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1.0 SUMMARY
* The Environmental Heat Flux Routine-Version 4 (EHFR-4) is a gen-
eralized computer program which calculates the steady-state and/or transient.
thermal environments experienced by a space system during lunar surface, deep
space, or thermal vacuum chamber operation. The specific environments possible
for EHFR analysis include: (1) lunar plain, (2) lunar crater, (3) combined lunar
plain and crater, (4) lunar plain in the region of spacecraft surfaces, (5)
intravehicular, (6) deep space in the region of spacecraft surfaces, and (7)
thermal vacuum chamber operation. ' .

‘ The EHFR analytical approach/techniques, geometric thermal models,
and users instructions are documented in this report. The program was developed
by the Vought Systems Division. (VSD) of the LTV Aerospace Corporation under
contract (NAS9-7644). to the- NASA-Johnson Space Center.

A reference coordinate system is used by the EHFR to represent the
space system for which the thermal environments are to be calculated. The
reference coordinate system consists of a geometric nodal model which may be
arranged in several different nodal configurations (modes). The reference
coordinate system data employed by and stored within the EHFR consists of:
geometric model nodal coordinate data, nodal self-blockage data, node-coatings
composition data, and curves of coating absorptivity as a function of source
emission temperature. The EHFR has the capability of storing the data for a
420 node model, with -nodes arranged in 3 modes, and up to 20 coatings avail-
able for each node. Reference coordinate system data stored within the routine
may be updated during initiation of program execution. The Apollo Extravehicular
Mobility Unit (EMU), Scientific Instruments Module Bay (SIM Bay), and Lunar
Roving Vehicle (LRV) reference coordinate systems are currently stored in the
EHFR (Figure 1-1).

Lunar surface radiosities in the solar and infrared energy regions °
which are incident on the reference coordinate system are determined in the
EHFR. These radiosities are calculated by performing a heat balance on an
adiabatic lunar surface. Lunar craters are represented by spherical segments
which closely approximate the geometry of newly formed craters. Lunar crater
shadowing at Tow sun angles is considered in the analysis. Spacecraft sur-
faces and shadow areas located on the lunar plain which affect the reference
coordinate system environment are simulated by a series of flat plates which
are arranged according to EHFR user specification. Single reflections between
these spacecraft surfaces and the lunar plain are considered in the radiosity
analysis. Reference coordinate system solar shadowing and infrared blockage
by the spacecraft surfaces are considered. Perturbations of the lunar environ-
ment caused by the reference coordinate system are considered small and are
neglected.- -

The intravehicular environment is simulated by a rectangular en-
closure which emits energy in the infrared spectrum. Enclosure size and
temperatures are specified by the user.

The energy sources in the deep space environment option includes
solar emissions and spacecraft surface radiosities. As with .the lunar plain
option, the spacecraft surfaces are simulated by a series of flat plates,



are arranged by the user, include a single diffuse reflection of the solar
energy, and consider solar shadowing of the reference coordinate system.

The energies considered for thermal vacuum chamber environment
"~ analyses include simulated direct solar radiation, Lunar Surface Thermal
Simulator (LSTS) flux infrared heater element emission solar albedo background,
infrared background, and crater floor emitted energy. Direct solar radiation
is modeled as collimated flux passing through an imaginary grid perpendicular
to the solar rays. Values of the solar flux on each grid element are input
from calibration data to permit analysis of non-uniform simulated solar environ-
ments on the test article (reference coordinate system) nodes. The floor is
subdivided into a large array of finite nodes to allow non-uniform temperature
distributions to be evaluated. Solar and infrared backgrounds are taken into
account through input tabulations with the data interpolated within the routine.
LSTS heater element inclination angles and operation temperatures are input.
View factors from test article nodes to the floor and LSTS heater elements are
calculated within the routine with the orientations being completely general.
An option of the EHFR permits the user to calculate the LSTS zone power settings
and infrared heater element temperatures by requiring a least-squares match
of the absorbed energy from a real environment (crater, plain, etc.) on the
sum of the reference coordinate system nodal surfaces.

The EHFR has been successfully utilized for EMU environment analysis
of the Apollo 11-17 missions, EMU manned and unmanned thermal vacuum chamber
qualification testing, and EMU-Lunar rover vehicle interface and environment
analyses. The generalized nature of the EHFR makes it applicable for environ-
mental calculations for many other space systems such as Lunar Module, ALSEP
etc. :

The Multiple Reflections Routine (MRR) is a companion routine to _
the EHFR which reads the magnetic tape output from the EHFR and an independently
generated set of model surface interchange factors and then calculates the reflected
energy between the model surfaces. This routine was developed to increase the
accuracy of the heat flux predictions on the model.



. NOTLVYNST4NOD NOISSIW O oggom<.><mh‘sz\=zu °

a/oW3 °

W3

1-1 3913

(340713A30 S EL WILSAS 3IVdS b ELE!

N



2.0 INTRODUCTION

Thermal digital simulation routines for analysis of space operational
systems require an environmental radiant heat flux time line to be data input
during program execution. Previously funded studies by NASA-JSC have produced
several computer programs which calculated thermal environments during orbital
operationl®, and during activity on a lunar plain or in a crater2. As a com-
plementary routine to the thermal digital simulators, the environmental heat
flux routine (EHFR) was written incorporating existing environment programs
and developing additional subroutines as necessary to calculate other expected
space system operational environments.

The resulting routine was. programmed -in a modular fashion using
computer overlay.techniques for data and subprogram handling. This has resulted
in a flexible program into which additional space system modules and environ-
mental programs may be incorporated. To simplify the input, the reference
coordinate system data which represents a space system is stored in the EHFR.

The multiple reflections routine was developed as a companion
program to the EHFR to account for the solar and infrared spectra energy reflec-
tion and absorption between the various portions of the reference coordinate
system. The use of the EHFR, MRR, and the thermal simulators is shown in
Figure 2-1. As shown in the figure, the magnetic tape output of the EHFR is
input to the MRR or may be used directly by the thermal simulators. If the
EHFR tape is used by the thermal simulation routines directly, only self
blockage is accounted for. The MRR processes the EHFR data tape to account for
multiple reflections. The MRR output tape is of the same format as the EHFR
and is then used for thermal simulator input.

Figure 2-2 demonstrates the role the EHFR might play in relation
to other analysis systems. With model modifications and/or additions the
EHFR may be used to provide heat flux to a radiator design program.

* -
Superscript numbers in text indicate references in Section 8.0
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3.0 REFERENCE COORDINATE SYSTEM

The groundrules, analytical techniques, and the approach used to
develop a reference coordinate system (RCS) for representation of a space
system are discussed in this section of the report.

3.1 Description, Approach and Groundrules

The RCS is a geometric model of a space system that has the
constituent nodes arranged in predetermined positions. Three such models are
illustrated in Figure 1.1 and others may be generated by the user. Each model
may have several nodal arrangements, called modes, which represent the various
space system configurations anticipated during operation. By having the RCS
nodes in predetermined modes, the ability to change the model configuration
was achieved with straight-forward program logic and simplified data input.
The user has the option to update an existing model or replace one of the
existing models in its entirety.

Nodes within a reference coordinate system are described in the
geometrical sign convention shown in Figure 3.1. Each surface (or node) is
described by coordinates, X, Y, and Z measured from the RCS origin to the
center of node and by azimuth elevation angles measured with respect to the
surface normal. Azimuth angles may have values from 0 to 360 degrees but the
elevation angles must vary only between + 90 degrees.



Azimuth angle of nommal vector
Zenith (e]evation) angle of nomal vector

<D
']

$ = 90°

TOP VIEW

¢ = 180°

OO

SIDE VIEW

FIGURE 3-1 GEOMETRICAL CONVENTIONS



3.2 Analytical Techniques

This section presents the governing equations and analytical
techniques used in the EHFR to calculate the reference coordinate system
thermal environments. These equations are presented in general form which
is independent of the environment characterization. Derivation of the
equation forms presented herein can be obtained from any of several com-
Petent heat transfer books. The equations used in the characterization of
environment energy sources are described in Section 4.0. The equation
symbols are defined in Section 7.0.

3.2.1 Absorbed and Incident Heat
The environmental heat absorbed by and incident on an RCS node

consists of energies in the infrared and solar spectrum. These energies
are calculated in the EHFR by:

Q= An 2: Fn-s[ a(TS) Bir ta (Tsol)Bs] (3-1)
s
H=A, EE Fn-sBir + Bl ‘ (3-2)

The program calculates and prints out the various enviroriment energy source
contributions in addition to the total incident and absorbed energies.
The equations/methods used to determine the geometric form factors (F ),

and RCS node absorptivity (a ) are presented in the following subsect1ons
3.2.2 Coordinate Transformations

The EHFR timeline point input data locates and orients the
reference coordinate system with respect to the environment origin. The
RCS node coordinates and unit normal vector data are transformed to
absolute values with respect to the environment origin for use in cal-
culating geometric form factor data. The transformations are shown
graphically in Figure 3-2 and the equations presented below:

Xse = X.cOs & - Y sin ¢° + X, (3-3)
YSe = Yr cos ¢b + X, sin ¢b + Yo | (3-4)
Zse = Zr + Z0 (3-5)
%o = O * 9 . (3-6)
0__ =86 (3-7)

se r
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FIGURE 3-2 RCS NODE TRANSFORMATION SCHEMATIC
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3.2.3 Form Factor Calculations

The EHFR employs numerical techniques in the calculation of the
RCS node to heat source diffuse geometric form factors. This technique
uses infinitesimal (differentialg areas and numerical summations to evaluate
the form factor integral equation. The EHFR automatically subdivides each
environmental heat source into small areas for use in these calculations.
The governing equation used by the EHFR is presented below with Figure 3-3
showing the geometric relationships.

Fos = _l_.§; Fubi cos @r cos 65; dhsi ‘ (3-8)
m R 2

The RCS self blockage term, Fubi, is calculated using the techniques
described in Section 3.2.4. The angle cosines are evaluated by the EHFR
using vector analyses: '

—r -

cos 8= Np . R . : (3-9)
" NI TR

cos g; = Ngj - (-R) | (3-10)

|N51| l-Rl

with the vectors evaluated in the following form:

ﬁ; = (cos O .0 €OS d.o)i + (cos O sing )]
+ (sin 6 )k (3-11)
Ngj = (cos 8., cos ¢ ;)1 + (cos 8, sin ¢ ;)
.+ (sin B8 )k (3-12)
R = (Xg; '.Xse)i + (Vg4 - Yse)j
(2 - )k ' (313)

The EHFR automatically checks the calculated form factors to
assure that the resulting summation is within 3% of those determined using
analytical integration methods. This form factor check criteria was
developed in Appendix A of Reference 3:

dA

S . o.00 . - (3-14)
R 2

10
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FIGURE 3-4 RCS SELF-BLOCKAGE QUADRANTS
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If this equation is not satisfied during EHFR calculations, the EHFR either
further subdivides the environmental heat source area or ends environmental
computation with a printed diagnostic.

3.2.4 RCS Self-Blockage

Environment energy blockage by other RCS nodes is approximated
by the EHFR considering the direction of energy source and the location of
the blocking RCS nodes. The RCS node unblocked view to space in four direc-
tions is stored input to the routine. The routine calculates the direction
of the energy source incoming radiation and alters the quantity of energy
incident on the RCS node by the percentage of unblocked view to space in that
direction. The remainder of this subsection explains the details of self- ..
blockage analyses. 4

Figure 3-4 shows schematically the four directions or quadrants
used for self blockage analysis. Quadrants 1 and 2 are separated from
quadrants 3 and 4 by the imaginary plane (plane P) formed by a line on the
RCS node parallel to the X-Y plane and the RCS node normal vector. Quadrants
1 and 4 are separated from quadrants 2 and 3 by an imaginary plane (plane S)
which is perpendicular to plane P and includes the RCS node normal vector.
Two energy sources are shown in Figure 3-4: energy source 1 (dAs]) which
is located in the quadrant 4 direction, and energy source 2 (dAsz) which is
located in the quadrant 2 direction.

The quadrant number from which direction environment energy ori-
ginates and the unblocked RCS node view of space in that quadrant are used
to modify the geometric form factor (via Fubi in equation 3-8) and thus the
incident energy on the RCS node.

Fubi = Fge (1) (3-15).
. T .25

The quadrant number of the energy source, i , is determined from
the azimuth and inclination angles between the RCS node normal and RCS
node to energy source vectors. The angles are defined in Figure 3-5,

The quadrant is determined from the algebraic sign of these angles:

Energy Source 1 2
Quadrant
] +, 0 +, 0
2 - +, 0
3 - -
4 +, 0 -

13



Vector analysis is used by the EHFR to determine the sign of these angles.
For the azimuth angle: ' ’

sin A= R x |- [R]

w1 R R

where
-t . .
N. = (cos ¢ )i + (sin é..)j
s | .
R = (X51 B xse)i + (Ysi - Yse)j
e _ - - .
A =R x N'

now substituting

A = I:(Ysi B Yse) (c°5'¢se) B (Xsi N xse) (‘°f1.."'4’se)]k N (Az)k
By definition ofxthe azimuth angle we find that

sign [ A'] = sign [sin A'] = sign [A,]
For the inclination angle:

. | ] ]
sin B "= Nr X Rl

FTT
where ' _
N. = (cos ese)J. +sin 8, k
R = RJ + (Zsi - Zse)k
B = Nr x R
substituting
B = [(cos ese) (Zsi - zse) - R (sin ese)] i
B = (8,) 1

By definition of the inclination angle, we find that

sign [B'] = .sign [sin B'] = sign [8,]

14



The RCS node unblocked view to space for each quadrant, F e (iq), .
is determined prior to initiating EHFR analysis. The unblocked vier€to
space is calculated by

Foe(19) = .25 - )‘_nj Fooiq

The quadrant location of RCS node i is determined using the vector analyses
described above. For no blockage to a particular quadrant, Fs (iq) is 0.25.
For full blockage (no energy incident on RCS node n), Fse(‘q) is 0.0.

3.2.5 Coatings/Materials Absorptivity

The absorptivity-temperature curves stored in the EHFR are
interpolated to determine the RCS node absorptivity to incident environment
energy. Infrared energy absorptivity is calculated using the emission
temperature of the energy source with simple linear interpolation of the
tabulated absorptivity temperatUre values. Solar energy (either direct or
reflected) absorptivity is 1nterp01ated using an assumed energy source
temperature of 10,460°R.

The EHFR has the capability for storing 10 absorptivity-temperature

values for each of the twenty coatings/materials that are available for

the reference coordinate system. In the event that the specified energy
source temperature is less than the minimum temperature on the absorptivity-
temperature curve, the EHFR extrapo]ates to find the absorptivity. For the
case where the source temperature is greater than the maximum curve tempera-
ture, the routine uses absorptivity value that corresponds to maximum curve
temperature.

3.2.6 Adiabatic Wall Temperature

The adiabatic wall temperature is calculated by the EHFR for
quick comparisons of test/flight data with expected RCS node surface
temperatures. The EHFR assumes for these calculations that all environ-
ment energy absorbed is re-radiated by the RCS node with no radiant inter-
change taking place with other RCS nodes: The EHFR equations are developed
as follows:

i 4 4 4
Qnet = Aqe oz Fo-i (Tabw B Ti) * An[(] > Fn-i') o Tabw ~ 9]
where:
Qnet = 0 for an adiabatic surface
(Tabw - T?) = 0 for no radiant interchange with other

RCS nodes

15



)

€E= & = o (Tabw

(- 2:Fn-i) = Fups

Therefore:
_ 4
0= Fubs ( ) ¢ Tabw Q.
Rearranging
4
Tabw Q
& (Tapw) 9 Fups

16



4.0 ENVIRONMENT CHARACTERIZATION

4.1 Intravehicular Environment

. The intravehicular environment consists of the energy emitted by
the interior of a spacecraft. This interior is represented by a six sided.
enclosure; the size of which is determined by user input data. Each surfate -
of the enclosure may be set at a different temperature. If the width, height,
and depth are not input, the program logic defines the encliosure as a 4 ft x
7 ft x 6.5 ft parallelepiped. The user may also enter a thermal emissivity for
the enclosure or use the value stored in the program. It is important when
using the intravehicular environment option that the enclosure be large enough
to enclose the model without intersecting any part of that model. The routine
prints an error message when the model surface to enclosure form factor cal-
culation indicates the surfaces are too close for the assumptions used in the
form factor calculation to remain valid.

4.2 Lunar Plain

The lunar plain environment consists of the infrared energy emitted
by the lunar surface and the solar energy reflected from the lunar surface.
Lunar plain radiosity is calculated from the following equations:

4

(Bir)p- = aSsing = € c'Tp

* (Bs)p = (17a) Ssiné

Best available data indicate that the solar absorptivity of the lunar surface
is approximately 0.93; therefore (Bg)p, is the smaller of the two terms. The
angle, &, is the sun elevation angle geasured from the lunar plain and S is

the solar constant , 442 BTU/hr-ft2. -

, In the event a 1uﬁar shadow is to be analyzed,. the radiosity
equations become

14

- 4
(Bir)sh - 5€m°Tsh
(Bs)sh =0

The shadow temperature, Tgp, is input by the user. Lunar plain shadow areas
are rectangular shaded with sides parallel to the X and Y axes. A total of
ten such lunar plain shadow areas may.be set up by the user. These shadow
areas are automatically broken up into elemental areas by the routine for
form factor calculations between the model and shadow. An adjustment of the
total lunar plain energy is made to account for any shadow areas input.
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4,3 ' Lunar Crater

: The lunar crater environment consists of the surface radiosity -
incident upon the reference coordinate system. Basic program logic for
calculating the lunar. crater environment originated from Reference 2. Slight
modifications were made to the crater logic to improve calculation efficiency
and reduce computer time requirements. The lunar crater radiosities are
calculated from the following equations:

Shaded Areas - ' P
Pg S Sin & (Sin“e)
Bs,c - Pg I+ 2{2-pS(T:Cos 8)]

Lighted Areas -

o a_ S Cos a (1-Cos 6)
B. = > B + =2
ir,c pg  SsC [2-p (1-Cos 6)]
4 Pir%s
o T = B + B,
¢ €irPs  SoC e

The crater is broken into 10,000 nodes formed by a series of radial lines and
concentric circle 1ines when viewed from above. Form factors are calculated
for each crater node to reference coordinate system node. .If the crater nodes
are too large for accurate form factor calculations, the routine subdivides the
nodes that are too large.

4.4 . Thermal Vacuum Chamber

This option allows the user to model the heat flux environment of
the NASA-JSC thermal vacuum chamber B and the LTV-VSD ten-foot diameter thermal
vacuum chamber. The chamber environment consists of the flux from the chamber
floor, lunar surface thermal simulator (LSTS), solar screen, and chamber back-
ground. Thermocouple data is input to the routine and establishes the floor
temperature. Various lunar surface thermal simulators have been used which
are composed of tiers of moveable lamps (or heaters). The routine accepts tem-
perature and position data for the lamps to calculate the LSTS flux contribution.
Solar screen data is obtained by calibrating the test volume flux with chamber
solar lamp setting and then inputting the data into the EHFR. Background flux
is obtained by subtracting all known source contributions from the flux inci-
dent on the test volumeé. Once the chamber has been calibrated and the heat
flux data on the test volume is known, the EHFR can generate the incident and
absorbed heat flux on a reference coordinate system.

The EHFR has the capability of determining the required LSTS lamp.
temperatures and positions to give a specified heat flux on a test volume. A
Teast squares numerical technique is used to match LSTS lamp power to give
the test volume flux environment desired. This capability has been used numerous
times to establish LSTS settings to simulate the lunar plain and various aspect

t
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ratio lunar craters.

4.5 Deep Space

The deep space environment consists of incident direct solar energy
only. Fourteen spacecraft surfaces may be created and input by the user to
interact with the reference coordinate system (RCS). One-bounce reflected’
energy is taken into account in spacecraft surface to RCS interaction. The
sun angle is input in a manner similar to that used in-the Lunar Plain Option.

19



5.0 EHFR Users Manual

The Environmental Heat Flux Routine Version 4, (EHFR-L),was
written in Fortran V for use on the NASA-MSC Univac 1108 .computer employing
an Exec II Processor. The users.manual presented in the following sub-
sections contains the necessary information to prepare input data, to sub-
mit computer runs, and to successfully execute the various environmental
timelines and progream, options.

5.1 NASA-MSC Run Submission Requirements

For operation on the MSC Univac 1108 system, using overlay pro-
visions, the EHFR-U program is stored on magnetic tape with the input data
deck and asppropriate monitor controls submitted on punched cards. The
Univac 1108 peripheral equipment (tape units and high speed drums) required
by the EHFR, shown in Table 5-1, must be specified by monitor control cards.
The order of monitor control and data deck card set up is as follows:

Z - RUN

N - MSG - = = - = FILE - REQ. - - TAPE. - - 2 - FHU32 - 2. = - =

- ASG - A

XXXXX (Program Tape Number)

- ASG - C SAVE (Environmental Output Tape to be Saved)

N @ ™ ool )

- XQT - CUR

TRW - A
IN - A
TRI - A

1 E - xqT - PROG

DATA CARDS (See Section 5.L4)
I - wor
T
Additional "8 - ASG" cards to specify other peripheral equipment
may be.required when the tape manipulation options are exercised.
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The data-deck and control card set up must-be accompanied by a
MSC Form 588 run request card for submittal. The input tape numbers,
output tapes necessary, problem run time and output required are designated
on the run request card. If output tapes are to be saved, a separate tape
reel label (MSC Form 874) for each tape must also be submitted with the
run. A method for estimating problem run time and program output ( required
on the MSC Form 588) is presented in the following section.

TABLE 5-1

INPUT/OUTPUT UNITS REFERENCED BY EHFR

File Name Logical Unit Type Unit Use Program Use
Unit No.
A 1 ' Tape Input Program Tape
B 2 FHA432 " Scratch EHFR Scratch file
C 3 Tape Output EHFR- ~ tape output
D 4 FHL32 Scratch EHFR Scratch file
- 5 - —-— - Input Data Card
’ Input
- 6 -—— Output Printed
' Output
E T Tape Input Parametric Properties

Evaluation Input Tape
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5.2 Run Time and Output Estimation

The run time of the EHFR-l may be estimated for lnivac 1108
execution by using the following equation:

RTIME = 4 + N +;-(1+Ns)xN +35 x N, x N_

v 3 LP LC
1 1
+ = =
+ 2 x NTV 3 X NTC + 3 NDS
where:
RTIME = Computer run time, minutes. |
NIV = Number of intravehicular timeline points.
Ns = Number of space craft surfaces and lunar plain
shadow areas.
NLP = Number of lunar plain timeline points (number of
card B2's for the lunar plain environment).
NLC = Number of lunar crater timeline points,
NTV = Number of thermal vacuum chamber'timeline points.
’ (Include number of LESTER* option points to be run.)
NTC = Number of tape combining option points specified ©r
the number of timeline points on the parametric pro-
perties evaluated input tape.
Nc = Number of lunar craters. .
NDé‘ = Number of deep space timeline points.

The printed output from the EHFR-U4 may be estimated by:

NPAGES = 9 x (NIV + NLP + NLC + NTV + NTC) + 55

where:

NPAGES' Number of pages of printed output.

The number of pages of printed output may be somewhat less
than estimated above if the print out of the reference coordinate system
data, node-material composition data, material absorptivity data, and/or
stored chamber data are omitted.

* LESTER - Least Squares fit of LSTS zone temperature require-
ments, Section L.k,
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5.3 Qutput Tape Menipulation Options

Three tape manipulation options are available to the EHFR user
to permit maximum utilization of previously generated environment output
tapes. These options consist of the output tape combining option, the
parametric properties evaluation option, and the tape read and print op-
tion. Descriptions of the three options are presented in the subsections
that follow. :

Al

5.3.1 Output Tape Combining Option R

A tape combining option (TCO) capable of assembling a new environ-
ment heat flux timeline from one or several previously generated timelines
is available to the EHFR user. This option enables the user to eliminate
the lengthy program run times associated with the generation of lunar
crater environmental timeline conditions which have been run previously
and are available on magnetic tapes.

The tape combining option selects a user specified timeline point
from a designated logical tape unit, assigns the mission time desired for
the new timeline, and writes the selected environmental heat flux and
mission time on the new flux output tape. The tape combining option can be
used in conjunction with the other EHFR'. environment options to generate
an output tape with a mixture of new environmentsal conditions and previously
generated environmental conditions.

As an example of the option use, consider the output tape generated
during the pre-mission analysis of the EMU operating in a lunar crater -
environment. During post mission analyses, mission anomalies and different
sequencing of events than originally analyzed would necessitate the genera-
tion of a new environmental heat flux timeline. By re-sequencing the
events of the pre-mission environment output tape (using the tape combin-
ing option) and generating additional timeline points, the post mission
environmental timeline can be assembled at a fraction of the. computer time
necessary to generate it without the TCO.

Any number of output tapes may be used during TCO utilization
with the limit being the number of Univac 1108 tape drives available for
use. The following tape drives are not available for TCO use due to EHFR
program requirements and Univac 1108 system restrictions (also see Table 5-1):

File Name Logical Unit No.

I O W

ANV EFw

1"
Each tape required for TCO input must also be specified by a %

ASG" monitor control card (as discussed in Section 5.1).

23.



5.3.2 Parametric Properties Evaluation Option

The paremetric properties evaluation option (PPRO) permits the
EHFR user to parametrically evaluate the effects of different material
absorptivities (infrared and solar spectra) on the thermal performance
of a system without having to regenerate the’'given environmental timeline.
As with the TCO, the availability and use of environments from previously
generated output tapes enables the user to not repeat the lengthy program
run times associated with the generation of lunar crater or other environ-
ments.

From an.existing environment timeline tape the PPEO reads the solar
and infrared incident energies, multiplies them by the new absorptivities
(which are user input), and calculates a new absorbed heat flux. The out-
put tape generated by the PPEO consists of the new absorbed heat flux com-
bined with the existing activity timeline and incident energies of the in-
put tape. The PPEO input tape must be mounted on logical tape unit 7
(file 'E) and must be specified by a "T7/8-ASG" monitor control.card (see
Section 5.1).

5.3.3 Output Tape Read and Print Option

The tape read and print option (TRPO) enables the EHFR user to

. print the nodal absorbed and incident energies, the environment conditions,
and activity timelines from a previously generated output tape. The TRPO
will permit the efficient use of a library of environmental output tapes

by many different EHFR users due to readily available timeline printouts
which are necessary for setting up/running the tape combining and parametric
properties evaluation options.

.The enviromment tape which is to be input and printed by the TRPO

must be mounted on logical tape unit 7 (file E) and must be specified by
a "7/8-ASG" monitor control card (see Section 5.1). .
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5.b Data Card Preparation

An explanation of the data card input required by the EHFR-) is
presented in this section of the report. The datu Inpul. cun be described
tn terms of ten sets of cards specifying the various enviromments,
options, and timelines. available to the program user:

Card No.'
Prefix Input Data or Option Section
A Updating of Stored Program Data 5.4.1
B Environment Selection and Time-
line Specification 5.4.2
C _ Intravehicular Environment ° 5.4.3
D . Lunar Plain Environment 5.h4.4
E -~ Lunar Crater Environment 5.4.5
F Thermal Vacuum Chamber
Invironment 5.4.6
G : Tape Combining Option S.Lh.7
H Parametric Properties Eva- ;
. luation Option - 5.4.8
I Output Tape Read aha Print Option 5.4.9 -
J- - Deep Space = teo o oz : 5-'4'410 -

., - The flow chart of Figure 5-1, sbg@ing the data card order and
requirements, is intended to supplement the input card descriptions of the
following subsections.

Floating point data input is designated by the format specifica-
tion "F". The decimal point for this data may be written in any column of
the field and its position will override the indicated position in the
format specification. Integer data input, as designated by the Format "I",
must be right adjusted within the specified field.
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5.h.1 Updating Stored Program Date

bolumns Format Nomenclature Description

Card Al Title Card

1-70 -14A5 TITLE Any alphameric characters to be printed
: as a page title.

Card A2 Stored data specification indices

1-k Ik IREF | Reference coordinate system model. index*.
‘ = -1, New coordinate system. System to
be input##*

0, 1, EMU Model
2, EMU-LRV' Model
3, EMU-SIM Model

5-8 Iy N2 Number of modes to be input (as mode addi-
tions and/or complete mode changes).**

9-12. IL IN3 Number of individual nodes for which
changes in data are to be input¥**

13-16 IL INk Reference coordinate system print index.
= 1, Print all coordlnate data for each
mode

0, Omit coordinate data print.

17-20 Ih INS Node - Material composition data change
‘ index**
0, No changes.
1, Individual node materials to be
changed.
2, Node-material composition data for
all nodes teo be input

21-2h 14 IN6 Number of individusl nodes for which new
material composition data is to be 1nput
(needed only for INS = 1).

25-28 IL INT Node material composition print index.
1, Print node composition da