about ves y-axis to rotate ves into ess
ROTZ - rotation about ves z-axis to rotate ves into CSS

RESTRICTIONS:

Not recommended for use with DIDT2, DIDT2S.

CALLING SEQUENCE:

Default Values
None

1
2
3
O.
o.
o.

CALL ORIENT (TYPE, I ROTX , IROTY, IROTZ, RaIX, ROTY, ROTZ)

NOTES: TYPE options are as folloBs: 4HPLAN, 3HSUN, 4HSTAR, 4HTAPE.
Individual default values obtained by passing zero.



SUBROUTINE NAME:

PURPOSE:

D-15

GBDATA

Defines parameters used by segment GBCAL in computing a grey-body
factor matrix,

Variable Names

IGBSFF - step no. reference for form factors
GBWBND - waveband definition name (2HIR. 3HSOL,

4HBOTH)
RESTRICTIONS:

Default Value

Assumes current step
None

Current step geometry definition must match definition of FF step
reference.

CALLING SEQUENCE:

CALL GBDATA (IGBSFF, GBWBND)



SUBROUTINE NAME:

PURPOSE:

ri-16

RKDATA

This subroutine defines parameter~ used in RKCAL for output of
radiation conductors (RADKS).

Variable Names

IRKNGB - step number reference for infrared
grey-body factors.

RKPNCH - punch/no punch flag. Options: 3HPUN,
2HNO

RKMIN minimum value of~/E that will result in
a va1id RADK

IRKCN - initial radiation conductor number
RKSP - flag for calculation of RADKS to space.

Options: 5HSPACE, 2HNO
IRKNSP - space node number
SIGMA - Stefan-Boltzmann constant
RKAMPF - area multiplying factor
RKTAPE - flag to write RADKS to BCD tape.

Options: 4HTAPE, 2HNO

Default Value

Assumes current step

3HPUN

0.0001
1

2HNO
32767
1. 713E-9
1.0

2HNO

NOTES: If not called prior to RKCAL execution, default values will be
assumed. Individual default values obtained by passing zero
arguments.

RESTRICTIONS:

Current geometry must agree with that of step IRKNGB.

CALLING SEQUENCE:

CALL RKDATA (IRKNGB, RKPNCH, RKMIN, IRKCN, RKSP, IRKNSP, SIGMA,
RKAMPF, RKTAPE)



SUBROUTINE NAME:

PURPOSE:

D-17

AQDATA

This subroutine defines parameters used in AQCAL for calculation of absorbed
heats. Direct fluxes for AQ calculations are obtained from current step data
storage.

Variable Names

IAQGBS - step no. reference for solar grey-body matrix
IAQGBI - step no. reference for IR grey-body matrix
RSOLAR - multiplying factor for solar absorbed heat
RALB - multiplying factor for albedo absorbed heat
RPLAN - multiplying factor for planetary absorbed heat

RES TRI CTIONS :

Default Values

Last previous step that
computed grey-body factors.

1.0
1.0
1.0

Must be called subsequent to a DICAL execution within same step.

NOTES: If not called prior to a AQcAL execution (within same step), default
values assumed. Individual default values obtained by passing zero
arguments.

CALLING SEQUENCE:

CALL AQDATA (IAQGBI, IAQGBS, RSOLAR, RALB, RPLAN)



SUBROUTINE NAME:

PURPOSE:

D-18

STFAQ

This subroutine stuffs known values of direct flux and absorbed heat from
a previously executed step into current step data storage. It also defines time
of current step, either directly or from true anomaly.

VARIABLE NAMES:

TRUEAN - true anomaly, degrees
TIMEPR - current time, hours
NSTP - step number reference for known DI and AQ values

RESTRICTIONS:

Current geometry must agree with that of NSTP.

CALLING SEQUENCE:

cALL STFAQ (TRUEAN, TIMEPR, NSTP)

!!QE:

Default Value

None
None
None

If TRUEAN.GT.O., time is computed from TRUEAN; otherwise TIMEPR is passed
directly to current step data storage.



SUBROUTINE NAME:

PURPOSE:

D-19

QODATA

This subroutine used to define the absorbed heat output format to
be obtained from the subsequent QOCAL execution.

DEFINITIONS:

Variable Names Default Value

NSARRY

NTMARY

QOTAPE
QOPNCH
QOAMPF
QOFMPF
QOTMPF
QOTYPE

IQOCOR

- array of step numbers where absorbed Q data
is stored. Options: array name, 3HALL

- thermal analyzer time array number (Q arrays
numbered consecutively from NTMARY + 1)

- BCD tape output flag. Options: 4HTAPE, 2HNO
- punch output flag. Options: 3HPUN, 2HNO
- area multiplication factor
- energy multiplication factor
- time multiplication factor
- type of output flag. Options: 3HTAB for Q vs

time tables, 2HAV for orbital average Q data,
4HBOTH for both

- step number of correspondence table

3HALL

1

2HNO
3HPUN-:~

1.0
1.0
1.0
4HBOTH

Current step

RESTRI CTIONS :

Current geometry definition must agree with geometry of all steps
in NSARRY.

NOTES:

Sort is made to obtain monotonically increasing time array. Trape­
zoidal-rule average made for orbital average heat tables.

QOAMPF applies only to areas on thermal analyzer subroutine call output.
QOFMPF applies only to heat flux array output.
QOTMPF applies to time array output and to value of period on subroutine

call output.

CALLING SEQUENCE:

CALL QODATA (NSARRY, NTMARY, QOTAPE, QOPNCH, QOAMPF, QOFMPF,
QOTMPF, QOTYPE, IQOCOR)

*Defaults to 2HNO at JSC/Univac.



SUBROUTINE NAME:

PURPOSE:

D-20

SFDATA

This subroutine is used to define configuration names on shadow­
factor input (SHADI) and output (SHADO) tapes.

DEFINITIONS:

Variable Names

NAMEl - name of configuration identifying
desired file on SHADl tape (Hollerith)

Default

None

NAMED - configuration name stored on SHADD tape
file being generated (Hollerith)

RESTRICTIONS:

None

NOTES:

a.
b.

STEPN;
NAMEI

1. If SFDATA is not called prior to an SFCAL execution, NAMEO
defaults to the current step number.

2. A call with NAMEOundefined; i.e., CALL SFDATA(NAME,O), equates
NAMEO and NAME I.

CALLING SEQUENCE:

CALL SFDATA (NAMEl, NAMED)



SUBROUT INE NAME:

PURPOSE:

D-21

PLDATA

This subroutine defines parameters necessary to execute the data plotter.

DEFINITIONS:

Variable Name

IPLUNT

Description Options Default

Plot data flag Letter 1: A - Absorbed None
(a composite I - Incident
Hollerith word) Letter 2: F - Fluxes

R - Rates
Letters 3, 4, 5, & 6 (as
required)

S - Solar
A - Albedo
P - Planetary
T - Total
ALL - All

-

IPLSN

IPLNA

PLCRVF

PLLABX

PLLABY

PLTITl

PLTIT2

PLXMPF

PLYMPF

Identifies steps
to be plotted

Identifies nodes
to be plotted

Flag for curve­
fitting

Plot label X

Plot label Y

Plot label title
line I

Plot label title
line 2

X-axis multiplying
factor

Y-axis multiplying
factor

A. 3HALL
B. Array of step

numbers

A. 3HALL
B. Array of node

numbers

3HYES, 2HNO

Array name (array length
28 characters max.)

Array name (array length
28 characters max.)

Array name (array length
58 characters max.)

Array name (array length
70 characters max.)

Real no.

Real no.

3HALL

3HALL

3HYES

Blanks

Blanks

Blanks

Blanks

1.0

1.0
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RESTRICTIONS: None

NOTE:

ao Examples of IPLUNT:

3HARP; plots absorbed rates, planetary
5HIFALL; plots all incident fluxes
5HAFSAP; plots solar,albedo and planetary absorbed fluxes

b. Any set of dependent- and independent-variable data pairs may be
plotted if IPLUNT = 1 and the data are written to disc/drum unit 1
in advance (reference Section 5.1.3)

CALLING SEQUENCE:

CALL PLDATA (IPLUNT, IPLSN, IPLNA, PLCRUF, PLLABX 1 PLLABY, PLTITl,
PLTIT2, PLXMPF, PLYMPF)

-



SUBROUTINE NAME:

PURPOSE:

D-23

DICOMP

This subroutine is used to define logic used in subsequent DICAL
execution.

DEFINITIONS:

Variable Names

ISOLFL - solar flux

IALBFL - albedo flux
compute/stuff
flag

IPLAFL - planetary flux
compute/stuff
flag

RESTRICTIONS:

None

NOTES:

Options

a. 4HZERO - zeros oui::. solar
flux for all nodes

b. 0 (integer) - results
in computation of solar
fluxes

c. STEPN (integer step
number) - stuffs solar
fluxes from STEPN into
current step storage

Same as for ISOLFL

Same as for ISOLFL

Default

o (compute)

o

a

1. Compute/stuff flags are overridden by the planet shadow.
Nonzero solar or albedo fluxes will never be stuffed into
storage for a point within the planet shadow.

2. Failure to call DICOMP prior to a DICAL execution results
in default values for all three flags.

CALLING SEQUENCE:

CALL DICOlW (ISOLFL, IALBFL, IPLAFL)



SUBROlITINE NAMES:

PURPOSE:

D-24

DITTP, DITTPS

These subroutines read data from a trajectory tape and define space­
craft/heat source parameters through subroutine DIDT2. DITTP is called
initially in order to define planetary parameters and position the tape for
subsequent time points. DITTPS is used to update time and attitude/position
data.

DEFLaTIONS:

Variable Names

TIME mission time

ITYPE identifier for special event record

PLANAM - name of orbit-centered planet (if applicable)
(ref ORBITl)

IDWDN number of word FIDEN in identification record

FIDEN file identification word

NTIM number of time word in information record

NTYPE number of word ITYPE in information record

NCLPL number of word containing clock angle-to­
planet vector

NCOPL number of word containing cone angle-to­
planet vector

NCLS number of word containing clock angle-to­
sun vector

NCOS number of word containing cone angle-to­
sun vector

NRAD number of word containing,planet center-to­
spacecraft distance

NWOR number of words in tape record

ALTMF multiplying factor to convert units of NRAD
word to feet

Options

Real no.

Integer

Hollerith

Integer

Hollerith

Integer

Integer

Integer

Integer

Integer

Integer

Integer

Integer

Real no.
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Variab Ie Names Options

IBOD

DIPNCH -

one-body!two-body flag
0 - One-body tape
1 - Two-body tape, use body 1
2 - T'Jo-body tape, use body 2

Punch/no punch flag for orbital flux output

integer

Hollerith

RESTRICTIONS:

a. Calls to DITTPS to update time and type can be made only after
a call to DITTP is in effect.

b. The TIME argument in DITTPS calls must be greater than any pre­
viously defined TIME argument until the tape is repositioned
through a call to DITTP o

CALLIN G SE QUEN CE S:

CALL DITTP (TIME, ITYPE, PLANAM, lDWDN, FlDEN, NTlM, NTYPE, NCLPL,
NCOPL, NCLS, NCOS, NRAD, NWOR, ALTMF, lBOD, DlPINCH)

CALL DITTPS (TIME, ITYPE)



SUBROUTINE NAME:

PURPOSE:
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MaDAR

This subroutine changes the area of a designated node, or changes the
area of all currently active nodes by use of a multiplier.

Argument Name

ND

AR

.BQ.g:

Description

Node number
designator

Desired value
for area

Options

a. Any active node
number (integer)

b. 3HALL

a. Floating-point
data value

b. Area multiplierl

(3HALL option
only)

Default

None

None

1. When ND = 3HALL , all active node areas are modified according to:
AREA = AREA"l<AR.

RESTRICTION:

Call not valid prior to geometry definition through calls to BUILDC
and ADD.

CALLING SEQUENCE:

CALL MODAR (ND, AR)



SUBROUTINE NAME:

PURPOSE:
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MODPR

This subroutine modifies the diffuse infrared emissivity and/or
the diffuse solar absorptivity of a designated node.

Argument Name

ND

ALPHA

EMISS

NOTE:

Description O]2tions

Node number Any active
designator node number

Diffuse solar a. O. < DV< 1.
absorptivity

b. DV<O.

Diffuse IR a. 0.< DV< l.
emissivity

b. DV<O.

Defau It

None

None

None

1. If ALPHA<O. or EMISS<O., current values are not changed.

RESTRICTION:

Call not valid prior to geometry definition through calls to BUILDC
and ADD.

CALLING SEQUENCE:

CALL MODPR (ND, ALPHA, EMISS)



SUBROUTINE NAME:

PURPOSE:
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MODTR

This subroutine modifies the solar and/or infrared transmissivity
of a designated surface.

Argument Name

ISR

TRANS

TRANI

NOTES:

Description

Surface number
designator

Solar transmissivity

IR transmissivity

Options

Any active
surface number

a. O. ~ DV 5 1.

b. DV<O.l

a. O. S DV ~ 1.

b. DV<O.l

Default

None

None

None

1. If TRANI< O. or TRANS<O., current values are not changed.

2. Transmissivity change~ affect entire surface.

RESTRICTION:

Call not valid prior to geometry definition through calls to BUILDC
and ADD.

~ALLING SEQUENCE:

CALL MODTR (ISR, TRANS, TRANI)



SUBROUTINE NANE:

PURPOSE:
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MODPRS

This subroutine modifies the solar and/or infrared specular reflect­
ivity of a designated node.

Argument Name

ND

SPRS

SPRl

NOTES:

pescription

Node number
designator

Specular reflectivity,
solar

Specular reflectivity,
infrared

Options

Any active
node number

a. 0. S DV< l.

b. DV<O.
I

a. 0. < DV < l.

b. DV<O.1

Defaul t

None

None

None

1. If SPRI<O. or SPRS<O., current values are not changed.

RE STU CTIONS :

1. This call applicable only to nodes defined as specular reflectors
in the surface data block.

2. Call not valid prior to geometry definition through calls to BUlLDC
and ADD.

cALLING SEgUENCE:

CALL MODPRS (ND, SPRS, SPRl)



SUBROUTINE NAME:

'pURPOSE:
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MODSHD

This subroutine modifies the SHADE!BSHADE flags for a designated
surface.

Argument Name Descript ion Options Defau1 t

ISR Surface number Any active None
designator surface number

SHADE "Can shade H flag FF, Dr, BOTH, None
NO, 01

BSHADE "Can be shaded" flag FF, Dr, BOTH, None
NO, 01

NOTES:

1. If SHADE or BSHADE data values are zero, their values are not changed.

2. Shade flag changes affect entire surface.

RESTRICTIONS:

Call not valid prior to geometry definition through calls to BUILDC and
ADD.

Call not applicable to shadower-only surfaces.

CALLING SEQUENCE:

CALL MODSHD (ISR, SHADE, BSHADE)



SUBROUTINE NAME:

·PURPOSE:
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GBAPRX

This subroutine calculates grey-body radiant interchange factors using
an approximate relationship and stores the results in data storage.

Argument Name

IGBSFF

GBWBND

Description

Step number for
form factors

Waveband definition
name

Options

Integer

2HIR, 3HSOL
4HBOTH

Default

Current
step no.

4HBOTH

Input zero for default action.

RESTRICTIONS:

None.

CALLING SEQUENCE:

cALL GBAPRX (IGBSFF, GBWBND)



SUBROUTINE NAME:

PURPOSE:
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RCDATA

This is a user-called subroutine that defines the parameters used in
RCCAL for the condensation and output of radiation conductors (RADKS).

VARIABLE DESCRIPTIONS AND DEFAULT VALUES:

Variable

IRCNGB

RCPNCH

RCMIN

IRCCN

RCSP

IRCNSP

SIGMA

RCAMPF

RCTAPE

RFRAC

NERN

IPRIME

ISECND

Description

Step number reference for infrared grey­
body factors

Punch/no punch flag. Options: 3HPUN, 2HNO

Hinimum value of.;;f/E that will result in a
valid RADK

Initial radiation conductor number

Flag for calculation of RADKS to space.
Options: SHSPACE, 2HNO

Space node number

Stefan-Bol~annconstant

Area multiplying factor

Flag to write RADKS to BCD tape. Options:
4HTAPE, 2HNO

Significant radiation fraction: radiation
conductors of a node to be left intact
divided by the sum of the node conductors

Effective radiation node (ERN) number

Array name for array of primary MESS node
numbers and special node numbers

Array name for array of secondary HESS node
numbers

Default Value

Assumes current
step

3HPUN

0.0001

1

2HNO

32767

1. 713E-9

1.0

2HNO

None

None

None

None



in the array data block to
IPRIME contains a list of all
that order. ISECND contains a

D-33

RESTRICTIONS:

RCDATA must be called prior to RCGAL execution since all of the variables
are not defaulted.

Current model geometry must agree with that of step IRCNGB.

IPRIME and ISECND arrays must be input
specify MESS node pairs and special nodes.
primary MESS nodes and all special nodes in
list of all secondary MESS nodes in IPRIME.

CALLING SEgUENCE:

CALL RCDATA (IRCNGB, RCPNCH, RCMIN, IRCCN, RCSP, IRCNSP, SIGMA,
RCAMPF, RCTAPE, RFRAC, NERN, IPRIME, ISECND)



SUBROUTINE NAME:

PURPOSE:

D-34

ADSURF

This subroutine functions to add an adiabatic "closure" surface to the
problem geometry and adds the pertinent form factors to the form factor
matrix.

Parameter

BCSN

FFSN

Description

Name of a block coordinate system containing the "closure"
surface

Step number under which desired form factor matrix is stored

RESTRICTIONS:

Block coordinate system BCSN must appear in the surface data block with
one and only one surface. This surface may be of any type and dimension, but
must be completely defined, including the surface properties desired for the
"closure" surface.

Subroutine ADSURF may not be called within or prior to step FFSN.

The geometry in effect when ADSURF is called must include that in effect
for step FFSN, plus BCSN.

CALLING SEQUENCE:

CALL ADSURF (BCSN, FFSN)
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SUBROUTINE NAME: FFNDP

PURPOSE:

This subroutine is used to obtain a node number array, punched on
cards in format used in form factor and flux data block.

RESTRICTIONS:

None

CALLING SEQUENCE:

CALL FFNDP
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SUBROUTINE NAME: TAPELS

PURPOSE:
This subroutine is used to obtain a listing of data on the BCDOU tape.

VARIABLE NAME:

N is the number of files to be listed.

RESTRICTION:

Call valid only after BCD output data has been written to BCDOU tape
from RKCAL, RCCAL, and/or QOCAL executions.

NOTE:

If N is greater than the number of files on BCDOU and the user has not
put an end of file on BCDOU from the operations data block, the run will
abort.

CALLING SEQUENCE:

CALL TAPELS eN)
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SUBROUTINE NAME: NDUPCK

PURPOSE:

This subroutine is used to determine if any node number duplication
exists in the currently effective problem geometry.

RESTRICTIONS:

None

NOTE:

Should be called just after the BUILDC and ADD series that defines a
geometry with doubtful node numbers. If duplication is encountered,
problem will abort with appropriate message(s).

CALLING SEQUENCE:

CALL NDUPCK
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SEGMENT DESCRIPTIONS
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Segment Name Page

NPLOT, OPLOT, PLOT E-2

FFCAL E-3

DICAL E-4

SFCAL E-5

RKCAL, GECAL, RCCAL E-6

AQCAL E-7

QOCAL E-8



SEGMENT NAME:

PURPOSE:

E-2

NPLOT

This segment generates pictorial plots of nodal surfaces.

RESTRICTIONS:

None

CALLING SEQUENCE:

SEGMENT NAME:

PURPOSE:

L NPLOT

OPLOT

This segment generates pictorial plots of the spacecraft in orbit.

RESTRICTIONS:

None

CALLING SEQUENCE:

SEGMENT NAME:

PURPOSE:

L OPLOT

PLOT

This segment generates function vs time plots of absorbed
and incident heat rates and fluxes. When used in conjunction with
operations block FORTRAN that writes data to a plot data unit,
this segment provides general x vs y plot capability.

RESTRICTIONS:

Reference Subroutine PLDATA

CALLING SEQUENCE: L PLOT



SEGMENT NAME:

PURPOSE:

E-3

FFCAL

This segment calculates all form factors for the active configura­
tion defined by previous calls to BUILDC and ADD.

CALLING SEQUENCE: L FFCAL



SEGMENT NAME:

PURPOSE:

E-4

DIcAL

This segment computes solar, planetary, and albedo irradiation
incident on spacecraft nodes.

RESTRICTIONS:

Call valid only after previous calls have been made to define
spacecraft geometry, location in space: characteristics and distances
of heat source bodies, and computation accuracy parameters.

CALLING SEQUENCE: L DICAL



SEGHENT NAME:

PURPOSE:

E-5

SFCAL

a. Segment computes analytically and stores on tape tables of internode
blockage (shadow) factors for use in direct irradiation calculations.

b. When a complete shadow factor tape supplied, segment is executed in
order to pass shadow tables into program storage and initialize DICAL
to compute irradiation using shadow tables.

RESTRICTIONS:

None

cALLING SEQUENCE: L SFCAL



SEGMENT NAME:

PURPOSE:

E-6

RKCAL

This segment computes radiation conductor values and punches (at
user's option) output data in thermal analyzer format. Output card
images are printed.

RESTRICTIONS:

Call valid after spacecraft geometry is defined and matching form
factor matrix is computed.

CALLING SEQUENCE:

SEGMENT NAME:

PURPOSE:

L RKCAL

GBCAL

Segment computes and stores grey-body factor matrix.

RESTRICTIONS:

Same as RKCAL

CALLING SEQUENCE:

SEGMENT NAME:

PURPOSE:

L GBCAL

RCCAL

This segment computes radiation conductors, simplifies and
condenses these conductors using the ERN and MSS techniques, and
provides output in punched card and/or BCD tape form.

RESTRICTIONS:

Same as RKCAL

CALLING SEQUENCE: L RCCAL



SEGMENT NAME:

PURPOSE:

E-7

AQCAL

This segment computes absorbed heat rates in two wavebands,
accounting for diffuse reflection.

RESTRICTIONS:

Appropriate direct irradiation, grey-body factors, and surface pro­
perties must be in system storage.

CALLING SEQUENCE: L AQCAL



SEGMENT NAME:

PURPOSE:

E-8

QOCAL

This segment accesses absorbed flux data and generates orbital
average and absorbed flux VB time arrays. Arrays are output in
thermal analyzer format on cards or BCD tape Q

RESTRICTIONS:

None

CALLING SEQUENCE: L QOCAL
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APPENDIX F

RADIATION CONDENSER SEGMENT THEORY.
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A. BASIC CONCEPTS

The Multiple Enclosu~e Simplification Shield (MESS) technique

and the Effective Radiation Node (ERN) technique are independent

and can be discussed separately. Consider an N-node radiative en-

closure that forms a section of a complex thermal model. The

temperature of node i is a function of thermal radiation coupling

and the applied heat load, Q
i

(assume that heat loads resulting

from conduction and convection are included in Q.). The steady­
~

state temperature of node i is then given by

[

N* 4(L tJ A,F .. T,
'-I ~ 1.J Jr

N * ] ~+ Q.)j :E () A.F..
1. j=l 1 1.J

(1)

B. ERN TECHNIQUE

In applying the ERN technique, the enclosure radiation conduc-

tors for the ith node are divided into p. primary and N-P. second-
1. 1

ary couplings. The summation term in the numerator of Equation

N 4L 6' A.F .. T =
j=l 1 1J j

(1) can then be written as follows:

p.
1 4

I: cr A. F . kTk
k=l 1 1

N

+L:
j(=P. +1

1

(2)

The number of radiation conductors can be reduced by arranging the

conductors in decreasing order of the conductor value (A.F. ,) and
1 1J

replacing the secondary coupling summation of Equation (2) with a

single conductor coupled to an ERN. That is,

*------------------------------------------------------------------~

In Appendix F, the letter F shall denote the grey-body factor,~.
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(3)

The ERN temperature is calculated by the thermal analyzer program

as a steady-state node temperature based on a fourth-power, conduc-

tor-weighted average of the enclosure node temperatures using the

secondary conductors.

(4)

Using the relationships of Equations (2) and (3), the approximate

ith node temperature can be written from Equation (1) as a function

of the ERN temperature.

,
T.

1.

P .

= ) rL'i cJ A.Fo
k

T
k

4 +
, Lk=l 1. 1.

N 4](L ()' A. F. 0 ) TERN + Q. /
o =P 1. 1.)<. 1.

A i+l

N t7.L (S'A.F .. ( 4 (5)
j=l 1. 1. J ,

C. APPLICATION OF THE ERN TECHNIQUE

The significant radiation fraction defined by the relationship

RFRAC = t ,yA.F.k/trF A. F..
k=l 1. 1.( j=l 1. 1.)

(6)

is specified by the uSer. The number of primary conductors, P.,
1.

is determined by summing conductor values for a given node until

the sum is greater than the fraction RFRAC of the sum of all con-

ductors to the node. That is,
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P, N

~ 0 A,F'k> RFRAO'< L 0 A,F"
k=l l l j=l l lJ

All primary and reverse direction conductors are flagged to be

(7)

used intact. The secondary conductors for each node are summed to

determine the conductor value for the node-to-ERN coupling.

Since the error in the approximate temperature is a function of

the enclosure temperature band, the E~~ technique results can be

improved if nodes that deviate significantly from the average

temperature of the enclosure are not coupled to the ERN. These

analyst-defined nodes are referred to as special nodes.

The percentage reduction in enclosure conductors and subsequent

network error as a result of applying the ERN technique are control-

led by the analyst's selection of an RFRAC value consistent with the

known accuracy of problem parameters (enclosure geometry, surface

optical properties, etc).

Experience has shown that the greatest percentage reduction in

conductors results for enclosures with more than 75 nodes, signi-

ficant shadowing, and low-emittance surfaces. An RFRAC value of

0,7 has been found to result in a significant reduction in conduc-

tors with acceptable error for typical radiation enclosures.

D. MESS TECHNIQUE

The MESS [echnique provides the analyst with a means of divid-

ing a radiation enclosure into an arbitrary number of subenclosures.
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MESS node pairs are defined by the analyst at the interface be-

tween subenc10sures as two planar surfaces with the property of

absorbing and emitting all energy incident upon them (black sur-

faces). Consider an N-node subenclosure, n, as shown in Figure

F-l, where the subscripts rand r' refer to the MESS node pair of

the nth and jth subenclosures, respectively. Temperatures in n are

affected by TMESS ,which represents the average thermal effect of
r'

the j subenclosure nodes on the nodes of n. The primary conduc-

tors of Equation (2) include conductors to MESS nodes. For a

general subenclosure, n, with R interface MESS nodes, the primary
n

radiation coupling summation for node i is

p.
~ 4

1: 0' A. F .kTk
k=l ~ ~

=
R

n 4
}: erA.F. TMESSr=l ~ ~r r'

p.
~ 4

+ J: <S'. A.F. 0 ToFR +1 ~ ~A .......

n

(8)

An energy balance on MESS node r' gives

R.

[(t () A ,F ,
m=l r . r m

ml:r'

4T
MESSm'

+()A IF I
r r r

P I
r

+}: (S'A,F ,
k=R +1 r r k

j

]

1-
+ 6' A I FIr) 7+

r r

F I represents the reflections between nand j due to nonb1ack
r r

subenclosure surfaces and is obtained from the radiation inter-

change matrix for each subenclosure.

(9)
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The approxtmate temperature of the ith node is obtained from

Equation (5), using Equation (8), as

,
T.
~

Pi 4

+ 2: OA.F·oT{)
r i i =R +1 ~ ~A .A.

n

(10)

R

T~RN +Qi]/(~ ()AiFir

N ~

+ 2.: OA.F· h)}
h=P +1 1. 1.

i
complex function of the percentage of

p.
~

+ I: O'A.F. 0
~ ==R +1 1.. loA

n I
'!'he error in T.. is a

~

ERN secondary conductors, temperature band of the subenclosure

nodes, and the number of subenclosures. In a variety of problems

studied, the error has been found to be negligible.

E. APPLICATION OF THE MESS TECHNIQUE

Generation of MESS one-way conductors from the subenclosure

radiant interchange matrix requires that the analyst specify the

interface MESS node pairs. As node conductors are generated,

MESS nodes are flagged and appropriate one-way conductors are

generated for use in the thermal analyzer program.

The location of MESS node pairs in an enclosure is influenced

by:

a. the number of subenclosure surfaces;

b. geometric considerations;
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c. expected thermal gradients;

d. the number 'of analysts available to work on the enclosure.

Optimum reduction in form factors and conductors occurs in large

enclosures divided such that the subenclosures contain approximately

equal numbers of nodes. For enclosures divided into two approxi­

mately equal subenclosures, up to 50% reduction in the number of

form factors and conductors cap. be expected.

F. ERN/MESS APPLICATION

The ERN and MESS techniques can be applied separately or simul­

taneously as the particular problem dictates. When they are applied

simultaneously, an ERN is defined for each subenclosure and the

MESS nodes are considered to be special nodes; that is, MESS nodes

are not coupled to the ERN.

G. SUMMARY

The ERN/MESS technique reduces the number of form factors and

radiation conductors necessary for enclosure radiation analysis and

extends the analysis to include enclosures of arbitrary complexity.

The use of the ERN/MESS technique can result in significant savings

in time, both for the analyst and the computer.
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TAPE NPu"1E

NOUT

DI

RIO

EDITI

EDITO

CMERG

EMERG

RSTRTI

RSTRTO

PNCH

SCI

SC2

SC3

CMPL

SQNTL

DIR

FFR

GBIRR

DLSR

SHADI

SHADO

RTI

RTO

BCDOU

G-2

AVAILABILITYio'<

pp/p

PP

PP

PP

PP

PP

PP

PP

PP/p

PP

PP

PP

PP

PP

PP/P

pp/p

pp/P

pp/p

pp/p

PP

pp/p

PP

PP/p

pp/p

DESCRIPTION

Print Output File

Preprocessor Data Input File

Random Access Data File

EDIT I Tape

EDITO Tape

eMERGE Tape

EMERGE Tape

Permanent Restart Input Tape*

Permanent Restart Output Tape*

Punch Output File

Scratch File

Scratch File

Scratch File

Operations Data Compile File

Sequential Data File

Direct Irradiation Restart File

Form Factor Restart File

Correspondence Data Input File

Planet Form Factor Sav'e File

Shadow Factor Read Tape

Shadow Factor Write Tanp

Temporary Restart Input Tape*

Temporary Restart Output Tape*

BCD Data Output Tape
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TRAJ pp/p

USERI P

USER2 P

GBIRR pp/p

TQR pp/p

FF pp/p

GBIR p

GBSO P

PLS P

TQ P

SCRI P

SCR2 P

SCR3 P

RAN P

PUN P

DI P.

**PP: Preprocessqr; P: Processor

*Not Currently Used.

Trajectory Tape

User File

User File

Correspondence Data File

Total Heat Rates, Restart File*

Form Factor Data Storage File

Infrared Grey-Body Storage File

Solar Grey-Body Storage File

Planetary Form Factor Save File

Total Heat Rates Storage

Scratch File

Scratch File

Scratch File

Random I/O Data File (Equivalent
to NRIO)

Punch Output File

Direct Irradiation Data Storage
File
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I • ANALYTI CAL DE \;' I'; 1,0 1' 1v1l';N T

The assumptions and groundrules nIlI! tl1e d(velopli}(~llt 01 till'

mathematical equntions for diffusE:-plu~-spe('u!nr rnJintion

analysis <]re presented in this sectiJ>l1.

1. Assumpt ions [md Croundru 1('s

The following assumptions and groundnJ1(·s wen' IISl'd til the'

analytical develop!llC'nt presented Lcn.:in lor dillusc-plus-sjlccul<1r

radiation analysis techniques.

a. All surL<Jces are considereJ [r) h(j :-;('lIli-)',r<1y (:1CCOlli1ts lor

absorption and reflection, but no L'lliissioll in the ultra-

violet portion of the spectrulll; nccount:; lor <1bsorption

and reflect-ion <.IS well <.IS emission in t l1e inirarcd portion

of the spectrum).

b. Equations are developed for use in nn<11yzil1g radiation

enclosures consisting of diffuse, SreCUI<1T, nnel/or diffuse­

plus-specular surfaces using an illlDging technique.

c. All surfaces are considered to 0111it dil fusely <1nd to re­

flect with diffuse and spend Dr cOlllponents such that the

relDtionship

t +Pd+ps1_T
iii i

is sat is fled.

l.

d. All surfaces with specular COIl;p()nent~; 01 rellecUlIlce are

restricted to planar surf;]ce:, to sillll> 1 ilytlll<l~',Ln,l',.

e. Only lirst-order imai'.es arc considcrl'd (th;]!. is, no

inwges 0 f images OT ililages in illln~',('s n "l' gener;]t ed) .

2. Development of Equations

The development of equations for r<1di<ll ion interch<:ln~',e [ac­

tors follows the same procedure for both the Lnlrared nlld ultra-

violet portions of the spL'ctrUIi! wLtil the only dilferences being

in not::lt ion. Therefore, only those equnt i(}II~; 'Ippl iCilhll' tll tl!l'

infrared portion oj the spect-r-um nn' developed here.
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Consider a radiation enclosure consisting of N surfaces. The nt:t

heat flux from anyone of these surfaces can be represented by

N
o-E

j===l

4:J .. (T.
~.J 1.

1+
T. )

J
(1)

where :1
i

. is the radiation interchange factor that couples sur fa< e i
to surfa~e j.

The method of approach that is applied here in the development
of radiation interchange factor <:I .. ) equations is an extension of the
method set forth by Gebhart for pufJly diffuse enclosures (references
1, 2 and 3. The special utility in this formulation is that it
yields coefficients which represent the fraction of energy emitted by
a surface that is absorbed by another surface after reaching the ahsorbing
surface by all possible paths.

Considering first-order images only, the general equation for the
Gebhar t-type absorption factors for a diffuse-plus-specular enclosure
can be written

N N

;Sij = €.F .. + €.
E1fk

S

Fij(k) + 'C"' f d F. j3 .LJ mJ 1.J J m=l 1m mJ

N N
d s

L E tm fk F' t· i= 1, 2 •••• , N; j=1,2,o •• N (2)
+ im(k) mj'

k=l TIFl

By means of a term by term examination, equation (2) call be interpreted AS

follows:

The fraction of the energy leaving surface i th.1t I.S finally nbsorbed by
surface j equals the sum of

a. the energy that goes directly from surface i to surface j and
is absorbed,

b. the energy that goes from surface i to suriacc j by all possible
first-order specular reflections and is absorbed,

c. that fraction of the energy that goes directly from surface i
to each of the surfaces in the enclosure, finally arrives at.
surface j by all possible paths, and is absorbed, and

d. that fraction of the energy that goes from surface i to each
of the surfaces in the enclosure by all possible first-order
specular reflections, thence to surface j by all possible paths,
and is absorbed.
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Rearranging the terms in equation (2) yields
-'

1\1 N

+ llf: [Fim + k~lt~ Fim(k)]rSmj

j 1,2, ..... N (3)

Equation (3) can b~ further simplified by defining an "image factor il

(0
ij

) as that fraction 01 the energy that leaves surface i and arrives at

surface j both dir~ctly and by all possible first-order specular reflections,
. such that

N

L:
k:::l

s
flk

i::: 1,2, ••• ,N

Substitution of equation

j ::: 1,2, ••• ,N

(4) into equation (3)

N d

~l ;Om ~im f3mj

yields

(4)

(5)

Rearrangement of the terms in equation (5) yields

= €. 1fJ ••
J 1.J

(6)

Equation (6) can be represented in matrix form as

[ € .0 .. '\
J 1J'

(7)

where D is an N X N

D .. :::
1J

8 .. -
1J

coefficient
d

IJ J/J •.
/ J q

matrix with general element

(8)

The systems of equations represented by (7) can be solved by matrix
inversion to obtain the absorption factors ( j3 , .)

1J

f3ij=
N

L
m=l

-·1
D.

1m
€ .0 .J IDJ (9)
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The radiation intl'rchange factors (J.. ) are related to the absorption
factors (see reference 1) by the exp~Jssion

and, using the usual arguments 2for the conservation of energy, the
reciprocity relation for the N values of:f is

ij

A. 3 i . '" A oJ-- .
1 J J.F

(10)

(11)

The foregoing equations apply to radiation enclosures consisting
of any combination of di.ffl1se and specular surfaces ranging from totally
diffuse to totally specular enclosures.
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APPENDIX J

SYSTEM-DEPENDENT INFORML~TION
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1. Univac 1110 - JSC Houston

a. Binary Interface Tape

Capability exists to dump all data that exists in out of core
storage to a binary tape at any point in the execution.' In
addition, radiation conductors, as output by RKCAL or RCCAL
may be written to this tape.

Loading Binary Tape - Subroutine TPLOAD

When the call CALL TPLOAD (CNAME) is encountered in the operations
data, all data in out of core storage plus pertinent in-core data is
placed on the binary tape. This tape is written from unit USERl, so
this operation requires the word USER! in the options block.

The data written consits of the following:

Node Numbers (One record).
Node Areas (One record).
Surface Optical Properties (One record).

After this, all or part of the following are written (obtained
from out of core storage) as:

Form Factors (One file).
Grey-Body Factors (One file per wave band).
Incident Flux Data (One file per DICAL execution).
Absorbed Flux Data (One file per AQCAL execution).

Each file written is identified by the configuration name as speci·­
fied by argument CNAME.

After a TPLOAD call, radiation conductors (as computed by RCCAL or
RKCAL) may be added to the binary tape by using 5HBTAPE as the 9th
argument in RCDATA and/or RKDATA and executing RGGAL and/or RKGAL.
Note the restriction that must be done subsequent to a TPLOAD call.

b. Subroutine NPRIDS

This subroutine is useq to provide user identification information
to the 1110 plot packag~ so that plot output finds its way back to
the user. User name, box number, phone.extension, and project
number are specified by the following calling sequence:

CALL NPRIDS (NAMEl, NAME2, BOX, EXTN, PROJCT)

Example: CALL NPRIDS (5HR. A., SHVOGT, 3HM34, 4H2326, 4HF26l)

One to six characters are allowed for each Hollerith argument.




