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1. SCOPE

1.1 Purpose - The purpose of this report is to present
the results achieved in performing the Payload/Orbiter Contami-
nation Control Assessment Support study. The intent of thiy
activity was to determine and quantify the expected on orbit
contaminant environment for Space Shuttle Payloads from major
Shuttle Orbiter sources., These sources are the supplemental
flash evaporator vent, cabin atmosphere leakage, outgassing,
and the Vernier Control System (VCS) engines. The impact of
these sources was assessed through the development and use of
a contamination computer model., Particular attention was given
to determining the contamination control requirements which
should be placed on the Shuttle Orbiter and determining the
impact on Shuttle Orbiter design features such as the materials
characteristics of external surfaces, use of water sublimators/
evaporators for water dumps and/or heat rejection, and the
Vernier Control System plume characteristics.

1.2 Scope ~ This report describes the development and
use of a basic contamination math model of the Shuttle Orbiter
which incorporates specific Shuttle Orbiter configurations and
contamination sources. These configurations and sources were
evaluated with respect to known Shuttle Orbiter operational
surface characteristics and specific lines-of-sight which ep-
compass the majority cf viewing requirements for Shuttle payloads.
The results of these evaluations are presented as summary tables
for each major source. In addition, contamination minimization
studies were conducted and recommendations are made, where
applicable, to support the Shuttle Orbiter design and opera-
tional planning for those sources which were identified to
present a significant contamination threat. These minimization
studies are presented as part of this report for completeness
and as a record of activities conducted.

1.3 Summary - A basic Shuttle Orbiter contamination
math model has been established. This model incorporates
specific Shuttle Orbiter configurations and identifies major
Shuttle Orbiter contamination sources. A Shuttle Orbiter con-
figuration was synthesized utilizing a masc transport analog to
thermal radiation phenomenon for surfaces which act as uniform
emitters of mass flux. The Shuttle Orbiter on orbit geometry
and major source characteristics have been established consist-
ent with previous contamination modeling activities reported in
the Applicable Documents MCR-74-93, MCR-74-474, and MCR-75-202,




The current Shuttle Orbiter contamination math model has
updated configuration and source changes over those presented
in the above mentioned documents. The configuration and source
changes which are reflected in the current model are:

a) geometric refinement of the tail section (view
factors to the payload bay);

b) geometric refinement of the Orbital Manuevering
System (OMS) pod structure;

¢) payload bay door and radiator configuration
when opened;

d) supplemental flash evaporator flowrates from
5.5 1b/hr to 15 lb/hr (2.49 kg/hr to 6.8 kg/hr)
per nozzle and location;

e) detailed geometry modeling of the 900 1b Re~
action Control System (RCS) engines; )

£f) refined VCS location and orientation;

g) wing elevon shape refinement;

h) overall wing shape and contour update; and
i) rear body flap configuration.

The modeling approach used throughout this study was to
utilize independent subroutines for predictions and trade studies
instead of spending excessive effort in integrating a large com-
puter model that would require extensive input c¢ore capacity and
operational time. This allowed minimum turnaround time for
trade studies and a detailed checkout of each subroutine, The
subroutines were developed with the latitude to be eventually
integrated into a single model that would allow access of any
source and required computations to assess the contamination
potential of the source on a representative critical surface..

From the model development activity, predictions were
established for the Shuttle Orbiter contaminant induced environ-
ment for specific lines-of-sight for all the major Shuttle '
Orbiter sources considered. Where these predictions exceeded



the acceptable criteria presented in Applicable Document JSC
07700 Volume X Revision C, minimization studies were performed

to identify improvements or recommendations for improvements.

The criteria identified in the above applicable document are
presented beiow for reference in understanding the data presented
and comparison to the predictions.

a) TFewer than 1 particle larger than 5 microns in
the field-of=-view of an instrumznt per orbit.

b) Column density for water vapor less than 1012
molecules/cm? (polar molecules).

¢) Background brightness from scattering or emis-
sion less than 20th magnitude/sec? in the UV
range,

d) Return flux of less than 1012 molecules/cmz/sec.

e) Control to 1 percent sksurpiion of UV,visible,
and IR radiation by condensibles on optical
surfaces.

Of these criteria, criteria b) and d) were used most often to
evaluate the predicted induced environment. As based upon the
predicted induced environment and the criteria, the two sources
analyzed in detail in the minimization studies were the aft VCS
engines and the supplemental evaporator system.

The VCS engines were also evaluated at the forward loca-
tions and at various canted orientations at the forward and
baseline aft location. For all locations and orientations
evaluated, the VCS enging contributions to the lines=of=-sight ex=
ceeded 10iz molecules/cm® (polar molecules), Since the VCS
engines work on an as required basig; there are a number of
important parameters that should be considered by the payload
groups to minimize the potential impact of the VCS firings upon
their observation requirements, Proper selection of orbital
altitude, deadband requirements, and attitude requirements .can
minimize the VCS impact. Gimballing of payloads will place
less requirements on the VCS system. Consideration for Control
Moment Gyros (CMGs) for the more sensitive payloads could be
an alternate approach to minimize the VCS contribution fo the
induced environment,



The supplemental evaporator system was also evaluated in
detail at numerous locations along the length of the Shuttle
Orbiter fuselage beginning at approximately X = 600 and extend-
ing to the aft rear end heat shield below the main propulsion
engines. Even though some of these locations were desirable
from a contamination viewpoint, they impacted other systems
(i.e., guidance and control, thermal, structures, etc.). The
evaporator minimization studies showed that desirable evaporator
locations (from a contamination consideration), in order of
priority, were aft facing +X, X = 1519 facing +Y (lower aft
corner), and between X = 600 to X = 950 underneath the payload bay
doors facing +Y. Additional considerations that may impact the
desirability of some of these locations were evaluated and they
include ice buildup on cold Shuttle Orbiter surfaces, increased
VCS usage resulting from forces generated by evaporator exhaust
impingement on adjacent Shuttle Orbiter surfaces, and the flow
of evaporator exhaust products through the payload bay door/
Shuttle. Orbiter fuselage hinge line.

Additional studies were performed to determine the deposi-
tion potential on the Shuttle Orbiter radiator surfaces and a
surface in the payload bay. Outgassing from the tail leading
edge (which can look directly into the payload bay) has been
analyzed and does not present a significant contamination problem.
The radiator surfaces were assessed to be significantly degraded
from direct impingement from VCS and RCS engines and OMS pod
structure outgassing. Additional impingement on the radiator
surfaces occurs from the return flux of RCS and OMS engine ex-
haust products and Shuttle Orbiter outgassed material,

Approaches to minimize these potential sources are
delineated in the recommendations. These include materials
selection and outgassing characteristic measurements and
establishing on orbif operational constraints.

r




2. APPLICABLE DOCUMENTS

2.1 Program Documents -~ The following documents form a

part of this report in the extent that they were used for re-
lated program information relevant to this study.
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MCR-73~-105
Revision 1
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MCR-75-202

JSC 07700 Vol.
X, Revision C

Minutes

"Thermal Radiation Analysis

System', (TRASYS), NAS9-14318,

May 1975, Martin Marietta
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"Payload/Orbiter Contamination
Control Requirement Study",
NAS8-30452, May 1974, Martin
Marietta Aerospace, Denver
Division.

"Payload/Orbiter Contamination
Control Requirement Study",
NAS8~30755 Exhibit A, December
1974, Martin Marietta Aerospace,
Denver Diwvision.

"Payload/Orbiter Contamination
Control Requirement Study",
NAS8-30755 Exhibit B, June

1975, Martin Marietta Aerospace,
Denver Division.

"Space Shuttle Flight and
Ground System Specifications",
July 3, 1974, Lyndon B. Johmson
Space Center,
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Particle and Gas Working Group
Meetings", S. Jacobs, Lyndon
B, Johnson Space Center.
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Rev., W

J ey T

"Shuttle Active Thermal Con-
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Water Ejector Plume Test",
November 16, 1973, Summerhays,
R, M., LTV, Dallas, Texas.

"ATM Material Control for Con-
tamination Due to Qutgassing',
March 1, 1972, George C.
Marshall Space Flight Center,



3. STUDY RESULTS

3.1 Shuttle Orbiter Contamination Modeling - The general
contamination modeling considerations and approaches utilized in
this study for the Shuttle Orbiter are similar to those reported
in the MCR-74-93, MCR-74~474, and MCR-75-202 reports identified
in the Applicable Documents section. The following subsections
treat specifically those considerations utilized for this study.
For completeness, some of the material contained in the above
identified reports is repeated. .

3.1.1 Shuttle Orbiter Contamination Mathematical Model
Description - Presented in Figure 1 is a logic flow diagram of
the basic Shuttle Orbiter contamination math model. The flow
diagram outlines the major steps and/or functions of the model.
Many of the computations are presently developed as subroutines
to the model, Without the subroutines, the model utilizes
approximately 105K core of a CDC 6000 series computer. Addition
of the noted subroutines would increase the total core require=
ment past 150K thus limiting its operaticnal capability on the
current computer,

There are other considerations for maintaining the model
as described above., These are:

a) improved fidelity of the Shuttle Orbiter con~
figuration (more surfaces) will increase the
total computer core requirements;

b) sources such as the evaporator, VCS, and RCS
do not use a radiation analog for characteristic
source description, therefore, they require
different subroutines for computation;

c) timelining of and positioning of the sources
identified in b) have not been firmly es-
tablished;

d) identification of mission profiles, temperature
data, beta angles, mission duration, etc., have
not been adequately defined and will require
additional core storage for these data arrays;
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Figure 1, Preliminary Flow Diagram for the Basic Shutitle Orbiter Contamination Mathematical Model
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e) the total size required, ultimate operational
usage, and the necessary streamlining has yet
to be determined; and

f) the need to perform timely trade studies under
the current activity has precluded the cumber-
some and costly usage of a large complex
computer program for specific sources.

It is anticipated that the program may ultimately re-
quire extensive computer core capacity where a series of
overlays (external subroutines) will have to be developed and
integrated to maintain operational capability., ' Depending upon
required geometric fidelity of the modeled Shuttle Orbiter and
the number or extent of surfaces required to address the de-
sired mission profiles, this function may also become an overlay
or a separate external subroutine. This approach may be de-
sirable since the requirement to continually address these
subroutines will be quite high, therefore, minimizing the
general cumbersome nature of working with a large totally in-
tegrated program which inherently increases computer use time
and cost. The ultimate goal in the development of the present
model and subroutines is to establish an integrated model that
could be operated in a cost efficient manner., The features of
the eventual model are anticipated to allow evaluation of each
identified major source individually or together and to be able
to select the computations desired for the evaluation.

The following subsections discuss and present a descrip-
tion of the various aspects in the development and the data

.contained in the math model. These are presented for general

understanding, interpretation of data presented, and analyses
conducted during the contract period.

3.1.2 Surface Description - The Shuttle Orbiter was
three dimensionally synthesized on a CDC 6500 computer using a
Scope 3.4.1 Operating System. The basic Shuttle Orbiter con-
figuration(s) are synthesized by utilizing a mass transport
analog to thermal radiation for surfaces which act as uniform
emitters (Lambertian) of mass flux as reported in the Applicable
Document MCR-~75-105, Revision 1 (TRASYS). The maximum number
of surfaces and/or nodes that can be defined using this tech-
nique is 1100. Depending upon the number of nodes available
for surface definition and the number of surfaces to be de-
scribed, the minimum area size must be considered as a variable,
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The Shuttle Orbiter was described geometrically by 60
basic surface shapes. These surfaces were further subdivided
into a total of 194 nodes. Table A-I in Appendix A presents a
sumary of these surfaces by indicating general area, name of
surface, type of geometric surface used, surface number, number
of nodes, and node numbers. The physical shape of the surfaces
input to the model to define the configurations are drawn
graphically by scale computer plots from a Cathode Ray Tube
(CRT) display. These graphical displays are used only to verify
the location and geometrical shape of any specific surface or
relationship between surfaces or contaminant sources and do
not form an integral portion of the basic model. These graphi-
cal displays will be further discussed in the following sub-
section.

Three different computer listings or formats are developed
from TRASYS with respect to the configuration modeling. These
listings provide visibility to all the geometric considerations
used is establishing the Shuttle Orbiter contamination model.

A set of each of the different computer listings is presented
in Appendix A with accompanying descriptive text. The informa-
tion presented in Appendix A is representative of the
development of the Shuttle Orbiter contamination modeling
effort to date.

3.1.3 Graphic Displays - The physical shapes of the
surfaces input to the computer to define the modeled con-
figuration are drawn to scale on a CRT display. The CRT display
is a portion of the TRASYS system and is used to verify the
location and geometrical shape of any specific surface or re-
lationship between surfaces or contamination sources. Figures
2 through 5 are current computer drawn CRT displays of the
Shuttle Orbiter input configuration used in the contamination
model. Figures 2 through 5 present a top view, side view, end
view, and three dimensional view, respectively.

Figure 6 demonstrates an important aspect in the develop~-
ment of the computer model in that specific surfaces can be
displayed whether they are a source or a receiver. The spatial
interaction can be shown without uddressing the entire con~
figuration. This latter point is useful in surface mapping a
configuration for surface and/or material categorization and
location studies prior to input into the contamination model
for assessment. Once all of the Shuttle Orbiter surfaces and
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Figure 2. Graphic Display of Top View of the Current Modeled Shuttle Orbiter
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Figure 3. Graphic Display of a Side View of the Current Modeled Shuttle Orbiter
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Figure 4., Graphic Display of an End View of the Current
Modeled Shuttle Orbiter
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Figure 5. Graphic Display of a Three Dimensional
View of the Current Modeled Shuttle Orbiter
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sources location have been verified, they are input to the basic
contamination model for assessment.

For the graphic displays, the coordinate system has been
positioned so that the size of the displays are maximized on
the CRT display. Microfilm records are developed and are kept
on file for reference and/or additional display copies as re=
quired.

3.1.4 Lines-of-Sight - In order to provide a common
basis to define the mass and molecular number column densities
and the return flux of the contaminants, a line-of-sight (LOS)
is established which is considered representative of a payload,
an instrument surface, or a critical operational surface in
question. The contaminants along a given line-of-sight will be
a function of many variables. The major variables are:

a) species of the contributing contaminants;

b) spatial and temporal nature of the contamina-
tion sources;

¢) location of the line-of-sight with respect to
the payload bay (position of the payload or
critical surface);

d) wvehicle pointing requirements of the payload;
and

e) characteristics of the contaminant source.

To wstablish a consistent basis using the LOS approach,
a representative payload position, approximately three-quarters
of the way aft (X = 1107) in the payload bay was selected.
This position was felt to be the most representative for pay-
loads at the present time. In addition, several lines-of-sight
at X = 735 were established to evaluate the spatial variation '
in contamination levels as a function of location in the pay-
load bay. With the sources modeled and the relative symmetry
of the sources considered, the mass and molecular number column
densities and the return fluxes calculated will vary to some
degree with the lines-of-sight considered with respect to a
normal (+Z) direction and to the position in the payload bay.
As more sources (which may be manually controlled or timelined)
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are added to the model, the contaminants along any given line-
of-sight with respect to locations in the payload bay can be
expected to show larger spatial variations. Payloads with line-
of-sight pointing requirements that are not along the +Z axis
will see larger spatial variations of the contaminant environ-
ment.

For a baseline, nine lines-of-sight were established g
originating at X = 1107, The majority of outgassing, off- i
gassing, and leakage analyses was performed for these nine
lines~of-sight. These lines=-of~sight are identified as:

a) LOS 1A, zero degree line-of-sight (in the
+Z direction);

b) LOS 2A, 50 degrees off of +Z towards +Y;
c) LOS 3A, 25 degrees off of +Z towards +Y;

d) LOS 4A, 50 degrees-off of +Z towards +Y
plus 45 degrees towards +X (aft);

e) LOS 5A, 50 degrees off of +Z towards =X
(forward); and

f) LOS 6A, 50 degrees off of +Z towards +X
(aft).

‘These lines-of=-sight are graphically depicted in Figures
7 through 12 along with the LOS designation number. LOS 2A,
LOS 3A, and LOS 4A actually represent two lines-of-sight each.
These are symmetrical and can be analyzed by evaluating only
one of the two for each LOS.

At X = 1107, several additional lines-of-sight were
evaluated mainly for the evaporator as a source, These lines-
of sight are:

a) LOS 7A, 65 degrees off of +Z towards -X
(forward); and

b)  LOS 8A, 90 degrees off of 4+Z towards -X
(forward) parallel to the X axis one meter
above the skin line.
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Fifty Degree —X Line-of-Sight - LOS 5A
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During the course of this study, several lines-of-sight
in the forward part of the payload bay at X = 735 were analyzed
for specific sources. These lines-of-sight are:

a) LOS 5F, 50 degrees off of +Z towards -X
(forward); and

b) LOS 8F, 90 degrees off of +Z towards =X
(forward) parallel to the X axis one meter
above the skin line.

These additional lines-of-sight are graphically depicted
in Figures 13 through 16.

In order to develop mass and number column densities and
the return flux for a given line-of-sight, the density of the
induced atmosphere along the line-of-sight must be calculated.
This is performed in the model by placing small interaction
spheres along each line-of-sight extending out to 1000 feet
(304.8 m) from the Shuttle Orbiter. These spheres (15 to 23 in
number depending upon geometry considerations) along each line-
of sight were sized to fall within typical fields-of-view of a
payload or a sensitive surface in question., Each sphere is
treated as a surface just like that previously described for
geometrical modeling of the Shuttle Orbiter. View factors are
calculated from each quadrant of a sphere to the Shuttle Orbiter
and/or representative payload or surface. In this way, direc-
tional fluxes can be ascertained that are emitted from different
portions of the Shuttle Orbiter.

The first sphere is located at 107 inches (272 cm) from
the X axis of the Shuttle Orbiter (approximately 5 inches
(12,7 cm) above the skin line when the payload bay doors are
closed). The outer most sphere's location is 1000 feet (304.8 m)
from the X axis of the Shuttle Orbiter. Each sphere is quartered
into nodes. The first set of spheres (up to 523 inches (1328 cm)
along a given line~-of-sight from the Shuttle Orbiter) have their
major axis aligned parallel to the line-of-sight. As shown in
Figure 17, one quadrant of the sphere views forward, one aft,
one port, and one starboard. The remainder of the spheres are
aligned with their major axis perpendicular to the line-of-
sight so that 2 of the 4 quadrants view into the Shuttle Orbiter
direction. Therefore, the interaction spheres encompass a total
of 15 to 23 principle surfaces and a total of 60 to 92 nodes
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Figure 16, Ninety Degree <X Line-of-Sight - LOS 8F
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depending on the line-of-sight in question and the resolution
required. The flux and density at each point (sphere) along a
line-of-sight is calculated for each Shuttle Orbiter source
considered. Integration along the line-of-sight results in the
mass column density (MCD). By knowing the physical makeup of
the contaminants (e.g., H90, Og, Ny, Ny04, COy, etc. ) from each
source, the mass column density can be converted into molecular
number column density (NCD) for each constituent. This is also
true for defining the return flux of the contaminants as they
interact with the ambient atmosphere.

For simple surface geometries, the return flux is cal-
culated from the mass column or molecular number column density.
This is performed by considering the solid viewing angle of the
surface, hard sphere gas-gas interactions of the contaminants
with the ambient, the vehicle induced atmosphere within this
field-of-view, and calculating the fraction of the induced
atmosphere capable of returning to a surface within a given
solid angle. For this study, the return flux has been cal-
culated for a representative surface with a physical field-of-
view of 28 degrees total viewing which equates to a solid angle
of 0.19 steradians. TFor viewing angles up to 45 degrees and
less than 28 degrees, the return flux may be calculated by
ratioing the solid angle to 0.19 steradians.

In some instances, a surface may have a large field-of-
view over which the mass column density varies. Also, the off
axis portions of an instrument may be susceptible to contamina-
tion, such as baffled systems. Coupled with these possibilities,
the density of the induced environment does not necessarily de-
crease uniformly with distance along a line-of-sight. These
considerations rule out a simple analytical approach to the
return flux calculations and requires the geometrical relations
to be established by additional computer configuration modeling
to accurately assess the return flux capability. This addi-
tional analysis is highly configuration dependent and was not
performed for the present task.

3.2 Shuttle Orbiter Contamination Sources - A review
was conducted of available documentation for identification of
Shuttle Orbiter contamination sources. As a result of this
review, the identified contaminant sources were broken up into
four categories. These categories are the major Shuttle
Orbiter on orbit sources, other Shuttle Orbiter sources,
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reflections and sublimation from Shuttle Orbiter surfaces, and
boost and reentry sources, These categories were chosen to
basically represent different levels of contamination, unique
geometric influences, and different phases of operational ac-
tivities. '

In some instances, the available information was in-
sufficient in detail to uniquely model or specifically define
the source characteristics. However, based upon Skylab ex-
perience and results, those sources where detailed information
was not readily available, they were treated in a manner similar
to Skylab developed data. :

The following subsections discuss each of the identified
sources considered and presents, where applicable, the physical
relationships modeled.

3.2.1 Major Shuttle Orbiter On Orbit Sources - The major
Shuttle Orbiter on orbit sources considered for this study were:

a) outgassing;

b) offgassing;

c) Shuttle Orbiter cabin atmosphere leakage;
d) supplemental flash evaporator vents;

e) Vernier Control Subsystem (VCS) 25 1lb vernier
engines; and '

£f) the return flux.

These sources represent the largest contributors to the
induced on orbit environment either steady state or transient
in nature. The contaminant quantities, source locations,
emission rates, chemical composition, and emission patterns are
identified in the following subsections for these sources.

In this study, the difference between outgassing and off-
gassing is defined as follows. Outgassing is that contribution
which comes from the material bulk characteristics and is long

 term in nature. Offgassing is related to the volatiles which
are either adsorbed or absorbed by the material and/or carried
in the preparation of a material and evaporate very rapidly
when initially exposed to vacuum, '
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The other contaminant sources mentioned later in this
subsection must eventually be quantitatively analyzed and con~-
sidered in a total Shuttle Orbiter/payload contamination
analyses. At present, their impact has been assessed to be less
significant than the identified major sources or design and test
data is insufficient at this time to perform more than a quali-
tative assessment.

3.2,1.1 Outgassing - The molecular emission from non-
metallic materials exposed to the vacuum environment of space
may contribute significantly to the contaminant environment of
the Shuttle Orbiter and payloads. The majority of deposition
observed on Skylab was the result of outgassing from nonmetallic
materials, Even though these materials were basically controlled
to specifications contained in the Applicable Document, 50M02442,
the long term nature of, the bulk outgassing rate will contribute
significantly to the deposition on spacecraft surfaces.

Although the majority of the Shuttle Orbiter surfaces
will be covered with carbon and/or ceramic coated silica tiles,
the adhesive covering required to bond thése materials will
represent an identified cutgassing source, In addition, when a
payload becomes operational, the payload bay doors will be open
exposing a significant area of the Shuttle Orbiter which will
not be ceramic tiles and thus expose additional nonmetallic
materials (which will be carefully selected for low outgassing
characteristics).

The current Shuttle Orbiter Thermal Protection Subsystem
(TPS) consists of materials applied externally to the primarg
structural shell covering agproximatelg 11,600 ft2 (1077.7 m%)
out of a total of 12,961 ft“ (1204.1 m<). 1In addition to rela-
tively small areas such as thermal pane windows and thermal
seals, the major portion consists of three separate types of
material coverings including Low Temperature Reusable Surface
Insulation (LRSI), High Temperature Reusable Surface Insulation
(HRSI), and Reinforced Carbon-Carbon (RCC). The LRST and HRSI
are very simildr in composition except for approximately 3000
££2 (278.7 mz) of the LRSI which has been recently changed to
NOMEX 12 and has yet to be evaluated. The tiles are coated
with a RST ceramic coating (hydrophobic treatment with silicone
resin) and are bonded to the Shuttle Orbiter structural shell
with Room Temperature Vulcanized (RTV) 560 adhesive 0.0075
40.002 inches in thickness. Joint gaps between each individual
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tile of 0.050 +0.015 inches allow for tile expansion during
periods of high temperature extremes and provide "escape routes"
for outgassed material to the external environment. These tile
expansion gaps also have the capability to trap or adsorb
material as a result of ground handling, External Tank (ET)
ablation processes, Solid Rocket Booster Motor (SRBM) staging,
and provide in general a geomelry where trapped material may
slowly diffuse. This latter condition could be important in
assessing the short term ofiigassing characteristics and the

long term outgassing of the bonding material.

HRSI is used basically on the Shuttle Orbiter lower sur-
faces, the nose cone area, and the vertical stabilizer leading
edge (4555 £t2 or 423.2 mi) while the LRSI covers essentially
all of the Shuttle Orbiter upper surfaces (6482 £t2 or 602.2 m).
RCC is used only in areas of very high temperature extremes
(greater than 2300°F) such as the nose cone and leading edges
of the Shuttle Orbiter wings (563 ft2 or 52.3 m2). By far, the
largest outgassant source from the TPS will be the RTV 560 ad-
hesive used with the RSI tiles. RTIVs have been found to charac-
teristically demonstrate an initial steady-state outgassing
rate (OGR) of approximately 1 x 10-8g/cm?/second at 100°C. How-
ever, this rate will be attenuated due to tile geometry and
adhesive location and could be further reduced by curing and/or
vacuum exposure time., Previous study activities reported in
the Applicable Documents MCR-74-93 and MCR-74-474 assumed an
average surface outgassing rate of 5 x 10'1Og/cm2/second at
100°C for the entire surface of the Shuttle Orbiter. Simulation
testing at MSFC (Reference 1) of a section of TPS has since in-
dicated that this tile configuraEion has a characteristic
outgassing rate of 5 x 10-10g/cm*/second at 100°C which confirms
related outgassing contamination data presented in the above
mentioned Applicable Documents. This rate has been used in
this study and represents the baseline outgassing rate until
changes occur in the planned materials for the Shuttle Orbiter
TPS structure at which time new tests will be required to
identify the characteristic outgassiag rate for the TPS.

During nearly all the orbital operations, the payload
bay doors will be in an open position allowing the active ’
thermal control system space radiators to be constantly exposed
to space. In modeling these surfaces, a steady-state outgassing
rate of 5 x 10'10g/cm /second at 100°C was also assumed since
the overall outgassing characteristics for this surface “are as
yet not established. :



34

For specific payloads requiring particular cleanliness
levels, the payload bay inboard cavity lower half will be en-
closed with a payload bay liner for contamination control and
insulation. This will most likely be a fabric liner consisting
of some adhesives. The forward and aft ends of the payload
bay will be covered with multilayered insulation material. The
outgassing rates of the liner and bay end materials exposed to
vacuum are inherently dependent upon several factors including
surface temperature variations and extremes, accumulative ex-
posure times to space environment, physical and chemical
characteristics of the individual materials, and precure pro-
cedures employed, To accurately describe the source
characteristics of these surfaces, specific tests must be con=
ducted. Therefore, for modeling purposes in this study, the
steady-state outgassing rate of 5 x 10'10g/cm2/second at 100%
was again assumed to be representative of outgassing as a
contaminant source for these surfaces,

Skylab contamination modeling indicated that the out-
gassing rate of vacuum exposed nonmetallic material varies
exponentially with surface temperature and exposure time de-
scribed by the relationship:

T-100
29
(e )

= -t/r
OGR = OGR,,, (e )

where; OGR = Outgassing rate in g/cmz/second,
0GR, .. = Initial steady-state OGR at 100°C in
100 2 .
g/cm“/second,

t = Time iﬁ hours of vacuum exposure,

T= Time in hours for OGR to decay to 1l/e (0.368)
of its initial value. For space vehicles having
orbits similar to Skylab,7 =~ 4100 hours,

T = Teéewmperature of the outgassing surface in °."

. T-100 R
- The temperature function e 29 follows an equivalent

activation energy temperature dependence near 8000 calories/
mole for low temperatures. At higher temperatures, the activa-
tion energy falls between 10 and 15 Kcal/mole, Preliminary
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results of the TPS panel test at MSFC indicates an activation
energy near 15 Kcal/mole for a limited temperature range of 70
to 125°C.

Mblecules outgassing from a surface generally demonstrate
a distribution of the Lambert cosine law (cos 8/r2 , Wwhere 0 is
the angle from the surface ncrmal and r is the distance from
the surface to the point of interest within the distribution).
Outgassing will be a continuous source of contamination through-
out the entire on orbit periods of the Shuttle missions. The
velocity at which the outgassants leave a surface will depend
upon the surface temperature and the molecular weight of the
outgassed molecules. The most probable velocity for outgassed
molecules will be:

2R T 1/2 -
— = 129 ‘/ 5

v =
where;
v = Velocity of the outgassantsbin meters/second,
T = Temperature of the outgassants in degrees Kelvin,
M = Molecular weight of the outgassants (M = 100)

was assumed for this study.

The major constituents and molecular weights of the out-
gassants are of course dependent upon the materials used on the
Shuttle Orbiter and the payloads. These include RTVs from
binders, paints and sealants, and breakdown of long hydrocarbon
organic chains, Because of the wide variety of potential out-
gassants an average molecular weight of 100 was assumed for
this study.

3.2.1.2 0Qffgassing - Most nonmetallic materials such as
RTVs demonstrate a period of relatively high mass loss upon
initial wvacuum exposure before reaching a characteristic steady-
state outgassing rate. The initial offgassing rate and sub-
sequent decay rate as a function of time is a strong function
of manufacturing processes, assembly, ground handling, launch
activity exposure, and material application procedures, The
offgassing rate from mission to mission may decrease with time
and continued vacuum exposure.
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The desorption rate of these adsorbed and absorbed vola-
tile species decay to a characteristic steady-state outgassing-
rate in 20 to 60 hours. An offgassing rate of 2.5 x 10'9g/cm2/
second at 100°C was used in the model and was assumed to be
uniformly distributed over the entire Shuttle Orbiter external
surfaces. This value is assumed to represent the offgassing
rate near the 10 hour point on orbit and is a factor of 5 higher
than the steady-state outgassing rate at 100°C measured during
the MSFC TPS testing.

The actual initial offgassing rate and time dependence
will be determined from additional TPS testing being planned at
MSFC. Preliminary results from the first MSFC test (Reference
1) have shown this high rate loss period continues for approxi-
mately 40 hours at which point it approaches the steady-state
outgassing rate. The actual rate of the volatile species was
not available from the first TPS test.

As with outgassing, the offgassing rate is a function of
the surface temperature. Therefore, the offgassing rate at any
temperature is assume to be:

= (T-100)/29
OFRT = OFRlOOOC e

where;

OFR_, = Offgassing rate as a function of surface
temperaturé in g/cm?/second,

OFTy4gog = 2:5 ¥ 107%g/cm?/second at 100°C at 10 hours,

T = Temperature of the offgassing surface in °c.

Other parameters of offgassing will be similar to those
of outgassing. The plume distribution emitted from the source
surface will be, a cos e/r2 function and the molecules will be
emitted with a velocity of:

V.= 129‘/ %

where;
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v = Velocity of the offgassing molecules in meter/
second,

T = Temperature of the offgassants in degrees Kelvin,

M = Molecular weight of the offgassants (M = 18)

was assumed for this study.

3.2.1.3 Leakage - Leakage from the crew compartments of
the Shuttle Orbiter will continuously emerge from structural
seams, hatches, microscopic cracks, and seals around support
hardware such as instrumentation feed-throughs. The crew com-
partments will be pressurized to 14.7 psia (one atmos.) with
0, and No with the nominal leakage rate estimated to be approxi-
mately 7 lbs/day (3.18 kg/day). The Skylab leak rate was
specified to 14 1lbs/day (6.35 kg/day) and the measured value
during the mission was approximately 3.75 lbs/day (1.70 kg/day).
However, the Skylab internal environment pressure was approxi-
mately 5 psia (0.34 atmos.)

Leakage contaminants from these compartments will con-
sist primarily of: 1) normal atmospheric gases, 2) internal
materials and black box outgassing products, 3) astronaut by-
products, 4) frictional erosion creating particles from materials
subject to abrasion, and 5) evaporation from liquid sources.

The normal cabin atmosphere leakage will not condense on
most of the Shuttle Orbiter and Shuttle Orbiter/payload sur-
faces since these gases have desorption rates that exceed
impingement rates of these gases. However, the potential of
condensation will exist for cryogenically cooled surfaces as
employed in infrared telescope payloads and associated sub-
systems. The second source of leakage products is from outgassed
materials in the crew compartment interior. Total contribution
from this source to the contaminant environment should be
negligible. The third source, astronaut by-products, are ele-
ments and compounds such as CO9 emitted orally and dermally
plus flatus and some fecal and urine products which escape their
containers and should also present no problem, The fourth
source, frictional erosion particles, will in the majority of
cases be too large to pass through microscopic leakage orifices
and will be removed from the cabin atmosphere through the En~-
vironmental Control Life Support System (ECLSS) debris filters.
The last source identified is vapor evaporated from liquid
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sources. Much of this moisture will be collected by the ECLSS
condensate system along with various condensibles and water
soluble products in the atmosphere (although approximately
0.076 1b/day (0.03 kg/day) of water vapor will be allowed to
leak overboard).,

Since the bulkhead between the cabin area and the payload
bay area represents the largest probable area for cabin leakage,
the leakage was modeled assuming that the total 7 1lbs/day (3.18
kg/day) leakage from the forward payload bay bulkhead. This ine
cludes a 40 inch (101.6 cm) diameter Extravehicular Activity
(EVA) hatch, a 16 inch (40.64 cm) diameter window, and numerous
instrumentation feedthroughs which leak through this area, The
effluents were assumed to be emitted in a cos Q/r2 distribution
in an aft direction from this surface. The actual amount that
will leak from this area will require a further analysis of the
gabin structure for most probable leakage points. Of the 7 1lbs/
day (3.18 kg/day) leakage, the following constituents and frac-
tion of mass flow rate were modeled:

Constituent Mass Flow Rate
0, 1.625 1lb/day 0.74 kg/day
N, ‘ 5,229 1b/day 2.37 kg/day
H, 0.076 1lb/day 0.03 kg/day
co, 0.070 1b/day 0.03 kg/day

Leakage will be emitted in molecular form having a most
probable velocity based on the molecular weight (M) of the in-
dividual constituents and assuming a cabin environment
temperature of 25 °C where:

ZROT 1/2 1
v = M = 2220 M

I

v = 413 meters/second (assuming average M = 29)

3.2.1.4 Supplemental Flash Evaporator - During the nor-
mal Shuttle Orbiter on orbit fuel cell operation, the fuel cell
will generate on demand up to approximately 312 1lbs (141.5 kg)
of excess Hy0/day which will be expelled overboard through
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the supplemental evaporator vent system, The evaporator system
will flash evaporate the excess water vapor to space through

two nonpropulsive supersonlc nozzles, The evaporator operates
on an as required basis dependent upon the temperature difference
between the incoming and out-going coolant. At a particular
temperature difference, the evaporator operates in a pulsed mode
until the temperature difference is within acceptable limits.
The exact location for these nozzles 1is as yet to be determined.
Therefore, a number of locations were extensively investigated
in this study. The results of each locatio.. evaluation are dis~-
cussed in detail in subsection 3.4.2. Through preliminary
vacuum chamber testing of a candidate evaporator vent system at
JSC (Applicable Document T«169-28 Vol VI) and from a semi~
empirical analysis, the plume distribution from any one of the
supersonic nozzles at a 16 1b/hr (7.26 kg/hr) flow rate was
determined to be:

cos6 (1.01 8)

= 2,05 for 0°50<36,8°
2
A =)
“and \
n - |Qe540] _-0.0773 (o - 36.8°) for 36.8%<9<148°
2
()
where;
M = Mass flux rate per unit area in g/cmz/second,
6 = Angle from evaporator vent nozzle axis in degrees,
r = Distance from nozzle exit plane to point of

interest in centimeters,

. The plume distribution is depicted in Figure 18 for a
nominal flowrate of 16 1b/hr (7.26 kg/hr). This test indicated
that the fraction of mass expanding to angles greater than 90
degrees varies between 0.001 and 0.002 for differing nozzle
lengths.

Molecular velocities of the expelled water vapor were
modeled using the mean radial wvelocity relationship:
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v =al2Y RI
(vy-1)M

where: y = cp / c, = 1.4,

R = Universal Gas Constant,

T = 273 degrees Kelvin,

M = Molecular weight (M=18, water)
therefore; V573% 1003 meters/second

During the course of this study, a different evaporator
gsystem than tested was selected for the flight hardware. When
this hardware becomes available for testing, updated data con-
cerning the evaporator system will be reevaluated. It is felt,
however, that the data presented herein is representative of
the new evaporator system and the data presented may be indica-
tive of the nmew evaporator performance,

Figure 19 schematically shows the evaporator vent locations
evaluated for this study. The evaporator vent location at
X = 1392 is presented in the major sources summary table in sub-
section 3.2,1.7 as the baseline location. Other locations eval=
uated are discussed in subsection 3.4.2.

3.2.1.5 Vernier Control Subsystem (VCS) Engines - The
VCS engines considered for this study were the six 25 1lb (nominal)
thrust vernier engines. Figure 20 shows the location and orien-
tation of these engines. . Two verniers are located forward of
the cabin, one on each side.  These engines exhaust primarily
down (35 degrees off of -Z toward *Y). There are no surfaces in
the direct field-of-view of these engines. However, in side and
back flow, these engines can contribute to mass column densities
for certain lines-of-gsight and distances from the Shuttle Orbiter.

Four verniers are located aft near the Orbital Maneuvering
System (OMS) with two engines on each side of the Shuttle Orbiter.
Each set of these verniers are positioned such that one engine
each on both sides thrusts in the downward direction (-Z direction).
The remaining verniers thrust in the port (-Y) and the starboard
(+Y) direction. These rear vernier engines have the capability
of directly impinging upon principle Shuttle Orbiter surfaces,
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ALTERNATE VENT LOCATION ANALYZED
X=1525, Y=0, Z=323

ALTERNATE VENT LOCATION ANALYZED
X=1519, Y=%123, z=1281
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LOCATION
=1392
Y =#113
zZ =323

ALTERNATE VENT
LOCATIONS ANALYZED
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Figure 19. Shuttle Orbiter Baseline and Alternate Evaporator Vent Locations
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VERNIER VEHICLE STA. NO.
NO. X Y Z
1 323.5 46.0 373.5
2 323.5 =46.0 373.5
3 1565.0 -134.0 459.0
4 1565.0 -118.0 457.0
5 1565.0 118.0 457.0
6 1565.0 134.0 459.0

VERNIER NO, 2

A\

VERNIER NO, 1

Figure 20. Vernier Engine Locationmns

%
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In particular, the thrusters can impinge upon a considerable
amount of wing area thus presenting an additional contaminant
source in reflection.

At present, there is insufficient information available
regarding the specific design of these engines to justify a
detailed analysis of the exhaust flow fields beyond that used
in this study. Modeling of the flow fields was based upon a
scaled down version of the Skylab Marquardt R-4D N,O0, /MMH 100 1b
thrust engine. An approach developed by Simons (Reference 2) was
modified to establish a closed form analytical representation
for the mass contained in the engine flow field for angles from
0 to 140 degrees from the engine centerline. These angles encom-
pass the major portion of the vernier engine flow field mass
which can either be reflected or deposited on adjacent Shuttle
Orbiter surfaces and contribute significantly to the induced en-
vironment. Beyond 140 degrees, the experimental data of
Chirivella and Simon (Reference 3) indicates the mass flux may
approach a constant value becoming independent of ©. This obser-
vation was injected into the present study by modifying the model
of Simons so that it predicted a constant mass flux in the plume
for angles greater than 140 degrees up to 180 degrees.,

From the modified approach of Simons, the mass flux from
the 25 1b vernier RCS engines using the R-4D similarity for
angles between 0 and 40 degrees and between 40 and 140 degrees
from the engine centerline becomes:

i o= 23.2/r> |cos [+ V]88 for 0°<0<u0®
2 Gi
where; 9
m = Mass flux rate per unit area in g/cm“/second,

r = Distance rrom the exit plane of the engine nozzle
to the point of interest within the plume in centi-

meters,
Oi = 115 degreeé,
8 = Angle in degrees between 0 and 40 degrees from

the engine axis.
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v _ n°

fn =<5.81/r2) o70:0467 (8 - 407) 200 40%¢ g <140°

where;

m = Mass flux rate per unit area in g/cmz/second,

r = Distance from the exit plane of the engine nozzle
to the point of interest within the plume in
centimeters,

8 = Angle from the centerline of the engine in degrees

for angles greater than 40 degrees and less than or
equal to 140 degrees.

For the back flow regions, the mass flux between 140
degrees and 180 degrees from the engine centerline becomes:

n o= 5.81/r% e %%  for 140°< @ < 180°
where;
m = Mass flux rate per unit area in g/cmzlsecond,
r = Distance from the exit plane of the engine nozzle
to the point of interest within the plume in
centimeters. '

A mean velocity of 3,505 m/second was assumed for this
study. An estimate of the specles concentrations in the VCS
engine plumes for an oxidizer to fuel ratio of 1.636 (Reference
4) is given below:

Constituent Mole Fraction
co 0.12861
002 0.04160
H 0.01163
H2 0.16313
H,0 0.33876
NG 0.00062
N2 0.30933
1 0 0.00027
1 OH 0.00582
0, 0.00023
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No consideration was given in this study to condensation
in the flow fields of the vernier engines. As mentioned pre-
viously, these results are subject to the assumption that the
Shuttle Orbiter vernier engines are similar in design to the
scaled down Skylab R-4D engines. Depending upon the Shuttle
Orbiter VCS engine injector design, the resulting flow fields
will ‘be subject to changes as a result of oxidizer to fuel stria-
tion, thus providing unique flow fields which may not be adequate-
ly represented by the Skylab R-4D plume description. However,
reasonably good contamination effects data from Skylab RCS engines
inflight deposition measurements and correlation with pre-Skylab
mission ground test programs exists to base a preliminary VCS
engine contamination impact analysis for the Shuttle Orbiter and
payloads. In order to further establish validity of this approach,
data from a Marquardt 25 1b thrust R1E-3 engine analysis was re-
viewed and is presented below.

a) Marquardt 25 1b Thrust Rif-3 Engine - A preliminary
1nvest1gation of the Marquardt 25 1b thrust R1E-3 engine flow
field and a comparison to the flow field used in the VCS plume
modeling efforts were performed. The R1E-3 engine exhaust has
been modeled by the Method of Characteristics (MOC) program
(Reference 5). The preliminary calculations using the R1E-3
flow field distribution show that this engine located at the aft
-Z VCS location produces molecular column densities for LOS 1A
and LOS 4A about 207 higher than the present modeled VCS engine
flow fields.

This is reasonably good correlation and lends support to
the Skylab R-4D plume modeling approach used in this study for
the VCS engine as well as the 900 1b RCS and 6000 1b OMS engines.
The final selection of the VCS engine will dictate the actual
flow fields to be used in a final analysis of the VCS engine
contamination potential,

3.2.1.6 Return Flux - With some Shuttle payloads plan-
ning to operate at considerably lower orbital altitudes (200 km)
than Skylab (435 km) and with anticipated crycgenically cooled
payloads, the returned contaminants as a result of interacting
with the ambient orbital environment may represent a significant
goptaminant  source.

The return flux of contaminants will be a function of a
number of wvariables. Theése are:
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a) the molecular size and weight of the contaminants
leaving the Shuttle Orbiter and payloads;

b) the velocity at which the contaminants leave
the Shuttle Orbiter and payloads;

c) the density and molecular size of the ambient
atmosphere at a give orbital altitude;

d) the orbital altitude;

e) the attitude of the Shuttle Orbiter and the
payload with respect to the velocity vector
of the ambient atmosphere;

f) the temperature of the surfaces of the Shuttle
Orbiter and the payloads;

g) the source locations and flux rates which
comprise the induced environment; and

h) the field-of-view of the payload, instrument,
and surface in question.

Figure 21 indicates how the return flux rate varies as a
function of orbital altitude for a median ambient density at-
mosphere assuming the contaminants in the return flux have a
molecular weight of 18. As in the case of outgassing where the
molecular weight was assumed to be 100, there will be a condi-
tion where the return flux reaches a maximum and then begins to
decrease with orbital altitude. This is discussed in subsection
3.3.1., At Skylab altitudes (435 km), the return flux is a
factor of 52.7 less than at a 200 km-altitude for a given mass
column density along a line-of-sight. The return flux is
directly related to the number density of the ambient atmosphere.
The median density at a given altitude is used in the modeling.
This value will vary between orbital daytime and high sunspot
activity and for orbital nighttime and low sunspot activity.

At 200 km, the ambient molecular density can vary between 109
to 1010 molecules/em3. At 435 km, the molecular density may
vary between 107 to 108 molecules/cm3. A median density of

4.8 x 10® molecules/cm3 at 700 km, 1.3 x 108 molecules/cm3 at
435 km, and 6.85 x 10° molecules/cm3 at 200 km has been used in
all the return flux calculations presented in this report.
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REFERENCE: '"'Satellite Environment Handbook",
F,S, Johnson, Editor, Stanford University
Press, 1965,
1
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The density of the induced environment is calculated at
each line-of-sight sphere location and is allowed to interact
with the ambient atmosphere so that the return flux distribu-
tion as based upon a hard sphere interaction for a specific
contaminant molecule is established at this point. The
scattered molecules are emitted in a cos @ distribution that
is aligned along the velocity vector or equivalently, with re-
spect to the ambient molecule direction. Through geometry
considerations, the fraction of the scattered contaminant
molecules that can reach a representative surface or payload
is then determined.

For any given line-of-sight, the return flux of con-
taminants for that line-of-sight will vary throughout an orbit.
When the Shuttle Orbiter has solar oriented surfaces in atti-
tudes similar to Skylab, they will see the maximum return flux
as the Shuttle Orbiter comes from orbital midnight to orbital
noon. The point of orbital sunrise will be the point of maxi-
mum return flux when the velocity vector is aligned along the
line-of-sight towards the payload bay. This would also be the
period of maximum mass column density since the Shuttle Orbiter
and payload surfaces are warming due to solar exposure and are
outgassing at their highest rate.

Just the opposite will be true for those surfaces whose
viewing requirements require anti-solar lines-of~sight. 1In
this case, maximum return flux will occur at orbital sunset
when the mass column density is near a minimum since the
Shuttle Orbiter and payload surfaces will be cooling and not
outgassing as heavily. Before more detailed analysis for the
return flux can be performed, the pointing requirements for an
instrument and payload with respect to the velocity vector and
the vehicle must be accurately determined.

3.2,1.7 Summary of Major Sources - Presented in Table I
is a summary of the major sourcesr modeled in this study. This
summary presents the duration/frequency, constituents, plume
shape function, velocity, and size parameter for each of the
sources modeled.

Those secondary sources such as reflections and subli-
mation from the Shuttle Orbiter surfaces are a function of the
modeled geometry, a cos 6/r2 distribution in reflection, the
flowrate defined by the particular source, and a corresponding



Table I,

Major Sources Summary

attitude

Max = 7.65 km/sec

Major Duration/ Plume Shape Size
Sources Frequency Flowrate Constituents Function Velocity Parameter
o . . E 0™ t/4100 Hydrocarbon cos 8 /r2 15.9 ’Tl /sec Molecular Avg,
utgassing Continuous (T-lOO) /29 chain fragments . m/se
1 -
% 10 10] g/cm /sec RTV's,etc. M =100
f «0.14t 4+
Continuous 3.87e Water 2 Molecular Avg,
for first 100 } 3, Qe -.055¢ light gases cos 8 /r 30.4 ¢/ T m/sec
Offgassing .-t S
hours on=- (T-lOO)/29 1079 Volatiles M=18
orbit x
g/cm /sec
cos (1 016 2)/ r
% [0%0<36.8%] Molecular
; 13.6 kg/hr total 1012 m/sec
Evaporator (2) As Reqd. g/hr tota Water e-.0773(9-36.8 ; /se o1
-:2 6 e
[B6.8% 0<148°]
9% 2 Molecular A
| Cabin Atmospherel continuous 3.18 kg/day N cos § /T 2220 JT m/sec ecular Avg,
Leakage 2 M
002 M =29
Hy0
. Hy0 8.65
RCS Vernier As Reqd 40.8 g/min N (cos "‘ G)E)°<e<4o°]
Engines*# eqd. Av%. 40 msec 1(-})%
g:cffo;(.)P&.S coy g, L0467 (8-40°) 3505 m/sec Molecular
attitude at H x [400 95140(3]
200 km e -4, 6[7
= 40% 6<1809
Ambient ) ~10 to 30 minf Varies with above [ Any of the cos 0/r2 from Varies with all Varies with all
Reflection per orbit sources & orbital | above sources collision points |above sources above sources

% Plume raflections off of structural surfaces, (e.g. wings, experiment bay doors) are

to the plume impingement rate with a cos §/r“ distribution and a velocity of 30.4

surface temp.

a cos @ /x

quivalent to a source equal

surface temperature.

T m/sec from the surface where T =

RCS plume; reflections off of structural surfaces are assumed to have a rate equal to the plume impingement rate with
distribution and a velocity equal to 129 f%' where T =

0s
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plume shape function as given in Table I. These sources are not
defined discretely since the geometrical relationships of the
model preclude listing all the surface interactions in this re-
port to define this type source. '

3.2.2 OQOther Sources = Other sources that were considered
for specific analysis were the RCS 900 1b (nominal) thrust
engines and the OMS 6000 1b (nominal) thrust engines.  Their
location for the aft port side of the Shuttle Orbiter are shown
schematically in Figure 22,

The flow fields of the 900 1b RCS engines were analytically
modeled in the same manner as the VCS engines. The mass flow
equations for the RCS 900 1b engines are:

10 T . 8 o] o
) 1400 cos ( > 1Zi) for'O < 6 £60
- 2

r

and

~0. 064 (8-60)
. 61.32e2 for 60°<0<180°
¥

where

9
m = Mass flux rate per unit area in g/cm™/second,

r = Distance from the exit plane of the engine
nozzle to the point of interest within the
plume in centimeters,

8 = Angle off of the engine axis in degrees.

The velocity of the molecular species was assumed to be
3505 m/second, as for the case with the VGS.

The flow fields of the 6000 1b OMS engines were analytically
modeled in a like manner to the VCS and RCS. The mass flow
equations for the OMS engines are:
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where
fi = Mass flux rate per unit area in g/cmz/second,

r = Distance from the exit plane of the engine
nozzle to the point of interest within the
plume in centimeters.

@ = Angle off of engine axis in degrees.

The nominal velocity of the exhaust effluents has been
determined from gas dynamic relationships to be 3694 m/second
assuming a v (cp/cv) of 1.2. ‘

The RCS and OMS engines will be used during major orbital
manuevers with the payload bay doors open. The major impact of
these engines was preliminarily evaluated on the payload bay
door radiator surfaces during this study and is presented in
subsection 3.5.4.

Other sources that may require additional studies consist
of sources deemed secondary in nature compared to the major on
orbit sources presented above; these can occur during on orbit,
launch, and reentry mission phases. . Those additional sources on
orbit include such items as propellant system and hydraulic
leakage, fuel cell vents, and airlock/EVA system effluents.

0f the launch sources which include an assortment of
compartment vents, engines and system vents, the Solid Rocket
Booster separation motors and the External Fuel tank insulation
ablation products may be the most significant contaminant sources,
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This is true for two reasons: first, the products from each of
these sources can impinge upon the Shuttle Orbiter external
surfaces during launch and secondly, the exhaust products from
each have the capability to deposit on the Shuttle Orbiter
surfaces, The result is that these two sources can alter the
surface properties of the external surfaces directly and/or
become an additional on orbit source through sublimation of the
deposits. Particles from these sources can also be trapped on
the Shuttle Orbiter exterior surfaces and later be sloughed off
during subsequent on orbit periods.

The sources that occur during reentry which have not been
included in the model but will be included in future studies
are:

a) Auxiliary Power Unit System exhaust outlets;

b) Ammonia Evaporator Vent;

¢) primary evaporator vent

d) APU steam generator; and
e) hydraulic leakage.

These reentry sources combined with the residual con-
taminants present from launch and on orbit could possibly
create a detrimental contamination source(s) for subsequent
missions. Depending on cleaning requirements and refurbishment
procedures, these additional residual sources or those acquired
during cleaning/refurbishment must eventually be considered as
sources in the modeling of subsequent flights where the total
contaminant environment is evaluated and ultimately compared to
the current contamination control criteria for compliance.

3.2.3 Reflection and Sublimation from Shuttle Orbiter
Surfaces - The Shuttle Orbiter configuration geometrically pre-
sents a source that Skylab essentially did not have. The
Shuttle Orbiter wings and the payload bay doors present surfaces
where contamination source effluents can be reflected from or
deposit upon and sublimate. The operational nature of the
‘Shuttle Orbiter esserntially precludes any vents being located
on the bottom side. Therefore, the majority of active sources
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are all located on the top side where the payloads are also.
positioned. The Shuttle Orbiter wings and payload doors will
act as secondary contamination sources for surface outgassing,
offgassing, evaporator venting, and VCS engine firings.

Although these surfaces will be warm on orbit and deposi-
tion from sources which produce H20, CO2, 09, Njp, etc., will not
occur on these surfaces, the surfaces are capable of reflecting
contaminants into lines-of-sight., In particular, the cryo-
genically cooled payloads may under certain conditions condense
these low molecular weight contaminants on their external
operational surfaces and change the physical properties of the
cryogenic surfaces. Of particular significance are the VCS
engines, all of the four rear position 25 1b thrust forward
flow fields are capable of impinging on portions of the Shuttle
Orbiter wings and payload bay doors when they are open. Ex-
perience from Skylab has shown that bipropellant engines such
as currently planned for the Shuttle Orbiter will deposit con-
taminants and under certain conditions will sublimate with time.
On Skylab, 0.2% of the mass flux from docking manuevers using
the R4-D engines on the Command Service Module that impinged o
Quartz Crystal Microbalance (QCM) surfaces at approximately 10 C
condensed. The condensed engine contaminant desorbed to l/e of
the deposited material in 72 hours and the resulting deposition
that did not sublime was approximately 20% of the original
deposit,

The reflection of plume impingement from both the evapora=-
tor system and the VCS were considered as a cos 8/r“ distribution
with respect to the normal of the surface at a rate equal to the
plume impingement rate. The reemission velocities were modeled
as the most probable velocity based upon the temperature of the
emitting surface and the molecular weight of the engine exhaust
effluents.

where;
IR T 1/2
v = | —2-
M
v = 30.4 T " for an assumed molecular weight of 18,
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Velocity in meters/second,

Temperature in degrees Kelvin.

This treatment of surface reflected species was arrived
at following a literature survey o0f experimental work and con-
tacts with investigators in this field. The following observations
are pertinent to the decision to model the scattered molecules as
described above:

a)

b)

£

Molecules with large dipole moments (H90, CO2, etc.)
have long interaction times with a surface, thus
allowing for more complete accommodation with a
surface., The result is diffuse emissions,

Molecules with incident en=rgies less than 1

to 2 eV exhibit diffuse scattering with
surfaces. ‘These energies correspond to veloci-
ties of 1000 to 3000 meters/second for the
molecules of interest, The engine molecular
exhaust products are near 3500 meters/second
and the evaporator exhaust near 1000 meters/
second and thus fall close to this energy range.

A rough surface causes diffuse scattering of
impinging molecules,

Contamination on a surface (even fractions of
a monolayer) tends to drive specular scatter-
ing to diffuse scattering., Significant con-
tamination results in total diffuse scattering.

For the previous conditions, the scattered
molecules have velocities indicative of the
surface temperature impinged upon which
implies complete accommodation.

Low incident impingement angles can introduce
lobular scattering (approaching specular) for
a very clean surface with none of the above
conditions.
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g) Specular scattering of molecules is very hard
to obtain and requires ultra-high vacuum condi-
tions, atomically smooth, well characterized
surfaces, no contamination, and a unique gas
and surface combination.

h) The portion of the plumes impinging on the wing
surfaces that can contribute to the lines-of=-
sight are in the near molecular and free molecular
flow regime, thus approximating experimental
conditions from which the results were obtained
for the decision making process,

i) For regions of the plume that are viscous (con=-
tinuum) or in the transition flow region from
viscous to molecular and are impinging on the
Shuttle Orbiter wing surfaces, the angle of
incidence is near perpendicular. This would
also allow diffuse scattering or sublimation
from these surfaces which is also a diffuse
process.

Therefore, the available data appears to strongly support
a cosine (diffuse) scattering from the Shuttle Orbiter surfaces
(in particular the wings) for the conditions anticipated on
orbit.

In summary, since all of the engines and vents evaluated
must necessarily be above the Shuttle Orbiter wings, the capa-
bility of reflecting these effluents in most instances into the
lines~of-sight exists. The net effect is a concentration of the
overboard sources to the payload side of the vehicle.

3.2.4 Boost and Reentry Contamination Sources - During
launch and reentry the Shuttle Orbiter will be exposed to various
contamination phenomena which dictate certain contamination con-
trol measures to insure the integrity of sensitive payloads
within the payload bay. The first steps in protecting sensgi=
tive payloads will be the use of a properly designed and attached
payload bay liner which is a payload option. In addition, proper
operation and timelining of the active payload bay vents and
effective payload bay door seals will be important initial steps
towards prevention of contaminants impacting the stowed pay-
loads. The following additional precautionary measures are
suggested.
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a) insure that all sensitive payloads have aperture
doors and that they provide an integral seal for
the payload during boost and reentry and can be
used as on orbit protective covers to minimize
compromising the payload in the advent of an
anomalous high contamination period;

b) ‘data acquired by the inflight contamination
monitor package to be flown on the early Shuttle
Orbiter flights should be reviewed to determine
additional protective devices required for
sensitive payloads to be flown on ensuing mis-
sions; where applicable sensitive instruments
should supply their own deposition indicators to
determine when the instrument deposition charac-
teristics are within acceptable limits; and

c) delay cooling of sensitive elements until the
environment is acceptable (as indicated by
deposition monitors).

3.3 Shuttle Orbiter Induced Environment Predictions =
This subsection presents a series of baseline tabular predictions
for the modeled major Shuttle Orbiter sources contribution to
the lines-of-sight (LOS 1A through 6A) identified previously.
These baseline tabular results can be evaluated against the
current applicable contamination control criteria for the on
orbit induced environment as defined in Applicable Document
JSC 07700 Volume X, Revision C, The applicable contamination
control criteria are presented below for ease in assessment of
the following tables and to understand how the Shuttle Orbiter
induced environment relates to the current criteria.

a) Fewer than 1 particle larger than 5 microns
in the field~of-view of in instrument per
orbit.

" . 12

b) Column density for water vapor less than 10

molecules/cm® (polar molecules),

¢) Background brightness from scattering or
emission less than 20th magnitude/sec? in
the UV range,
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d) Return flux of less than 1012 molecules/em®/

second,

e) Control to 1 percent absorption from UV, visible,
and RI radiation by condensibles on optical
surfaces,

The major Shuttle Orbiter sources presented in the following
tables are outgassing, offgassing, cabin atmosphere leakage,
supplemental evaporator, and VCS 25 1b thrust engines. Mini=-
mization studies have been performed for the two sources which
deviate significantly from the above criteria., These sources
are the evaporator and the VCS 25 1b thrust engines. The
minimization studies are presented in subsection 3.4 and are
discussed in detail therein,

The return flux values presented for the orbital alti=-
tudes of 700 km, 435 km, and 200 km represent the range of
orbital altitudes anticipated for many of the Shuttle missions.
The 435 km case has been selected since it relates directly to
the Skylab mission orbital altitude from which comparisons can
be made,as applicable,to specific data obtained from the Skylab
Program. !

As presented in Figure 17, the return flux is based on a
total field-of-view of 28 degrees (0,19 steradians) and cor-
responds to a physical acceptance situation where L/D = 2
(length to diameter ratio of a telescope tube). To determine
the return flux for angles greater than 28 degrees, the return
flux can be multiplied by the ratio of the field-of-view in
steradians to 0.19. This method will be accurate for viewing
angles from O to 45 degrees, The values of return flux pre-
sented in the following tables refer to the maximum return flux
for the case where the velocity vector is parallel to the
corresponding line-of-sight and excludes any contribution from
the ambient atmosphere., The total return flux impdct is an in-
tegration of the return flux over a given mission profile. The
values presented can be related to the above contamination con-
trol criteria for return flux evaluation.

3.3.1 Outgassing Induced Environment Predictions -~ .
Table II presents the outgassing environment predictions for the
lines~of=-sight 1A through 6A,
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Table II., OQutgassing Induced Environment Predictions
for the Shuttle Orbiter Configuration

\\\Efedicted Return Fﬁux (Max)**
sziieters MCD NCD (mol,/cm”“/second)
Line-of-Sight (g/cm?)  |(mol./cm®)| 700 km | 435 km| 200 km
L0S 1A  Max 3,1¢-11)71 2.0¢11) | 3.4¢9] 9.1c20)] ~o0
Min 1.4¢-12) | 8.8¢9) | 1.5¢8) | 4.1(9) ~0
L0S 2A  Max 2.2¢~-11) | 1.411) | 2.4 | 6.7 ~o0
Min 1.4¢-12) | 8.8¢9) | 1.5¢8) | 4.1(9) ~0
10S 3A  Max 2.7¢-11) | 1.7¢21) [ 2.9 | 7.910)] ~o0
Min 1.4(~-12) |8.8¢9) | 1.5¢8) | 4.1(9) ~0
10S 4A  Max 2.8(~11) | 1.7¢11) |3.0¢9) | 7.9¢10)] ~o0
Min 1.2¢-12) | 7.2¢9) | 1.3¢8)-] 3.5¢9) ~0
LOS 5A  Max 2.4(-11) | 1.5 |2.7¢(9 | 7.3¢00)] ~o0
Min 1.3(-12) |8.1(9)" | 1.4(8) | 3.8(9) ~0
10S 6A  Max 3.8(~-11) |2.411) |4.1(9) | 1.1an| ~o0
Min 1.1¢-12) | 6.6(9)" |1.2¢8) | 3.1¢9) ~0
% (-11) = 10~

#*% Return flux predictions are for a 0.19 steradian field-of-

view surface. Predictions for surfaces with differing fields-

of-view will vary accordingly.
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The outgassing rate was assumed to be 5 x lO"lOg/cmZ/
second at 100°C. This rate was also measured during testing of
a segment of Shuttle TPS panel at MSFC and thus corresponds to
a steady-state value for the Shuttle Orbiter surface. Table IIL
includes predictions for a maximum and minimum vehicle surface
temperature, These temperatures correspond to a hot and cold
portion of an orbit or a hot and cold vehicle attitude. 7Zhe
nu?ber column density is seen to vary from 109 to 1011 molecules/
cm“, TFor specific orbital attitudes, the external Shuttle
Orbiter surface temperatures may result in small changes from
these predicted values., Figure 23 graphically displays the
density as a function of distance away from the Shuttle Orbiter
for three lines-of-sight. Integration under these curves yields
the mass column densities as depicted in Table II.

The return flux values of the outgassing molecules at
200 km are shown to be nearly zero. At 200 km, the mean free
path of the outgassed molecules is less than one meter. (The
average molecular weightoand outgassing molecule size have been
assumed to be 100 and 30A, respectively.) Under this condition,
the outgassed molecules will not be able to travel along the
line-of~sight when the ambient atmosphere velocity vector is
capable of allowing return flux. The return flux is inversely
proportional to the mean free path (MFP) and directly propor-
tional to the mass column density (MCD) so that the return flux
is proportional to the MCD/MFP. Therefore, as the ambient
density increases with a decrease in altitude, the mean free
path decreases causing an increase in return flux. However, as
the mean free path decreases, the chance of & molecule inter-
cepting a line-of=-sight decreases when the ambient drag vector
is oriented such that it carries it away from the line-of-sight,
The net result is that the mass column density decreases faster
(after some decreasing altitude is reached) than the collision
frequency increases, There will be a condition near 250 to
300 km that the return flux of outgassed molecules for a given
mass column density is a maximum.

As can be seen from Table II, the number column density
and return flux for outgassing do not exceed the applicable
stated criteria for the TPS type surface material being used
for the Shuttle Orbiter.

3.3.2 Qffgassing Induced Environment Predictions =
Table III presents the offgassing environment predictions for
the lines-of=-sight 1A through 6A. The presented table corresponds
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Table III, Offgassing Induced Environment Predictions
for the Shuttle Orbiter Configuration

-

! Predicted Return Flux Oﬂax)**
} Parameters MCD NCD (mol./cm?/second) )
Line~of~Sight (g/cmz) (mol,/cmzﬁ 700 km § 435 km | 200 km
L0S 1A  Max 6.5(-11)" 2.1(12) | 1.3(9) | 4.0000) | 2.0012)
Min 3.0(=12) 19.9(10) 6.0(7) 1.8(9) 9.0(10)
10S 2A  Max 4.7¢-11) §1.6(12) 19.3¢8) | 2.8a0) | 1.4012)
Min 2.9(-12) 19.6(10) 5.7(7) 1.7(9) 8.7(10)
10S 3A  Max 5.5¢-11) |1.8(12) | 1.1¢9) | 3.3¢10) | 1.7(12)
Min 3.0(=12) }9.9(10) 6.0(7) 1.8(9) 9.0(10)
L0S 4A Max 6.0(=11) §2.0(12) 1.2(9) 3.3(10) | 1.8(12)
Min 2.6(-12) | 8.5(10) 5.3(7) 1.5(9) 7.7(10)
L0S 5A Max 5.0(-11) §1.7(12) 1.0(9) 3.0(10) § 1.6(12)
Min 2,8(=12) 19.0(10) 5.7(7) 1.6(9) 8.3(10)
% LOS 6A Max 8,0(~11) }2.7(12) 1.6(9) 4,.7(10) | 2.3(12)
i Min 2.3(=~12) }7.5(10) 4.7(7) 1.3(9) 6.7(10)
% (-11) = 10"

%% Return flux predictions are for a 0.19 steradian field-of-
view surface. Predictions for surfaces with differing fields-~
of-view will vary accordingly.
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to an offgassing rate at a 10 hour point of on orbit vacuum ex-
posure and was assumed to be 2.5 x 10’9g/cm2/second at 100°cC.

The table includes a maximum and minimum vehicle surface tempera-
ture profile. These temperatures correspond to a hot and cold
portion of an orbit or a hot and cold vehicle attitude as in

the case of outgassing. The number column density is seen to
vary between 10 1 to 1012 molecules/cmz. For specific vehicle
attitudes, the external surface temperatures may result in small
changes from these predicted values, Figure 24 graphically dis-
plays the density as a function of distance away from the Shuttle
Orbiter for three lines-of-sight., Integration under these curves
yvields the mass column densities as depicted in Table III.

The outgassing and offgassing rate time and temperature
dependence data will be updated in subsequent modeling by
utilizing results from continuing testing of the LRSI and/or
HRSI configuration at MSFC.

Offgassing as opposed to outgassing will have a return
flux contribution at the lower orbital altitudes (200 km) since
the mean free path for the offgassants at these altitudes is
considerably longer than that of the larger outgassing molecules.
(The average molecular weight and offgassing molecule size have
been assumed to be 18 and SR, respectively.)

In some cases, the number column density and return flux
for offgassing approach and/or exceed the applicable contamina-
tion control criteria. However, until better test data is
available, the source is considered not to preseut a contamina-
tion problem unless early on orbit usage of cryogenic systems
is contemplated. Even in this case, operational timelining and
proper attitude control will minimize this effect from this
source for those susceptible payloads.

Many times it is desirable to determine the contribution
from specific surfaces of the Shuttle Orbiter. Table IV shows
the results of such an'analysis for three lines=-of-sight. This
type of analysis allows detailed continuity checks of the model~
ing and demonstrates the versatility of the model for specific
investigations. For example, the one~half mass column density
distance from the vehicle for each major surface area is im=-
portant for determining the emission capabilities of the
molecules as background sources, This information has been used
for analysis of the impact of the predicted induced environment
on infrared facilities,
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Table IV,

Maximum and Minimum Outgassing and Offgassing Contributions to the Mass Column
Density (MCD) and Distance to One-Half-MCD for Various Orbiter Surfaces

% MCD of 10S 1A |Distance|% MCD of 1LOS 2A |Distance |% MCD oszOS SA [Distance
2
Surface Temp. (g/cm ) to % MCD (g/sz) to % MCD (g/cm ) to % MCD
o (cm) (cm) (cm)
(°C) Out Off Out Off Out Off
. k4
Wings S=14 i
Max B=13 2.7-12)] 1.0¢-11)| 8143 |a.2(-12)|8.9¢-12)| 2666 |2.4(-12)[5.1(-12)| 7942
. =-68
Min B=-64 | 3.0(-13)| 6.4(-13)| 7986 |2.7¢-13)|5.7(-13)| 2661 |1.6(-13)] 3.4(~-13)| 6712
H *k
Tail S=UNKN
Max B=10 6.6(-14)| 1.4(-13)| 1755 |3.0(-13)]6.3¢-13)| 5163 |3.2(-18)]6.9(~-14)] 7384
S=UNKN
Min B=-45 |8.4(-15)| 1.8¢-14)] 1754 |3.6(~14)|7.6(-14)| 5137 |4.1(-15)|8.8(-15)| 7384
Radiator s=4 82
Max B=N/A+ | 1.5(-12)} 3.2(-12)| 6468 |1.7(-12)|3.5¢-12)] 2129 ]1.5(-12)}3.2(-12)] 3365
S=-6 38
Min B=N/A | 7.6(-13)|1.6(~12)] 6470 |8.3(¢-13)|1.8(¢~-12)| 2126 |7.7(-13)]1.6(-12)] 3374
Cabin 5=73 |
Max B=60 1.3¢-12)} 2.7¢-12)| 12850 |1.3(-12)|2.8(-12)]| 12823 |}s5.2¢-12)|1.1(¢-11)]| 8934
S=-98
Min B=-81 | 2.0(-14)|4.2(-14)} 12850 J2.1(-14)|4.4(-14)| 12823 |8.1(~-14)}1.7(-13)| 8934
Bay $=93
Max B=N/A+ |9.2(-12)|1.9¢-11)| 2847 |5.8(¢-12)}1.2¢-11)| 3369 |1.1(-1D)|2.3¢-11)| 971
S=-26
Min B=N/A [1.8(~-13)]3.9¢-13)] 2847 |1.2¢-13)]2.5¢-13)| 3369 |2.1(-13)}4.5(-13)| 971
Fuselage S=UNKN
Max B=33 L.a(=:1)]3.0¢-11)| 4878 |8.6¢-12)|1.9¢~11)] 6394 |4.6(-12)]9.8¢-12)| 8789
S=UNKN
Min =-68 |1.3¢-13)]2.8¢-13)] 3255 J1.0(-13)|2.2¢-13)| 3860 |6.7(-14)}1.5¢-13)]| 3240
12

#  §=SURFACE

B=BONDLINE

*% UNKN=UNKNOWN

+ N/A=NOT APPLICABLE

+ 4,7(~12) = 4.7x10°

99
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In Table IV, the offgassing values presented are for the
10 hour period on orbit, To obtain values for a 24 hour period,
divide the offgassing values by 2,5, The temperature data.
is an average for each major group, TFor example, the wings have
several temperatures involved over their surface area. The ’
temperature includes the average bondline temperature, if known,
and the average surface temperature, if known.

The fuselage row in the table includes all surfaces not
included by the other major surface areas, These are the OMS
pods, the Shuttle Orbiter rear top surfaces, the large main
engine bells, and the sides of the Shuttle Orbiter.

3.3.3 Cabin Atmosphere Leakage Induced Environment
Predictions = Table V presents the cabin atmosphere leakage in-
duced environment predictions for the lines-of-sight 1A through
6A for a leak rate of 3.18 kg/day. Figure 25 graphically dis-
plays the density as a function of distance away from the Shuttle
Orbiter for several lines-of-sight. Integration under these curves
yields the mass column densities as depicted in Table V, The
number column density is seen to be in the range of 10*° mole-
cules/cm? (10 * polar molecules/cm*) for all lines-of-sight and
does not exceed the stated criteria. However, the return flux
from the leakage does exceed the stated criteria by an order
of magnitude but is felt not to be a concern since the majority
of the constituents of the leakage will not condense at the
temperatures of the majority of the surfaces. The variation be~
tween the lines-of-sight is small and indicates the leakage
source contributes uniformly to the portions of the lines-of-
sight that are near the Shuttle Orbiter.

The pressurized cabin area leakage will be a steady-state
gource, unlike outgassing and offgassing. The percent of the
molecular number column density constituents which make up the
cabin leakage is:

a) 0, - 23%;
b) N2 - 75%;
c) 002 - 1%; and
d) H,0 - 1%.

2
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Table V, Leakage Induced Environment Predictions
for the Shuttle Orbiter Configuration

; ﬂ‘r\\\]?redicted e Return Flux (Max)**

ﬁ Parameters MCD NCD (mol./cmZ/second)

é Line-of=-Sig t,,\]H (g/cmz) (mol./cmz) 700 km { 435 km | 200 km
LOS 1A 1.0(=9)% 1 2.2¢13) | 1.2¢0)} 3.7(21) | 1.9(13)
LOS 2A 9.9¢~10) | 2.2¢13) [ 1.2¢10) | 3.7¢11) § 2.0(13)
10S 3A 1.1(=9) | 2.3¢13) { 1.3¢10) | 3.9¢11) | 2.1(13)

j LOS 4A 8.8(-10) | 1.9¢13) } 1.1(10) } 3.2(11) | 1.7¢13)

? LOS 5A 1.6(-9) | 3.5¢13) | 2.0¢10) | 5.6(11) | 3.1(13)
LOS 6A 8.6(-10) | 1.9(13) | 1.1 a0y} 3.2cx1) | 1.7¢13)

% (=9) = 1077

%% Return flux predictions are for a 0.19 steradian fielde-of=-
view surface, Predictions for surfaces with differing fields~
of=view will vary accordingly.

*%%Polar molecules constitute approximately 2% of the values
presented.
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3.3.4 Supplemental Evaporator Induced Environment Pre-
dictions - The Shuttle Orbiter supplemental evaporator system
can contribute significantly to the mass column densities of
lines-of~sight depending upon the evaporator vent location on the
Shuttle Orbiter., For this subsection, the evaporator contribu~
tions to LOS 1A through 6A are established for the baseline
evaporator vent location at X = 1392, Y = *113 and Z = 323.

Table VI presents the evaporator induced environment pre-
dictions for a flowrate of 6.8 kg/hr/vent. The -Y evaporator
vent contribution corresponds to the side of the Shuttle Orbiter
the lines-of-sight view out of the (X, Z) plane. The +Y
evaporator vent contribution corresponds to the evaporator vent
on the other side of the Shuttle Orbiter. For lines-of-sight
in the (X, Z) plane (LOS 1A, 5A, and 6A), the contributions are
the same from symmetry considerations, Figure 26 graphically
displays the density as a function of distance away from the
Shuttle Orbiter for three lines-of-sight., Integration under.
these curves yields the mass column densities as depicted in Table
VI,

At this location, the evaporator effluents also reflect
off of the wings and are a significant contributor to the lines~
of=-sight, TFor lines-of-sight in the (X, Z) plane, this is the
only contribution from the evaporator. The molecular number
column densities are seen to vary between 1013 and 1014 mole-
cules/cm? for the baseline evaporator location for LOS 1A
through L0OS 6A.

Since the evaporator's contribution to all the established
lines=-of~sight exceeds the applicable contamination control
criteria,; several alternate locations were analyzed to determine
if a more suitable location could be found to minimize this con-
taminant source., The results of these activities are discussed
in detail in the subsection 3.4.2.

3.3.5 Vernier Control System (25 1b Thrust Engines) In-
duced Environment Predictions - The VCS engines can contribute
to the lines-of-sight at the baseline position by direct flow
from the engine as well as wing reflections, as does the
evaporator vent system. These contributions are instantaneous
in nature, occurring only during engine on time, Reflections
are considered to occur instantaneously being equivalent to a




Table VI, Shuttle Orbiter Baseline Evaporator, X = 1392, Induced Environment Predictions
Predicted MCD (g/cm?) NCD Return Flux (Max) ™"
Parameters 1 | ,
(mol./cmz) (mol,/cm”/second)

Line-of~-Sight/ | Direct Wing .

Evaporators Impingement Reflection Total Total 700 km 435 km 200 km
LOS 1A

-Y Evap. 0 2.6(-9) 2.6(=9) 8.7(+13) 5.3(+10) 1.4(+12) 7.9(+13)

+Y Evap. 0 2.6(-9) 2.6(-9) 8.7(+13) 5.3+10) 1.4(12) 7.9(+13)

Both 0 5.2(=9) 5.2(=9) 1.7(+14) 1.1(+11) 2.9(+12) 1.6(+14)
10S 2A *

-Y Evap. 3.3(~9) 6.3(-9) 9.6(-9) 3.3(+14) 1.9(+11) 5.3(+12) 2.8(+14)

+Y Evap. 0 2.6(~11) 2.6(-11) 8.5(+11) 5.3(#8) 1.4(+10) 7.6(+11)

Both 3.3(~9) 6.3(~9) 9.6(-9) 3.3(+14) 1.9(+11) 5.3(+12) 2.8(+14)
LOS 3A

-Y Evap. 4,6(=10) 6.3(-9) 6.8(-9) 2.3¢14) 1.3(11) 4,0(+12) 2.0(+14)

+Y Evap. 0 , 4,9(-10) 4,9(~10) 1.6(+13) 9.9(+9) 2,8(+11) 1.4(#13)

Both 4,6(~10) 6.8(-9) 7.4(=9) 2.4(H14) 1.4(+11) 4.3(+12) 2.1(+14)
LOS 4A

-Y Evap. 1.7(-9) 9.8(~9) 1.1(-8) 3.8(+14) 2.2(+11) 6.3(12) 3.3(+14)

+Y Evap. 0 4, 4(=12) 4,4(-123 1.4(+11) 8.6(+7) 2.4(+9) 6.6(+9)

Both 1.7(-9) 9.8(-9) 1.1(=8) 3.8(+14) 2.2(+11) 6.3(H12) 3.3(+14)
LOS 5A

=Y Evap. 0 1.3(-9) 1.3(-9) 4,.1(+13) 2.5(+10) 6.9(11) 3.6(+*13)

+Y Evap. 0. 1.3(~9) 1.3(-9) 4.1(+13) Z.5(+10) 6.9(+11) 3.6(+13)

Both 0 2.6(=9) 2.6(~9) 8.2(+13) 5.0(+10) 1.4(+12) 7.3(HH13)
1.0S 6A

-Y Evap. 0 2.4(=9) 2.4(=9) 7.9(+13) 4,6 (+10) 1.3(+12) 7.3(+13)

+Y Evap. 0 2.4(=9) 2.4(~-9) 7.9(+13) 4,6(+10) 1.3(+12) 7.3(+13)

Both 0 4,8(=9) 4.8(~9) 1.6(+14) 9.2(+10) 2.7(+12) 1.4(+14)
* (=9) = 1077

%% Return flux predictions are for a 0.19 steradian field-of-view surface.

differing fields-of-view will vary accordingly.

Predictions for surfaces with

1L
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source equal to the plume impingement rate with a Lambertian
distribution assuming thermal accomodation at the surface,

Table VII presents the VCS engines induced environment
predictions. Each engine contribution is delineated since each
may fire independently. The duration of each engine pulse and
firing frequency depends on the orbital altitude and vehicle
attitude. An indication of this firing frequency is presented
in the following subsection 3.3.5.1. The engine locations
are shown in Figure 20 for the baseline position. Table VII
includes contributions of the VCS engines on both sides of the
vehicle to the lines-of-sight. The values presented for the
forward VCS engines result from backflow taking into account
Shuttle Orbiter fuselage shadowing. Even though structure in
the near vicinity of these engines tends to lessen the backflow

. contributions, it is assumed that due to skin line tracking of
the engine effluents and other geometric considerations that
these engines will contribute to the modeled lines-of-sight at
certain distances and line-of=-sight positions, Figure 27
graphically displays the density as a function of distance away
from the Shuttle Orbiter for three lines~of-sight, Integration
under these curves yields the mass column densities as depicted in
Table VII.

The molecular number column densities vary between 1012
to 1014 molecules/cm2 for LOS 1A through 6A. As in the case of
the evaporator, the contributions to the established lines-of
sight exceed the applicable contamination control criteria.
Minimization studies for the VCS engines were also conducted to
see if their contribution to the lines=-of=-sight could be mini-
mized. These are presented in subsection 3.4.1,

; The VCS engine firings or duty cycles will be highly

¢ dependent upon attitude and pointing requirements for the pay-
; load. Depending upon intended operational activities, the VCS
system could or could not be of major concern. Under certain
conditions the VCS engines could be considered as almost a con-
tinuous source of contamination.

3.3.5.1 VCS Duty Cycle Variations - As previously stated,
the VGS firing frequency depends on orbital altitude and vehicle
attitude and pointing requirements. An idea of firing frequency
extremes can be ascertained from preliminary VCS duty cycle in-
formation supplied by Rockwell International (Reference 6). The
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Table VII. Shuttle Orbiter VCS (25 1b Thrust) Induced
Environment Predictions

Predicted
Parameters Mcp® et
(g/cm2) NCD Return Flux (Max)
Eiﬁigiﬁéséfﬁi Direct Wing (mol./cm?) (mol./cmzlsecond)
Direction Impingmt, { Reflectiont Total Total 700 km l 435 km ] 200 km
LOS 1A
AFT -7% 2.4(~-105"% 1.8(=8)  1.8(-8)  4.4(+16) 2.7(11)  7.6(12)  3.9(14)
AFT Y* 1.9(-9)  6.3(=9) 8.2(=9) 2,0(+14)  1.2(11) 3.4(12)  1.8(14)
FVD Y/2% 1.6(=10) 0 1.6(-10)  3.9(+12) 2,3(9) 6.6(10)  3.4(12)
LOS 2A
AFT =2 7.3(=10)  3.3(=8)  3.4(=8)  B.3(+14) 4.9(11)  1.4(13)  7.3(14)
AFT -zz* 0 3,0(-10)  3.0(=10)  7.3(+12)  4.4(9) 1.2(11)  6.6(12)
AFT Y 2,0(~8)  1,0(=8)  3.0(=8)  7.3(+14) 6.8(11)  1.2(13)  6.6(14)
AFT Y, 0 2.9(-10)  2.9¢-10) 7.1(+12) 4.1(9) 1.2(11)  6.3(12)
FWD Y/2 1.3(=9) 0 1.3¢=9) ~ 3,2(+13) 1.9(10)  5.4(11)  2.9(13)
FWD ¥/Z 0 0 0 0 0 0 0
LOS 3A
AFT -2 3.4(=10) 3.4(=8)  3.4(-8)  8.3(+14) 4.9(11)  1.4(13)  7.3(14)
AFT -2 0 2.7(=9)  2.7(=9)  6.6(+13) 3.9(10)  1.1(12)  5.9(13)
AFT Y 6.2(=9)  8.9(=9)  1,5(-8)  3,7(+14) - 2.2(11)  6.3(12)  3.2(14)
AFT Y, 0 3.5(=9)  3.5(=9)  B,5(+13) 5.1(10)  1.5(12)  7.6(13)
YWD Y/Z 4.5(-10) 0 4,5(=10)  1.1(+13) 6.6(9) 1.9(11)  9.8(12)
WD Y/Z 0 0 0 0 0 0 0
LOS 4A
AFT =2 5.4(=10) 5.8(=8)  5.9(~8)  1.4(+15) 8.5(11)  2.4(13)  1.3(15)
AFT -z:* 0 7.9¢=11)  7.9(-11) 1.9(+12) L.1(9) 3.2(10)  1.7(12)
AFT Y 2.2(-8)  1.3(=8)  3.5(-8)  8,5(+14) 5.1(11)  1.5(13)  7.6(14)
AFT ¥ 0 6.3(=11) 6.3(-11) 1.5(+12)  9.3(8) 2,7(10)  1.4(12)
FWD Y/Z 6.4(=10) 0 6,4(=-10) 1.6(+13)  A.3(9) 2.7(11)  L.4(13)
WD Y/2 0 0 0 0 0 0 0
LOS 54
AFT =2 2.1(=11)  7.4(=9)  T7.4(=9)  1.8(+14) - 1.1(11)  3.2(12)  1.6(14)
AFT Y 2,9(-10) 3.0(=9)  3.3(-9)  B.1(+13) 4.9(10)  1.4(12)  7.3(13)
WD ¥/2" 1.1(~10) 0 1,1(=10)  2.7(+12) = 1.6(9) 4.6(10)  2.4(12)
LOS 6A
AFT -2° 1.4(-10) 3.2(=8) = 3.2(-8)  7.8(+14). 4.7(11)  1.3Q13) = 7.1(%4)
AFT Y ' 3,1(=9)  7.1(=9) = 1.0(~-8)  2.4(+14) 1,5(11)  4.1(12)  2.2(14)
WD Y/Z" 0 0 0 0 0 0 0

* Due to syms¢try of this line-of-sight with respect to verniers, contributions to i% from
opporite side verniers are equal to values ptesenced

%k Contribution to line-of-sight from vernier on opposite side of vehicle (2 Yoo Y/z )

wkx (-10) = 10710
*%k% Return flux predictions are for a 0,19 steradian field-of-view surface. Predictions for
surfaces with differing flelds~of-view will vary accordingly.
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worst and best case, based on total fuel usage per orbit, were
investigated for both inertial and local vertical attitudes.

The time between engine firings and the duration of each firing
are averages for each engine, Figures 28 and 29 show the mole-
cular number column density as a function of time for 5% of an
orbit for an inertial attitude worst and best case,respectively,
Figures 30 and 31 are similar plots for local vertical worst
case and best case,respectively. The time scale for the best
czse has been expanded so that all independent engine firings
are included. These plots essentially repeat in time so that
the sequence shown will apply throughout an orbit. The inte-
griged number colymn density averaged over time is less than the
10~* molecules/cm® shown and will meet the criteria providing
the integrated effect does not impact a given instrument or pay-
load., Hewever, the cyclic short high number column density.
periods seen in Figures 28 te 31 may be detrimental for specific
pay loads.

What is evident is that total fuel usage per orbit is not
the only concern from a contamination viewpoint. What appears
to be the most important considerations arxre the firing duration
for each pulse and the number of pulses for a given time period.
Short engine firing times result in a high frequency of pulses
during an orbit. For example, the worst case inertial attitude
(Figure 28) uses 29.3 1b (13.3 kg) of fuel per orbit and has the
higher frequency of pulses because of the shorter pulse width
required for keeping the local vertical attitude,

These duty cycles are based on a 0.3 degree deadband re~-
quirement., As the deadband limit decreases to 0.1 degree, the
frequency of short pulsed firings may significantly increase,.

On the other hand, payloads using the Instrument Pointing System
(IPS) for fine pointing will most likely require minimal

usage of the VCS engines through less restrictive deadband re-
quirements,

There are other vehicle attitudes (e. ., gravity gradient)
that will require only limited VCS firings which should not sig-
nificantly impact even the most sensitive payloads. Payload
groups should assess their attitude requirements for a mission so
that a minimum VCS duty cycle can be utilized. '

3.4 Contaminant Induced Environment Minimization Studies -
A major portion of this contract involved minimization studies
of the contamination impact of the VCS engines and the evapora-
tor vent as a result of their baseline locations significantly
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exceeding certain aspects of the current contamination control
criteria. The approach taken was to evaluate relocation and
canting of the VCS engines and evaporator vent from their base-
line locations. After a reasonable number of locations and
canting combinations were evaluated it was hoped that decisions
could then be made as to the best location and optimum orienta-
tion of these sources. This approach soon became complicated
in that other systems became involved (e.g., guidance and con-
trol, structures- volume constraints , thermal, etc.) in that
only a contamination viewpoint was not sufficient in the evalua-
tion process, In addition, optimizing the evaporator vent
location,in some instancessrequired additional VCS usage be-
cause of undesirable forces generated by the evaporator vent
which has to be compensated for in altitude control by the VCS
engines,

The predictions for the lines-of-sight in these minimiza-
tion studies do not include all of the baseline lines-of=-sight
as presented in subsection 3.3. A limited number of these lines-
of-sight were evaluated to establish a trend or to determine in
a broad sense the impact of a location or orientation change.
Additional lines-of-sight to the baseline lines-of=-sight L7°5 1A
through LOS 6A were required for evaluation in specific analysis
situations.

The following subsections are intended to present the
analysis results of the significant contaminant minimization
studies performed during the contract activity. The evaporator
results have been updated [for this report to include the current
15 1b/hr (6.8 kg) per nozzle evaporator flowrate (which was at
5.5 1b/hr (2.5 kg) per nozzle at the initiation of this study).

3.4.1 Vernier Control System (VCS) 25 1b Engines - The
VCS engines contribute engine exhaust products to lines-of-
sight by forward flow of the engine exhaust plume, backflow
(greater than 90 degrees with respect to the engine axis) of the
engine exhaust, or by wing reflections of the exhaust products.
The wing reflections contribute significantly to all lines-of=-
sight and almost exclusively to lines-of-sight in the (X, Z)
plane which are shielded from direct flow by Shuttle Orbiter
surfaces. The forward flow and backflow primarily contribute
to lines-of-sight out of the (X, Z) plane. For specific lines-
of sight, the VCS engine contributions do not decrease contin-
uously as a function of distance away from the Shuttle Orbiter
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because of shadowing considerations from other surfaces between
the engine and the line~of=-sight in question.

The VCS contamination contributjon to the induced atmos-
phere and surface deposition will be highly dependent on the
mission profile for a specific payload. Parameters that are
most important are frequency of VCS firings required to main-
tain a specified deadband, duration of each firing sequence,
attitude of the Shuttle Orbiter during each firing, viewing
direction of a payload and the Shuttle Orbiter velocity vector
during each firing, payload field-of-view and exposure times,
payload sensitivity to exhaust products, and payload critical
surface temperatures. The contamination potential of the VCS
on the payload bay door radiator surfaces is treated separately
and is included in subsection 3.5.4.

The following subsections encompass théeé many variations
possible that were investigated during this study in an effort
to understand and minimize the contamination potential of the
VCS engines to the lines-of=-sight,

3.4.,1.1 VCS Baseline Location - To date the positions
of the baseline VCS locations are:

Location ;
Thruster X v 7 Firing Direction
1 323.5. 46.0.| 373.5 | 35° from -z, towards +Y
2 323.5 | -46.0 | 373.5 | 35° from -z, towards -Y
3 1565.0 | -134.0 | 459.0 ‘ -Y
4 1565.0 | -118.0 | 457.0 -z
5 = |1565.0 118.0 | 457.0. | -7
6 1565.0 | 134.0 | 459.0 | +Y

These locations and firing directions are schematically
illustrated in Figure 20 and were used to establish the model
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gepmetry for these studies, The VCS coordinates presented .above
correspond to the injector thrpat portions of the engines. Since
the exit plane of the engine bgll is required :for modeling, its
position was placed 6 inches (15.2 cm) downstream from the co-
ordinates presented above,

Table VII lists the mass column density, the molecular
number column density, and the maximum possible return flux at
several altitudes for the baseline locations shown above. The
return flux calculation is based on a median ambient atmosphere
density at each altitude, Depending on sunspot activity the
nighttime and daytime variations from the mean could be an
order of magnitude,

3.4.1.2 Aft VCS Engine Canting - In order to reduce the
VCS engine contributions to mass column densities (resulting
mainly from wing reflections), the aft VCS engines were canted
in the model at the baseline position to reduce the amount re=-
flecting off of the:wings. The ¥ facing VCS engines were canted
10 and 20 degrees from +Y towards +X (aft) and the -Z facing
VCS engines 10 and 20 degrees from -Z towards +X. Calculations
were made for specific lines~of-sight to determine the range of
differences observed in the mass and molecular number column
densities for the canted engines when compared to the baseline
configuration. {(See Figures 7 through 16 for line~of=-sight
descriptions.) '

Table VIII summarizes the results for the canted engine
evaluation. The results show that the Y aft engine decreases
the mass column density approximately 35% and 65% for a 10 de-
gree and 20 degree cant, respectively. The =-Z aft engine
decreases the mass column density by 44% and 63% for a 10
degree and 20 degree cant, respigtively. golecular column
number density still exceeds 10°“ molecules/cm” in all cases
even though LOS 8F has the lowest number column density for
engine contributions for the cases evaluated.

3.%.1.3 Elevon Canting =~ The wing reflection contribu-
tion from the aft VCS engines can be further reduced by canting
the wing eleévon down from its normal closed position. This
surface receives the highest flux from the aft VCS engine ex-
hausts and is normally at 12 degrees with respect to the X axis
in a closed position. By rotating the elevon down about the Y




Table VI1I. Changes in Mass Column Density (MCD) and Molecular Number Column Density (NCD)

for Canted Aft VCS Engines Resulting from Wing Reflections

Line-of=Sight

Engine

"LOS 1A

MCD « NCD
(g/cmz) (mol./cmz)

LOS 4A
MCD NCD

(g/cmz) (mol./cmz)(g/cmg) (mol./sz)

LOS 7A
MCD NCD

LOS 8A
MCD NCD

LOS 5F

MCD - NCD

|(g/cm2) (mol.lcmz)(g/sz) Onol./cmz)

LOS 8F
MCD NCD

2 2
(g/cm”) (mol,/em™)

-Z,Aft(Baseline)

-ZbAfc
107 («Z—4X)

onAft
207 (=Z=—e+X)

+ Y Aft (Baseline)

+ Y Aft
"10° (Y—+X)

+ Y Aft
20" (Y—=+X)

1.8(-8% 4.4(14)

1.0(=8) 2.5(14)

6.6(=9) 1.6(14)

6.3(=9) 1.5(14)

4.1{=9) 1.0(14)

2.2(=9) 5.4(13)

5.8(-8) 1.4(15)

3.2(-8) 7.9(14)

2.1(-8) 5.2(14)

1.3(~8) 3.2(14)

8.5(=9) 2.1(14)

4.5(=9) 1.1(14)

3.3(-9) 8.1(13)

1.8(=9) 4.5(13)

1.3(=9) 3.2(13)

1.9¢-9) 4.6(13)

1.2(-9) 3.0(13)

6.6(=10) 1.6(13)

6.2(-10) 1.5(13)

3.4(~10). 8.4(12)
2.9(=10) 7.1(12)

8.3(~-10) 2.0Q13)

5.4(-10) 1.3(13)

2.9(-10) 7.1(12)

4,4(-9) 1.1Q14)

2.4(-9) 6.0(13)

1.6(=9) 3.9(13)

1.7(=9) 4.1(13).

1.1(-9) 2.7(13)

5.9(-10) 1.4(13)

3.3(-10) 8.1(12)

1.8(<10) 4.5(12)
1.6(=10) 3.9(12)

4.6(-10) 1.1(13)

3.0(~10) 7.3(12)

1.6¢=10) 3.9(12)

* (-8) =108
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axis so that it is 90 degrees with respect to the X axis, it
will not contribute to the wing reflections of engine exhausts,
This situation was simulated in the model by removing the elevon
surface. The net decrease in mass column densities was a maxi-
mum for this situation,

Table IX includes the elevon removed case to show the
maximum reduction in line~of-sight column densities in con-
junction with engine canting. The results show that removing
the elevon as a reflecting surface did not affect the predic-
tions for LOS 8A and 8F. These lines-of-sight do not see any
appreciable contribution from this portion of the wing because
of their orientation, For the remaining lines-of-sight in
Table IX, the reduction in column densities varied from 30 to
80%. The resulting NCD for all combinations of elsvon removal
and engine canting still exceeds 1012 molecules/cm® for the
lines-of-sight. analyzed.

3.4.1.4 Spherical Versus Lambertian Wing Reriections =
The highest wing surface impingement rate of the =Z aft VCS
engine exhaust occurs at a distance near 15 ft (4,6 m) from the
engine and 18 degrees off of the engine axis. The mplecular
densities at this point are in the 10'4 molecules/cm’ range
which corresponds to a mean free path near 100 cm., This region
is neither clear cut viscous nor molecular flow and corresponds
to a transition region between these two regimes. The possi~-
bility does exist that the molecular reflections for this transi-
tion region might not follow  Lambertian scattering., It might
appear that with such high densities, wing reflections would
approach specular thus lowering the column density predictions.
This is true in some cases, although in the transition region
the reflections will be a hybrid of Lambertian and specular
scattering. Because of thjssthe engine exhaust on this wing
surface area (6.5 x 107 cm” or 7% of total wing area) was ex-
panded spherically symmetyrically to specific lines~of-sight
while the remainder of the wing was allowed to scatter diffusely
(cosine). The results, compared to the total wing scattering
diffusely (cosine), are presented below. There are two cases
for the spherical expanded gases: -one for the case of a hot
gas, 3000 m/second corresponding to engine exhaust temperatures
and 500 m/second corresponding to wing surface temperatures
(cold gas). The actual temperature of the gas depends upon the
extent of thermal accommodation capablllty at the wing surface
and is unknown at this tlme.-




Table IX. Effects of Elevon Canting and Aft VCS Engine Canting on Mass and
Molecular Number Column Density Predictions Resulting. from Wing Reflections

iOS 1A
MCD NCD
(g[cmzf (mol./sz)

LOS 4A
MCD NCD

LOS 7A
MCD NCD

LOS 8A
MCD NCD

(g/cmz) (mol./cmzh(g/cmz) (mol./cmzﬁ(g/cmz)(mol./cmz)

LOS SF

MCD NCD 2
(g/cmz) (mol./cm™)

LOS 8F

MCD NCD
(g/cmz)(mol./cmz)

-Z Aft(Baseline)

~Z°Aft . :
107 (=Z—»4X)

-ZoAft :
207 (sZ~=»4X)

+Y Aft(Baseline)

+ ¥ Aft
10 (Y—>4X}

¥ Afe
207 (Y—»+X)

%

1.8(~8) 4.4Q14)
*NE = NE =
4.5(-9) 1.1(14)

2.5(14)
= NE =
2.5(=9) 6.0(12)

6.6(<9) 1.6(10)
NE = NE =
1.6(=9) 4.0(13)

6.3(=9) 1.5(14)
NE = NE =
3.7(=9) * 9.0(13)

4,1¢=9) 1.0(14)
NE = NE =
2.5(=9) 6,0(13)

2.2(=9) 5.4(13)
NE = NE =

1.3(-9) 3.2(13)

5.8(~8) 1..4Q15)

NE = NE =
1.1(-8) 2.7(14)
3.2(-8)
NE = NE =
5.8(~9) 1.4(14)

2.1(-8) 5.2(14)
NE = NE =
4.0¢=~9) 9.8(13)

1.3(-8) 3.2(14)
NE = NE =
7.7(=9) 1.9(14)

8.5(=9) 2.1(14)
NE = ME =
5.0(-9) 1.2(14)

4.,5(-9) 1.1(14)
NE = NE =
2.7¢-9) 6.6(13)

7.9()

3.3(-9) 8.1(13)
'NE = NE =
1.1(-9) 2.7(13)

1.1(=9) 4.5(13)
NE = NE =
5.7(¢-10) 1.4(13)
1.3(=9) 3.2(13)
NE = NE =
4.3(=10) 1.1(13)

1.9(~9) 4.6(13)
NE = NE =
1.2(-9) 4.4(13)

1.2(-9) 3.0(13)
NE = NE =
7.1(=10) 1.7(13)

6.6(-10) 1.6(13)
NE = NE =

4.0(-14) 9.8(12)

6.2(-10) 1.5(13)

NE = NE =
Same Same
3.4(-10) 8.4(12)
NE = NE =
Same Same
2,9(-10) 7.1(12)
NE = NE =
Same Same
8.3(~10) 2.0(13)
NE = NE =
Same ‘Same
5.4(=10) 1.3(13)
NE = NE =
Same Same

2.9(~10) 7.1Q12)
NE = NE =
Same Same

4.4(-9) 1.1(1%)
NE = NE =
1.2(=9) 2.9(13)

2.4(=9) 6.0(13)
NE = NE =
6.2(~10) 1.5(13)

1.6(=9) 3.9(13)
NE = NE =
4.3(-10) 1.1(13)

1.7(¢-9) 4.1(13)
NE =  KE=
1.0¢-9) 2.5(13)

1.1(=9) 2.7(13)
NE = NE =
6.5(-10) 1.6(13)

5.9(~10) 1.4(13)
NE = NE =

3.6(~10) 8.7(12)

3.3(-10) 8.1(12)
NE = NE =

Same Same

1.8(~10) 4.5(12)
NE = NE =
Same Same

1.6(=10) 3.9(12)
NE = NE =
Same Same

4.6(=10) 1.1(13)
NE = NE =
Same Same

3.0(=10) 7.3(12)
NE = NE =
Same Same

1.6(-10) 3.9(L2)
NE = NE =
Same Same

* NE = No Elevon
*x (-8) = 1078

98

e S
i

o



87

Lines-of~ Previous Wing Hot Gas Spher- Cold Gas
Sight Lambertian Re- ical plus Wing Spherical
flection Remainder-Co—2 plus Wing
(mol./em™) sign (mol./cm®) Remainder
Cosign 9
(mol./cm™)
L0S 1A 4.4x10M 1.8x10* 3.9x10%%
L0S 4A 1.4x10"° 4.5x101% 9.5%10%%

The above data shows that the number column density is re-
duced 59% and 11% for the hot and cold gas case,respectively,
for 1L0S 1A and is reduced 687% and 32% for the hot and cold gas
case.respectively,for LOS 4A. Hogever, these vilues still
exceed the stated criteria of 10l molecules/cm”.

Data pertaining to the Marquardt 25 pound thrust RIE-3
engine has been applied to the geometry discussed above. This
data entails a Method of Characteristics (MOC) analysis of the
engine flow which determines the continuum and free molecular
flow regimes. Based on the results of this analysis, a smaller
area of the wing is in the transition region, less than 6.5 x
103 cm? or less than 0.7% of the total wing area, thus further
reducing the effects shown above. Therefore, the initial model~
ing approach; which assumes molecular flow for the engine
exhaust impinging on the wing, appears to be valid and encom-
passes more than 99% of the wing.

3.4.1.5 TForxrward VCS Location - The capability does exist
that all of the V(S engines could be moved to a forward loca-
tion. This situation was evaluated for comparison to the aft
location as discussed above. At the forward location, the -Z
firing aft engine must be positioned along +Z to maintain the
same attitude control,

- Table X compares the aft and forward locations for LOS 1A,
2A, and 3A. - Moving these engines to the selected forward
position does not significantly reduce the number column den-’
sity for the analyzed lines-of-sight. As a result, canting
of the engines about their principle axes at this position
was further investigated to see if the total number column
density could be significantly reduced for the selected for-
ward VCS positions, The evaluation of the engine canting
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Location for VCS Engines

Comparison of Aft Location to Forward

osition

Line=of~

Y Facin

Engine

Z Facing Engine

Aft Number
Col. Density

Fwd Number
Col, Dengity
(mol./cm™)

Aft =Z Numbe
Col. Dengity

(mol./cmz)

Fwd (+Z) Number

Col, Dewfity
(mol,/cm™)

Sight\\\ﬁ(mol./cmz)

LOS 1A

LOS 2A

LOS 3A

2.1x1014

7.3x10%%

3.7x1014

0

3.6x10M%

1.4x10%

4.4x1014

8.3x1014

8.3x1014

7.8x1014

2.lx1014

5.4x1014
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requires several combinations of rotations. Figure 32 sche-
matically illustrates the rotation cases analyzed and includes
the forward and aft positions with ne canting for clarity and
comparison purposes. :

Case 1 is for the aft position with both exit planes
perpendicular to the major axes. Case 2 is for the forward
position witii both engine exit planes perpendicular to the
major axes, Cases 3 and 4 are rotations at the forward loca-
tion of 10 and 20 degrees, respectively, for the Y engine about
the 7 axis towards -X (forward) and the Z engine about the Y
axis towards -X (forward). Cases 5 and 7 are rotations at the
forward location of 10 and 20 degrees, respectively, for the ¥
engine about the X axis toward -Z and the Z engine about the X
axis towards ~Y. Cases 7 and 8 are combinations of cases 3
and 5 and cases 4 and 6,respectively. That is, case 7 includes
a 10 degree rotation in two directions and case 8 includes a
20 degree rotation in two directions. The results are presented
in Table XI.

The backflow portion of each molecular number ¢olumn den-
sity is noted. This backflow portion (greater thaa 90 degrees
off of the engine centerline) could be eliminated by effectiwve
shielding since it will be near the free molecular flow state.
Figure 33 graphically presents the data in Table XI. This
figure shows that overall, case 4 reduces the number column
density most effectively for the three lines-of-sight considered.
This case corresponds to a 20 degree rotation about Z for the Y
facing engine and about Y for the Z facing engine towards -X
(forward). Although moving these VCS engines forward and cant-
ing them significantly reduces the number column density, as
seen in Table XI, the values still exceed 1012 molecules/cm
for the three lines-of-sight considered and for all the canting
combinations investigated.

3.4.1.6 VCS Engine Summary - The VCS engines can con-
tribute to lines-of-sight with molecular column density levels
in excess of 102 molecules/em”. This is truye for all engine
orientations at both an aft and a forward location., The extent
to which interference to sensitive payloads can occur due to
the VCS induced column densities is a strong function of altitude
and attitude requirements. The engine firing frequency can
range from once every 2 to 5 seconds to once or twice per orbit
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Table XI. Predicted Molgecular Number Column Densities for the 25 1b Vernier Engines at
Select Locations and Cant Angles for Payload Lines-of-Sight at X = 1107

W CASE 7 CASE 8
(Comb, of (Comb. of
CASE 1 CASE 2 CASE 3 CASE & CASE 5 CASE 6 Case 3 & 5) || Case 4 & 6)
Y Engine JAft No Cant| Fwd No Cant]] Fud 10° Cant| Fwd 20° Cant] Fwd 10° Cant | Fwd 20° Cant|| Fwd 10° Cant|| Fwd 20° cang
’ (y»+X, (¥» X, Y »-2Z, (Y»-2Z, (Y»1X) and || (y»+X) and
L;“‘s"f : about z) about 2) about X) about X) (Y-2) (Yo-2)
° -xlimflo X = 1531 | X =323.5 || X=323.5 X = 323.5 X = 323.5 X = 323.5 X = 323.5 X = 323.5
at "Ny = 4120 Y = 458 Y = 158 Y = 458 Y = 458 Y = 458 Y = 458 Y = 458
z = 461 z =373 z =373 z =373 z =373 z =373 z =373 z =373
* *%
L0S 1A 2.0 (14) 0 2.7 (13) 2.1 (13) 2.3 (13) 1.5 (13) 2.3 (13) 1.6 (13)
(A11 B Flow)| (All B Flow)|| (All B Flow) | (AlL B Flow)|| (All B Flow)|| (A1l B Flow)
L0S 24 3.7 (14) 1.4 (14) 7.3 (13) 5.6 (13) 6.6 (13) 3.7 (13) 6.8 (13) 4.0 (13)
(9% B Flow) (10% B Flow)
10S 3A 7.3 (14) 3.6 (14) 1.9 (14) 2.8 (13) 1.9 (14) 1.3 (14) 1.9 (14) 1.3 (14)
(10% B Flow)
£ ingine ﬁfc No Cant | Fwd No Cant|| Fwd 100 Cant| Fwd 20° Cant{| Fwd 10° Cant | Fwd 20  Cant|| Fwd 10° Cant|| Fud 20° Cant
(Z=+X, (Z™+X, (z»Y, @Y, (z=+X) and || (Z»=X) and
Lé‘_‘gT n about Y) about Y) about X) about X) @=Y) Z=Y)
or X S ToN[E = 1595 X =323.5 || x = 323.5 X = 323.5 X = 323.5 X = 323.5 X = 323.5 X = 323.5
Y = 4112 Y = +46 Y = +46 Y = 46 Y = +46 Y = Hi6 Y = 446 Y = +46
z = %42 Z = %23 z =423 z = %23 z = 423 z = %23 Z = %23 z_= 423
LOS 1A 4ot (1) 7.8 (14) %4'6 (14) 2.7 (14) 7.1 (14) 5.4 (14) 4.1 (14) 2.1 (14)
10S 2a 8.3 (14) 5.4 (14) 3.2 (14) 2.1 (14) 6.8 (14) 7.8 (14) 3.9 (14) 2.7 (14)
L0S 3A 8.3 (14) 2.1 (14) 1.5 (14) 2.4(13) 2.9 (14) 4.1 (14) 2.1 (14) 1.8 (14)
(15% B Flow) Lt (17 B Flow)
* (1) =10

*% B Flow = Backflow

16
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depending on the mission profile. The total fuel used per
orbit is not indicative of the firing frequency. The engine
pulse width per firing dictates the frequency for a given fuel
consumption per orbit. The ultimate impact of the VCS 25 1b
engine system will have to assessed individually for each class
of payload taking into account the appropriate variables., Cur-
rent studies indicate that that the VCS 25 1lb thrust engines
cannot meet the stated applicable criteria when firing. There-~
fore, meeting the intent of the criteria through minimizing
engine usage requirements will be an important aspect of mini-
mizing this contamination source influence upon various pay-
loads. This can be accomplished through proper selection of
vehicle attitudes or through payload use of a gimballed system
such as the IPS.

The VCS engines not only can impact payloads, but they
can also deposit on the aft, outermost portions of the Shuttle
Orbiter radiators and could increase radiator ground refurbish-
ment requirements significantly., In this case, the total fuel
expended per orbit by the aft +Y and ~Z engines can be directly
related to the degradation potential. This is discussed in sub-
section 3.5.4.

3.4.2 Supplemental Evaporator Vent System - The evaporator
vent system emits evaporated fuel cell water overboard as a
mechanism to reject heat from the Environmental Control Life
Support System (ECLSS). It can contribute exhausted water
vapor to lines-of-sight by forward flow, backflow (greater
than 90 degrees with respect to the evaporator vent axis), or by
wing reflections of the exhausted effluents. The wing re-
flections for specific evaporator vent locations contribute
significantly to all lines-of-sight and is the only transport
mechanism to lines-of-sight in the (X,Z) plane. The position
of the evaporator vents on the Shuttle Orbiter dictates the
amount of wing reflection that results. Specific aft or for-
ward locations do totally eliminate wing reflections, however,
some of these positions are unacceptable due to fuselage pene-
tration problems. TFor locations underneath the payload bay
door, the evaporator vents can emit effluents through the pay-
load bay door/Shuttle Orbiter fuselage seam.

The evaporator contamination contribution to the induced
atmosphere and surface deposition is highly dependent upon the
migsion profile for a specific payload, heat rejection re-
quirements, payload temperature, and selection of a final
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evaporator vent location. Because the evaporator operation may be
near continuous in nature and can be located at more positions
than any other major source, it has undergone the most extensive
analysis of the sources modeled to date.

The following subsections address the many trade studies
performed on the evaporator during this contract. The major
emphasis was to select or evaluate various positions for the
evaporator vents so that the contamination potential could be
ascertained and hopefully minimized. The evaporator vents
are constrained to locations above the Shuttle Orbiter wings
: to avoid being located in high temperature areas produced
I during reentry. In some locations acceptable from a contamina-
tion viewpoint, the evaporator exhaust produces forces and
: torques on the Shuttle Orbiter by impinging on adjacent sur-
; faces. Because of these forces, the VCS system would be re-
! quired to operate at a higher rate or require greater fuel
: usage to maintain attitude control. Therefore, even though
a specific evaporator vent location may reduce its contamina-
tion contribution, it does not necessarily reduce the total
contaminatin problem.

The flow rate of the evaporator as used in this analysis
was 30 1lb/hr (13.6 kg) or 15 lb/hr (6.8 kg) per nozzle for the
nonpropulsive configurations., Future power requirement changes
may result in different flow rates as the Shuttle Program de-
velops. 1In this case, ratioing the presented values will be
representative of any future mass flow changes in the evapora-
tor system,

In addition to positioning the evaporator vents at several
locations, different evaporator nozzle designs were evaluated
at X = 1392 (baseline location). At this location, the effects
of a plugged nozzle and a nozzle using a larger exit area to
throat area ratio with a zero degree lip angle were evaluated.

| 3.4.2.1 Evaporator Vents at X = 1392 (Baseline Position) -
The evaporator vent position at X = 1392 was considered as a
baseline location throughout most of this study and thus had an
| in depth analysis of variations at this location. WNot only

was the baseline supersonic nozzle configuration analyzed at
this location, but also with the intent of minimizing evaporator
impacts, several alternate nozzle configurations were investi-
‘gated at the baseline location. At X = 1392, the evaporator
effluents have the capability of reflecting off of the wing
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surfaces into lines-of-sight along with contributing by direct
flow from the nozzle exit plane. Figure 19 schematically
illustrates this location. )

Table VI lists the contribution of the X = 1392 baseline
supersonic evaporator vent location to the lines-of-sight and
specifies the wing reflected component and direct flow component.
Since there is an evaporator vent on each side of the Shuttle
Orbiter for this configuration, both contributions are shown
along with the total from each vent. At this location and a
6.8 kg/hr per nozzle flow rate, the molecular number column
density is in the 1013 to 101% molecules/cm? range for LOS 1A
through 6A. The alternate nozzle configurations analyzed at
the baseline location are briefly discussed belsw.

a) Plugged Nozzle - An evaporator nozzle with
a trurncated conical surface placed in the
nozzle bell chamber area can change the
flowfield of the effluents. The plugged nozzle
plume description, supplied by JSC (Applicable
Document T-169-28, Volume VI) was evaluated
for the X = 1392 location for LOS 1A. At a
flowrate of 6.8 kg/hr p2r nozzle, the molecular
number column density is 2.3 x 1014 molecules/
cm? as compared to 1.7 x 1014 molecules/cm
for the standard, unplugged supersonic nozzle,
Because there is no significant reduction in
contaminant levels using the plugged nozzle
and the fact that it could ice up and be-
come inoperable, it has been eliminated as a
possible modification,

b) Larger Area Ratio With a Zero Lip Angle Nozzle -
Additional analysis was performed for another
evaporator nozzle shape to determine if it
would reduce the mass column density predic-
tions. Specifically, a new nozzle concept
that has an area ratio of 20:1 and a zero
degree lip angle was compared to the previous
nozzle configurations at the X = 1392 loca-
tion. The approach employed in this nozzle
design was to modify the boundary flow and
plume flow coefficients by changing the physi~-
cal characteristics of the nozzle shape through
using analytical data developed by Simons
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(Reference 2). This same flowfield description
was then used to determine the exhaust fluxes
vir the wings and the resulting reflected
material contribution to column densities for
several lines-of-sight. The comparison of

the baseline nozzle contribution and the new
nozzle contribution are presented in Table

XII. The results of the analysis indicates
that such a nozzle design reduces the wing
reflected component about 10 to 30% depend-

ing on the line=-of=sight. This nozzle concept
reduced the flux on some wing surfaces and
increased it on others as compared to the base=-
line nozzle wing reflections. The net integrated
effect is a small reduction in number column
densities. The resulting values are still
several orders_ of magnitude above the acceptable
criteria of 104 molecules/em*. 1In addition,
the use of this nozzle would add excessive
weight to the evaporator system and would be
undesirable from a mass properties viewpoint.

3.4.2.2 Evaporator Vents Under the Payload Bay Doors -
The evaporator vents located under the payload bay door (posi-
tions X = 594 to X = 1124 as shown by the shaded area in
Figure 19) has several advantages along with some possible dis~-
advantages., First of all, the major advantage is that the
payload bay door blocks most of the effluents from the lines-of-
sight and in certain regions the narrow wing in this region
eliminates or significantly reduces wing reflected effluents.
The major disadvantages are torques on the payload bay doors,
possible ice buildup under the payload bay door, and effluents
escaping through the payload bay door/Shuttle Orbiter fuselage hinge
line. The effluents that escape through this hinge line could
be eliminated by the use of a flexible covering or "boot'.

Table XIII presents the evaporator nozzle contributions to
L0S 1A for locations between X = 594 and 1124 with 2 = 353 and
Y = 104, The results presented in Table XIII indicate that there
is a region approximately 6.1 meters in length for the 6.8 kg/
hr per nozzle flowrate where an evaporator vent could be located
to meet the number column density criteria of 1012 molecules/
cm“, 1f a4 seam line covering is used (between the payload bay
door and the fuselage), this acceptable region would extend
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Table XII, Number Column Densities of Baseline
and Zero Lip Angle, Larger Area
Ratio Evaporator Nozzle

Baseline New
Line-of=Sight Nozzle Nozzle Percent
(mol./cmz) (mol./cmz)' Decrease
LS 1A 1.7x10%% 1.6x10%% 6%
10S 4A 3.8x10M% 2.6x10% 32,

i
+
1
1
.
=3
3!
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Table XIII, Number Column Densities from Evaporator
at Various Locations Under the Door for

98

(mol./cm?)

10S 1A
X Location 594 845 924 974 1024 1124
Inches)
Source
Door Seam
Contribution| 5.5x10"] 1.1x10M%| 1.4x10%2| 1.4x10"2| 1.5x101%| 1.6x102
(mol./cmz)
Direct Wing .
Contribution 0 0 5.2x10M ) 1.9x10%? | 8.2x1012 | 1.7x10%4
(mol, /cm2)
TOTAL |
L0S 1A 5.5x101] 1.1x10%%| 1.9x10%2] 3.3x10%? | 9.7x10*% | 1.7x10*
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another 2.7 meters to near X = 950. Figure 34 is a plot of
molecular number column density for LOS 1A as a function of the
Shuttle Orbiter X station numbers for possible evaporator vent
locations. The curves presented are for flowrates of 4,5, 6.8
(baseline), and 11.4 kg/hr per nozzle. This family of curves
in effect shgws where and at what flowrate the criteria of 1012
molecules/em” is exceeded., At these locations,consideration
must be given to the induced forces and the accumulation
created by evaporator effluent impingement upon the Shuttle
Orbiter wing and door surfaces, These are analyzed in sub=
sections 3.4,2.5 and 3.4,2.6, respectively.

3.4,2.3 Evaporator Vents at X = 1519 (Lower Aft Corner
of the Fuselage) =~ Because wing reflected evaporator effluents
are a significant contribution to the line-of=sight mass column
densities, the evaporator vent was evaluated at positions such as
+X (aft) venting and at X = 1519 that eliminates this contribue
tion. Such a position at X = 1519 is in the lower aft corner
of the Shuttle Orbiter, see Figure 19, In this position, the
evaporator vent is lower than or even with the trailing edge of the
wing. The only line=of-sight contributions that exist are
direct flow from the nozzle. Therefore, the only lines-of=-
sight that are affected are those out of the (X, Z) plane.
Another advantage of this location is that there is no sig-
nificant impingement on surfaces that would produce unwanted Z
direction forces although ice may accumulate on the wing trail-
ing edge as will be discussed in subsection 3.4.2.6. Therefore,
this is the only location analyzed that should not significantly
increase VCS usage requirements. Table XIV presents the number
column densities from such a location for several lines-of-
sight. As can be seen, the (X, Z) plane has no contribution
and up to approximately 30 degrees off of Z in the Y direction,
the number column density is below 1012 molecules/cm?. For
lines-of-sight forward of X = 1107, the number column density
will also be below 1012 molecules/cm?.

3.4.2,4 Aft Facing Evaporator Vent Along the Longitudinal
Axis Location ~ Another evaporator vent location evaluated was
from the aft end of the Shuttle Orbiter parallel to the X axis
at Y = 0 and Z = 323, see Figure 19. Since only one nozzle
(propulsive) was considered at this location, the flowrate was
assumed to be 13.6 kg/hr. TFor this case, the aft portion of
the Shuttle Orbiter and the large engine bells effectively
shadow the evaporator vent contribution forward of this position,
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Table XIV, Number Column Densities for the Evaporator

at X = 1519
Moleculax
Column Density
Line of Sight -(mol./cmz)
L0S 1A 0
L0S 2A 1.8x1013
LOS 3A ' 5.6x1011
LOS 4A 6.7x10-2
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For lines-of-sight in the (Y, Z) plane extending past the aft
location, there will be some contribution to these lines-of-
sight. This situation was analyzed in detail to update an
earlier analysis performed by Dr. R. Naumann, MSFC (Reference
6). The analysis results are different than that of Dr. Naumann's
primarily because this analysis used an improved flowfield defi-
nition past 36.8 degrees off of the evaporator vent centerline.

Figure 35 shows the molecular number columm density
versus angle off of the +Z axis towards +X (aft) for lines-of-
sight in the (X, Z) plane originating at X = 1107 out of the
payload bay. The NCD falis to 1042 molecules/cm® at 10 degrees
from the vertical. T10S 4A and an additional test LOS that is 25
degrees off of Z towards Y and 45 degrees from Y towards +X
(aft) were evaluated for this case to further determine the
impact of this aft location., The_number column densities for
these lines=of-sight are 2.6 x 10 3 and 7.1 x 1012 molecules/
cm“, respectively., The only lines-of-sight that are effected
at all by this location are those that extend in an aft direc=-
tion past approximately X = 1525, All other lines-of-sight have
zero contribution from this evaporator vent location.

3.4.2.5 Forces Generated by the Evaporator Vent = De-
pending on the evaporator yent location, forces will be generated
by impingement on adjacent Shuttle Orbiter surfaces or by the
thrust of the evaporator vent itself, The forces generated by
the evaporator vent will induce Shuttle Orbiter torque or drift
rates and dictate increased usage of the VCS engines to achieve
required deadband stability. This would be undesirable from a
contamination viewpoint. Four positions were analyzed for the
evaporator vent, These are X = 5%, 900 to 950, 1392 (base-
line), and aft (along +X). Where feasible, various cant angles
of the evaporator vent were analyzed to determine if the in-
duced’ forces could be reduced without significantly impacting
the induced contaminant environment.

a) X = 594 Location =~ At this location, the effluents
along the centerline of the evaporator impinges on
the underside of the payload bay door. For the
evaporator vent exit plane perpendicular to the
Y axis, the net Z force on the vehicle for both
evaporator nozzles (+Y side) is 0,49 1lbs, the
Y force is zero, and the X force is very near
zero,
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The effect of canting the evaporator vent at
this location was investigated to find an opti-
mum cant angle to minimize the Z force component.
Figure 36 shows that the optimum cant angle
ocecurs near a 12 degree rotation towards the
minus Z axis, At an angle near 20 degrees,

the Z force is comparable to the no cant case
(zero degrees). This 20 degree cant would re=-
duce the possibility of ice buildup under the
door by allowing the evaporator vent center=-
line to clear the door, Canting of the evapo-
rator nozzles would produce undesirable Z forces
that would require additional VCS engine usage..

X = 900 to X = 950 Location = In the region be-

tween X = 900 and X = 950, the evaporator vent
contribution to LOS 1A molecular numbe§ column
densities fall below 10}% molecules/cm® with a
boot used for the paylcad bay door/Shuttle Orbiter
fuselage hinge line. At this position,.the
force on the Shuttle Orbiter wing surface will
cancel portions of the force wn the door from
the evaporator exhaust. For this case, the
evaporator -vent was positioned at various Z
locations and cant angles of +12 degrees to-
wards +Z. The resulting force for all
combinations is between 0.14 and 0,16 1b in the
+Z direction,

X = 1392 Location - At this location, the
evaporator exhaust impinges on the Shuttle
Orbiter wings. For the two evaporator nozzles
(+Y), each with a flowrate of 6.8 kg/hr, the
net. -Z force has been calculated to be 0.42
1bs. This force is closer to the center of
gravity than the X = 594 location and should
produce smaller torques.

Aft Facing Evaporator Vent -~ At this location,

‘the evaporator vent (facing +X) has a flowrate

of 13.6 kg/hr and produces a +X force of 0.71
1b. This +X force could be on the order of the
atmospheric drag force and for certain altitudes
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may require considerable VCS control to maintain
the necessary altitude,

3.4.2,6 Evaporator Ice Buildup Potential = The flux
of evaporator exhaust on adjacent surfaces of the Shuttle
Orbiter may allow ice to form. The regions where the potential
appears to be greatest from a surface temperature and geometry/
distance consideration are under the payload bay door and at
X = 1519, At these location, the payload bay door underside,
Shuttle Orbiter wings, and elevon trailing edge can receive
significant fluxes of evaporator exhaust., In addition, they
have the potential of being at the lowest temperatures for
specific vehicle attitudes.

The approach in analyzing this situation was to calculate
the impingement flux of the evaporator effluents and the sub=-
sequent sublimation rate of ice at the lowest surface tempera-
tures anticipated., 1If the water vapor impingement rate on a
‘surface exceeds the ice sublimation rate at the given surface
temperature, a potential ice buildup situation was assumed to
exist, The maximum sublimation rate was calculated by the
Langmuiur-Knudsen relationship and is expressed as:

SR = 5.83 x 1072 P (M) M
v T
where:
SR = Sublimation rate in g/cmz/second,
PV = Vapor pressure in Torr, '
M = Gram molecular weight,
T = Surface temperature in degrees Kelvin.

The sublimation rate of a frost deposit is calculated
assuming the ratio of the exposed frost area to the area of the
surface upon which it is deposited is unity. The following sub=-
sections present the impingement rates and ice sublimation
rates for several evaporator vent locations.

a) Evaporator Vents at X = 1024 Location =~ This position
was selected because it is representative of the
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impingement of the evaporator effluents on the
door underside and includes a portion of the
wing that will be at low temperatures. The
surface temperatures were identified to be
-55°C and -69°C for the door and wing, re-
spectively, for a minimum temperatura situation.

Table XV summarizes the results of the analysis
for a plume centerline flux on the door and off
axis for the wing surface., The results show that
for the supersonic nozzle operated continuously,
the net gain per day would result in 4,3 g/ecm” of
ice or frost buildup on the door. For evaporator
vent locations other than X = 1024 under the
door, the flux and potential ice buildup on the
door would be the same., Table XV shows that the
outer edge of the wing should not receive any

ice buildup. Also at intermediate distances
along the wing, the potential for ice buildup does
not appear to exist. Small variations in flow=-
field and/or changes in temperature of the
surfaces can increase or decrease the ice buildup
significantly.

A probable evaporator operational mode is to be
on for 3 seconds and off for 1 second. Under
these conditions, the ice buildup on the door
underside would be 1.5 x 10'4g/cm2 during the

3 seconds of operatjon. During the 1 second
off time, 1.4 x 107 g/cm2 would sublimate leav~-
ing 1 x 10'5g/cm2 at the end of a 4 second

- sequence. Over a 24 hour periced. under these

assumptions, a net (0,22 g/em” of ice or frost
would deposit., It is this type of deposit

that could randomly produce particulates during
subsequent orbital activities,

Evaporator Vents at X = 1515 Location = At this
location, the evaporator effluents can impinge

on the trailing edge of the elevon which is approxi-
mately four (10,2 cm) in width., Table XVI presents
the fluxes of the evaporator exhaust at points
along the elevon trailing adge as measured from

the Shuttle Orbiter fuselage, Also included in
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Evaporator Impingement Flux Predictions
and Sublimation Rates at X=1024

Nozzle and , ;

Surface Impingement Sublimation Net
Impinged Flux Rate Deposit
Upon 9 ‘ 2

i (g/cmz/sec) (g/cm”/sec) (g/cm”/sec)
Supersonic -4 " -5
on Door 1.9x10 1.4x%10 5.0x10
Supersonic -5 -5

on Wing Edge 1.2x10 3.4x10 None
Supersonic

on Intermediate -6 -5 ‘
Wing Surface 6.3x10 3.4x10 None
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Table XVI, Evaporator Impingement Flux Predictions
and Sublimation Rates at X=1519

Position Along Impingment Flux
Elevon Trailing Edge 2
em (inches) (g/cmA/second)
12.7 (5) 1.0x10"°
38,1 (15) 1.8x10™°
119.4  (47) 1.5%10"°
215.9  (85) 4.4x10"°
Tempgrature Sublimation Rate
cC (P (g/cmzlsecond)
=70 (=94) | 3.4x107°
-80 (~112) | 7.4x107°
-100 (~148) 2.1x1077
-129 (-200) 1.4x10710
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Table XVI is the sublimation rate of ice at
various temperatures. It is shown that at tempera-
tures near =70 C there is no potential for ice
buildup along the elevon trailing edge while at
temperatures lower than -70°C the potential for
ice buildup exists. The actual temperature of
this surface is dependent upon vehicle attitude.
After establishment of the final location of

the evaporator vent and detailed thermal data, the
ultimate ice buildup potential of the evaporator
system should be reassessed,

3.4.2.7 Supplemental Evaporator System Summary - Ideally,
the supplemental evaporator would be of minimal contamination
concern if it were located on the underside of the Shuttle
Orbiter, However, the evaporator vents are constrained to loca-
tions above the Shuttle Orbiter wings and are, therefore,
located on the same side of the Shuttle Orbiter as are the pay-
loads and must be considered from a contamination viewpoint.

The previous subsections have dealt with the evaporator
influence on lines=-of-sight for the evaporator vents located. at
several positions. The results of these studies are summarized
briefly in Table XVII. Included in the table is the location
coordinates, LOS 1A contribution, forces generated, advantages,
and disadvantages for each of the evaporator positions investi-
gated,

The aft evaporator vent location, employing a single
nozzle facing along +X, is the best location from contamination
considerations. This location impacts the smallest fraction of
lines-of=-sight out of all the positions evaluated, If the
thrust produced by this location causes an increase in VCS
engine usage its status as an acceptable location should be
reevaluated,

The next most favorable location is the X = 1519 location.
The assumption ‘here is that the evaporator vent can be positioned
low enough in the aft corner so that the exhaust reflections from
the top of the Shuttle Orbiter wings are eliminated. This may
not be possible due to space constraints. Under this assumption,
a large fraction of the lines-of-sight has mass column densities
less than 1012 molecules/cmz. The forces generated would also
be minimized since the only surface impingement of the exhaust
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Table XVII. Supersonic Evaporator Nozzle Summary
NCD
EVAPORATOR (wol. Jend)
LOCATION 705 1A FORCES ADVANTAGES DI1SADVANTAGES

X = 59 ro 845 5.5x1011 to 1.1x1012 0.49 1bs +Z direction NCD less than 1012 mol./ Dooxr impingement produces Z forces

Y = +104 on payload bay door eém~ without payload bay and ice buildup on payload bay door

Z = 353 door hinge line sealed - underside which can produce undesir-

6.8 kg/hr per vent no wing reflections able ice particles; increased VCS rgmts.

12 14 : : - < 12 2

X = 924 to 1124 1.9x10™" to 1.6x10 0,49 1b +2Z direction From a contamination NCD in excess of 107~ mol./em”; door

Y = +£104 for door hinge line force at X = 594; viewpaint there are impingement produces +Z forces and

Z = 353 open ;. 14 0.14 to 0.16 +Z force no advantages. ice buildup on payload bay door under-

6.8 kg/hr per vent 5.2x1077 to 1.6x10 at locations between side; wing reflections exist for

for doer hinge line X = 900 to X = 950, evaporator exhausts.
sealed

X = 1392 1.7x1016 0.42 1bs -Z direction From a contamination NCD in ‘excess of 1012 mol./cm2 for

Y= +113 on orbiter wings viewpoint, there are all lines-of-sight ~ wing impinge-

Z = 323 no advantages. ment produces -2 forces; increased

6.8 kg/hr per vent VCS rqmts and VCS contamination.

X = 1519 0 Undetermined small NC} less than 1012 mol./ NCD exceeds 10%2 mol./cm2 for lines-

Y = +126 X force on trailing cm” for significant of-sight greater than 30 degrees off

Z = 285 edge of wing portion of payload view- of Z axis towards #Y at X = 1107

6.8 kg/hr per vent ing directions; NCD is and for lines-~of-sight viewing aft
zero for lines-of-sipht and over the wings for angle ~greater
within ~5 degrees of than 25° off Z towards Y3 ice build-
(X,2) plane -~ no appre=- up on trailing edge; possible space
ciable forces generated. constraints,

X = 1525 0 0.72 1bs + X(aft) Provides the largest pay- X force of ~0,72 1lbs; fgr lines-

¥Y=0 direction load viewing area that has of-sight greater than 10 off of Zl2

Z = 323 zero contribution to NCD axis 1n2(x,Z) plane NCD exceeds 10

13,6 kg/hr for all ‘evaporator locat- mol, /em

ions evaluated; no wing re-
flections; entire forward
and side viewing lines-of-~
sight have zero NCD.
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plume of any consequence would be on the trailing edge of the
elevon. This impingement could result in ice buildup and
particle generation on the elevon trailing edges near the vent
exit,

The next most favorable position from an induced mass or
molecular column density viewpoint is the area between X = 594
and X = 950 assuming a covering or boot is employed for the
payload bay door/Shuttle Orbiter fuselage hinge line. However,
the ice buildup in ‘this region may result in undesirable particle
generation during on orbit operations and induced forces may
increase VCS propellant usage requirements. Any other location
along the X axis between X = 950 and X = 1500 allows signifi-
cant wing reflections to all lines-of=-sight,

Fundamentally, there are very few positions for the
evaporator vent which will allow it to meet th# current appli=
cable contamination control criteria and not impact other
system operations, One basic payload option always exists for
those payloads particularly sensitive to the effluents of the
evaporator and that is to store the evaporator effluents during
their critical periods of operation. It should be noted that
this would eliminate the supplemental heat rejection capability
that the evaporator supplies, thus impacting the Shuttle Orbiter
thermal control system. Until final design and test of the
evaporator system and location has been accomplished, the re-
sults of this analysis should be used as guidelines, where
applicable, in establishing the effect of the evaporator upon
the on orbit induced environment.

3.5 Additional Studies - Other studies were conducted
in addition to establishing a baseline induced environment and
the minimization studies of the Shuttle Orbiter supplemental
evaporator and VCS engine systems. These studies consisted of
providing recommendations for the MSFC Shuttle Orbiter TPS panel
test and a planned JSC evaporator test, the analysis of out=-
gassants from the tail leading edge depositing on a surface in

the payload bay, and the Shuttle Orbiter radiator surface degra-
dation analysis.,

3.5.1 TIPS Panel Test and Preliminary Results - The pur-
pose of the TPS panel test conducted at MSFC was to determine
the vacuum weight loss characteristics of the composite nonmetale
lic materials used in the construction of the Shuttle Orbiter
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TPS through vacuum chamber testing of a representative TPS

panel configuration, Basic recommendations for the TPS panel
test were made. These recommendations included geometry, in-
strumentation, and desired measurements requirement to establish
specific data for the Shuttle Orbiter contamination model. Re-
sults from this test are presented in Reference 1.

These results established a bulk outgassing rate of 5 x
10'10g/cm /second at 100° for the TPS configuration, In addi-
tion, some correlation was achieved with the form of the
sticking coefficient used in the current model,

For the majority of contaminant sources (e.g., off=-
gassing, cabin atmosphere leakage, and evaporator), the current
contamination model allows a unity sticking coefficient for a
substance if the surface temperature is below the boiling point
of the contaminant. At the same time, the contaminant is allowed
to desorb as a function of its vapor pressure. Where vapor
pressure data is available, the mass depositing is expressed as:

Net mass depositing = (mass adsorption - mass
desorption)

or

D = (F(I-J)-S(I-J): At) - (5.83 x 10-27P'V(M/T)1/2 At)
where .

D = Deposition in g/cm2

F(I-J) = Flux on surface I from source J,
S(I=J) = Stidking coefficient (unity or zero),
T = Temperature °k of surface I,
At = Time interval F(I-J) and f are constant,
Y = Desorption coefficient (0 S“Y =1,
Pv = Vapor pressure at temperature of surface I,

M = Molecular weight.
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The above relationship yields the net gain of mass per
unit area from a contaminant source J and is always equal to
or greater than zero. It also accounts for desorption rate
changes as the temperature of surface I varies with time,

Qutgassing contaminant sources are characteristically a
combination of molecular species for which the molecular sizes,
relative abundance of each specie, and total quantity outgassed
are a strong function of temperature. Vapor pressure data for
each deposition outgassant specie is generally unavailable or
limited at best. TFor polymeric contaminant sources, the pro-
blem is further complicated by the fact that the deposited
material can undergo chemical reactions or can be photopoly~-
merized in the presence of ultraviolet radiation, The result
is that the vapor pressure or the desorption energy of the
parent source material does not apply to the deposited out=-
gassed species, In general, the deposited material has a
larger desorption energy (and therefore greater adhesive quali-
ties) that the parent material.

Because of the unavailability of vapor pressure or de-
sorption energy data for this type of deposit, the current
model approach is to determine the sticking coefficient as a
function of the temperature difference between the source and
the receiving surface. Once the deposit is determined, it is
not allowed to desorb. This assumption is based on the fact
the sticking coefficient is obtained from materials testing
such as the Volatile Condensible Material (VCM) measurements
which are long term in nature (References 7, 8, and 9) and the
likelihood is high that chemical reaction or photopolymeriza=-
tion will occur at the surface. Both of these phenomena tend
to fix the deposit. This approach was used in the Skylab
modeling with apparent success.

The present sticking coefficient has the form:

S = ggézl TI < TJ

and
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where

It

TJ Source J temperature in °C or oK,

TI

.0 0
Surface I temperature in C or K,

K = A constant which is a characteristic of the
material,

For the majority of nonmetallic contaminant sources,
the factor K has been determined to be near 200,

The sticking coefficient as described above has been
found to relate the percent VCM to the percent total weight
loss from materials testing with the source at 125°C and the
receiving surface at 25°C. It was found to correlate with
measurements made during the RTV 560 outgassing tests of the
TPS panel configuration at MSFC. The TPS panel test (Reference
1) showed that for the test panel at 65.5 °C and a QCM at 25°C

the deposition rate was measured to be 3 x 10~1lg/cm?/second.
With the panel at 65.5 °C and the QCM at =359C, the mass deposi-
tion reading was 8 x 107 11g/cmz/second The temperature
differences between the panel and the QCM for the 2 cases was
40°C and 100°C, respectively. The ratio of the QCM readings
was 2,7 while the ratio of the temperature differences for the
two cases (which equates to the ratio of the sticking coeffi-
cients) was 2.5, This appears to be good correlation between
the sticking coefficient temperature difference approach cur-
rently used in the model and the previously mentioned derived
test results simulating a major Shuttle Orbiter contaminant
outgassing source,

3.5.2 Supplemental Evaporator Vent Test - This test
when conducted will provide a definition of the evaporator
plume characteristics and the perturbations resulting from
lacalized or adjacent Shuttle Orbiter surfaces. During this
contract period; recommendations were made for instrumentation,
configuration size and shape simulations, desired data, sensor
locations, and modes of test operations for the evaporator
test. This test will include simulation of the Shuttle Orbiter
door, fuselage and wing surfaces, as well as the temperatures
of these surfaces, The test has been postponed until prototype
evaporator hardware can be obtained from the contractor in-
volved. The earlier evaporator tests (Reference 6 and the
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Applicable Document T-169-28, Volume VI) yielded information
pertinent to the present study effort. The planned future
evaporator test should yield an improved degree of refinement
for the modeling activity necessary for better establishing
the molecular and particulate characteristics of the flowfield.

3.5.3 OQutgassing of the Tail Leading Edge on Payload
Surfaces in the Payload Bay - The Shuttle Orbiter tail leading
edge has a direct view into the payload bay. The tail leading
edge was separated into 30 subsurfaces for resolution. The
shape of the leading edge was constructed as a cylindrical
surface cut in half along its main axis, For a 20 cm diameter
flat surfgce in the payload bay located at the skinline, 4.88
meters forward of the payload bay aft end, parallel to the X
axis, viewing along +Z; the tail leading edge has a total view
factor of 0.0083, This represents the fraction of mass leav-
ing the tail leading edge capable of striking the above mentioned
surface, For a mass loss rate of 5 z» 10‘10g/cm2/second leaving
the tail leading edge, the maximum integrated flux on the repre=
sentative payload surface is 9.6 x 10-1 g/cmz/second. After
one day at this rate, the accumulative impingement becomes
8.3 x 10'8g/cm2/day and after 7 days it becomes 5.8 x 10'7g/cm2.
It is unlikely that this high rate will continue for all of
the exposure period., It will be dependent on sunlight exposure
time per orbit and vehicle attitude. However, maximum exposure
time is possible for specific mission profiles. If the accumu-
lative impingement predicted for 7 days was all able to stick
on the payload surface (which assumes cryogenic temperatures),
a 588 deposit would result if unit density is assumed for the
deposited material. The only surfaces that may be degraded
significantly by this level of deposition would be exposed
ultraviolet optics which normally operate at temperatures far
above cryogenic and would not normally have the tail in their
fields-of~view. Cryogenic systems such as baffles, providing
they see the tail, could condense out more material during the
initial offgassing periods than that predicted above, This
should be reassessed as detailed information becomes available
in the future on cryogenic systems to b¢ flown on the Shuttle.
Orbiter,

The rate assumed here is a steady-state rate for the RTV
560 plus tile configuration of the tail leading edge. If the
initial mass loss period during early vacuum exposure has a
higher emission rate of condensible species, the contamination

e
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potential could significantly increase, Testing for condensi-
ble species during this early vacuum exposure period is currently
being planned by JSC. Since this is one of the few surfaces
which can view directly into the payload bay, the use of RIV

568 in place of RTV 560 should be considered since RIV 568 re-
portedly has a lower outgassing rate than RIV 560.

3.5.4 Shuttle Orbiter Radiator Degradation = The Shuttle
Orbiter radiator system is located on the inboard sides of the
payload bay doors and is currently planned to be covered with
silver backed teflon material. Degradation to these surfaces
can occur while the doors are open from deposition of outgassing
and engine effluents along with subsequent ultraviolet photo-
polymerization of the deposits. The major sources analyzed
for radiator surface degradation include the 25 1b thrust VCS,
the 900 1b thrust RCS, the 6000 1b thrust OMS, and outgassing
of the OMS pod structure, Of these sources, the +Y firing VCS
and RCS engines and outgassing from the OMS pod can directly
impinge upon portions of or all of the +Z facing radiator sur-
faces. All sources mentioned will contribute to the induced
environment which may return to the radiator surfaces through
interactions with the ambient atmosphere.

The following subsections address each of these sources
individually. Flux and deposition rates and accumulative
degradation are presented for the -Y radiator nodal surfaces
illustrated in Figure 37. Due to the symmetry of the sources,
the analysis applies to the +Y located radiator as well. A
summary section follows the source evaluations to recapitulate
the accumulative effects of these sources., As part of these
studies, geometric refinements were made to the modeled OMS
pod structures so that their shadowing of the VCS, RCS, and
OMS engine plumzs and outgassing contributions to the radia-
tors could be more accurately established.

3.5.4.1 VCS Engine Induced Radiator Degradation - The
model configuration data determined that the =Z aft VCS engine
does not see any radiator surfaces because of OMS pod structure
shadowing. However, the Y aft VCS engine does see the aft
outer door radiator (node 785) and the outer edge of the
radiator (nodes 771 and 773) as shown in Figure 37, The depo=-
sition rates on each of these nodes per second of engine
firing time are:
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Node Deposition Rate
Number : Ag/cmz/second'
771 3.7 x 10”2
773 6.1 x 10711
785 2.1 x 10710

The same is true for the mirror image radiator surfaces on the
other side of the vehicle.

Figure 38 shows a plot of solar absorptivity (®s) versus
bipropellant engine exhausts for S13G paint (original e« g was
near 0.15) and the silver backed teflon radiator surface
(original a g was near 0.08). The curve for the S13G was ob-
tained from NASA Lewis Research Center engine testing during
the Skylab Program (Reference 10). The silver backed teflon
degradation curve was fitted to the S13G data in Reference 10
considering an initial a g of 0.08. The engine testing at
Lewis shgwed that the ag reached a maximum level after 12 to
15 wg/cm” of engine exhaust deposits, The physical appearance
was a yellow-orange, dry coating on the thermal control paint
samples. No evidence of the original painted surface was de-
tectable to the eye. This deposited was also accumulated in
the presence of simulated ultraviolet radiation.

The worst case fuel usage attitude for the Y facing aft
VCS engines to maintain a 0.3 degree deadband inmertial attitude
is at 100 nautical miles (185 km). ' This was obtained from
Rockwell International VCS duty cycle calculations (Reference
11), For this case, the fuel usage per orbit of the Y facing
VCS engine is 2.58 kg/orbit. The best case is a 400 nautical
mile (740 km) local vertical attitude for which the Y facing
VCS engine uses 0,132 kg/orbit although this is pointing vector
dependent and could even be less for attitudes such as gravity
gradient stablized.

Table XVIII presents the anticipated degradation of
radiator nodes, 785, 771, and 773 for one orbit, one day, 7
days,and 30 days. Assuming the majority of missions require
a VCS fuel usage between the worst and best case presented in
Table XVIII, the radiator surfaces could degrade significantly.
There are some vehicle attitudes (e.g., gravity gradient) that



Pt B b o o Gpeie € W s’ g el Ty s B - e 1o W

0.50

0.45

o (=)
* .
N

G -8

'SOLAR ABSORPTIVITY.
N
(o]

0.15

0.10

~.0.05

S1

S],BCL/,

LVERED

Figure 38.‘Absorptivity as a Function of Deposition for Bipropellent Engine Exhausts

5

6 7 8 9

DEPOSITION-j(g/cm2 x 107"

6

10

11

12

13

14

15

16

0¢1



v SRR A

Table XVIII,

121

Degradation of ag for the Shuttle Orbiter
Radiators Resulting from Worst -and Best

Case VCS Duty Cycles

Time on
Orbit

Vehicle Attitude

One One 7 30 Parameters
Node Orbit Day Days Days
Number ag ag ag ag
B - WORST CABE
785 0.08 | 0.085] 0.135 0.21 Inegtial
0.3 deadband
773 0.08 | 0.08 | 0.09 0.145 J{90° ro11, 60° yaw,
0" pitch
16.3 orbits/day
771 0.08 0.08 0.085 0.135 185,2 km altitude
Total VCS fuel 13.31
kg/orbit
Y engine fuel usage
2.58 kg/orbit
BEST CASE
785 0.08 0.08 0.08 0.086 Locgl»Vertical
0.3 deadband
773 0.08 | 0.08 | 0.08 0.082 980 roll, 30° yaw,
‘ 0" pitch
771 0.08 0.08 0.08 0.081 14.45 orbits/day

740.8 km altitude
Total VGS fuel 0,87
kg/orbit

Y engine fuel usage
TBD kg/orbit
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will require limited VCS engine usage and should not degrade the
radiators. However, in this mode, the return flux from outgassing
could be a maximum resulting in comparable degradation due to
outgassing 1f the early missions are 7 to 30 days in length., In
either case, these surfaces may require cleaning (if this dis
possible) or replacement for subsequent missions. Subsequent
missions should be less contaminating from an outgassing view-
point. Additional testing will be required to verify this.

3.5.4.2 RCS Engine Induceéd Radiator Degradation - Ten
aft 900 1b thrust RCS engines (3 facing +Z, 3 facing -Z, and 4
facing -Y) were pasitioned in the model with a high degree of
fidelity. The contamination potential of these engines to the
Shuttle Orbiter radiator surfaces was determined with an updated
OMS pod structure in position to account for shadowing. The Y
facing engines were the only RCS engines that could directly see
a radiator surface. This surface was node 785, see Figure 37.
The deposition rate on nogs 785 per second of engine firing was
calculated to be 3.3 x 10 ° g/cm”/second for each of the Y facing
RCS engines assuming sticking coefficient data derived from the
Lewis Research Center MMH/N,0, engine tests. A typical mission
that can be used to demonst¥ate RCS radiator degradation is Mission
19a which is a 7 day mission for the Atmospheric, Magnetospheric
and Plasma in Space (AMPS) payload. For this mission, a total
of 417.3 kg of fuel are consumed by the aft RCS engines. Assuming
this fuel is equally distributed for the aft RCS, 139.1 kg would
be used by all of the Y RCS engines and 69.6 kg for the Y engines
on one side of the Shuttle Orbiter. For this fuel usage, the 900
1b RCS Y engines would operate for a possible 47_§econd§. The

. resulting deposition on node 785 would be 2 x 10 ' g/cm”. This

deposition level would increase the a«_ of node 785 from 0.08 to
approximately 0.084 and should present no problem. However, from
mission to mission, consideration will have to be given to poten-
tial refurbishment requirements to maintain the baseline thermal
performance of the radiators.

In addition to the direct flow of engine exhausts, there
will be periods when the return flux of engine exhausts to the
radiators will exist. or Mission 1%a mentioned above, approx-
imately 8.0 x 107/ g/cm” would deposit on the radiator for the
parimary mission Z local vertical attitude. This deposit would
increase the « ' of node 785 to a value near 0.12. TFor the case
of return flux, the other. radiator surfaces would degrade to a
value of a_between 0.09 and 0.11l. The degradation values will
significantfy depend on the aft RCS fuel usage and the Shuttle
Orbiter attitude and altitude,
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3.5.4.3 OMS Pod Structure Outgassing Induced Radiator
Degradation - Consideration of the view factors between the OMS
pod structure and the Shuttle Orbiter radiator surfaces indicate
that a significant flux of outgassed material could impinge on
the ragiBtor sErfaces. Assum%ng an initial outgassing rate of
5 x 10 /cm“/second at 100°C for the OMS pod structure, the
flux rate on the radiator surfaces (see Figure 37 for node posi-
tion) are:

Radiator ‘ OMS Pog Flux Rate

Node Number g/cm”/second
785 2.0 x 1071
781 1.5 x 107
773 1.1 x 10712

777 6.5 x 10713

775 2.7 x 10783

771 4.5 x 10713

The temperature relationships between the OMS pod sur-
faces and the radiator surfaces varies significantly. This temp-
erature difference throughout an orbit is required to determine
the deposition levels anticipated on the radiator surfaces and
the associated a . change. Early vacuum exposure periods may
exhibit a higher = rate of condensibles. If this is borne out
through testing, it is recommended that RTV 568 replace the RIV
560 currently baselined for the TPS bonding since it is reported
to have a lower outgassing rate.

Degrading effects to the radiators can be estimated
assuming all of the impinging flug is depositied and the outgas-
sing rate stays at 5 x 107" g/cm”/second continuously. After 7
days, the worse case for node 785 would be a deposit of 1.2 x 10
g/cm” of deposit. This could result in a « _ as high as 0.14 for
the outgassed deposits in the presence of sofar radiation (based
upon thermal surface degradation witnessed on Skylab). '

5

3.5.4.4 OMS Engine Induced Radiator Degradation - The
possibility exists that the OMS engines may be used for orbital
maneuvers with the radiator surfaces exposed, If thils occurs,
the return flux of the OMS engine exhausts can impinge upon the
radiator surfaces. The degree to which this occurs will depend
on OMS engine fuel usage and the Shuttle Orbiter attitude and '
altitude. Co
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An estimate of the radiator degradation resulting from
the OMS engines during orbital maneuvers can be obtained from
Mission 19a previously discussed for the RCS engines. For this
mission, the OMS engines expend 667.7 kg of fuel for forward
thrust maneuvers and 3350 kg of fuel for retro maneuvers., The
retro firings are the worst case for OMS engine firings since
they allow a larger fraction of material to return to the Shuttle
Orbiter from velocity vector considerations. It has been calcu~
lated Ege depositigg on tEe radiator surfaces will be near
1x10 " to 5 x 10 ~ g/cm”/second. This level of deposits will
result in a @ from-0.225 to 0.24,

3.5.4.5 Radiator Degradation Summary - All of the four
major sources (VCS, RCS, and OMS engines plus OMS pod structure
outgassing) can potentially degrade the Shuttle Orbiter radia-

_ tor system. The direct flow from the VCS engines, RCS engines,

and the OMS pod structure outgassing impact primarily one-fourth
of the radiator surface area (node 785 and its counterpart on
the opposite of the vehicle). The return flux from the RCS and
OMS engines impact the entire surface area of the radlators.

The fuel usage requirements for the VCS, RCS, and OMS engines is
highly mission dependent. It may be possible to eliminate or
minimize OMS and RCS engine impacts on the radiator surfaces by
closing the payload bay doors during periods when these engines
are required to operate., The remaining radiator degradation
resulting from VCS engines and OMS pod structure outgassing
would -occur over 25% of the total radiator surface area.

One other potential source of contamination that can
degrade the radiator surfaces is the return flux of the outgassed
material from the Shuttle Orbiter surfaces. The degradation
would be dependent on Shuttle Orbiter exterior temperatures,
radiator surface temperatures, and Shuttle Orbiter attitude and
altitude. Assuming the velocity vector is perpendicular to the
radiator surfaces for hot external Shuttle Orbiter surface
temperatures, the max}TTm posaible impingement from return flux
at 435 km is 1.4 x 10 g/cm”/second. If this attitude was con-
tinuouslz5held,2the total impingement afteESOne diy would be
1.2 x 10 ©~ g/em™, "7 dazz would be 8.7 x 10 ~. g/em”, and after 30
days would be 3.7 x 10 * g/em”™. The fraction that sticks to the
radiators, as mentioned previously, will depend on Shuttle
Orbiter external temperatures and radiator surface temperatures.,
The flux estimate presented for this situation is a worst case
value. However, it does show that detailed mission profiles
are required to determine the magnitude of the problem. The above
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mentioned accumulative fluxes could be reduced by one or possibly
2 orders of magnitude through avoidance of the worst case return
flux situation. However, at lower altitudes, the problem could
increase about a factor of 20. As detailed mission descriptions
: become available, this potential problem should be assessed in

b detail.

3.5.5 Mission Planning to Minimize Contamination - In
comparing the predicted induced enviromment for the identified
major Shuttle Orbiter sources against current applicable on orbit
-contamination control criteria, it has been shown that from a pre-
liminary analysis and design consideration certain aspects of
these sources will not meet the given c¢riteria. That is not to
say that the induced optical enviromment from these sources can-
not be effectively dealt with from a contamination control view-
point. It does indicate that in some cases just design control
influences, such as location and directional considerations, will
not be adequate to meet the contamination control criteria. As a
result, certain on orbit operational controls will also be required
to minimize the contaminant potential of these sources in their
present configuration. Thils is particularly true for both the
flash evaporator (when at X = 1392) and the 25 1b thrust VCS
engines. These on orbit operational controls will depend strongly
upon the nature of the particular payload being flown. Conse-
quently, it is envisioned that as the Shuttle Program develops,
on orbit operational controls will be required to be identified
in conjunction with the payloads to provide the necessary con-
tamination controls.

In order to meet the intent cf the contamination control
criteria, the influences of contamination upon sensitive surfaces
and instruments must be integrated into all phases of Shuttle
Orbiter mission planning. Through proper mission planning with
i contamination control in mind, many of the predicted levels of
i contamination and degradation presented in this report may be
minimized. Depending upon the sensitivities and susceptibilities
‘ of payloads to be flown for a given mission, some or all of the
i , following control measures might be required to be instituted
to meet the intent of the contamination control requirements.

a) delay exposure and operation of sensitive instruments
until initial high offgassing period has subsided
(up to 24 hours after launch;

b) select the highest feasible orbital altitudes to re-—
duce the severity of return flux;




c)

d)

e)

£)

g)

h)

select vehicle attitudes such s gravity giratient
stabilized which minimize VCE usage requirements;

incorporate gimballing capability into the payload
designs (such as the IPS) to relax Shuttle Orbiter
pointing requirements and VCS usage;

inhibit the supplemental evaporator system during
operation or exposure of sensitive instruments;

fly sensitive instruments on Shuttle Orbiter vehicles
that have been flown previously thus depleting a
portion of the available outgassing source material;

close payload bay doors during OMS engine firings;
and

empléy sensitive surface covers, heater, and/or
restrict geometric acceptance angles for the payloads
to preclude contaminant deposition.
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4, CONCLUSIONS AND RECOMMENDATIONS

4,1 Conclusions - The following are the conclusions that
can be drawn from those areas that were either identified or
investigated during the course of this study that presented a’
significant contaminant potential to the Shuttle Orbiter/payload
induced environment and/or to the Shuttle Orbiter itself.

a)

b)

c)

d)

Supplemental Evaporator Vent Optimum Location - From
contamination considerations, the optimum evaporator
vent positions evaluated in order of least impact are
aft facing +X, X = 1519 facing +¥, and various X posi-
tions between 600 and 950 facing +Y. All other loca-
tions contributed in excess of 1012 molecules/cm? to
all lines-of-gsight considered.

VCS Engine Location and Orientation - For all locations
and orientations (canting angles) evaluated during this
study, the VCS engines exceed the 1012 molecules/cm2
criteria., The return flux exceeds the 1012 molecules/
cm“/second criteria,

Qutgassing Molecular Number Column Densities and Return
Flux - The molecular number column densities for all
lines-of~sight considered are less than the maximum
criteria of 101 molecules/cmz. The return flux values
for this source are highly dependent upon the viewing
angle, orbital altitude, and ambient atmosphere density
variations at a specific altitude., Over the range of
these three parameters, the outgassing return flux
either falls below or exceeds the return flux criteria
of 1012 molecules/cm2/second.

Offgassing Molecular Number Column Densities and Re-
turn Flux - At a 10 hour on orbit point, the molecu-
lar number column densities exceed the criteria of 10
molecules/cm” for all lines-of-sight. After 24 hours
on orbit, the molecular column densities are less than
the maximum criteria of 1012 molecules/cm” for all
lines-of-sight. The return flux for this source is
dependent upon the viewing angle, altitude,and ambient
atmosphere density variations at a specific altitude.
Over the range of these three parameters, the offgassing
return flux either falls below or exceeds the return
flux criteria of 1012 molecules/cm?/second.
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Cabin Atmosphere Leakage Molecular Number Column Densi-

ties and Return Flux -~ The molecular column densities

of the €0, and H,0 components of the leakage sources
(polar mo%ecules % less than the maximum criteria

of 1012 molecules/cm® for all lines-of-sight considered.
The teturn flux of the H,0 and CO components of the
leakage source are less %han the return flux criteria
of 1012 molecules/cm?/second for the altitudes con-
sidered and a physical acceptance angle of 0,19 steradi-
ans. For viewing angles of 0.29 steradians, the re-
turn flux criteria would only be exceeded at the 200 km
altitude situation. The return flux, of the total leak-
age source exceeds 1012 molecules/cm®/second.

Radiator Degradation - The Shuttle Orbiter radiator
surfaces can be degraded from direct line-of-sight
impingement of VCS and RCS engines and the OMS pod
structure surface outgassants. Additionally, the radi-
ator surfaces can degrade from the return flux of
Shuttle Orbiter outgassing, RCS engine plumes, and OMS
engine plumes. The extent of degradation is a strong
function of VCS, RCS, and OMS engine usage, the rela-
tive temperatures of Shuttle Orbiter and radiator sur-
faces, and the vehicle attitude and altitude.

Evaporator Ice Buildup Potential - For those evaporator
locations evaluated where they may impinge on cold ad-
jacent Shuttle Orbiter surfaces, the potential for ice
buildup exists. This occurs when the flux rate of
evaporator water vapor exceeds the sublimation rate of
ice at the temperature of the surface impinged upon.
The on-off cycle of the evaporator could reduce some

of the long term ice buildup at specific locations.

Supplemental Evaporator Vent Forces - At locations be-
tween X = 600 and X = 950, the evaporator vent produces
net +Z forces. At X = 1519, the evaporator vent pro-
duces small -X forces. At the aft location (facing
+X), the evaporator vent produces =X forces. For lo=
cations between X = 950 and X = 1392, the evaporator
vent produces small net Z forces but is unacceptable
from a contamination viewpoint because of the mass column
density contribution. The forces generated may require
additional VCS usage to maintain attitude control which
will tend to in¢rease overall the contaminants,
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Tail Outgassing Into Payload Bay - The leading edge of
the tail is essentially the only major surface struc-
ture that views directly into the payload bay. Depend-
ing on the early vacuum exposure outgaséing rate, the
leading edge of the tail could degrade sensitive pay-
load surfaces,

Mission Planning - The assessment presented in this
report has identified basic contamination parameters

of concern for the modeled major Shuttle Orbiter
contamination sources. As a result, it has been indi-
cated that through basic design consideration complete
contamination control cannot meet the applicable cri-
teria. To achieve necessary contamination control will
require operational considerations for both the Shuttle
Orbiter and many of its proposed payloads, such as pro-
per vehicle attitude selection (gravity gradient sta-
bilized), inhibiting the evaporator vents, use of the
IPS or gimballed systems to relax pointing require-
ments, delaying instrument operation until initial
offgassing has subsided, and flying most sensitive pay-
loads on Shuttle Orbiters that have been flown enough
missions to have depleted the outgassing sources.

4,2 Recommendations - As a result of this study, the
following recommendations are presented to identify those program
considerations felt important for implementing or establishing
the necessary contamination control for the major Shuttle Orbiter
sources evaluated and identified as a contaminant potential,

a)

Materials Testing - Limited nonmetallic surfaces out-

gassing and deposition characteristics that are essen-
tial to accurate contamination modeling and assessment
are available. It is recommended that the following
data be obtained during the Shuttle Orbiter Program

for major nonmetallic materials that can produce signi-
ficant contamination by virtue of total area of cover-
age, location, and temperature,

1) All data should be supplied in form of outgassing
mass loss per unit area per unit time, g/cm?/second.

2) The initial offgassing (e.g., light gases, H,0, and
volatiles) decay curve is required as a function
of time over the temperature ranges anticipated.
The anticipated precure or specific surface appli-
cations should be approximated.
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Once the initial offgassing period has ended, the
steady state outgassing rate is required over the
temperature ranges anticipated. Additionally,

the long term decay of the bulk outgassing rate at
several temperatures is required.

The initial sticking coefficient as & function of
the temperature of the source and the temperature
of the collector is required over the range of
temperatures anticipated,

At the end of each test, the collector should be
incrementally heated to a temperature at least as
high as the source to ascertain the permanency
and activation energy of the deposit.

Residual gas analysis is required for all the above
mass loss tests,

Ambient atmosphere readsorption quantities and
subsequent behavior in vacuum as related to above
testing is required.

Besides the testing of a material itself, there
will be situations where geometry influences should
be evaluated. A simulation of a representative
geometry should be tested (e.g., recent TPS test-
ing at MSFC for mass loss rate temperature and time
dependence).

The optical properties of specific deposited com-
ponents should be measured.

Additional data is also desirable so that effects
of the deposit and the sotirce behavior can be as-
certained. This would include environmental pro-
tons, electrons, and ultraviolet radiation and
their effects on the source outgassing rate and
VCM deposit characteristics.

Cleaning and/or Refurbishment Requirements - For criti-

cal optical surfaces of the Shuttle Orbiter -and pay-
loads it is recommended that cleaning or refurbishment
requirements be identified for major contaminant source.
deposits.
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OMS Engine Firings - Because of the contamination"

threat to the Shuttle Orbiter radiator surfaces and
to the payloads, it is recommended that the Shuttle
Orbiter payload bay doors be closed during OMS engine
firings. .

RCS Engine Firings - Because of the contamination
threat to the exposed radiator surfaces and payloads,
it is recommended the Shuttle Orbiter payload bay doors
be closed during extensive use of the +Y facing and

+Z facing RCS aft engines.

Bondline Seals - For the edges of the TPS surfaces,
consideration should be given to sealing these areas

so that gross quantities of outgassants cannot be
emitted from these areas as observed in TPS panel test-
ing at MSFC. This is especially true for terminal
edges near windows, radiator surfaces, and payload bay
door edges.

Testing of Deposits on Radiator Surfaces - Because of
the potential of engine deposits (MMH/HNO3) and out-
gassing deposits from RTV 560 on the radiator surfaces,
these deposits should be evaluated for a s changes of
the Shuttle Orbiter radiator surfaces through testing
prior to Shuttle Orbiter flights. Simulated solar
flux is required during testing to ascertain the de-
gradation potential.

Evaporator Effluents - For payloads that are sensitive
to the evaporator effluents, consideration should be
given to the storing of water produced by the fuel
cell during critical data take periods, if an accept-
able evaporator nozzle location is not utilized in the
design of the Shuttle Orbiter.

VCS Engine Effluents - For payloads sensitive to VCS
engine effluents, consideration should be given for
mission plannlng and selection of vehicle attitudes’
which minimize VCS requirements such as gravity gradi-
ents stabilized. The use of such attitudes in con-
junction with the IPS or other gimballed system would
allow for long observation periods between VCS firings
(possibly as long as one orbit). Another alternative
is the use of Control Moment Gyros (CMGs) for maintain-
ing attitude control.
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RTV 560 Replacement - For critical TPS surfaces, con-
sideration should be given to replacing the RTV 560
bonding material with RTV 568 which has a lower bulk
or characteristic outgassing rate.

Covering Over Shuttle Orbiter Door/Fuselage Hinge Line -
If the evaporator or any other overboard vent is placed
under the payload bay doors, consideration should be
given to placing a boot or flexible covering over the
hinge line between the Shuttle Orbiter doors and the
fuselage. This would eliminate molecular and particu-
late material from escaping into payload viewing
regions during vent operation.

Shuttle Orbiter External Temperature Profiles - TPS
bondline and outer surface temperatures should be
determined for specific points within an orbit for the
majority of vehicle attitudes envisioned. - These should
be correlated with temperatures of payload surfaces at
the same point within an orbit. With this determined,
a more meaningful contamination assessment can be made.
Also the temperatures of the Shuttle Orbiter radiator
surfaces should be determined for specific missions.

Separation Rocket Booster Motors (SRBM) - The effects
of SRBM separation rocket plume interactions with the
Shuttle Orbiter should be determined.

Mission Profiles = Detailed mission profiles including
parameters required for complete contamination assess-
ment should be identified, These parameters include,
Shuttle Orbiter external temperatures, attitudes, alti-
tudes, duty cycles of each VCS, RCS,and OMS engine,
evaporator flowrate requirements, and payload viewing
directions and surface temperatures relative to the
Shuttle Orbiter.

New Evaporator Systems - The development of the: final
evaporator design should include a review of the po-
tential contamination problems of the evaporator.  Test-
ing of the final evaporator design is necessary to
obtain plume flowfield and particulate generating
characteristics. This type of testing is currently
planned for the final evaporator design.
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VCS Particulate Emissions - The VCS engine particulate
or droplet generating characteristics should be deter-
mined. The size distribution, velocities, and emis-
sion direction are important in evaluating payload
susceptibilities. The point at which the droplets be-
come frozen is also important for considerations of
reflection off of Shuttle Orbiter surfaces into pay-
load lines~-of-sight. The molecular effluents from
these engines exceed the applicable criteria which
will dictate certain control measures to be instituted
to minimize field-of-view interference., These will
inherently limit the impacts of generated particles
from the VCS, as well.

Payload Impact on the Shuttle Orbiter - Spacelab and
other payloads should be assessed for their contamina-
tion contribution to Shuttle Orbiter surfaces. The
areas of immediate concern would be the deposition on
Shuttle Orbiter radiator surfaces and the payload bay
liner and view ports. This would include the periods
with the payload bay doors closed and open.
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the text of this report,

1, Naumman, R. J.: '"Shuttle TPS Panel Tests Preliminary
Results" Working Paper, Space Sciences Laboratory,
MSFC, January 16, 1975,

2, Simons, G. A,: "Effect of Nozzle Boundary Layers on
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Sublimator/Evaporator Operation," NASA-TM=-X=64794,
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Internal Letter from R. Budica te D. J. Simkin, "RCS
Vernier Thruster Duty Cycles for Various Attitude Hold
Requirements," No. 393-120-74-096, Rockwell Inter=
national, November 1974.

5.2 Abbreviations = The following abbreviations were used

in this report and represent terminology relevant to this study
and programs used to obtain supportive data for this study.

APU
ATM
cnc
CMG
CRT
ECLSS
ET
EVA
H20
He
HRST
IR
JsC
LOS
LRST
M
MCD
MFP
MMH
MOC
MSFC
N204
N
NCD
0
O%R
OGR
OoMS
QcM
RCC
RCS
RGA
RSI
RTV

SRBM

= Auxiliary Power Unit

- Apollo Telescope Mount

= Control Data Corporation

= Control Moment Gyro

- Cathode Ray Tube

- Envirommental Control Life Support System
- External Tank

- Extravehicular Activity

- Water

- Helium

- High Temperature Reusable Surface Insulation
- Infrared

~ Johnson Space Center

- Line=of=Sight

- Low Temperature Reusable Surface Insulation
- Molecular Weight

- Mass Column Density

=~ Mean Free Path

- Monomethyl Hydrazine

= Method of Characteristics

- JIFnrrshall Space Flight Center

- Nitrogen Tetroxide

- Nitrogen

- Molecular Number Column Density
- Oxygen

- Offgassing Rate

- Qutgassing Rate

= Orbital Maneuvering -System

= Quartz Crystal Microbalance

= Reinforced Carbon=-carbon

- Reaction Control System

- Residual Gas Analysis

- Reusable Surface Insulation

- Room Temperature Vulcanized

- Sticking Coefficient

-  Solid Rocket Booster Motor
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Thermal Protection Subsystem
Ultraviolet

‘Vernier Control Subsystem

Volatile Condensible Material
Solar Absorptivity
Degrees Centigrade
Centimeters

2,718

Electron Volt

Degrees

Degrees Fahrenheit
Feet

Gram

Inch

Degrees Kelvin
Kilometer

Pound

Mass

Angle in degrees
Microgram

Pounds per square inch



137

5.3 Definitions - The following definitions are presented
to clarify terminology used in this report which reflect unique
characterization of the principles, procedures, and methods of
application that would be generally applicable to utilization of
the results of this study.

Q.

Mass Column Density = The mass contained in a constant
unit cross=sectional area extending from an origin to
infinity, expressed in units of Mass/Unit Area,

Number Column Density = The number of molecules con-
tained in a constant unit cross=sectional area ex-
tending from an origin to infinity, expressed in
units of Molecules/Unit Area.

Flux = Mass flow through a unit area, expressed in
units of Mass/Unit Area/Unit Time.

Line-of=8ight = The line being sighted from a critical
surface and extending along a given direction of in-
terest to infinity. Column densities are calculated
along lines=of=-sight.

View Factor - That fraction of the total mass leaving
wne surface that is capable of dimpinging upon another
surface of interest in its field-of=view.

Interaction Sphere = Geometrically developed spheres
along a given line-of=-sight which establishes surface-
to-surface relationships in its field=-of-view such as
distance, angular, and view factor,

Return Flux - The mass flow of contaminants through

a unit area reflected back to a surface of interest
as a result of collisions with the ambient atmosphere
expressed in Mass/Unit Area/Unit Time.

Quigassing = That contribution to contamingtion which
comes from the material bulk chayvacterisrtics and is
long term in nature,
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i. Offgassing - That contribution to contamination which
is related to the volatiles which are either adsorbed
to the material and/or carried in the preparation of
material and boil off very rapidly when exposed to
vacuum,

j. Beta Anglé - That angle between the orbit plane and
the earth~sun line.

T

Copr
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APPENDIX A

* Configuration Descriptions and Geometric Relationships
Used in the Contamination Impact Analysis-for the Shuttle
Orbiter.
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1. SCOPE

1.1 Purpose - The purpose of this Appendix is to present
a computer printout of the configuration descriptions and geo-
metric relationships used in the contamination analyses described
in the text. The information presented is representative of the
development of the contamination modeling effort to date. It
can be extremely useful in understanding the geometrical rela-
tionships used in the model predictions established under this
study.

1.2 Scope - This Appendix presents the computer printout
data generated during the Payload/Orbiter Contamination Contral,
Assessment Support, NAS9-14212. Contained herein are the com—
puter listings of the input surface data matrices, the view
factor data matricies, and the geometric relationship data
matrices for the Shuttle Orbiter configuration analyzed in this
study, This configuration has been broken up into the geometrical

surfaces and nodes necessary to define the grinciple ceritical
surfaces. A number scheme was established based upon nodal numbers

that relates the various Shuttle Orbiter surfaces to a specific
surface material or function. The nodal numbers and numbering scheme
are presented in tabular form along with an accompanying figure

to illustrate the location of the major nodal surfaces,

2. COMPUTER PRINTOUT DESCRIPTIONS

2.1 Discussion - The computer modeling of the induced con-
taminant environment of the Shuttle Orbiter involved the geometric
synthesis of all major surfaces. These surfaces were synthesized
on a CDC 6500 digital computer using the Scope 3.4.1 Operating
System by utilizing a mass transport analog to thermal radiation
as reported in "Thermal Radiation Analysis System' '(TRASYS),

NAS9 14318, MCR 73-105, Revision 1, May 1975, Lyndon B. Johnson
Space Center. For this study effort, input surfaces included

the baseline Shuttle Orbiter configuration updated to known cur-
rent design modifications. Vent and engine sources were modeled
as geometric discs representative of a surface at the engine vent
exit plane emitting with the characteristic plume distribution of
the particular source.

The Shuttle Orbiter surfaces were assigned nodal numbers be-
tween 1 and 999. The Shuttle Orbiter was described geometrically
by 60 basic surface shapes. These surfaces were further subdivided



Table A-I. ~ Summary Table for the Shuttle Orbiter Geometry Breakdown

SURFACE NUMBER _
GENERAL AREA NAME TYPE NUMBER OF NODES NODE NUMBERS ;
COCKPIT Extreme Nose Paraboloid 122 - 4 122,123
Cone ‘ 124 125
Nose Cylinder  Cylinder 320 16 320,321,322,323,324,325,
326,327,328,329,330,331,
332,333,334,335
Hood (Partial Paraboloid 340 16 340,341,342,343, 344,345,
back) (Partial) 346,347,348,349,350,351,
352,353,354,355
Window Paraboloid 360 16 360,361,362,363,364,365,
(Partial) ’ 366,367,368,369,370,371,
372,373,374,375
TOTAL SURFACES = 4 TOTAL NODES = 52
BAY Front Bay Area Disc 135 1 135
Disc {Sealer)
Bay Area Cylirnder 150 8 150,151,152,153,154,155,
Cylinder _ 156,157
(Liner)
" End Bay Area Disc 140 1 140
Disc (Sealer)
+Y Side Door Cylinder 781 8 781,782,783,784,785,786,
787,788
-Y Side Door Cylinder 791 8 791,792,793,794,795,796,
797,798
+Y Radiator Cylinder 771 8 771,772,773,774,775,776,
777,778
~Y Radiator Cylinder 761 8 761,762,763,764,765,766,

767,768

=Y
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Table A=I, Summary Table for the Shuttle Orbiter Geometry Breakdown = continued

SURFACE NUMBER

GENERAL AJEP; ' NAME TYPE NUMBER OF NODES NODE NUMBERS
BAY ' 4Y Side Front Trapezoid 301 1 301
Trapezocid
Body  Side Rectangle 305 1 305 )
(Middle Part) v
~Y Side Front Trapezoid 311 1 311
Trapezoid
Body Side Rectangle 315 1 315
(Middle
Starboard)
Body Bottom Rectangle 401 1 . 401
(Front)
Body Bottom Rectangle 402 1 402
(Rear) ‘
TOTAI, SURFACES = 13 TOTAL NODES = 48
WINGS Wing Triangle, Polygon 1 1 1
: Front, +Y
Wing Triangle, Polygon 2 1 2
Middle Front,
+Y
Wing Rectangle, Rectangle 143 1 143
» Middle Front,
+Y
Wing Rectangle, Rectangle 3 1 3
Middle Back, +Y
Wing Rectangle, Rectangle 144 1 144

Middle Back, +Y

G=Y



Table A-I, Summary Table for the Shuttle Orbiter Geometry Breakdown = continued

GENERAL. AREA

NAME

WINGS

N Extended

Aileron
Top

Extended
Aileron
Inner

Wing Triangle,
Rear, +Y

Wing Triangle,
Front, =Y

Wing Triangle,
Middle Front,
-Y

Wing Rectangle,
Middle Front,
-Y

Wing Rectangle,
Middle Back,
-Y

Wing Rectangle,
Middle Back,

-Y

Wing Triangle,
Rear, =Y

TOTAL SURFACES

IYPE

Rectangle
Rectangle

Polygon
Polygon

Polygon

ﬁectangle
Rectangle
Rectangle

Polygon

= 14

SURFACE NUMBER N
NUMBER OF NODES NODE NUMBERS
900 1 900
901 1 901
4 1 4
10 1 10
11 1 11
141 1 141
12 1 12
142 1 142
13 1 13
14

TOTAL NODES



Table A=L. Summary Table for the Shuttle Orbiter Geometry Breakdown - continued

' - SURFACE NUMBER
GENZRAL ARFA NAME TYPE NUMBER OF NODES  NODE NUMBERS
REAR Body Top Cylinder 202 1 202
(Rear~-Star-
board) ; .
- Body Top Cylinder 212 1 212
(Rear-Port) :
Body Side Rectangle 306 1 306
(Back Port)
Body Side Rectingle 316 1 316
(Back
Starboard)
OMS Pod Cl =Y Cylinder 184 - 1 184
OMS Pod G2 +Y Cylinder 174 1 174
OMS Parab =Y Paraboloid 182 1 182
OMS Parab +Y Paraboloid 172 1 172
OMS Rear Discs & Trap 29,31,32,33, 7 29,31,32,33,34,35,36
Sealer 34,35,36 ,
=Y OMS Front Disc 20 1 20
Sealer
+Y OMS Front Disc 21 1 21
Sealer
Back Rectangle ' Rectangle 222 1 222
. ; 7.35 Deg
e ’ Rear End Disc 22 2 22,23
: _ Half Disc .
: +Y Rear Side Trapezoid 145 1 145

Taper -

L=
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Table A-I, Summary Table for the Shuttle Orbiter Geometry Breakdown - continued

GENERAL AREA

” NAME

REAR

ENGINES +

EVAPORATORS

Rear Bottom
Edge .

Sloping Rear
Flat Plate

-Y Rear Side
Taper

Vertical Pin
Port

Vertical Pin
(Aft-Port)

Vertical Pin
(Starboard)

Vertical Pin
(Aft=-Starboard)

Vertical Pin
Leading Edge

TOTAL SURFACES

OMS Engines
OMS Engines

Top Engine
(SSME)

+Y Engine
(SSME)

~-Y Engine
(SSME)

TYPE

Rectangle
Rectangle
Trapezoid
Trapezoid
Trapezoid
Trapezqid
Trapezoid

Rectangle

28

Disc
Disc

Paraboloid

Parabolcid

Paraboloid

SURFACE NUMBER .

NUMBER OF NODES NODE NUMBERS
146 1 146
147 1 147
149 1 149
380 1 380
385 1 385
390 1 390

- 395 1 395
399 1 399

TOTAL NODES 29

700 700,701
702 702,703
800 4 800,801,802,803
805 4 805,806,807,808
810 4 810,811,812,813

8=Y



Table A=I,

GENERAL AREA

ENGINES +
EVAPORATORS

NAME

Back VCS
+Y=Y

Back VCS

+Y-7

Front 'VCS
+Y=Y

900 1b RCS
-Z 1st

=Z 2nd
=Z 3rd

900 1b RCS
+Y 1st

+Y 2nd
+Y 3rd
+Y 4th

900 1b RCS
+Z 1lst

+Z 2nd

‘47 3rd

Forward Evap.
Middle Evap 1
Middle Evap 2

Aft Evap

TYPE

Disc
Disc

Disc

Disc
Disc

Disc

Disc
Disc
Disc

Disc

Disc
Disc
Disc
Disc
Disc

Disc

Disc

Summary Table for the Shuttle Orbiter Geometry Breakdowna = continued

SURFACE NUMBER
. NUMBER OF NODES NODE NUMBERS

24 2 24,25
26 2 26,27
18 2 18,19
710 710,711
712 712,713
714 2 714,715
720 2 720,721
722 2 722,723
724 2 724,725
726 2 726,727
730 2 730,731
732 2 732,733
734 2 734,735
705 1 705

16 2 16,17
707 2 707,708
407 1 407

6=Y



Table A-I,

_GENERAL AREA

NAME TYPE

ENGINES +
EVAPORATORS

Aft Evap (—X) Disc

Rear Center Disc
Evaporator
TOTAL SURFACES = 24

ENGINES (18)
EVAPORATORS (6)

Surmary Table for the Shuttle Orbiter Geometry Breakdown - concluded

SURFACE NUMBER

NUMBER OF NODES NODE NUMBERS
15 1 15
740 2 741,742
TOTAL NODES = 51

ENGINES (42)
EVAPORATORS (9)

e AT TR
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into a total of 194 nodes. Table A~I presents a summary of these
surfaces by indicating general area, name of surface, type of
geometric surface used, surface number, number of nodes, and

node numbers. )

Figure A-1 illustrates the primary Shuttle Orbiter nodal sur-
face number locations., Only the primary nodal surface number
locations have been identified. As indicated in Table A«I, a
large number of different surfaces have been used to obtain the
necessary fidelity to accurately define a particular Shuttle
Orbiter surface shape. Some of these surfaces are of limited
use in an assessment and have not been included in Figure A-1
Those surfaces depicted to represent the majority of surfaces
necessary to understand the basic content of the computer print-
outs and the contamination analysis and evaluation conducted
during this activity.

‘The computer printout of the:configuration view factor model
consists of three data matrices which will be described in the
following subsections. These data matricies are:

a) the Input Data Matrix;
b) the View Factor Data Matrix; and
c) the Geometric Relationship Data Matrix.

2.2 Input Data Matrix Description - This matrix consists
of all the necessary input data required to completely describe
the geometrical surfaces and configurations analyzed. Figure A-2
is an example of the format of the input data matrix for selected
Shuttle Orbiter surfaces. Following is an outline description of
the major items contained in ‘this matrix (see Figure A-2):

a) mnodal surface number;
b) geometric surface type - rectangle, disc, chinder, ete,

c) sides of surface activated - ability to emit or receive
contamination;

d) surface shadowing effects;
e) surface ability to be shadowed;

f) surface rotation about major axis system;
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point input data - three dimensional input with respect
to program axis system;

thermal property of surface emissivity; and

comment - surface name and descriptiom.

2.3 View Factor Data Matrix Description - View factor out-
put data is contained in this matrix for all modeled Lambertian
surfaces capable of impinging upon susceptible surfaces of inter-
est., TFigure A-3 is an example of the view factor data matrix
for selected Shuttle Orbiter suface to surface relationships.

The outline below describes. the main items of the view factor
data matrix (reference Figure A-2):

a)
b)

c)

d)

£)

g)

h)

1)

3

Node I - emitting Lambertian surface number;
Node J - receiving surface number from Node I;

computation ~ verification flag of view factor calcu~-
lation;

FE(I,J) W/SHAD ~ view factor fraction of mass leaving
Node I capable of impinging upon Node J considering
third surface shadowing;

FE(J,I) W/SHAD - reciprocal view factor fraction of
mass leaving Node J capable of impinging upon Node I
considering third surface shadowing;

FA(L,J) W/SHAD - view factor same as d) used internal
to program;

F(I,J) WO/SHAD - view factor fraction of mass leaving
Node I capable of impinging upon Node J if no third
surface shadowing is considered.

SHAD. E Factor - percentage of Node I not shadowed
from Node J; .

SHAD. A Factor — same as h) internal to program; and

CP time ~ computer time required for view factor
calculation accumulative for each Node I.
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2.4 Geometric Relationship Data Matrix Description =
This data matrix supplies the computer output information on

the geometrical relationships between all Shuttle Orbiter sur=-
faces capable of viewing each other. This data is used in
conjunction with the closed form mathematical source charac=
teristics for sources other than Lambertian to determine contami-
nant fluxes at surfaces of interest, Figure A=4 is an example

of the\geOmetric relationship data matrix for selected Shuttle
Orbiter surfaces. The outline below describes the maJor items

: depicted in Figure A=4:-

' a) NODE I = Source surface number,
b) NODE J = Receiving surface number from Node I;

c) F(1,J) = View Factor, fraction of mass leaving Node 1
(Lambertian) capable of impinging upon Node J;

d) AREA = Surface area of Node_I inz;

'

e) THETI - Angle that radius makes with Node I normal;
f) THETJ - Angle that radius makes with Node J'normal‘

g) RADIUS = Distance between Node I and Node J center
points in inches;

h) NORMAL VECTOR = Node I perpendicular vector (X Y, z
components) normalized to amplitude of Node I surface
area; and v

1) POSITION VECTOR = Vector (X,Y,Z components) from
central axis'origin to center point of Node I.

2,5 Shuttle Orbiter Data Matrices-The following subsection cone
tain the computer printout data matrices as previously described i
for the Shuttle Orbiter._, :

-Figure A-l in the text describes the primary Orbiter nodal
surface number locations., A summary listing and description of
the Shuttle Orbiter nodal: surfaces is contained in Figure A5,

‘which follows
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Pas=l2244ilBuy=90, 7cl AA
PROP=Can o 722 AA

L34=® QLA CNJ CVAFC=ATCR® 73 LA

S SULE =1 TYPe=FOLYJACTIVe=DOTTOM,SHADE=EOIH,H5:ADE=BOTH Tis LY
P12230evver=1d ¢ 725 AR
P22=19249=3%9=620 720 LA
P32=1924400s"00 727 AA

ICSNn=<1 e AA
PROPzdase 7:9 Ad
COM=® .. o o LZFT FRONT WING A o40* 759 AA

S SUAF= 1L 4 TYPE=FCLYZACTIVE=TOP,SHAD =BUTH B5nADE=BOTH 7i1 aa
PLz=19249=39. =0l 752 Al
P22=ed3.y=09.,~85, 753 AA
’J"QGJ.""D.Q’GS. Tosw AA

I2S5N=21 755 AA
PROP=Cusl e 70 AA

COM=® ouueelEFT MIUDLE WING BACK.H +40 * 737 Aa

S GURF =181 3 TYPE=RECTJACTIVE=TOP,BSHANC =80 TH, SHALc=BOTH 7i0 wa
Ple=13209d09~0le 7:9 Ak

Ple=s 4309 da9~85, 7+4 Al
Piz=uiley=09.4~05, 751 AA

ICSN=21 7+2 Al

PRUP 2 e de 7.3 A

Cum=* uS5 IANER WING o Tas AA

S SURFELe o TYPE=RECT JACTIVE=TUP oSraD-=C0TH,3SHADC=BOTH iv2 AA

k%



191

"

Ale  C/.3/7% TLIPE  Ldaleed0e THE FHAL RADLATION ANALYSIS SYLTaM (TRASYS) CiCo500/SCUPE Vowuilh Pau

L = LONTAM RCS AMALYS:S 4s9717%
FAGE DATA TWFUT BLOCK

;Wl CARD COL. = 1340578 1 234078 2 2345078 3 2345078 « 2345678 5 2345078 € 2343078 7 2345674 ¢ EUIT wO. OLO EOIT NO. LABEL

SE~V

Plz=0%4e9=09%: 4y "L 740 Aa
P2==049es=3bLay=30. 7+7 o

P3==483ey=30L ¢ 4=85, 7.8 Al

CSN=21 7+3 AR

PRIP=Caacs 7o . AA

CUM=% L eeeee LEFT UACK R.CT, WING C seee * 7.1 aAA

S SURF 1L o TYFE=neCT JACT IV =TOP 4 SHADE=EOTH dSHADE=BCTH 7,2 KA
Ple=uasesleg=9(. 7.3 AA

(«) Pli=nase9=390y"9i0 7.9 Al
% ) Pa==sties=d9.y=85, 7.3 AA
135821 7;0 AA

PIF=can ! ; 7.7 Aa

e LoM=* I“--R AdING C* 7.8 &A
g S SILF=13, 1Y =PCLY,ACTIVE=TOP,SnAD: ‘80'”955““-&3“‘” 7.9 AA
s Ple=693.9le9=1C2s 7w AA
% 0‘2=’t;~vo|’.,-bu."‘]ca 701 AA
Pz vasesDeg=9is 7.2 Ak

Q PRUIP= eyl '93_ AA
& I03N=21 Tow Al
LOM=® L..eee LEFT WING TAIL c0GE eel) o * ,)5‘ AA

S SUCFE1,TYPI=POLY 4yACY iVe =TOP 4 SHACC=BCTH,BSHADE=B0TH 7,0 AA
Pl1323lev.09~Tae 7.7 AA
PE==1132498949=000 78 Al
P3z=19249bev~0l. 7.3 AA

PRIP= Jayle 7 e AA

ICSh=2) 772 an

LOM=E® .0 FRUNT RING TRIANGLE nt.a.,sz.uza.- 7.2 AA

o SUAF =2, 1P OLY s ACT IVE=U0T TGN, SHADE=BOTH,USHADE=BCTH 773 Ad
rQuPs.'}. vl Ti s AA
Pl==1492.48349"b 3]s 70 2 AN

P2z=i38 .48, .°l§. 7o KA

T DU TR S 07 -
LUIE® s v e oMIGOLE WINC TRAPy KT 8 oelul49licy2e o AA

12sn=27 709 AA

- SUKF = 15 o TYhL=ko b'oﬂ‘:'th‘ﬂo"cn.b"‘l)b‘UO'h.USN‘OE'EO'N 748 Al

PLE=L Jlesleo=ble -1 AA
P2za=at5esider=82, 732 LA
PiieatBiesbieg=ti, 7+ 3 Aa

PRAIP=Jagi s n Tiw Al

1C5N=2) ; _ 753 A

WiIA=*d oY e CTANGLE WING® fow AL

S SURFZ 3, TYH _=nECT ACT IV_=UOTTOM,y SHAJE=80THya SHADE=OCTH b A 4 Al

PIE=n diaokybres=28,333 7o4 A&
Plze5dieiasdCter=08s533 759 nik
riz=adfesIuoey=dd, Tse “i

PROP=1e0 0 751 Ad

IZ5K=ds 712 An

CUM:® soee ALK WING RzuTe RIC 129242 9ua" 7+ 3 A

s SULF 2L ans TYPE2R CT,ACT IVE=BUTTCM, SHADE=80Th,8S5+ADc=00TH Tie AR
Plaes) s dhesee=88, 353 Tis AR

Pie-, .:o‘.h.ﬂ"..'SGOJ’J 7:n AA




Vale  G./720/772 TIMe J4)elée57. THERMAL RAUGIATION ANALYSIS SYSTEM (TKRASYS) COCuLS500/SCOPE VeRSION FA L R

MOucl = LONIAMN ®CS ANALYSIS “/9/75
SURFACE DATA INFUT BLOCK

INPUT CaRD COL. = 12343078 1 2345078 2 2345078 3 2365678 « 2545678 & 2345678 € 2365678 7 2345678 8 £OIT w0, OLD EDIT NC. LASEL

9E~v

PIz=ud 3. 939,485, 737 AA
PROP=UasTe 718 aA

ICSN=21) 739 AA

con=* INHER WING C ReCT* 8.4 Ap

S SIRF=4y TYPZ=POLY,ACTIVZ=d0OTTOM,SHADc=B0TH ydSHADE=BCTH 8.1 ua
Pl==n9d.s0es=11(2. 8.2 “a
Péz=0sve9 30060 ,y=90, 8.3 Aa
Piz=bh4eascer=9Ll. 6.9 '

PP Uy 85 hA

LLSK=2? 8.0 aa

COM=* Y WING TAIL £062 ¢ 8.7 Ad

S QURFNE  1°0,SHADC=d0 THUSHADC=00THyALPHA==], +EMISS==0. 5.3 Al
TRANS ==, s TRANI==2, +COM=%*dAaY ARcA CYLIMNUER . 8.9 AA

TYP_ SCYLINUER SJACTIVC=INSIOE JALPH= 1,02.30c402 ) Ad

nin= 2. yAMAX= 7L.CO0JQCE#C2yHYIN= Do 3.1 AR

DAL= 1.4 7°0)Cc ¢ (2yNNX= 29NNY= Ly ICSN= -0 e. 2 Al
POSITION==4,7clcucel 2y Jo s 0. 8.3 nA

017 = “Co » FOTY = 9540030y ROTX = C. 3L+, Al

S SURFNE  135,SHACIZ=UOTHISHAD-=B0TH,ALPHA==0, sEMISS==0, 8.2 AA
TransS==l, o IRANI==C, yCUM=* FRONT BAY AREA OISK - LIRS Ad
Tye.=01ISC JALTIV==IGP +ALPH= (. a7 Ak

$Alu= C. s BMAX= 1,02J.0Z4C2,6MIN= D, L il

GIAX= 3.0ucJIE DLy NNX= 1y NNY= 1yIeSn= -4 8.9 Ad
PISTITION= 2.30C00ccte2y e s G [ N AR

arys = L sy ROTY = =90 ,CLeldy ROTX = Ue 8’1 AM

> SUKFN= 122:SHADE=HNTH,ASHAD =80 TH,ALPHA==0, 2EMISS==0, 8.2 AA
TRANG==, . s TRANL==0., 2COM=® yr 'Y NUSc CONL . 83 “wh
TY2L=PARAIOLOINZACTIVE=0UTISINCALPHE o 13cCeE*CD . hA

IMIN=E o s OMAXE 2,C0J20024C246GMIN= G 82y an

GAAX= 3.0(CsdeeleoyNiX= “yNNY= 1yICaN= 1 80 Ad
PUSLITION= 24uvdd(iz#02, G 1=3.GC00iceil 27 AA

1L s «180.¢323, ROTY = =4 .C0G63y ROTX = T 38 Ad

S SUIFN= 320 +SHADE=u0TH,BoHADC=E0ThyALFHAS=-,, sMlSS=-0. 89 AA
TAiS==2¢ s TRANI ==, +CoIn=" 405c CYLIND:zR . 8354 AA
TYP_=CYLINUZR SJACTIVe=JUTSIOCALPH= T7.(ue)IE®0L 8s1 AA

AMIN= . o BHMAX= 1.73300c¢loy0MIN= o, 8s5¢ AN

2MAK=E SetJuudc #0224 NNX= L yNNY= 4yeICsn= 1 853 AA
PISATLION= 400300 *22y v v=3.048%u0E¢(2 834 AA

RUTZ = =18{.0(030y ®OTY = «97,00ddy ROTX = Je 855 AA

S SURFN= 34, ,SHAO =U0TH 0 HADE =0T H ALPHA= =, , 2EMLISS=-0. 8o AL
THANL==J . s IRANI==D, 1CuM=" HOUD PARTLIAL BACK . 837 AA
TYPE=PARALULOLO JACTIVE=0UTSIDE JALPH= 7ous.iue+0d 8,0 A4

IMINE 2o63J00c+(2,8MAX= S,703C0Z+C73CGMIN= G, 8,4 AR

DHUALE v u.CFEeQeoNuX= Ly NNY= Ly lisSn= 1 8 J AR
WLITION= 2ol tily vo s G 6-1 AR

0Tz = =i8uelualy POTY = =5le0L00y RUTX bl O 8.2 AR

> SUTFNE 36, +SHADE=I0THLASHADC=20Th ALPHA= =y, sEM1SS=-0, 8.3 LA
TRANS==5, s TRANL==C, +COM=* WINOOW . | AA
TYPLEPARAGOLOID G AL TIVI=OUTS L0z JALPHE 2,38.0Jc*0l 8+2 AA

BALHE Le03doCe 431 !MAX= T,68ul024,1,6MIN= ¢, 3.0 AA

SHAX: J.elJdlic t02yNlX= Gy Hiny = w9 ILSKN= 1 8.7 AA




- VAle  0u/20/75% TiMe U3415.90. THERMAL RADLATLON AMALYSIS SYSTeM (TRASYS) CoCo50d/5C0Pe VoxSION PAGE 21t

 MOD.L = CONTAM RCS AMNALYSIS w975
SURFALC 0ATA INPUT BLOCK

INPUT CARD COL. = 12343078 1 2343075 2 2345678 3 23+5078 4 23545678 = 2345678 € 2345078 7 2342678 8 cull wO. OLD EDIT NU. LAS3clL

POSITION= 3.852(Cc+02y 0o v ds 8-0 AA

WTZ = =18C.(u00, ROTY = =9..,0003, ROTX =’ Ce 8+49 AA

S SURFN=  4l1,SHACE=00TH,ISHADE=BOTH,ALPHA= LSLCseMISS= 900 8.0 an

TRanNS==3. s TRANI==-C, +COM=*ECLY BOTTOM (FRT) “ 1 . 8,1 AA

TYPZ=RICTANOLE JALTIVe=301T0M JALFH= C, 8.2 AA
IMIN==1,2202uc#dsUMAK= 1,02u0024(24CMIN= O, 83 AN

GMAX = 2,203J0E 402y NNX= Ly hNY= 14 ICSN= 1 8o A4

POSITIONS S5.70CCJE¢22y G 1=1.32duuntl 8.2 AL

KUl Z = -l s ROVY = 2+ 3876y KOTX = Co 4 c 1)

S SURIFN=  SL2,SHACC=UUTHuSHADC=00THALPHA=S .S(0,EMISS= L9900 3.7 AA

FhaisS==J. s TRANI==C, »COM=%3C0Y BOTTIOM (R:zAFR) 402 . 3.3 Aa

IVYPL=RICTaNOLE JACTIV. =30TTUM JALPH==1,20o0uitl2 8,4 An

IMIN==1o0cucci $CCoIMAXE 2020 00F0 2 06MEM= 2,25C00E¢02 Riv “h

IAAXE 9 3 00 L7yl 1o NNY= 1o1CoNE 1 dul EL)

POSITIUN: Se7LILI*02y J0 v Lo 802 AA

017 = -Coe s ROTY = =De v ROTx = [ 833 AL

S SUIFNz  TA1,TYPE=CYLJACTIVE=JOTH,SHALE=BOTH,UoHAUE=EOTH du9 an

P122350 a9 @l1a80437498 8.3, Al

Peald3iesl3a91, i Sue A
P3223)es2slede9=b4,02 P3N 4 AA
Pezeblleglcledbg=ub,l2 o0 AA

OO 2udP2iegle 8.9 Al
= E_U‘ NHX=2 g NAY=2 8’ d AA
(] GUME®, coee®Y SICE DCORseses® 81 AA
E S SULFN= 71, TYFE=CYLLACTIVE=UOTH,SHAUE=GOTH ,65HADE=B0TH 8/ 2 AA
- PL2830 o9 =201 436,437,938 8’3 LT
F 33230 =iCleaduymun.l2 8/« KA
8,,, P3223des=1uiesl, 8 5 14
DezealCas=1.304 19, 3.0 Al

PRIP=gadnde 8’7 Aa

NN =2y 1YY= 2 3/ Al

JUM=®, .. =Y SI0E VDOOR,eee” %9 an

H S SURFN= 3.1, TYP=TRAF ;OSHADL=UDTF,SHADCZ=u0THACT IVE=TCP LR Al
P1=233 912249~ 102. drl Ad

Prwenluces=1coe 42 By

L L s e 8.3 AA

Paz23)e01l24913, 8.4 b

GOM=* +¥ “IJE FxCuT TRAPOZOLD® 333 AL

PL0P=0440e 80 AA

S SURFN=  3.5,SHAUE=DOTHJSHADL=A0TH,ALPHA= ,9(d,eMISS=  .904 87 AR

TRANS==]), »TRENL==0, +COM=*8COY SIUZ (MIOCLE=FORT) 305 * 858 ha

TP =g CTaNuls 4ACTIVI=TOP yALPHE 1.02u00c002 459 aA

FilMN==1,22000c ¢ (2o BMAX=E 19, 26MIN= 2,25000c4(2 Bl LA

BHAKE S5,T725J02¢02yNNX= 1y NNY= Ly ICSN= 1 311 Al

POSLITION= Se7.c025402s do v D 8,2 AR

WL = -t « ROTY = =Je ¢ ROTX = 93.0000 53 AR

S SULFR= S 0 SHALL=NO TH, dSHADc=B0TH,ALPHA= S G, EMISS=s L300 PR AR

Icalis==u. si5ANTI==C, «CO4=*2CHY SIVE (BACK=-PCKT) 30 * a1 Ald

IVP_=RTCTANLLe JALTIVE=TOW sALFHE LaL2uiukt02 8s0 A
JALA=E=142.0500 002, ANBX= 13, +GHIN= 3.72ui0DeC2 arz LA

AA

GMAKE 9.3 diccrlcoMiixs= LoNHY= LeibLsnk= 1 319

LE=Y



VATe  Jo7eds773 TIME Jd.l5.02. THERMAL RAUIATION SIS SYLTZK (TRASYS) COCo5.d/SCOPE VerS1IUN PAGE 221

 MOUcL = CONTAM RCS AMALYSILS “/9/75
- SUKFACE OUATA INPUT BLOCK

- INPUT CARD COLs = 12342078 1 2345070 2 2345078 3 2345678 4 23630678 2 2345678 € 23450678 7 23456786 8 cuUll d0. CLU EDIT NO. LAHCEL

e~y

POSITION= 5.7C0CCE+c2, 2. vy de 839 Ad
ROTZ = ol + ROTY = v v ROTX = Guealia 9.4 AA
S SURFN= 311,TYFE=TRAP,USHAOC=00TH,SHADC=UTH,ACTIVE=BOTTON %1 AA
P1=230491.249=102, 9,2 AA
P2=44912244=125, 3.3 LYY
Pashay1.24419. 9.« LA
Pe=23uerllenlf, 95 AA
C0M=* ~-Y SIOE FRONT TRAPOZOIOD® 9.0 AA
PROP=.4y2, 7 “a
S SURFN=  315,SHADC=80TH,OSHAUZ=BUTHALPHA= .9(0,cMISS=  .900 9.4 na
TRANS==). v IRANL==( . s COM=*u00Y SIOE (MIDGLE=-STERL) 315 ¢ 91$ Al
TyPl=gioTaNGLe JACTIVC=TOP +ALPHE 1.(¢clicril 9id AR
SMIN= 13, 2UMAX= 1,250(0E432,6MIMN= 2,25(00c¢02 91 AL
GHAX= S.7705C08 ¢ (24 NuX= 1 NNY= 1,ICSN= 1 92 KA
PISLTLCN= S,7uiliz¢l2y Lo s O 3 AA
~urz = “Ge s <OTY = ol » RUTX = =~90.0004 G s AA
S SURFN= 3169 SHACLZ=DOTH,GSHADL=BUTH,ALPHA= 9. y,EM15S= «300 9.5 Al
TRANS==d . 2 IRANI==3. +LOA=%3C0Y SIVc (UVACK-STuOD) 316 * 9.9, B
TYPo=2 R CTulGLe JACT IVE=TCP PALPH= 1.(2.0dc¢02 - 9.7 AA
IMIN= 13, sBMAX= 1.,2533CZ¢073CMIN=: S5,.72003c+u2 9.3 A4
OMAX= a3 )l *lcyNNX= 1 JNNY= 1,1CSn= 1 99 aa
POSITION® Se7i00unt*uly o + v 9:3 AA
Warz B -Ce » POTY - L s+ ROUTX = =90.J00)0 . T4 4 e
% SURFNE  2.2sSHAC-=30Tr,D5HADC=EOTHLALPHA= 90 EMISSE «9040 Sl¢ Al
IRANE==_, 2 IRANL==T, 2COM=*BCUY TOP (STUD-RCAR) 202 b 9 3 KA
TYP_2CVLINDER  JALTIVL=0UTSLOCJALEFNE 3 .(2ubucea2 A An
VAliE Zo0L 0yl 0y IMAXE F.3J000E+00yGMINE 2, 7.000c422 9 Aa
LAAX = 3.b.Udoc tICeNNXE 1aNNY= 1+ IUSK= 1 9o Al
POSITICN: EoT.Ccectd2y 30 » Je L B 4 A
(u" = -le . <Ol Yy o ‘)-.-GOJ' Ro" = C‘. 95 AA
S SULFN=  212,SHADC=HOTHISHADE=UUTHALPHA=  L9(0,EMISS=  ,900 4 Aa
TRANS= =0, 2 TRANTI==¢, 200M=%3CUY TOP (PORT=-REAQ) 212 b4 PDe. Aa
TYPo=CYLINULR yACTIVE=0UTSIU_JALFH= 1.0200.c402 9.1 AA
IMINE 7400030202, 3MAX= 9.34l70LZ#L2,6GMIN= .80 CC0E+02 9.2 aa
GMAX= 2,7.000=+¢ (2, NaX= 14 NNY= 14 LCSN= 1 353 Al
PUSITION= 5.7C00ez¢uly Jo v b R aa
R0TZ = -~ s ROTY = 9.+0C)3y ROTX - o 952 AA
S SURIFN= 38 SHAUC=B0TH,BSHAOC=d0THALFHA=: L S(0,EMISS=: L9002 96 AL
T<ANS==]. s ImANI==0, +COM=*VERTICAL FIN (FORT} 20 . 957 Ad
TYPo=TRAFZZIID JACTIVz=TOP sALPH= o, 9.8 AA
IMINE 1.436.0c¢)2,0MAX= 3.934.0:=¢C02,6MIN= S.00c000E+01 959 AA
GUAX= <.S5J0J0T+01,NiuX= 1 NNY = 1+1C5nN= 1 9.4 AR
PUSLTLION= 1.65840L-¢33, 0 s +e9%0be(2 9.1 AA
Wiz = =Ce » ROTY = =18..0030y OTX = 9J.d0d4¢ e .. . AA
S SURFN= S853SHADC=J0THUSHADZ=BOTH ALPHAE  oJuuycMISSE 930 9.3 AA
TaAMNSz=], 2 IRANI==C . +COM=*VLRTILCAL FIN (FORT-AFT) 23 . e e Ad
IYPC=TRAPZZOL1G SA T IVI=TCP sALPH= [, 9.0 AA
SMINZE Low V90 #LLyBHNAKE 3.9 390ic®u2s6MIN= 150000002 9+ 0 AX
aMAX= F,0,0l.0c4d1yNiY= 1oNNY= 1, IUSN= 1 9.7 Al
POSITION=: L.0.8n0ce33, U s wedobdivyg 90 uh
072 = et s rOTY = =18.4C0udCy RUIX B 93.0330 EO] Ad




UAlL  da/20/7z TIME sdel34dbe THerMAL RAUGIATION ANALYSIS SYSIcM (TRASYSE CuCoSUd/SCOPE VERSLIUN PaLe 251

i

MOOcL = CONTAM RCS AMALYSLS w/Sr15
SURFACE DATA INrul BLOCK

INPUT CARD COL. = 12365578 1 234u073 2 2345078 3 2345678 & 256678 5 234v0l8 € 2345078 7 2365678 o <OLT W0+ ULO €DIT NC. LAsCL

i

S SUSFN= 390 SHADE=UITH,85hAUC=80TH ALFHAT  JYuletPiSE= LS00 9% KA
T=RANS==0, +TRANI==0. +COM=*VERIICAL FIN (STBD) 23 bt 9,1 AA
TYPL=TRAaF ZO0TU +ACTIVE=00TTUM JALFH= (. 9.2 Aa
SHINZ lieoboCotlcyUMAXE 3,934002+02,GAIN= 3.C0(000c¢ (1 9.3 La
GMAX= 4,300 0c ¢ 1y NHX= Lo NNY= 13 1CoNK= i 9. AA
PISITION= leoL8uuz¢uly 1.00000E=-C1y wednalucell 9% 2 A4
RITL A y KOTY = =1d..0030s RUTX = 90.0000 90 Al

Y SURFNE J3S,5HADL =30TH s uaMAD=JOTH L ALFHAS  o90iecMISS=E ,950 9.7 Ak
[LANL==], sl RANT==~3, 2CON=YVERTICAL FIN (STBL-AFT) 20 - 38 Al
TYP.=2TRAF-ZOID JACTIV.=201T0M ,ALPH= [, 99 AA
IMIAS LawdQllc 32 UMAXE 3,904 . 82422,6AIM 1,5.C000c+01 Yy AA
3MAK= 3, 00000 {1,y NNK= 1yNNY= 14,ICSN= 1 Wi Al
POSITION= 1469890 %33y 1eulluu=01y GLedob6.0c2¢02 92 AA
Iz = =0. s HOTY = =18.e0vluy RUTX = 9C.2002 9.3 LA

> SURFz 715, TYPC =0l CACTLVL=I0PSFAU-=U0TH,E5HADE=00TH 9.« AR
Pl*JZ?..aS..'?Z- 992 A&
P22327493500=75, Yu o L)
PJS‘)'&...«S.#?Z. 9.7 Y
Pe=32409%2a9~72, 0 AA
P23V 200030 3.9 AA
COM=® L MILT FORWARD CVAFURATOR, oa o+ LOOKING #Y,0 IN DIA.® 94 Al

S SUCFNET 0, TYP20ISC, ACTIV. =d0TH,ESHADE=B0TA,SFADC=BCTH 91 A
DaMoNSLINESZeriesld2e59de v 30l % e LA
IUSN=10.F70P20 440, 93 Ad >
SOME%. eersesSUFcK ENGINS (04S LOCATION) sat¥,o® L oo

S GURFNEZJ2, T¥Pe 5L LLCoACTIVL.2JOTH o ESHALE =A0IM SHADE=ECTH 9 % AA O
DAV NSIONGL 2709 (0922029200300 9 6 AA
ICSH=LT,PrUP2 09 9/ A
CUM=®, sanneeBUFIt ZNGINS (043 LOCATION) so=Yeo® E ) WA

S QUIFNEL 341 YPE=U1SCyaCTIVE=00THyonAUT=B0THASHADC=E0TH 3 An
’15'0070)';:00‘5.0‘ EIR) A
PlagTceve.lepviley 9.l Wi
P3z9ulevsilelssTo=sTe18 e AA
PeSwiod ede-Cobaig=wTeln 93 AR
PRIP=)en s R AA
SUME®, L F x0T (o «LOUKLING #/7=Y AT 35 06Ge 7723/7%4es”* 9 v A

S SURFN=10, L YPESULISCACTIVL=NUTH,SHANC =BOTHy 3SHAUE=U0 TH EFEN A
Ple=247491i549=210 7 AR
Peeelwlevidoss™ine 4.0 AR
P3zedouesllien~ele 9.9 Ak
Pes=25leslnien=il, e Ai
PRIP=] ende 941 AN
COA=%, oo MiDiLe EVAP,. LOOKING #/7« Yiooonsees? w2 AR

S SULFNE 39 SHaUE= JOT R ASHADE=00TrALFHAS  ,900,cMISSE o900 uid A
TRANS==L . s IRBAL ==, yCOM=*VERT, FIM LUG. £06: 2 s ERE AA
fypeasictalote OAU'IVL"OP "L"": Ceo ET AA
talN=snseeulie v iy WMAXE 0433303240, +06FIN==5,%0000:¢¢2 Ys0 A
A 2mdilacd e tiToNNKSE LaNiY= 1o IUSNh= 1 i AA

i PISINICHE Llevid&,itu3y oo v weddb_ 202 930 AA
i 017 R s #OLY = ~hoeledl, ROUTDY = 2. 339 An |
M TR SRR SRS me—




2.5.2 VIEW FACTOR DATA MATRIX

The following pages contain the input data
computer printout for the Shuttle Orbiter configuration.




fDl'; A5/20/75  TIME 11.05.49. THERMAL RADIATICN AMNALYSIS SYSTeM (TRASYS) CODCo5C3/SCOPE 3.4 PAGE 12

MOU:L = RI0 STeP = 1 RECS ANALYSLS 47975

FORM FACTOR CALCULATION LINK, se +4
5600 FF Sus = 3. ROW CP TIme = 2.228 + 0IsC +++SPECTAL DISCIDIMENSIONS=
2005 FF suM = 0. ROW CP TINE = 2,422 + DISC +++SPECTAL DISCIDIMENSIONS=
5010 FF SUM = .06 ROW CP TINE = 24065 + DISC ¢+ +SPECIAL UISCIOIMERSICIS=

(* INDICATES NOOc PAIR WAS BEEN SUBDIVIDED)
(R TNCICATES FF CALCULATED FROM & T0 D)
NOU & NOD: J COMPUTATLON Fell,d) FElusl) FALL,J) F (TI,J) SHAD. ¢ SHAC. A CP TIME
; W/ SHAU wW/SRAD W/ SHAD WO/SHAD FACTOR FACTOR (SEC)
.14 711 CAw, 020231 .C0031 .030061 .0C0001 1.4.0000 1.30C0J0 416
315 FF SUM = L4000 KOW CP TIMe = 2.803 + 0aSC +++SPECIAL OTSC(OLMENSIONSS
5023 s oM, 338302 +u03232 +004i02 ICCECZE 14000000 14000500 326 R
s0) tF SuUn = «3350 ROW CP TINZ = 5074 + DiSC es+sSPECIAL OISC(OIMENSIONS=
suls 711 cAL. 2333303 30066 J33CE03 00003 14006030 14300606 S8 R
5025 FF 3um s L3330 RIW Cr TINE = <167 ¢ 0iSC «++SPECTAL DISCOTMEASIONSS
5635 i oA, 33030+ 400066 000304 4 0C0004 1.Guwd00 1.60€320 330 R
508: FF sult s L3030 ROW CP TIKE = “.310 + 01SC +++SPeCIAL DISCUOLMENSIONSS
S35 Mt oM. 000305 .003339 00605 .C0035 1960300 1.490009 333 R
2085 FF SUM = L3240 RIW CP TIME = DRTE + olsc +++SPECIAL OISCIOIMASIONS=
Suwd FF 3UA = L0N0  ROW CP TINE = 2069 + 0LsC e +SPECIAL DISCIULMENSTONSS
2045 726 CML, cBGsa1 SLO0CI3  L2306OL 00601 1.0300u5 14400000  1.087 R
o r20  Cai. 030301 +L0us2 <0500 000001 1.0033:0 1.000630  2.038 R
Su4s 2v . CAL. sBuedil  +uB00SZ 4650001 000001 1.06LO0J 1.00400u  3.099 R

9=y




OATe  L5/¢0775 TIME 144274304 THCFMAL RADIATION ANALYSIS SYSTEM (TRASYS) COCoS500/SCOPE 3.4 PAGE + 13

MudelL = RIO STeP = 1 RCS AMNALYSIS “/977¢
FURM FACTOR CALCULATION LINK,

(* INDICATES NOOc PAIR HAS BEEN SUBDIVICED)
(R INDICATZS FF CALCULATLD FRuUM J TO I)

NOJ. [ NODz J COMPUTATION FE(IWJ)  FoldyI) FALL,J) F (I,J) SHAD. ¢ SHAC. A CP TIME
¥/ SHAD  W/SHAU W/ SHAD WO/SHAC  FACTeR FACTOm (SEC)

2242 FF SuM = evldy RUW CP TIME = Le217 + C1sC «s+SPECIAL DISCIDIMENSICuS=
Lo rez CAL. «00U202 4J00047 LJ00C02 +00.002 14060300 1.C0C000 1.387 R

2054 2« CAL. eBlltu?Z 000006 +ubudle +OC005Z 140iLv0UC 2.00C000 14744 R

E 72e CAL. «0833C2 4 Q0035 4000002 4030002 1.040303 1.30¢C020 2.087 R

.94 735 CAL. eL20301 e disl&  JOCCOCL +00C002 «523)4c 4555046 3.038 K

P 24 CAL. «0066331 4ucl025 +0J0v01 000001 1.000G00¢ 1.005060 3.005 R

505, FF Suy = «JJ3C RJUW CP TIME = bel24 + 0IsC «++SPECIAL DISCUDIMCASIONS=E
1522 rzz2 CAL. su0J333 +UCO012 000003  LUCLuU3 1.0.000C 1.0045000 1.428 ®

S22 i2s CAL. ebud032 +L000L1  LGOCU02 0CC02 tevviduv 1,000000 1.752 L3

buve 2 CAL. 0300432 LGJ0010 000002 000022 1.00u0GCe t.000000 2.088 K

3652 735 Lnbe «J00003 .003312 J00G033 LCuCNJS2 L1.0uiddu t.00C0000 3..5¢ R

e 24 CaL., eluCuu2 oCO0L009 +300Cu2 ouulfu2 1eueddit 14536200 3.686 R

.55 FF Sum = « 34520 20W CP TIMc = “ 377 ¢ UISC «s+SPECLIAL OISCHOLHMENSIONS=
04 722 CAL. e0J0J0"  4vdi21 LW CUd4 LUCOD0O% 1.0GCGA0 1008040 1.384 R

Iubd 724 CAL. «d3C0.6 4000019 +0Ccul% +0GCE0e 1.0.000C 2.00¢cc00 1.084 R

L 726 (Al «ooll0S3 000017 0005503 +0.0003 1.C0000C 1.000000 1.392 R

w0l 733 Ccac., «CA0700 #J0C033 40008 +CCO004 4213212 .113212 2.620 R

2v0d 735 VAL . e 03Cuide JJG0020C e0Jeilb 4030004 2sduvele 1.000000 24971 R

Sued 24 CAL. «000333 +¢006C1o J02d063 +Je0u03 21.06GJCO 1.00dc000 3047 R

Sube 721 CaL., «000283 4000020 4000253 00507 owaT7268 .wsl2¢8 L.270

2und FF Sus = +0033 ROW Cr TIMc = w270 + DIScC s +SPECTAL OISCHUTIMEASIONS=
5.2 720 caL. «00G003 LUCJ020 +0JCR03 LU0CI0E 4555929 555929 1144 R

24,02 122 CAL . «0J000%5 4500033 000005 +00C0CS 1.000CuC 21.400C00 14458 R

24063 774 CAL. ¢US000Z JLOCO30 0030005 +0CuGO05 14040000 2.00C330 1.705 L

2003 726 CAL. euddlis  SL00027 JO00Julw «JCUCun 1eCuldul 1.00G4w0 2.09% R

P 733 CAL . ed0332 JC0Jull  Lud03C2 LLCOuld 331142 331162 2.73¢8 R

Ji0a 735 CAL . eFCEIUS  WCdel31 030005 +0uwbli5 1e00J0dd 10042403 3.058 R

20 24 VAL e030uds w25 +d00004% ouolO3% 1.00C00C 2eGu0C30 3.603 R

340 701 CaL., o0G0388 olluunS J0do38F 000579 070792 07,792 Le35s

5le5 FF Sun = P ROW CP TIME = “e35a + DisSc ve«SPECIAL DISCIDIMENSIONS=
s67. 720 AL, «00C307 00359 SUI0GAT L3LWICT  W891LT7. J8%2105 10946 R

el a2z CAL. edddla7 sdluvol elutua? «dG0007 Lebunenh 14003300 1.403 R

987, i2= CAL . eflilice 0027 eDlviin oB8C2.30 Qouwceali Lecilil0 1.783 ®

'Ja'-l '?0 ‘;‘Lo ODJ’J!'.'L suduilad sd.liun sesGll)E $edalobe Socucloud Le999 R

aamy

vy



; DAfc L2725/75 TIMS  13.01.10. THE FMAL RADIATION ANALYSIS SYSTcM (TRASYS) CUCBS500/SCOPc 3.4 PAGe 1s

. MOUcL = RIO STEP = 1 RCS ANALYSIS “/9/7%
- FURH FACTOR CALCULATION LINK.

(®* INDICATES NODc PAIR HAS BecN SUSDIVIDED)
(R IKCICATES FF CALCULATED FrOM J TO D

© NOUZ I NOOE J COMPUTATION FERIeJ) FELJ,I) FALI,J) F (I,J) 3HAD. ¢ SHAL, A CP TIME
4 W/ SHAD n/SHAD W/ SHAD WO/SHACD FACICR FACTOR (SEC)

4 3u70 733 CAL . «udC337 J003362 J0IRIG7 < uuG007 2140Cud00 21.200ca0 2.€62 R

4 2eld 735 CAL. eBuilic  SJL00057 e0diiCo +GCC0CE 140 0000 2.COCOO00 2.972 R
2l 2« CAL. ewiladf W00I3~9 4028005 +O0CCOGE 1eiubdu 1.302000 3.523 R
el 731 CAL . ewdb351 4002339 L00355%1 .000351 1.006420 1.06e3cC00 4.282
S5e7d FF SuN = «2316 ROW CP TIne = ~+291 ¢+ 0ISsC eesSPCCIAL DISCIOIMCASIOGS=
I 720 CAL. «033.08 oL001J1 40308  L0CuCCA 1400CC3d0 1.000400 1.u97 R
ST ' s CAL . eewllud  oCOCuY¥5 o00uli8  oCCul02 L1o000CGC 1300060 1.3%3 R
2372 24 CAL. +O0CS00O7 000388 000307 000037 Leciubold 1.090000 1.€63 L3
9.7 726 CAL. e0uu0G/ «0ulus3 006347 ¢0C6337 14Geul00 21.000000 1.953 R
E T 4 733 CAL . wbd3333  JLCC033 sdJduio  CCC0S8 Levliwed L.00C000 2.616 R
75 735 CAL. evdwedT  euBL337 oCeLud? 320007 14630000 1683022 2.901 R
auls 2% CAL . eUuli% +00cU78 000000 <CPIULE LeweuolO 1.00C0C00 34435 R
5.7, 26 CAL. s CuCdu7 <0JCu85  +CQ06u07 o0uCOO0C7 1.04000¢ 2.006600 3.762 R
2075 721 CAL . e 00us83 0001248 4000483 LCCU%82 14000000 140l “.215
LT £ FF Sum = DS P ROw CP TIM: = w215 + DISC es o SPECIAL DISCUDIMENSIONSS= E
2.8 72) CaL . «CLOJ49 wwidtle «024C09 +ul0J0% 1e0uvwie 1.000000 1.116 L3
5Jd4 T:i2 CAL . +3J00334 +o0C128 L000udd +00CCCS LewewlelC 2,.340c0C000 1.375 R
PP 724 CAL, «03C08 003121 4023093 eveiduB 1.0CCCCT 1.000000 1.805 R
e 126 CAL . eCuEd27 JCL3C116 L0303087 o0uCO37 2ectoile 1.52C330 1.958 R
Subd r33 CAL . eDC0003 000124 00600 +JC0u0C8 1e30uuuv 1.048000 2.E04 R
2084 735 CAc, ¢BCddd7  WGGa1T7  wGu w07 oCCUOD7 1.00U063C 140000400 24903 ~
3480 24 CAL. « 003397 JC00149 40U wd07 LueCulu7 1404044630 1.00CC00 3.430 R
o83 26 LAL . eveua? subo112 ediuila? eBecuu? 1300000 1e0diC2 3.704 R
EE 732 CAL. e 036431 o l0112 4050601 30091 levbildouv 1,360 welzd
5080 FF Sumn = «(4d5 ROW CP TIME = +el0k ¢ D.SC «s+SPECIAL DISCIDIFENSICIS=
2.8 720 Cap. «030208 +.001067 000638 000068 1.40C0C0¢ 1.00CC0 1.110 R
2.8 r22 CAc. eB30J34 300159 4dILci8 000028 1.04000C 1.505030 14413 R
P 726 GAL. «uJd0008 (00151 L00C333 L0C0008 1.0000u0 1.0uC000 1.720 "
3499 726 CAL. eBI0.I7 sl Udtevw 030007 +0GuCUT7 14043000 1.03CC00 2.720 R
2383 733 CAL. e030303 4ud0152 oCl3uc8  oD50308 Levuliuee 1.300000 Z2.t81 R
248> 735 CAL . ebBuli7 Wdiiinb J050i07 ouC0J07 21.49cd3wc 1e30c000 24992 R
5085 24 CAL. «00JJB7 #G00138 L0JCC07 4JSCIGT Lebuuide 1ecdCan0 34493 ®
el do CAL. ewolIC7 oCO0CL3E G237 DLLEI7 140.C0C0 1.0C8.00 3.805 R
2485 721 CAL. e0JJ3323 030113 060323 L0CU327 1.000400 2eCuced “.260




OATe 45723775 TIME 14.15.07.

MOuectl = RIO
FORM FALTOR CALCULATION LINK,.

NOU. I NOO= J CcOompPuTATION

2.8

2394
2091
339
LR M
2ud
2293
el
L
2493}
2430
543

2692

2492
vt
509
B
FS P
2492
PR F
209
P
EPE Bl
2695

2095

210
PR
2130
2140
2143
»104
2143
2104
c103
218)
5ive
2139

FF Sus =

715
723
r22
724
720
731
733
/15

2w

26
701

FF SuM =

715
g
122
724
720
™
733
755
2h

731
FF SuM =

713
715
720
122
724
7%
731
713
735

Y

26
7%

STeP =

eluls

CAL .
CAL.
CAL.
CaL.
CAL .
CAL .
LAaL .
LAL .
CAL.
CAL .
CAL.

s ULd3

CAL.
CAL .
CAL
CAL.
CAL.
CAL.
CAL .
Cals
CAL.
CAL .
CAL.

«J323

CAL.
CAL .
CAL.
CaL.
CAL .
CAL .
WAL,
LAL.
CAL .
CAL .
CAL .
Cal e

THEFMAL RADIAVION ANALYSLS SYSTcM (TRASYS)
RCS AMALYSIS

479775

(* INDICATES NODE PAIR HAS Ofc{ SUBDIVIDED)
(R INOICATES FF CALCULATED frRO% g TC DD

Fell, N
W/ SHAD

ROW P

slulioe
«CJelG4
envlulis
ewdedd/
s0LG327
«+603133
«032237
«020:.07
«Quecd?
«08C127
«Cudlbe

KOW C#

evuuduz
«83C207
w0307
« 005507
eLiJ07
«036a02
40307
«030035¢c
w033237
O“OJJQU

«0202.7

Ruw CP

«004032:
«000343
9 ST B
«8J000>
«00C335
2 Cdidle
«53020~
ewdilds
«030uue
P D P
«LJ3235

«00C333

FELJL 1)
W/SHAD

TIME =

«L00559
0001293
«050145
000177
sludrvo
ebuiis1
«LCULTS
willo?
«LI010k
Giln7
«2 00139

TIME =

eulilel
«udiiLe
sbLJd258
scbici
00143
evuidioe
«u00195
e Jo137
ev 00188
004175
«LCCic3

TiMe =

«LdCdln
+0001062
«v30240
L2275
oL CLéde
«LGu265
+L002%%
wwBule9
w0245
svuedol
sulCe3t
«C22050

FACL, D)
W/ SHAD

++20J

«003d45c2
«3JC308
«duidics
wud 07
oGOC-o'
P I TR |
euuudl7
ed20lG7
«020307
«bdd.u?
«CJa258

Q0276

«Jd0405
«033.C7
«034G07
«d20207
«QJaco7
«CoGCE3
«DuoicC?
«03Cul0
030237
«006Cuo
«Jdéi2ce

“e157

«00350C1
«000ud3
«03032>5
«333405
«004d05
.JG °o°~
«000u0%
eldll&
wbdedin
eBiuuilb
P IR
«0.Ci53

F (1,J)
WO/SHAD

«UlullS
«00.0ce
«0cC3Cs8
«GCGO3?
sdiludl7
«JCC28
«3JCCA37
eoLCL07
«Cdcil?
«32C0.7
«Ld22%0

«JdCCE
«0cG00v?
«0Ce07
« 005337
«0C00u7
s0iCaG7
20604007
«aC00ve
ediCCLT7
sdiudue
suud200

P |
« 080802
o C8GLLS
«LOCSSE
«3CeJE
o L3CGCH
ITL L
NTITEL)
«GCL0Ce
ediblcn
«0200%%
«uli053

COCo5C0/SCOPE 3.4

SHAD., E SHAQ. A CP TIME

FACTER

+ CiSC

e4u5007
1.0u0iuu
1.budlCe
1.0C038¢
1eduiuby

«333345
1.Cc000C0
1.Cledie
Lebovuvi
!.0000&.
1000

+ Disc

levilivilu
1.000G00
1.0060000
1.0300C.
levildivi

T
1evilube
t.és.ﬂﬂd
1.0:08¢86
1.0uvul0C
10000

+ 0iscC

«22001¢
1.000u63
1edeilive
‘o.‘ltJo
l.adﬂcﬂu
1edCd24d¢
1.000090
1.00vdCe
1.6004u0
1040050
Levuldue
L.0c0300

e oSPECIAL UISCIOIMENSIONS=

FACICR (scC)
s4kZoo? « 895
1.00€Ca0 1.127
1.00C050 1.397
1.00CC00 1.691
1.003042 1.3%2
«333393 24338
1.C03000 2667
1.33C23¢0 3.000
1.000¢C00 3.536
1.000000 3.836
1.000400 “.237
«seSPECTAL
1.vullon «379
1«00Cuivw 1.49¢0
1.603¢000 14413
1.20Cc20 1.701
1.008C00 1.985
ewbresT 2340
Lebdeslo 2.630
1evdiiC 2.926
1ecdddido Jaubks
1.022609 $.723
1.000400 “.157
ee o SPECIAL
«22.616 P
1.040830 «86¢
1.30¢C000 1.108
1.00¢0¢00 1.415
l-;n;‘a. 1.087
1.200C50 1.499
1.006000 2.337
1404000 2+603
1.008039 24924
N 1 I J.658
f1evucilo 3,750
1.600000 baoiB7

ADDIDDOVDXOD

OISCIOIMEASICIS=

AXTDAEZLODEO TR

DISCIUIMENSTCNS=

ZARDADODDODORRDR

PAGE

%



UATE  CS/20/75 TIMe 15.03.5%. THEFMAL RADIATION AMALYSIS SYSTEM (TRASYS) COCoS5GO0/SCOPE 3.4

MOOL = RIO STEP = 1 RCS AMALYSIS 4/9/7%
FORY FALTOR CALCULATION LINK.

(* INDICATES NODE PAIR WAS EBLEIN SUBDIVIDED)
(R INDICAT=S FF CALCULAYED #ROn g TCO D)

NOUc I NODZ J COMPUTATION FelleJd) FELJLI) FALI,J) F (I,J) SHAD. & SHAC. A CP TIME
W/ SHAD W/SHAD W/ SHAU WO/SHAC FACTEx FACTOR (SEC)

FPAGE o io

2134 FF Sua = w301 ROW CP TiwZI = Le228 + DIsSC e oSPECIAL DISCIDIMENSIO4S=
2105 713 CAL. sudCI0L  LU00111 L006301 .0G0000C 667228 .B0i258 -5bo R
5169 r15 CAL. ¢030432 4030105 +00ci02 +0C0002 14649300 1.GuCLOD «301 L3
5140 2 CAL . euanll3 JC083)5 o0d0ud3 4000332 Lebudile 14000002 1.115 R
3143 722 LAL. suld023  oLQ03u1 «00uu03 L000003 14040200 1.00cCC20 1.428 -
5105 T2 CAL. «GJdCI03 +ulu2s8 000003 .0COD003 1.0C0060 1.GucbaD 1.701 R
Dl 726 CAL. «C03J03 000295 +000J03 +CCLIDT 14000030 21400C020 1.990 R
21u2 731 CAL. e0Cuud3 ould271 3030Cu3 +0GCICY 1.0C000uw 1.00.C40 24306 ®
5145 733 CAL . e050.C3 oCCuloB8 003333 o0C0ua3 1.00000C 1eClount 2.cb4 R
112 735 AL . «C0LI03 +su0Uco5 00G.03 LJCGJ027 1.0u0003 1.G0Ju00 2.939 R
5145 2w LAL. «0J0023 +udi292 006003 +CCCOGT 1.0G003v 2.000000 3ee39 R
2132 rd CAL, «QJ0332 WJL00253 swilwidl 0406032 Lebuidlul tecilow 34755 R
219 731 CaL. 00331,  euwnel? J000410 JGLOCLS Lecuwidiy teudidoo Loln? R
219%% FF Sum = v34il RUM CP TIME = “ed73 + DISC +e«SPECIAL DISCIOIMcNSIONS=
i1 711 CAL . «UJ03UY J0060.2 050200 +000wue LlelUeewie L.u00v00 11 R
211 713 CaL, eU03J0e  oL0C.32 000000 #3Cu0.C 1.Ce000C 2.40C0430 «60% R
5111 715 CAL . 00003, #LGIdd2 +00udLdd 000000 21.0¢uG00 2.020C000 +888 R
sl rae CAL. «BJRLUC +000CIS 000300 +00CECE 14000dUL 14400300 1.145 R
211l r22 CAL . 2030337 +L0CUCS 024002 L0CO04) 1ebuieuby 21.00C000 1.632 R
PR ) 724 CAL. «BJ0300 W00L335 QGCC00 +CCOUGD 14360000 1.v00400 1.703 R
5114 /26 CAL. o80CJ0d: «C30ue® o0GGIGd o030l 14030d00 124320600 1.978 R
211) 731 WAL, «60J00C «0030C& 02C30C ,L0CCUCO 1.0000ed 2.00cCCCO 24325 R E
2104 733 CAL . «0Cuids oGOCCCH bl 0,00 +GO0V00LS 14003000 140046300 2.023 R
119 735 CAL. «0J0J237 +LJGCCH <000000 ouCJ006 Levl0Jduw 1.503000 24893 R
2113 2% CAL. «00230) ooGCCCS +000.CC  oCCCOJY 1ebuboul 2.C0C000 J.h11 R
Sile 26 CAL . «00%0J0  +u(00CH +0SCC0Y +0CC00Q 24000l 1.00cCa08 3.700 R
S11) 704 CAL. «udB001  JCUduu2 005401 LGGGOAL 1,060000 1.000000 “4eC02 R é
%110 FF SuM = «0330 ROW CP TIM. = “.098 + 0ISe «s+SPECIAL DISCIDIMENSIONS=
192 L4 O CAL. 2006302 (28736 400,302 OCC362 140uudid 2000000 « 3 L3
142 71< CAL. «000457  oClwo?9 2036157 000157 140ueudii 14600000 «7os R
13 71s CAL. « 040389 008437 L003u39 000089 1,0C000w t.C0C040 1.264 r
145 721 - of 7 uBL  sudio7) . JOC0081L L000899 Jd1lt0i J3IN1Q0 1.790 R
ik 723 TR e 305092 L0731 J020092 L0CC92 14034300 1.00C0400 24267 R
1sn 725 CAL. eV ILel8l sb07092 0] LJOCECAe 1.0C0ule 1.vado00 2.762 R
14 727 CaL. eB05508 JLJEL3L L0468 LUC3Go® Leluldue L1e00CCu0 3.213 R
Lew 4 733 CaL . e 0luuvdl b Balis 023882 o00Co71 05,?019 «25.029 J.ul1 R
L& 732 CAL. Qi0:i03 «0J3w533 C.ilY40 o0Celnd  Blolis 69E736 3.998 R
L+ 754 CAL e sBedite o0JEu.b .‘dﬂtf’. sdl8lue Boluctue 1ecsdlad sl R
L2 g AL, PEFT PR s T § | -JJ¢ 50" eulo?S Jhseuee lecdenth Ce230 K
eobs lotw 33 Sevate R

1ed 7 CAL. M R sedrizl PR £ ol i 1
" e W

:
3

T RTINS~

T R R R

Sy



DATe  W3720/75 TIME 15.11.19. THERMAL RADIATION AMALYSIS SYSTEM (TRASYS) CDC65J0/SCOPE 3.4

HOO0cL = RIO
FURM FACTOR CALCULATION LINK.

NoUE 1T NOGL J

142

1%

140

1a?
1s7
L+7
17
1/
Lad
1a7
isd
187
Le
167
187
1467
1e7

147

7iq
714
71
71)
7T1iu
712
7l
710
710
Tie
1
7.

710
711

i1l
711

COMPUTAT 1ON
701 CaL.
FF SuM = N R
FF Sun = 0,
710 CAL.
712 CAL .
714 CAL.
721 CAu,
723 CAL.
725 CAL .
127 CAL.
730 CAL.
732 CAL.
Tis CAL.
7«0 CAL .
25 CAL .
701 CAL .
FF SuUM s «uJd19
EL D] CAaL.
961 CAL .
435 CAL .
4.0 CAL.
613 CAL.
411 CAL,
222 CAL.
2 CAL.
3 CaL.
1eb CAL o
- CAL .

E DT CAL .
FF Sun = « 37351
712 CAL .
7232 CAL.
723 Cav.

STEP = 1

RCS AMNALYSIS /9775
(* INDICATES NODt PAIR HAS BoeN SUSDIVICZO)
(R INDICATES FF CALCULATED FrROM J TO I)

FE(IJ) FELJ,I) FALL,JY F (I4J) SHaOD. c© ShHAU. A CP TIME
W/SHAJD  W/SHAD  W/SHAD HWO/SHAD  FACICRK FACTOR (SEC)

630212 LLC0359 .0J0212 .0C0212 1.uCOCCe 1.032000 Ba.l1b R

ROW CP TIME = oelkl + TRap + Y REAR TAPER
ROW CP TIMc = bkl + ReCT FPLAR FLAT PLATE OUT BACK
«0CCi7n LAY wili7e «OCUlLS «092u0¢ £924u8 738

eUlSUTY  JI5€892 .0)Ci79 LJC2118 673278 .E7:278 1.458
«J0008J 4027400 L00uwiB0 4000122 .6ci576 4680576 2.228
063‘137 euvde2ll wdJu227 «00C%02 «509407 «58 ‘407 20031
eU00Je0 44208021 J0JU0KJ L (W0uB7 590222 .59c222 J.116
2002343 030783 .000ub3 4330071 001542 601542 3.570
eBJdulbo 332576 4o0d340 JDGCA75 605287 W60%2¢7 J.591
eVwuutl J04E7.8 L033J00 LCCO000d .084311 .081311 4023
2333355 2039245 LOGOLES 4040293 .50v9le 588914 5.270
eUSUJET  ouetl23 020167 LL30099 .oo3321 .6823321 5.9%3
o03023689 4279112 4uel33%9 LiCC389 f.ce0oeC 21.C0CC2 8,869
svvduwi «03253 PErDRV Y 4 «3C0377 eoul 932 w0l 7952 J.5246
«C30372 653833 303077 403151 o498dle  oe9t.le 10.198
00793 WL 10091  J000793 L001982 ewul309 4000089 10,5339

DNODBDBXTXAVBDDODARIN

ROW CP TIME = 10.239 ¢ ReCY SLOPING REAR FLAT PLATE

eC25694  «ul0049 L0969« LU25%096% 1.00u006y 100000 1.850
«u26385 LudU156 L020386 u2c3do 1.LCU.00 1.00C0.0 2.1409
e038357 JC0J315 d38357 38357 1.9i0eu0 14032350 4287
e639417 020191 039417 039417 1euilCRe 1.0d3000 4.850
eduiLd55  JCJ002 000955 +00u955 1.00C060 1.3d0C000 Se2lb
«001738 +uGCuiB 061758 LCC1758 1.06000¢ 1.o00800 5.745
s02053% 4000023 4020534 020234 1e0ubise 14C2CLc0 04206
e044286 LuddUC3 004284 o ou7377 J563320 .5€%328 7.639
« 023389 «u 00320 «023889 «L2088% LeGulule 10000:50 8.125
w004935 e 00415 «074933 v 012920 ed8lvew «381cces 4.39%
TR L R L0275 « 098441 eli3015 093247« «I2EC T 10.282
«dl8501 «uwlUils «dino0l «327%u3 edtlol?1 «30€171 15.963

RIOW CP TIMc = 17 .35s - ulsC =Z 1ST RCS X=1519.75
e 002540 2GuES%0  J0029%0 oue2560 LeBulidur 143030000 «210
e00122% +ul12206 4331224 4302226 14000300 1400000 «928

«0C1420  +001.26 4301020 001020 1404wl 2.000000 1.20¢



UATe

MOOCL

NODz I

711
711
711
711
/11
711
711
/11
711
711
714
711
711
711
711
711
711
711
711
711
711
/11
711

711

712
712
12
i1
712
7i2
712
71e
712
712
712
712
712

712

713
/13

63720775 TIME 15.22.01.

= RIO STEP =
FORM FACTOR CALCULATION LINK,

NOD: J  COMPUTATION

725
727
732
732
/3
775
T
31
32
33
3
25
27
254
41
s11
22
731
212
SaC
135
g1
702

FF Sum =

150
41
395
avb
413
411
222
“a7

2

3
Lek

-
$36

Fr Sun =

CAL.
CAL.
CAL.
CAL .
CAL.
CaL.
CrL,
CAL.
CAL.
CAL .
CAL.
LAL «
LAL .
CAL.

20849

CAL.
CAL.
cac.
CAL.
CAL .
CAL.,
CAL.
CAL.
CAL .
CAL.
AL .
CAL.
CAL .

YT

CAL.

THERMAL RADIATION ANALYSIS SYSTcM (TRASYS) COCe500/SCOPE 3.4 PAGE o+ 18
' XCS ANALYSIS

i*
R

FetIuzg) Feto, )

W/ SHAD W/SHAD
010053 ot Jiui9
«BJ33E5 J0G035
eGul28, Wu012%0
«UJLL97 L1137
«001341 0010212
sbauile «LGOC30
e00du0”? ouilCuso
e 013525 eviles?
«UCZ339  euuli92
«023773 L1G3w18
eDdwsEy JCOCC8
ebovlis sLbuide
eBuuebi +ulduild
«027238 .0d3228
«¥29i%0 303141
wC806235 JuGdcu3
LR «Cd0cao
eJddul8y Sl o0CII
eblun27 <2082
0,227 ebudlin
NTYOE N «GCO121
22l «LddbzH
«GC1715 ..301330
KOW CP TIM: =
0022825 anwilind
«Jd2082. (02123
«039592 J008325
205992+ 0000
wwidi235 w2010
«GJ1371  JLJJu39
eue019« JCO020ws
e30C.d2 oCOCun2
eLUB21 euliCiw
019321 JudGele
edeT97 euedi23
e 3%3593 o dulob
o 010722 e223ed9
ROw C¥ TIM: =
+0C3019 evBlely
sVullbe oillllcw

FALL,0)
W/ SHAU

«00 0059
«J03355
«00128¢
«051197
«0l1Ll1
023024
«G002C7
«313030
«03 2949
23779
+00w263
T4
suliedi
027333
«J291%6
«bua3s
sdoueBo
«dGdl8
«G13627
w8235
037032
5031
«0C1715

33.253

«J22825
«J2082)
«0395932
« 059492+
«021235
«0o1871
«04J194
eBoceul2
eddol13
«3193521
«de 7097
«Jd9%398
1725

10.534%

edidul
sditibe

F (I,
WO/SHAD

«0C0659
«0CL353E
«02128¢
w1197
etl1301
«0C3C12
TS L
« 015237
elo29i9
«L2u779
P Y
«OCC20w
«J0C54¢C
vJ27538
«déYidc
N PR 3
LLITS
ed il 361
e 0396l
«070L352
euf7c32
«JdE3631
ebd1715

«J22625
«02u820
« 039592
059924
«901235
«0C1A71
NI E 1Y
eucCLCOZ
o710l
«J19.21
salCan17
edSc24l
017482

«d03e19
«00116¢

SHAD. &
FACTOR

level0is
leliiuil
1.LiC004
Leboldive
10000404
«JdE215¢
e 3713545
e825261
1edeluid
1.08040¢
1.0C0L6%
Leviodue
«850357
1eBl535.
ledouliue
1.dCuidle
eYouad b
sludakn
«2uulc
«d06333
LeCuwidle
Ledelity
b P T B A

¢ UlSe

1.006l60
levlocwue
Lebulovu
1.veludl
L1e0Cuuii
levesvdub
1¢d0¢0u3d0
levudibe
Be4321
1.C.80¢C¢C
o7.538¢
eJ0voic
«Poo7ul

- 0I>C

b Y W v I
‘Q.“Uc‘

479275

INCICATES NOOc PAIR HAS PBEEN SUBDIVIDED)
INCICAT:S FF CALCULATED FrROM J TO D)

SHAD. A CP TIME

FACTIOR

1.0C9430
1.53¢C
1.03C000
1.03¢800
1.56CCa0
03¢i155
«371505
2855241
1.600030
1304002
1.09CiC
1.004030
84 8357
1..00600
1evdui
1.004630
«95ci by
«29S4a8
«209628
e11c903
1e6deuidd
1eculoul
1.900200

isey

1.502
1.851
2e11€
24421
2.763
5379
5.739
0.501
72867
7T.622
8.)85
B8.554
8.061
9.063
J.977
10.7082
11.868
22.unk
27.113 .
27.638
28,493
23.249
24.539

=Z 1ST RCS x=1519.75

1.3040430
1.00C0G60
1.033000
1.005u4b
14400000
1.03C3%0
1.096G030
1.04CCa0
«840321
1elodeud
«722C55
«93.0%0
«95¢703

1.749
1.982
wak78
EELLH
S.e11
5.9
©.338
0.698
7.760
8.20%
8.553
i.oll
15.409

=Z 2ND RCS X=1532.875

PR I )
120200

201
«0512

LY~y




UATe 3720775

MOOcL = RIC
FORM FACTOR CALCULATION LINK,

NOue 4

713
713
713
713
713
713
14
‘13
713
13
713
713
713
713
713
/13
713
713
Vi3
713
713

‘13

)
il
Tis
71
I
i1s
714
Tls
Tis
e
Tis
; ile
i1«

ils

71,
13
715
71>

NOOZ J CUMPUTATLON

773
775
27
733
732
/3%
31
32
33
34
25
27
300
321
22
1.0
736
280
345
731
722

FF SUM =

40610
921
335
306
10
611
222
w7

2

3
Lew

&
3o

FF SUM =

721
723
725
rer

3TeP = 1

AL .
CAL.
CAL .
CAL.
CAL.
CaL.
GAL o
CAL,.
LAL .
VAL .
cav.
CAL »
CAL.
CAL .
VAL,
GAL .
CAL.
CAL.
CAL .
CAL .
CAL.

e 157

Cay .
CaL.
CAL.
GAL .
caL,
CAL .
CaL.
CAL.,
CAL,
CAL.
CAL.
CAL.,
CAc.

+ 3308

AL,
LAL .
CaL.
CAL.

TIMe 15,.3%e1b,

(e
(R

Fetlsd)
W/ SHAD

« 20132+
+G01)41
«bLOCBYN
w0137
«Lils50
«0013.3
21397
S I 751
w98y
«C12107
eUuid333
«030C33«
o G20072
«033927
11,357
edilial
e0ui?54
oG;‘O’J
«+ 034021
c035)en
« 0 2100d

ROwW CP

«02%2s
suifa12
R EPPEE
«L83222
«0dl%es
eDudnds
«C2321.
+ 0200601
«005733
00‘753?
e0u2555
«l7091-
o129,

ROW CP

«030791
.0!11!:
elul2esi
040325

THERMAL RADIATION AMALYSIS SYSTcM (TRASYS)

=CS AMNALYSLS

479475

INDICATES NUDE PAIR KAS BCEN SUBDIVIBEC)
INDICATES FF CALCULATED FROM J TO D)

FELJLI)
W/SHAD

sluldcs
.Gdzﬁut
siGlols
«G21373
eLC1sLB
oL 31353
001494
e0)2242
ov J04937
03282
«620333
«LCCYLw
evbucls
.Cilloh
003136
WETLAS S
«G0C3%1
«600129
oL Jd508
«000¢286

TIMG =

«u0rC39
«C001209
«u00258
«vQJ338
«00ui12
«0J0uLs
+L0JucHE
bl
20006
evu017
evaulile
«LC0215
«uidiciin

TIM: =

«0 03791
«Cd1135
euG1223
«C 30355

FACLI. O
W/ SHAD

«0J130
«001ub1
«0Jduie
«d31373
oduluds
051353
321397
37050
099,89
12167
«0,0333
«05G30«
oC20uT74
0333527
«112355
00131
w3754
«ul8673
ediev21
od33ub3
«31v07

29.905

«J20028
«016912
«035.93
«083222
vdJ1e63
«002635
«05321)
NTE Y
«005733
«1 7236
sue 3955
7091
sc11¢99

164357

«036791
3212135
«091223

ev.t835

F ti.J)
WO/SHAD

«J0130s
00013Q1
«0CClols
oLC1373
sblllbZ8
« (01333
o 028977
edolfiu
04988
«012167
«GC03323
«0ull7E
T A
«023827
0112355
3031018
«6C35¢d
«l€ol2}
«394021
«J 33008
«0CLsn?

euZ2uu28
«Glo912
«J25098
«08,22¢
ebelbod
o0u2035
o37812
TP
0000076
«d1703c
s 6.9478
085212
«ul1964&

«ell791
«C0113%
«J01222
oLCl85¢

SHAD. E
FACTOK

1eveliulu
1.000008
1e0cuiud
LielCuaCl
1.0C6223y
1.30030

oBilule
levesdii
10,0360
1.00000¢C
1.“55&6‘

Tun278
leduidovw
1+000004
Leuldile

02322

«215327

«42979¢
Ledodule
t.&séﬁﬂu
1.3C.009

¢ DISC

1.000002
1.0¢0000
1eluvuiut
1.940200
1.046003
1.0vu0dcC
« 525162
Lledviadi
WB8337¢%
1.d000430
«500)3.
«9,38430
e9e303¢c

= DiIsC

10,6060
Ledlcuil
Lledoenweui

Levilide

COCB530/SCOPE 3.4

SHAC. A CP TIME

FACTOR

1.000C20
1.006G00
1.03Cud0
1.004030
1.00C5350
1.000a00

Bll0d4
1000-05.
140038000
1.%0C630
1.00C600

«7Tok278
18360343
1.006¢30
1.0CC040

en32322

«215327

«1Z2¢795
1.63C0CJ3
1.68C036
1.000549

=Z 2ND RCS X=1532.875

1.000008
1e00Cuu0
1.400022
1.404000
1.00C030
1.000060
«9235192
1.08C640
«833704%
1.060820
o LBELI
«958883
«942c52

=Z 3RD RCS »=1545.375

1.00C040
1.0004cC0
1:0046¢9
feblduce

50

+» 8595
1.204
1.%508
1.771
2.078
260s
6.%23
0.532
74456
7e000
8.333
8.024
9.352
Y9.077

12,4512
144655
2%.212
27 .269
28,288
28 .805
29.162

1.672
1.92%
4«96
La8L3
2e37h
D.068
T4k
7148
B.17%
8.09%
8.953
J.91%6
15 4794

«288
«589
«890
1.108

8=y



DATe 45720775 TIM: 1o40d.41. THENRMAL RADIATION ANALYSIS SYSTEM (TRASYS) COCo540/SCOPE: 3.4 PAGE 20

MUOCL = RIO STEP = 3 RCS ANALYSIS 479715
FURM FACTUR CALCULATION LINK,.

; (\ (* INDICATES NODE PAIR HAS ELEN SUBCIVICED)
: (R IFCICATES FF CALCULATED FROM J TO I)

1?, NODc I NODE J COMPUTATION FEILI,J) Felu,I) FALL,J) F (I,J) Shau. £ SHAC. A CP TINME
3 W/ SHAD  W/SHAD W/ SHAD WO/SHAC FACTOR FACTCR (SEC)

715 732 CAL. e 01297 001297 4031297 001297 140640600 1.60CC00 1.422

715 732 CAL. «3015%9 001598 3031599 301598 1.0ubibe 14000000 1.757

715 734 CaL., «031715 4301715 001715 001715 1.04ueGd6 1.0040000 2539

715 767 CAL. eC00112 «CCCJuC +0dC112 LOCC3I6 307017 L3B7u17 3.661

715 31 CAL. eulBeed 2031122 J01low43 021265 702475 JTE24i5 54225

715 32 CAL. «012136 +uul303 4012130 «01213€ 1ewiid0ud 14203CC0 Beulh

715 33 CAL. eboudd3 4001223 <0033 $CEC333 L1eueuvdl 1.06CC00 Telk2

715 34 CAL., e019739 JL03%20 019789 019789 1.C6C00v0 1.500CC0 7.389

13 25 CAL. e030w39 wu0(w39 cud Ju59 e 050529 140L0J0C 14800000 7843

713 27 CAL. e 0034647  oCG34e7 20334647 Q03447 1,5CC00¢ 1.005000 8.104

715 3010 CAL. 0022980 2u00105 022680 4328+8v 1ediLduls 1.00C.00 d.842

715 31 CAL. eb3ode? SCO178 oC3b0%7 036547 1eC.0dis 1evlivie J.175

715 22 CAL . «1353550 2L G0130 41293555 110077 943327 943827 11.091

ils 133 CAL . «0J0186¢ W0dCI0 +0JC16% L(C2.78 +0u373¢ L0€3739 134591

712 151 CAaL. eUd0303 o D001 J0ulnuld 001336 922193 452143 13.335
4 i1, 730 CAL. eUIE321  +CJ0udT 4030321 olu330d J1c0E2E J10E028 23.719
d /15 333 LAL . eUCO158 000 3ed +3J9158 L0E3515 144108 144198 25.637 >
4 715 $35 CAL. e333)65 «u0i130 +039.63 +0%9.22 1.,0C0060 1.,033.30 20.532 3_
] 7135 21 CAC. edwle3d8  L000738 L0w1493 041498 14G.000¢ 1.4CC300 27347 °
i 71> 732 CAL . ebdllLd  LuCJC020 031148 001148 1e6ced0u 21.C0CCa0 27.035
] 71> FF SuM = eahiy ROW CP TIM:z = 23 011 ¢+ DISC =l 3RU RCS X=1545.375
] 72v 392 CAL . « 025511 J0duee9  L025311 .025511 1.000000 1.00C038 1.360
4 729 231 CAL. ed31257 SiaBoc7 «001257 001257 1.6C0300 14500000 1.9286

724 e+ CAle" eul2277 JGQ0CTu9 012277 4013255 4920182 <92c182 5.019

724 3 caL. «027452 +u0l(20 0278@2 L0E7342 1.000u0C 1.000400 6.%91

729 1ok CAL. e0Ju?773 SC0C0I2 000773 0010Ll 773027 773027 veb70

723 “ CAL . «008281 .L0J323 .L008201 .(28281 1.00000¢ 1.23Cuad 6.8935

723 la5 CAL. «033129 W0305306 400129 LuC0€92 L186118 L18€118 11.490

723 FF Sum = «i776 ROW CP TIME = 13.782 = DISC +Y 1ST RCS X=1516.

721 730 CAL . «001962 00190 42331960 +i0196C 1.900Ju0 1.03CC60 «621

721 732 CAL. ediloly vufloly ebilelld e001019 1edtLuoeil 14000000 « 940

72i 736 CAL. 2« 68099 +L)0%J0 4003990 #0C2996 1.0u0Jd00 1.0dCC00 1.255

721 /sl CAL. ¢G603J)7  W0e00Ge7? 033307 4ulCOCG7 140030404 1.000030 1.661

721 931 CAL . eD0l157 WLGCULT © 4001157 40C34352 4335358 4332358 1.885

721 31 CAL - ed764821 wi11625 174321 178472 979540 +97S540 2734

721 32 CAL . 231335 oCul050 031830 +dC1836 1ebeudie 1.C0C540 6.232

7e2L: 33 ow s GALLY JedTTI27 oL o¥5.0  WAT7:.27 WL77.27 levevele 14090430 7.883

721 34 CCAL . eUldvas  e.tuiio L02336% G0 3796 LeGuC0200 14000000 8.299

721 26 AL o.‘c’lql el «03vl9L eZeul91 140u000C 1eciacC0 '0’91

T2i 430 AL, 039339 #0083 w0302 | 02w Uf L ddlS 14900020 94033




DATC w4r20/75

MU0clL = 210
FORM FACTOR CALCULATION LINK,

NOJc 1 Nou:z

721
721
rT2%
721
721
721
721
121
721
721
721
721
721

721

722
iz
722
722
rT2:e
722
722
vzz
722
i22
i22

722

723
723
723
723
723
723
725
23
723
723
723
723
723
723

831
835
4o
410
s11
222
22
1>
[
3484
145
731
r02

FF SuM =

9je
924
771
773
25

2

3
124

-
785
737

FF SuM =

730
732
73«
931

STzP = 1

J COMPUTATION

CAL .
CAL.
CAL.
CAL.
CAL.
CAL.
CAL.
CAL.
CAL .
CAL.
CAL.
CAL .
CAL .

«08)2

CcaL.,
CAL.
CAL.
CaL .
CAL.
CaL.
CAL.
CAL.
CAL.
CAL .
CAL.

«9715

CAL.
CAL .
CaL.
CAL.
CAL.
CAL.
CAL.
CAL.
CAL .
CAL »
CAL .
CAL.
GAL .
CAL .

TIME 10.02.08.

Fetl, N
W/ SHAU

%9397
«01933>
s 36332
U 118499
« 321345
eCiI222
sdundwd
« 0300498
w0 37239
«UJoo4l
«03%39c
023347
«032375

RUW CP

«023297
sullo?7
eGiCl35
v 0d el 2
eBivii2
s0l1551
«J24387
«0CC3448
2607510
« 033297
«ud0d135

ROW CP

« 001918
« UL 1963
«001619
« 00295~
su711d0
« 0353332
12922
«0icul.
w03G+17
032424
«(5w028
00‘2.8)
-GQJ"UV
«011593

B R T A R ST

THERMAL RADIATION ANALYS1S SYSTeEM (TRASYS)
RCS AMALYSIS

4/57175

INDICATES NOO:z PAIR MAS EccN >USDIVIODED)
INGICATES FF CALCULATED FROM J TO ID

FE(J,I)
W/SHAD

«2 00239
02159
«0C3165
+L0OCC9s8
odJC‘JJ
eulicl0
«LJCCI8
«ud03.8
ebuli20
w3227
«G0J375
«00Cs21
L Ga037

TIME =

cGdliwe
su3live
e CCOO
«L00CG0
«ulC0L2
ebudlB
0 0dG24
«Ld0Ce3
«03ucC21
«00Co01
e 0dGe 0

TIME =

+L01618
«(01900
«031€19
ecuboLr?
«Udubs1
«002108
vdlculb
«afd217
LG0s17
«Li3d271
e Cd20«
«Lid(131
«00G6198
«(L0GuI0

FACLI. 0
W/ SHAD

«0%9397
+ul3330
ediwud2
«J11839
«021345
«ud222
«02 4548
«020000
«027209
«02E0w2
« 054392
022347
«4002373

31.705

20205297
«001.77
0605;05
«000u3e
«C0cCu02
«J11u51
024987
sUduoed
«007%10
« 020297
«0dii15

13.999

+0d1018
«0u196d
«0.1019
« 022954«
«Jd71108
«005332
«125€22
«01063533
.00\5~t7
«u324954
«6540628
«022.83
sus (96«
«011093

F (I,
WO/SHAD

349397
«021871
«034232
«u11893
«021245
«0122¢0
o (235122
suCil08
«J0B8278
eb73ca?
«0C8894
«dZ23467
«JC2.738

«023297
o021.77
«3c0321
«0CCC52
su03CL2
«011851
«L2b9s7
«0CLB48
sulinlé
euilnids
sULOuWB

«061518
«0dl13cd
+031€19
«0029354
«d76050
«J0525¢
el2.b22
«J10084
eiluw17?
v 329046
«054c28
ssl2.83
«d&i%0%
«011693

SHAD. €
FACTOR

1.ulGG0
«839227¢
le0Lui0e
1.3c0020¢C
lewelidd
752207
«1290¢3
1.0.0300
«870903
«09399¢4
«2200064
1.0C00¢6C
1.066044

+ DISC

1.0-«&60
1.C00d36
«2¢7457
2033805
1.000000
+983510¢
Lebeddin
b P AV oA
1.000000
«98usls
«31332%

= DISc

1.00dd0¢
1.0.3360
1.Cu0C00
1.0000600

«93501¢
1253000
1elouidce
1.0¢0300
1.6Cuiud
1600000
1.000ueC
1.06C00C
lebibuun
1.0CC.¢0

SHAC. A
FACI0R

1.605000
«892279
1.00G6GG0
1.504c00
1.0346C30
752237
«128533
1.00Cc¢C0
«8759¢3
«39399¢
+550ui4
leveilivd
1.0cCca0

COCBS530/SCOPE 3. &

CP TIME
(se)

10.179
10.671
10947
11.¢572
11.926
12.€38
13.017
13.577
16.136
28.977
29.084
30.652
34d .385

+Y 15T RCS X=1516.

1.060C00
1.000030
227037
«63%245
1.500030
«9d82108
1.0G040¢C0
1.003¢00
1.000400
L ET Y
«312825

1.225
1.384
2.062
Zesk9
3.778
bedb0
6.511
Ha734
b e90
11.7486
12.216

+Y ZND RCS X=1529.

1.033000
1.633¢60
1.006000
1.000000

+92:016
1.600030
1.504030
1.000030
1.020000
1.0300a0
1.833¢09
1.00Cu3¢
1.668G40
1.003030

«490

« 799
1.113
1.70¢
4.0632
5.139
o.los
©.527
7.007
7.036
8.377
8.876
G142
9.765

PAGE
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DATC  G/2u/75 TIME

MO0l = RIO
FORM FACTOR CALCULATION LINK,.

NODE I NODZ J COMPUTATION

723
725
723
723
i2s
723
r23
723
723
723
ic3
i23
723

723

724
72%
(2«
P2«
724
724
2+
(éa
72«
72«

72+

72«

511
kg o 4
22
«07
15
143
Labs

-
jdo
383
545
701
702

FF 3um =

239
335
771
773
25
2

3
O
&
735
787

FF Sum =

730
732
734
401
31
32
33
3%
2%
300
%31
335
4Jo
$10

STeP = 1

CAL.
LAL.
CAL.
CAL .
GAL .
CAL .
CAc.
caL,
CAL »
CAL.
VAL
VAL .
CAL.

i

CAL .
LAL .
CaL.
CAL .
CaL.
CAL.
LAL .
CAL.
CAL.
CAv.
CAL.

su 0k

CAL .
CAL .
CAL.
CAL .
CAL.
CAL .
CAL .
CAL.
CAL.
CAL.
CAL .«
CAL.
CAL .
CAL.

12455441,

FELL )
W/SHAU

«32173.
sulslco
« 0390651
N ITFEL]
e0u03uY
TEL S
eCC22¢+
« 036720
el daidl
e Labulse
G791
«L29351
edu1734

ROW CP

.021109
«Lud917
sud Wil
D)
0050315
013434
022422
«020720
«LiloT2y
«ull532

sUlouns

ROMW C¥

263339
«uUllols
«01J136.
«Le2213
025399
oL I790¢
v 368492
eul3383
« 030935
630278
+ 353090
«0215233
ededil.

eulida

THCRMAL RADIATION AMALYSIS SYSTEM (TRASYS)

RCS AMALYSLS

479,75

INUICATES NOOE PAIR HAS BECN >UBDIVICED)
INDICATES FF CALCULAT:D FROM J TG I)

Fety, I
W/SHAD

«CJCICS
o027
WiGO103
«LoC00s
ecOCCCH
«GLCGoO
eCOCGET
Ledl19
oGdci13
oCOCCa7?
3135
w0525
v 033231

TIKe =

«00C0d%0
evluuwub
s 00CC

e dliud
«000C13
w3047
«i00021
eufBlCu2
«CCJu19
«ald001
«6J3433

TIne =

«LJ0990
+sUdl0bl8
st150
«2d(C15
«L317+06
eLJ02w2
«aC13577
L0299
euldd¥35
wuli2=9
evbo2a6
but1?77
evol232
el lCual

FALT . J)
W/ SHAD

«22173¢C
«024300
«93 9031
«05Jducs
educide
«00u381
« 022264
«00720
2 3udl
0036020
«397312
0295351
«J317338

23.621

«d21109
eduo9l?
«Jdiidfle
w0d0J48
«Ju 0613
el U433
«d224622
«Bio72i
sddo?2)
sdd 232
«d0 0044

14.255

4004990

« 01018
edu196C
«032:213
«022299
vul 700
+Joo0v92
«J13883
«010933
-Ubé"“
«028090
«J21,33
edwdi?d
«01C 442

F I,
HO/SHAC

«022624
o (2430e
«LE5w02
«00J.08
.c‘abu‘
«C03=70
«UC2264
cUi7741
e de?/91
«dB3ebs
« (979130
«329251
«GC1738

«021109
«000917
eblC.22
eLCuuv9
«0cC0C12
e 0lvole
sdicw22
«GCO72¢
eilb72¢
eboui 32
sdiluiwE

TR R
«0C1618
«021964
«302213
921221
eililrove
«dEoe92
«J15083
«603925
«C3,778
ed200.9
edCln 38
«lLA. 70
sull1233

SHAU,. £
FACTOR

v9cl«Ee
1.0¢8240
«912659
leduiowt
teciidloe
+bol+Co
1.0udd3¢
vOuddJd
s0nu3l20
S PR 1Y
1.0.0000
l.0C0000¢C
leOuluui

¢ DISC

leUuduul
135060
AT
« 975837
1.04C400
«902333
1eGuuviC
1¢03033d0
1e00004du
ledoliel
«97587C

- LISC

dedivule
leuubidi
1eudliGs
1.0C006¢

e 8l99y%
LeduldcCa
1e0iuidun
lecilouv
1ebiduce
1edeidcuv
1.;LUJCJ
levuealo
1efuvain

e 90053

CDC6500/SCOPE 3.4

SHAU. A CP TINE

FACTOR

«9604¢c0
1.004¢C00
«91¢059
1.C3Cu00
1.040040
0o 1438
1.06CC.0
«B8EE958
W08 3120
«104084
lewlce0
1.000000
1.000238

+Y 2NO RCS X=1529.

1.030GeD
1.000000
7940061
«975857
1.0d0000
«932833
1.0040062
Levdiddo
1..0:¢000
1.30C6a0
«975870

+Y 3RD RCS X=1545,

1.0043300
1.003309
1.00Co00
1.40C0532

«8159309
1.6006.30
1.c00430
1.03823339
1.60C4cC0
1.400609
1.00CC00
1.08.430
1.uaCCCO
v 958,35

(SEC)

1d.053
10.739
11.3592
11.914
12.143
14.181
194443
14,805
25,398
27.000
27 . 854
28.578
23,918

1.098
1.224
1.985
24kl
3.703
5.4980
B.422
0+650
b.cbl
11.781
12.+39

«375

+090

«969
1.597
be291
44759
5.904
B246
0.750
74334
8.J86
8.468
8.734
Y.328

g

§

'5
£5
&

18-V
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MOuclL = RIO STEP = 1 RCS ANALYSIS W/977¢
FORM FACTOR CALCULATION LINK.

(* INDICATES NOOz PAIR HAS BecEN SUBDIVIDED)
(R INDICATES FF CALCULATED FROM J TO I)

NOue 1 NOOC J COMPUTATION FetI,J) FEtu,I) FALI,J) F (I,J) SHAU. E SHAC. A CP TIME
W/ SHAD W/SHAD W/ SHAJ WO/SHAD FACTOF FACTOR (SEC)

72 311 CAL. + 023639 J0Culle L023639 .023t39 1.000540 1.G000060 9.058
725 222 CaL. «335510 +CO00C39 035516 435516 1.00J50u 1003600 10.287
72% 22 CAL., e77019 303134 077013 685961 9062957 4902957 11,075
722 «97 CAc. «C0033G o4GO00CCH® +uC000v +0GO07UG 1.04030C 21.0Cu050 11.390
725 15 CaL. «0003)8 «udUC08 4600008 L U0GSC8 140wuels 140GC3I0 11.614
725 1463 CAL « eG03333 W000uel  J0J0333 +0cl309 +65486C LES4LBEY9 13.641
725 144 CAL. 031921 000036 031321 4001921 1.000duu 1.03C000 13.958
25 “ CAL. «0001061 +LO0GCL7 L00w161 (713 807021 .86i7021 144305
723 its CAL. 2020313 LLOC311 020018 4022093 +%02112 882112 25.211
722 3rg VAL . «Luba13 «L0d5u7 «00%13 « 050789 ellwo08S «1140689 20.686
72> 535 CAL. 33571 «35C131 «035371 «J95371 1eCuucilC 1evdivid 27.56‘0
i2y 7J1 CAL . «03N230 SLJVE3T7 403030 030230 Levediluu 14000000 28.271
725 732 LAL. e Iu1347  JcB0C26 071347 001247 14000000 14060000 28.557
123 FF Sun = 0324 R0W CP TINE = 29.278 ¢+ DiISc +Y 3RD RCS x=1545.
720 ER D) CAL. «U191€1L +c00Ldo 319101 (19161 1.000306 1.600000 «91€
720 i1 CAL. «0J3779 000w «JIG7T79 LCGCUT79 1.040GCO 1.000000 1.108
/20 771 Cac. «Ls0319 <L 0C0G0 <023u13 .000.19 1.00060u L.0000400 1.91¢%
/2o 773 CAL. «d30J45 W00CCId +d0uue5 LCCoub5 1.009.C40 1.6aCG00 2.376
720 25 CAL . sGddwle  J00041e L000414 S (0JUw14 14640000 1.004c00 J.0641
720 2 CAL. e 009362 WulCOu7 009362 009929 +902489 982489 3.907
720 3 CAL. «020120 +0L30019 4320120 +02012€ 1.000dwv 1.0ucCCCO 64358
720 O CAL . «0JC013 +uG00l2 +0Juol3 000012 14040005 14305000 6.505
720 b CAL . ewidI37 JCIQCLT 235937 4605937 1.0C0.06v 14000000 BeT34
/20 785 Ccac. «0J309c9 LO00CCI1 «0GJ%03d +GCuv09 1.,040000 1.060Ced0 11.740
/20 737 CAL . «03C0J342 +LBI3CT  «ddilw2 0C3CTw2 4995420 4995420 124495
‘20 FF Sun = «3543 ROW CP TIME = 1e.327 - DiscC +Y «TH RLS x=1555,
727 730 CAL. «000539 460L0539 L00G539 L0005 'S L4dGub00 1eulcoud w273
rar 732 CAc. «0C0940 43009986 000990 000996 1.000400 1.00C0400 «508
727 734 CAL. «0lilold L0d1618 J001vi8 LG01618 1.,000000 1.300000 « 896
rer 951 cac. «032131 4L0JC13 4002131 (L2131 140630l 1.000600 1.515
e 31 CAL. «311501 LC0S785 Ld11501 «Jd14094 78207 J782870 4200
27 32 CAL. «0J309% 030275 <0JobIb  LUldn9C Llewlddis 14000040 4731
4 33 CAL. e 093996 4 003146 06098 404 696 1edCduce 14008500 5283
rer 34 CAL . ellned3s  JLUU322 014930 #01433E€ 14000000 21.500060 5.681
7er 26 LaL. e el798  JC01792 Gd1792 L001792 1.0Ciceu 1.C00¢00 54165
iar 430 Cat. v92670l +u0i220 3207wl 4626751 lebeculi 1.00iCA0 ©e951
7en 431 GAL. «Joldb. ec0235 evdudou «0€.9%00 1eCuJdidd 140300350 74259
red 535 LAL. e026:.3%  4u3d105 4320.39 «J20u39 14000004 16000500 74948
rer 3dn GCAL . « 05409 2Jii203 J054+63 4054409 Ll.ddusidu 1.00C000 4.282

127 10 ChL . eU145727 JL200A8  L015720 4010720 LeCfuwuit 140046000 8.867

DATE 05720775 TIMc 17.03.32. THEFMAL RADIATION ANALYSIS SYSTcM (TRASYS) CDCoe500/SCOPE 3.4
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DATe  03/720/75 TiMc 17412404, THzRMAL RADIATION AMALYSIS SYSTEM (TRASYS) COCoS500/SCOPE 3.4 PAGE 24

4 MOUcL = RIO STEP = 1 ®CS ANALYSIS 479475
4 FORM FACTOR CALCULATION LINK,

(* INCICAYTZS NOO:Z PAIR hAS BECN SUSCIVIO:D)
(R INCICATES FF CALCULATEUD FROM J TO D)

NCUZ I NODE J COUMPUTATION FE(I,J) FE(J,I) FAlL,J) F (I,J) SHAD., & SHAC. A CP TIME
W/SHAD W/SHAD W/ SHAD WO/SHAD FACTOR FACTOR (SEC)

; 727 11 CAL. e 026357 4T30118  Lu26337 wu243u7 1406C000s 14000000 9.223
rer 222 CAL. 0095335 o0J03099  s04233¢ 2045730 Lecuided 1.C00989 9.963
rer 22 CAL. 035877 JC000149 085877 +uSces? 8930405 .89ie)5 10.857
7z «7 CAL. «0C0335 40G0335 020005 +026G.8%5 1.0000uu 1eviutao 11.181
727 15 CAaL., eC0.L337 000327 L04Cuc7 4302707 2140000iC 1.03C330 11.424%
7er 143 CAL . 033293 wuGCiul 023293 00«21 .ted8486 698480 13.559
r2r 1es CAL. e 1037 LUCEJs> 001035 <001u3% LeviwiGiy 2eaBCCul 13.834
rer . CAL. 335520 WUC0316 005556 006921 +80232€ 005326 14,231
727 781 CAL . e0uidled oudliud 00008y 4000571 407895« LJ7E956 21.813
et $in CAL. eUl78E3 L CUGL0 oul7803 01047€ 9ub785 9Ec785 25.210
727 382 CAc. 026373 400356 000373 L050711 .1¢567c  J125676 204417
27 335 CAL . cu3J06% 4099125 +09u005 <09C9€5 Levolblue 14030422 27 .258
27 731 CAL. «023213 «u00439 +023.13 o023.18 1400360 1e00CC 27.9%97
7zr 732 CAL. edul915 LCCOCL6 4000918 .(Cd918 1.0C0000 1.304000 28,279
27 FF 304 = «53931 ROW Ci* TIME = 28,988 + DISC +Y 4TH RCS X=1555,
T
738 7=1 GCAL . 2003006 o20uel6  43200C0 o003 uC LlewulBiuu 1.C9C302 «621 8
735 L") LAL . «G2102« JLG0G0I3 301626 4029°9) 0544882 .054882 «919
739 31 CaL . L J77 3 «N0J%351 «B37789 e010c e 759283 7562483 w22
730 32 CAL . e043200 +u000u8 +00020& o0uucdbb 1.0u0006e 21.00C500 4« 72E
730 $3 CAL . ¢38225s JC37088 ,332258 .3852253 1.CC0uvi 1002000 Tanwit
734 T4 CAL. e002i0 WL 030C6 4000208 S00L20€E LewlGduC t.00CaG0 7.016
73, 25 CAL. e03034% ou0C340 +00234C L0G0340 1.00L0UGE 1.000800 8.059
734 26 CAL. «0JJ3%1 JCJ0851 L0.u851 L052291 1.03Gded 1edl0CCO0 8.298
f3, 413 CAL. euli220 L0306 4012220 oC16220 1.0C200e 14004002 9,114
733 301 CAc,. 200960t 40GCIe6  odu9usel  4I094064 1.Cudule 1.00C000 Geas7?
734 845 CAL. e 019440 «00J150 « 19442 ewld-6S 1.04000¢ 14000050 9.848
735 %0 CAL. «03298C LGCC159 4032980 <032s8¢ 1.000vwe 14230440 10115
738 837 CAL. ¢0C2022 oUulul7 032022 43C2:22 14406330, 10000500 Le329
73) 4348 CAL . e0G2373 C00C11 .0J2373 002273 143040330 1.302C00 10.570
744 510 CAL. 600787 +uC0026 000787 LC06787 1.0u000C 1.3000600 10 .920
734 811 CAL . «0119749 2000057 011874 0113874 LeO0oudde 1.00C620 11,305
73] c22 CAL. eblnd 3l w0216 JUlwd31 014831 1.vdeviue 14333000 12.01¢
733 V2R CaAL . eunede  JLOQ3J8  JGlww9% L0Z6-10 170181 J17C181 12.413
73) 15 CAL. «0udd%3 JS0CC28 LJ06008 LCCC708 1.0uduuv 1.0CJu00 12.539
730 212 CAL. eU3i128 W0 006c0  JO0.C128 4125895 JUG2.19 LC01019 28,808 -
733 701 CAL . eb0193% LiCl20 Jluled0 001488 1000204 214000030 294474
i3 re02 CAL. «0600C03  LCGCGCL 030068 .00G.HE 1.0L030LC 2e0l0a00G 29,736
733 FF Sus = «2653 ROW CP TIME = 3d w627 - 0ISC j #Z 15T RCS X=1516.
731 32 .t Cals e eldS79  CGO00C50 J001379  JO01LT9 14002004 1.COGuTO 1.917

731 Is CAL. sbl059 00358 015069 015969 1.0u0006¢ 1.00e000 24410

Vv T—— I —




e R DI P rmseso

UATe J2/720/75 TIMe 17.13.30G. THERMAL RAOIATION AMALYSIS SYST:n (TRASYS) COCo500/SCOPE 3.4 PAGE 23

MODcL = RIO STeF = 1 KCS AMALYSILS 4/9.75
FOxM FACTOR CALCULATION LINK,

(* INDICATES NODEZ PAIR KAS BEEN SuBDIVICLC)
(R INDICATES FF CALCULATED FROM 0 TO D)

NOU= I NODZ J COMPUTATION FE(IZJ) FElJyl) FA(ILJ) F (I,J) SHAD, & SHAC. A CP TIME
W/ SHAD W/SHAD W/ SHAD WU/SHAD FaCTOR FACTOR (SEC)

731 343 CAL. e 15257 JC(CUUL1S 015257 .568J2% .2242€% J2242&8 1 eubl
731 385 CAL. o07130« 4CO0CU98 LI71304 ,Jd062308 .8060317 ,008E317 1i1.101
731 7J1 CAL. ¢JA7751  +CUG138  L0G77531 LJG7751 14060392 1.400060 11.527
/31 702 CAL. «000231 +0J0CC0 400,001 owcdtl1 1405000 1.00606d0 11.721
731 FF Sua = «1122 ROW CP TIME = 12.489 ¢+ OISC +2 15T xCS X=1516.
/3¢ 7«0 CAL. «030)03 000033 uv0.03 0C0%02 2.0u00C06 LeCUtuul PETS
7s2 109 CAL. eLladds 0027 2216330 027424 +52143€ 4521430 «936
ET4 31 CAL . eC17363 01217 017863 022343 701134 781134 LaesT70
732 32 CAL. eblivols «G00322 «000c88 «0C(588 1.0000C0U 1.00CCO0 4.708
732 3 CAL. e2icdBo  +004i3C .202880 L20288€ 1.0.043C 1.00CCGO ©.931
732 e CAL. e0u3l2ds +00dC11 .000500 LU00ZulC 21.0uluvv 1eL0CuC0 7.126
732 25 CAL. 030038 LuCl838 000630 <0Co0L30 1owlawll 1.500400 7.560
/i 26 CAL., «9J1553 001438 «0o1+458 001458 1.0.0030 21.0C0000 7.797
732 400 CAL. «0J39%05 4300379 009605 00935 1.0u0u00 1.6GCO0 8.576
32 a1 CAL . e01C067 +ul0031 10267 <01G'07 1.04003C 1.030G00 8.097
/32 335 CAL. «019533 +i00100 019503 019502 1.030400 1.00Cud0 J.206
/32 226 CAL. e037321 4. 00183 2037321 337821 1.0u0GGC 1.00uci0 9.533
732 8.7 CAL . «0J1622 evlvol2 00131 0C1+31 1euud0de 1.000cC00 9.765
732 403 CAL. e052330 <003C1J +002030C 4022030 1e0uuiue 1evnicao 9.996
732 419 CAL . e6do029 00056 +030029 +i0Cou29 Lewibiiue 1.000000 13.257
732 d11 CAL. ev12533 LCA0001 4012533 4612533 1aviudde 14004620 1J.618
732 222 CAL. «03I5761 +GJ00a6 GO05701 4J2235¢ L22721: W22:215 21,366
732 22 VAL . «f28367 LLe0050 0206897 061703 .092931 .,092931 11.772
/32 15 CAL edolbuldd JJO0C0GA ,00c008 ,Lwiwld8 1.000C0C 1.06GCu00 12.289
732 3 CAL . eduB8133 LuCi006 4008138 L031.24 202303 J262203 1+«.768
732 - CAL. 632197 02690 «0320937 «0ET02S sivole wTiEdD 15.894
732 7 CaL. ed0239C oC0cCied 4002592 4002592 14000385 140620500 29.371
is2 702 CAL. «0060635% +CGCG01 000055 .ucie55 1.000uul 1.006000 29.641
732 FF SuM = a7l ROW Cr TIMc = 3d.329 - DISC +Z 2NJU RCS X=1529.
733 32 CAL. e Ui8322 WuD3137 .006322 +6043522 140002006 1.00C2J0 1.780
733 34 CAL. e033851 LOC06730 033051 4033351 1.Ceudd6 21.000000 24233
73 343 CAL . e G15134%  udCel5 015133 +0€1c83 o245+1¢ 245410 10,329
733 345 CAL. «032325 4001146 L,082523 L082323 1.006000¢ 14300000 1v.999
733 741 CAL. eL11886 ,.00211 3011880 <J1158€ 1.0cciCd 1.0dC020 11 .465
733 FF SUM = wlads ROW CP TIKE = 11.962 ¢ DiSc +Z 2NO RCS X=1529.
,30 7«0 CAL- eblui1e .63(512 .000&12 010;112 leCedune 1.;35003 0‘23

(3= 232 CAL. sL17376 4.02033 L7374 44c527€ .o07363 687365 «760

ws-v
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DATS 02723775 TIMe 17.31.04. THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) COCoS500/SCOPE 3.4 PAGE + 20

MOOcL = RIC STEP = 1 RCS AMALYSIS &/9/75
FORM FACTOR ALCULATION LINK,

(* INCICATES NUDE PAIR HAS BedN SUSCLVIOED)
“ Uk INUICAT.S FF CALCULATED FROM J TO ID

NOUc I NODZ J COFPUTATION FellysJd) FElL,I) FACI,J) F (I,J) SHAD. ¢ SHAD. A CP TIME
W/SHAD  W/SHAD W/ SHAD WO/SHAC  FACTOR FACTOR (SEC)

739 31 CAL . «Q17762 4001212 017702 o022:02 0807293 .8072¢3 44109
736 32 CAL. «03C328 +.00026 J000CB00 oJCCHBLB 1.000d43v 2080200 “«%09
73w i3 CAL ., e9wd9383  L0J1999 099383 L3€9783 1.0005e0 1.60Cua0 34475
/3w 3u LAL. «03C530 4+ 0dC12 40Ju530 +CLCT3€E 1.0000ui LevidicCao 5.063
73s 25 CAL. «001155 4001153 001155 <G01155 1.0306J¢d 1.346C600 65.109
73+ 20 CAL . e 602359 002359 .002359 ,JC2:59 1.0J80234¢ 1.030540 6.321
/3« ndd CAL. enl8012 SCulC71 sdlBB12 e0C012 1.0.00ul 1.0CC200 7.083
73s 801 CAL. eU11031 2L GdCo5 4011431 4011431 14L0035¢ 14003009 7432
i3« 335 CAL. o 014425 LI00155 «018926 2018426 1eCuel60 1.00C040 7.824
73« 406 CalL. 0092378 0060235 sd+2373 062373 1.040360 1.0G0CGO0 8.088
i3« saz CAL. enud?72 o5LdedDd eulif70 o0Cs. 7€ 31.0.030. 1.3030.9 8.298
734 jud CAL« e0cl03e  4uli837 «ed153¢ 021734 105330% 1608330 B.214
73s 319 CAL. e 630427 WLCIS3T  4ul6e2¢ +0l052J 1.04000C 21.G00CG0 d.767
73 i1 CAL. s013229 J00CCe3 +J130>9 913359 1.000300 1.0306G00 9.(90
73« e22 CAL . 2JunlZs 206030J9 038054 032125 4229291 2229 9.769
{5« 22 CAL. 2348349 LJCOLo0% +0LE349 Jifl032 4931152 .921152 10.611
I B 1> CAL. ebuGlI8  SLOCLIB +0LDC08 o0iC.CB 2400530646 24000330 10.923
734 3 CAL. ewl13350 SCCOCL3 013350 020108 owi53u8 We73308 13.557
73« - CAL « eUT9e8 (00152 L05w+93 JJ63lok 002725 802720 1ean?2
73 /01 CAL. elasT12 svidool  LU0GT12 outb712 1eduvuil 1.493000 27.801
73 Te2 WAL . 0034089 eeB0Cul 200 0s39 o030 3D 1edcuvel 1eCCLGGI 28 .037
73s FF Sux = en 3l ROW CP TIMc = 28.767 = BisSe +Z 3RO RCS Xx=1542.
735 2 CAL . «0U5598 Julul7®  L0u5583 005583 leuiuuul 1,000cC00 1.058
73% 3% GAL, o031742 JuciBB84  LU31742 4031742 14000300 2.00CG20 2.112
735 383 AL . ebw3iB9 4000043 ,J0+3059 055051 77372t 772728 1J.234
735 285 CAL. e 081667 2o 00112 d%1wvld 081440 1.0uu00u 149030430 16.876
73> 701 CAL . euluoSe  00G29¢ 01h554 4016254 1.00300¢ 14400430 11.314
735 .FF Sun = L1707 ROW CP TIME = 11,834 + DISC +Z 3R0D RCS X=1542.
740, 402 CaL. «031936 +uluild 001936 L0G193€ 1.0000G6e 1.000030 2.09%
7w 331 CaL. «012161 JCU00L59 L012161 512201 1.00uvie 14060000 3.001
Twd 032 CAL . +021920 +ullilb 021930 001930 1.0.Cuil 2140235000 3.191
74) 333 CAL. evl2l€1 «.0Ju59 +012101 012161 1.6LCuGe 214000000 Jenbl
7oy 837 GAL . 20935222 oo 0(732 40632225 +40S522%5 1.00006c Jeudlad0 L.189
™ 3¢ CAL. o E7233% L0C0359 76338 074033 Levwuld00 1.30CL00 4.550
iwe 510 CAL . 03522, 4003732 «G95225 +3%522% Lleviubou 1.203300 5.160
Tho st CAL . eul~338 olL0o359 274338 074338 Leleciil 24002200 5400
Tel 741 CAL. L3127, WLCCu23 001270 ooul27u ledvueid 14300309 13.628
IEY) 732 CAL. oBC13E3 +0CJ¢28 301938 +0u1:33 1eCilice 1a030030 13.82

1154 4




iR ST T S e

UAT:  05720/75 TIMc 17.32.54. THE FMAL RADIATION ANALYSIS SYSTEM (TRASYS) COCo500/SCOPE 3.4 PAGE o 27

H0DeL = RIO STeP = 4 RCS AMALYSIS 479475
FORM FACTOR CALCULATION LINK,

(* INDICATES NODc PAIR HAS BecN SUBOIVIDED)
(R INDICATES FF CALCULATED FROK J TO D)

NUuz: [ NCOZ J COMPUTATION FECI,J) FEWJ4I) FALI,J) F (I,J) SHAU., £ SHAQ. A CP TIME
W/S5KAD  W/SHAD W/ SHAD WO/SHAD  FALTER FACTOFR (SEC)

Tstl FF Sun = «0%33 ROW CP TIME = 13.753 = Disc ~X EVAP., X=1525. CENTER Bzcl
el 31 CaL. 000020 000001 4000u20 .0C0C24 +4B364Gu  +83€400 3.076

791 32 CAL. «C003338 L0350001 4040038 ,0C0.38 1.040200 1400 44259

/sl 33 CAL. «003062 JC0JGLL 000662 +0C03HA2 Leuinwldieu 1.udbCa0 “. 040

fal 34 CAL. 000042 «CCO0LL 40030393 L0265 1.600000 140045000 S.214

7s8: 833 CAL. «UUu?87 L000Gi6 LDJIC787 LOCC7687 1.CuC00C 21.00CGUO 54179

7l 30¢ CAL .« «033787 LuGGiob 003787 4000787 14Cuulel 1.G0CCO0 64490

741 222 CaL. «16359. +007180 4163580 104272 .9Y5787 .995787 9.733 ot

741 22 CaL. «J31721L WJCGCGOU3 4001721 (61721 1.0u00006 140600000 10.110

7e1 FF Su4 = «1071 ROW C¢ TIMc = 254074 + DISC “X EVAP, X=1525. CcNTeR E:LE
303 24 CAL. «0J033% 017713 +000L03% L OC0L34 1.uubule 1.00C000 381 R

903 27 CAL. «Gu0323 J01759C 4000333 00033 14960200 1.90C300 «875 R

960 701 CAL. « 601209 Wull8e7 331209 LG01395 L9099235 .90¢935 1.364 L

¥0J FF Su4 = s ? ROW CP TIME = 1.364 - RelT eXTCNDEO AILERON TYOP
441 24 Cac. «0J35JJ% JCOCE31 030004 4000.0% 1.00000¢ 1.00C000 161 R

EL RS 25 CAL . «u00211 4001938 000011 L0CC.11 1.0000we 14000000 W398 R

dul 27 CaL. «02J1d2 «01€S56 4033100 o0CJd10d 1.6GLGJ0G0 2,000 «613 R

4l 751 CAL. «G012€7 4o L7186 001509 LJ0850 4344820 344828 +362 R

401 FF Sum = «Jult ROW CP TIME = «962 = ReCT EXToNUED ALERION INNER
761 FF SUM = 0. RUMW CP TIMe = «030 = CYLN -Y RADIATOR

702 FF Su4a = 0, KOW CP TIME = 722 + Cyin -Y RADIATOR

783 FF SuM = g, ROW CP TIMc = «07h = CYLN -y RADIATOR

Tus FF SuMm = 0, RUNW C¥ TIME = o711 ¢ CYLN -y RADIATOR

o

95~V



DATE  Qgr20/7> TIMz 17482451, THERMAL RADIATION ANALYSIS SYSTcM (TRASYS) COCo520/SCOPE 3.4 PAGE 4 28

MODEL = RIO STEP = 1 RCS ANALYSIS L/9s7¢
FOxM FACTOR CALCULATLION LINK.
X
(* INCICATES NODc PAIR WAL BeEN SUBDIVICED)
(R INDICATCS FF CALCULATEU FROF 4 TO D) :

NODc L NOD:z J COMPUTATIOG FE(I,J) FotJ,I) FALI,J) F (I,J) OSHAD. c© SHAC. A CP TIME
W/ SHAU W/SHAD W/ SHAD WO/SHAD FaClek FACTOR (SEC)

765  FFR SUN S G, ROM CP TIME = 881 - CYLN -Y  RADIATOR
oS
760 FF SUn = G ROW CP TIME = i O + CYLN -Y  RADIATOR %
767 FF SUM = L0304 ROW CP TIME = .974 j - CYLN -Y  RADIATOR E
768 FF SUM = 3, ROW CP TIME = .35 + CYLN -Y  RADIATOR g%
771 24 CAL. ,00G00¢ 00618 000000 .000C0Q 1.0C0064 1.000600 wis /
171 FF SUN = L3000 ROW CP TIME = 1,099 - CYLN Y  RADIATOR
772 FF SUm = O, ROW Cv TIME = L3884 + CYLN +Y  RADIATOR
773 24 CAL . «000365 +u08062 4303333 <0CC.00 3.04600+ 1.000000 .389 R
773 771 CAL .+ «030308 +300261 600008 .J0C136 +6u0561 +060341 1,037 R
773 FE SUM s L0000 RUM CP TIME = 1.075 - CYLN +Y  RADIATOR
77« FF SUM s 0. ROW CP TIME = .358 . SYLN +Y  RADIATOR
77> FF SUM = Jduid RUW CP TIME = «960 - CYLN +Y  RADIATOR
770 FF Sum = 0. ROW CP TIME = 5T S + CYLN Y  RADIATOR
77 PR oSUM & L3¢ ROW CP TIMe =

+930 - CYin i Y  RADIATOR

) A 2 4 , n ' " : 4

LS=V




MODEL = RIO STeP = RCS AMALYSIS 479775
FORM FACTUR CALCULATION LINK.

(* INDICATES NODc PAIR HAS BEcN SuBCIVIDED)
(R INDICATES FF CALCULATED FROM 4 TO D)

NOJE I NOD. J CuMPUTATION FELI,J) FEtJ,I) FALI,J) F (I,J) SHAO. © SHAU. A CP TIME
W/SHAD W/SHAD W/ SHAU WO/SHAD FALTER FACTIOR (SEC)

776 FF S5un = 0. KOW CP TIMc = o309 + CYLN Y RADIATOR
i60 FF SuM = 0. RJW CP TlImec = 13 + DISC END BAY AREA DISK
182 FF Sum = 3, RCW CP TIME = «507 + PARAB 1ST FARAB =Y OMS
18+ FF SuM = 0. KOW CP TINME = o704 + CYLN OMS END CYLINDER RADIUS=65.
29 FF Sus = Q. ROW CP T M = 470 + TrAP TRAP POTTOM OMS coND ScALER
31 29 CaL . «00dsue sudely? «30 0864 «0uln32 « 733706 « 7337006 426 L
3 20 CAL . eUCCL21L +Cul770 40606121 OCO212 57526t J5702¢8 «723 R
31 27 CaAL., «0030%2 4000610 L0G00%2 40ubJ62 1.00000w Leu000ROOD 885 L3
31 741 CAL. e035467 J00S243 +d3o4bB7 042702 JB43202 8422402 1.423
31 FF SuM = «Jdbly ROW CP TIMc = 1.453 + 01sC IST TRIANGLE LT SIDc LOOKIN: 8
3¢ 25 CAL. «0J0275 +COB709 000275 L000275 140000006 1.00C000 224 R
82 25 CAL. oL03379 4011824 L0437« (003 7% 1.0060J00 1.00C000 «987 R
32 71 CAL. « 073212 L061199 LJ73213 4073213 1.00vCCd 1.c00c90 2.087
32 FF SuM = «d757 ROW CP TIME = 2.126 + 0IsC LAST TRI RT SIDE
172 FF SUM = 0, KOW CP TIM: = «532 + PARAB 1ST PARAB +Y ONMS
174 FF Sum = g, ROW CP TIME = 469 + CrLN +Y ONMS eND CYLINDER
33 25 CAL . +d002€5 oL28073 «330565 « 000265 1.00030, 2.000430 «392 R
33 %0 CAL. swdB/4T  J037167 J0G3747 +O00C747 1.0C6.0C 2,00000¢ « 773 L

33 71 CAL. «063919 033851 060919 JUEWZHT 49406359 .94 €039 1.016

UATc lil!.lf’ TIME  17.+1.10. THEFMAL RADIATION ANALYSIS SYSTEM (TRASYS) CuCo500/SCOPE 3.4 PAGE

8s=v



VATE  w3/20/75 TIMz 17.41.29. COCo530/SCOPE 3.4 PAGE 30

MOUEL = RIC STEP = |
FORM FACTOR CALUULATION LINK,
.

THERMAL RADIATION ANALYSIS SYSTEM (TRASYS)
RCS ANALYSIS 479775 ! :

(* INODICATES NOD:Z PAIR HAS BEEN SU.OXI!OEOI
(R INDICATES FF CALCULATE) FROM J TC D) ;

NJOe I NODc J COMPUTATION FEC(IyJ) FotdyI) FALI,J) F (I,J) SHAD. £ SHAL. A CP TIME
W/ SHAL W/SHAD W/ SHAD WO/SHAD FACTER FACTOR (SEC)
33 FF Sun = «Jiu8 ROW CP TIMe = 1.076 - Disc ZND TRI LEFT SIDE
3 25 CAL. #000217  oe164391  J320310 «0u0310 140000606 14000200 wel3 R
3 20 CAL. 20005310 402372 +0:20519 000210 14400000 1.00c000 « 751 R
3 731 CAL . «GI1534 LUTESCH 4391534 J0S1736 1.0003Cs 21.03C800 1.€91
34 FF SuM = «Jdd50 ROW CP TIME = 1.0%5 + JISC 3RD TRI MIOOLE RT SIvE
35 FF sun = ., RUW CP TIME = ekl + TRAP 10F INSIDE TRAP
3o FF SuM = 0. ROW CP TIME = 423 + IRAP 0P INSIODE TRAP ? .
. - u
24 2 CAL. «Jd086J1 JCCQCA6 +Ji08001 L0c8755 ,90235¢ 498235« 24324 -
2 3 CAL. «018517 000018 L018%17 4018517 1.4000000 2.09C0:90 2.740
2+ 164 CAL. 2004515 LC0CA02 4000510 0C0>106 1.00L000G0 1.002000 24949
2% - CAL. 20052« SLIL315 005204 40052404 14Jd0ulev 1.00CCud 3.151
2% 785 CAL. «d00415  oC002.0 +00Gwle  odulwls LleCulcuw 1.006020 8.175
2% 787 CAL. «033533 200050 +0006938 +000.38 1.90C00uu 1.000600 8,942
24 FF Sud = «u531 ROW CP TINME = 10.763 - DisSe FCAR Y RCS 1Y WAS 134, ALL =cS
27 2b CAL. e0d2ua7  al0cuaT 032007 JO0C2.47 1eGcGiue 2oiCC000 «19%
25 8.9 CAL. «023581 JC02136 4023581 L023°81 1.030uC0 1.205400 1.025
25 301 CAL. w064710  LL0Jc96 oJCou71u JJ80718 1.00C000 1.004aC00 14545
25 355 CAL. «018312 000150 018312 4018512 1.0uC0udy 1.d00040 1.9106
25 306 CAL . o 637362 4030280 Ju5T7962 UST902 1.600060 1ecdiub0 2.263
25 é12 CAL. e010139 JC0C333 3106139 4514139 1.0033C¢ 1.609%¢Cu0 2.318
25 s11 CAL. eh29+29 000118 024429 +024+29 1e0i6uvl 2.00€030 3.1460
25 222 CaL. e05027¢ 00055 030274 <J5S401 L09991¢c 895916 “endt
'+ 22 CAL . eU32397 oL dule9  LuBL 97 L0977 9¢  Ja70313 078318 3.360
23 37 CAL. eBulucd o0ddi25 ddelud 0L 3% 16002405 1800020 5.72)
23 15 CAL eluidfs «bL0JC2T7 euu 830/ «0L0.07 143C08000 14000030 ’c",
2y 143 CAL. eB0d283 JCSCJ00 400283 LJdilwwi 062075 042079 8.212
23 Las CAL. eB31«73 WJOC00C% 4301673 200173 149duliui 1evilidue 8.450
2 “ CaL . evubl?l swidlile Ji@2517% «J421TT  J8L5.53 803455 d.863
25 731 CAL. eB630372 J2CC10 UC3T2 oollF 380 e330d74 L23cils 10.%010
25 ide CalL. obid3E. eu 69 «015495) «dlb.30 « 903353 «96%3569 20,237
25 3a CAL . eCLl720) «uf0alf  L31T74l) odwt =L 372023 374023 21.229
22 345 CAL . 03572 eulullsd sla,724 PRYY T T e9935.8 o933 28 22357
i 721 CAL . e lusl’ e.dlide 031322 ¢330 Lnbe b ivu el onad 22.806
<2 72%2 AL e e tiatu P 4l B sd6+57% O TR D e Re e ma S J.0c?

_j--n-n------I-IlII...i............l..lll....r




OATe 02/20/75 TIMc 17.47.12. THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) CUOCoS500/SCOPE 3.4 PAGE 3
M0DcL = RIO STEP = 2 RCS ANALYSIS 4/9/775
FOxM FACTOR CALCULATION LINK.
(* INDICATES NODc PAIR HAS ECEN SUSCIVIDED)
(R INDICATES FF CALCULATE) FROM 0 TO I
NUUE I NOUz J COMPUTATION FeEllaJd) FEWJ,I) FALILIW) F (I,J) SHAD. © SHAD. A CP TImE
W/ SHAD W/SHAD W/ SHAD WO/SHAD FACTER FACTOR (SEC)
25 FF SuM = «2730 KOW CP TIME = 23,837 + DISC FEAR ¥ RCS (Y WAS 134, ALL RS
26 830 CAL. 02204, +C0C022 oO0u2060 4002040 1.0004¢0 1.005000 4bh
28 LDRY CAL. 2U14355 L000068 014055 L314.55 1.,040000C 2140040000 299
-] 22 CiL, 005103 4u00039 4205103 L0C5:83 oS+8081 4942001 Lallh3
26 $%0 CAL. e0217%y 400022 021745 J042.82 .3510u38 L.51C6c8 de024
26 385 CAL. «073637 o00d1G6 079039 LOT77703 973435 9723435 94345
20 721 CAL. ed609360 L0086 049862 549862 Lle0e0uul 1.000040 10.109
25 72 CAL. «Cud179 JCCCUS3 000179 000179 1.00GJ60 21.0000C00 10.386
25 FF SuM = 2% xUW CP TIMc = 13.780 - D1sC FEAR Z RCS (Z MAS S7. ALL REST
2! 440 CAL, 2002289 4C3CC19 002289 002269 14000300 1.030C00 «592
27 a1 CAL. «00i8285 JC0JC%y +004235 ,L008285 1.6C6000 1.65Ca00 «832
er 475 CAL. wU032715 003269 J032715 032715 1.0033C00 1.633000 1.234%
27 370 CaL. «139930 +000532 109930 «10993€ 1.00300v 1.C00400 1.646
27 412 CAL. e037233 L0308 007138 LC07.38 1.003040 1.03C¢ 2.250
e ERS CAL. «01547. W0J0C75 015673 4015570 leidvicl0e 1.0006020 2.€11
27 222 CaL. « 08733~ 000037 LU37836 L0%0752 .9.782% 907329 4191
27 22 CaL. +JJB3E.  JCCO0215 40038060 LC(CB300 1440u040C 1.00003 L.011
27 «027 CaL. ¢033002 <G08 026001 eduid.vl 915001 J41%001 ha929
27 2 CaL. ed 7526 oHICCI5 337526 0c9183 .081901é .B19612 7035
27 .3 CAL . «0L17308 LU0J016 J17J08 017009 1.0uLUlCi 21.00CG00 7.592
27 Les CAc. eLoT%92  JuBdU22 337495 L012529 .59826°5 598265 7.897
27 & CAL. 2003947 <0186 J003947 L UEBU52 JI5L422 W95Ew22 8.764
27 152 CAL . «000813 LC0JC21 030813 LCO€L1et  L10237F .132375 9.129
27 FF SuM = va/l3 ROW CP TlIMe = 21.599 + DIsC FEAR 7 RCS (7 WAS S57. ALL RoST
149 FF Sum = @, ROW CP TINME = «201 - IRAP = Yo RcAR SIDE TAPER s s
707 FF Sum = 9, ROW CP TIME = «311 - DISC esseasJULY 8 EVAP..3 IN. RAJ.
704 FF Sun = Q. ROMW CP TIME = «264% + DISC sessssJULY B EVAP..3 IN. RAD.

804 7oL CAL. «6a7985 4.17296 007986 007986 1.00000e 1.00CC00 «383 R



DAT= Q2720775 TIMC

M0DeL = RIO

Nude 1 NOODZ J

809

301

801

802

8038

92

405

Lh L

807
so7

504
803
810

315

s11
11

FF SuM
701
FF SuM

FF SuM

FF Sum

701
FF Sum

701
FF Sus
701
FF Sus

701
FF SuM

721
FF Sum

731
FF Sus

STEP = 1}
FURM FACTOR CALCULATION LINK,
.

13.02.63.

THERMAL RADIATION AMALYSIS SYSTCM (TRASYS) CuCo5ul/SCOPE 3.4

RCS ANALYSLS

W/9775

(* INDICATES NODE PAIR HAS BecoN SUSGIVICED)
(R INDICATES FF CALCULATZD FROM o TO D) "

COMPUTATION FE(I.J)

= U121
CAL.

= «uld5

= «J430

= «dul1
CAL.

s «Jiol
CAL -+

= «Jdud
CAL .

= «0L3
CAL .

= « 04838
CAL.

= «d238
CAL.

s eucls

W/ SHAD
ROW CP
«037277
ROW C¢

RUW CP

RuNW CP

«43352¢
ROW CP

«001737
RUW CP

« 060500
ROW CP

«0003%¢
ROW C¥

042278
FOW CP

«Lulnil
RUW CP

FE(J, 1)
H/SHAD

TIME =

«L2ET7.3

TIME =

rIMc =

TIME =

«0d7e23
TIME =

«UJE3BE

Tine =

«CO1097
TIME =

«L01457

TIME =

dLUN93n

TIME =

«2J60:3
Time =

FRII.J)
W/ SHAD

«383

«a07277

w09

«180

«200

+ 003523
«322

«031737
«345

«0005086
«313

+0303%0
282

«00c278
«353

«Ji1b41

o399

F (I,
WO/SHAD

«Lo7277

«Lu3t2c

«OuL7 37

«J0us0®

«00079¢

<0227

2 Jilubl

SHAD. ¢
FACTER

+ PARAB
1.6u0200

+ PARAB

¢ PARAB

+ PaAxAB

leleuuud

¢ PAxAB

1.000dws
+ PARAB

1.040000
+ PARAB

1.200000
+ PARAB

LeubNlue

+ PARAB

lebdoblue

+ PArAB

SHAC. A CP TIME
FACTCR szc)

TOP ENGIN
1.000600 .=d9
TCP oNGIN

TOP coMGIN

TCP ENGIN

1.00C022 «322

+ Y cNGIN

1.00C00d0 «356
+ Y ENGIN

1.000000 « 310
+ Y ENGIN

1.000030 282
+ Y ENGIN

1.500020 «319

Y ENGIN,.«u

1.000030 «319

Y ENGINGos

PAGE o

19=v




VATc J&IZGI?S TIME 18.02.54. THERFAL RADIATION ANALYSIS SYSTEM (TRASYS) COC650G/SCOPE 3.+ PAGE » 33

MOUzL = RIO0 STcP = RCS AMALYSIS “/9775

FOxM FACTOR CALCULATION LINK.
[
(* INDICATES NODE PAIR HAS OGEcN SuBLIVICZD)
(R INCICATES FF CALCULATED FROM J TO D) .

NOOE I NJOD: J COMPUTATION FE(IyJ) FEI(JL,I) FA(I,J) F (I,J) SHAOD. t SHAD., A CP TIME
W/ SHAD W/SHAD W/ SHAD WO/SHAD FaClck FACTOR (SEC)

81 FF SUM = 0. ROM CP TIME = 272 + PARAE -Y ENGIN.aso
613 FF SUN = G ROW CP TIME = 257 + PARAB ~Y ENGIN.s.
20 FF SUM = Q. ROW CP TIME = 166 ¢ VISC ceo=¥ OWS SEALER +os
21 FF. SUM = 0. ROW CP TIME = «136 ¢ VISC ee*Y OWS SEALER s
c22 731 GAL « 030170 (32852 000176 .d02:64 .GoB73¢ .06E738 411 R o
222 FF SUM = .J338 ROW CP TIME = el - RECT BACK RECT  7.35066 5:
22 701 caL. W013530 133976 013038 015520 .85194% 851045  2.427 R
22 FESUR s Jaaed ROW CP TIME = 2,427 - DISC KEAR ENC WALF DISK
23 FF SuMm = 0. KOW CP TIME = 162 + DISC REAR END WALF DISK
W07 FF SUM = L3338 ROW CP TIME = .20¢ + DISC BACK SID: EVAPORAT, UPOAT.D
15 FF SUM = G031 ROW CP TIME = “159 + DISC REAR END EVAPORATOR
10 FF SuW = 3. ROW CP TIME = .338 - TRAP cesoLEFT FRONT WING A oo

11 FF SuM = 4. ROW CP TINE = «346 + TRAP senessLEFT MIDULE WING BACK.B



C LA RS 04 Dd as 4bs ol ons L1 o bdoanadad it td and S oidsliad il b
-

VAT: 83728775 TIME 13..3.08. THERMAL RACTATION AMALYSIS SYSTcH (TRASYS) COCo5080/SCOPE 3.4 PAGE » 36

MODeL = RIC STeP = 1 RCS AMALYSIS L/9/s75
: FORM FACTOR CALCULATION LINK,
i
(* INDICATES NODc PAIR RAS BZcN SusCIvIezD)
(R INDICATES FF CALCULATZD FROM U TO I) i

NOD: I NODZ J COMPUTATION FElI,J) Feld,I) FACI,J) F (I,J) oSHAD. E SHAU. A CP TIME
W/SHAD  W/SHAU W/SHAQ HWO/SHAC FACTEx FACTOR (SEC)

161 FF SuM » de RUW CP TIM: = 2363 + RceCT B8S INNER WING
12 FF SuUM = Q. ROW Cb‘ TIME = «304 + ou.Cl’ ] eessse LEFT BACK RECT. WING C
142 FF SuM = §. RUKW CP TIME = o319 + ReCT INNER WING C
13 FF SUM = 0. ROW CP TIKE = 422 + TRAP ssesese LEFT WING TAILL EDG-
1 FF SuM = 2. ROW CrP TIME = «380 + TRAP es o FRONT WING TRIANGLc RT.A.28 f
o
] w
; é FF SuM = «071 ROW CF TIME = «380 - TxAP essesPIDOLE WING TRAP, RT B ..
163 FF SUM = «JdC ROW CP TIME = «300 = ReCT B #Y RCCTANGLE WING
3 701 CAL . +0UCsd% 0075+8 000404 4001179 4342172 W3wc172 «373 R
3 FFSUM s .04 KOW CP TINE = .373 - ReCT eess BACK WING RECT. RTC 4129
14s FF SumM = «d022 ROW CP TIME = «315 - RECT INNER WING C RECT
- 701 CAL. eD3i621. WL2€795 LJD0&210 4005071 .830282 .B3C082 «578 R
- FF SumM = «0350 ROW CP TIME = «582 - TrAP +Y WING TAIL EODGE

150 FF Sum = wdiil ROW CP TIME = 325 = CYLN EAY ARcA CYLINOCR




UATC 057/20/775 TIMc 13.u3.20. THE FMAL RADIATIOUN ANALYSIS SYSTEM (YRASYS) COCe500/5COPc 3.4 PAGe » 35

MOD=L = RIO STeEP = 1 RCS ANALYSIS 4/s79/75
FORM FACTOR CALCULATION LINK.

(* INDICATES NODE PAIR HAS BEEN SUBCIVICZO)
(R INDICATES FF CALCULATeD FROM J TO I} .

NMOUc I NODS J COMPUTATION Fetl,J) FEl(.,I) FALL,J) F (I,J) SHAD. & SHAD. A CF TIMc
W/SHAU W/SHAD W/SHAD WO/5HAD FACTex FACTCR {5EC)

151 FF SuM = sUJJL ROW CP TIMc = «350 = CYLN EAY ARcA CYLINDER
15¢2 FF SuM = 0. KOW CP TIME = «335 - CYLN BAY ARcA CYL INDER
153 FF SuM = Q. ROW CP TIME = «352 = CYLN €AY AREA CYLINDER -
15« FF SuM = 0. ROW CP TIME = 311 = CYLN BAY ARcA CYLINDER
155 FF Sud = Q. ROW CP TIME = «352 = CYLN BAY AREA CYLINDER
ivo FF SuM = (. ROW CP TIME = 345 = CYLN HAY AREA CYLINDER
157 FF Sus = 0. POW CP TIHE = «357 = CYLN BAY ARzA CYLIMDER
1485 FF Sum = 0. ROW CP TIMc = o362 ¢ DISC FRONT BAY AREA DISK
122 FF Sud = 0. ROW CP ITIFE = «19¢ ¢+ FLRAB VERY NOSE CON:t

123 FF SuM = 4. ROW CP TIMe = «2C + PARASB VERY NOSE CONE

124 FF Sun = G, ROW Ci TIME = «191 + PaRAB VERY NOSE CONE

145 FF SuM = C. ROW CP TIME = 191 + PaxaB VeRY NOSc CONC

79~y



MODeEL = RIO

LY

NOUE I NOD:Z J

FF Sus

Sux

SuUM

sSuM

SUN

SuM

SuM

SuM

DATe  43/20/75

TiMc 13.03.33.

STEP = 1
FORM FALTCR CALCULATION LINK,.

THERMAL RAODIATION AMALYSIS SYSIEM (TRASYS)

RCS ANALYSIS

4/977%

(* INGICATES NODE PAIR HAS BeeN SUBOIVIOEO&

(R INGICATES FF CALCULATED FrOM J TO D)

COMPUTATION FE(IJ)

W/ SHAD
= 0 ROW CP
= 0. KOW CP
= e ROW CP
= 0. ROW CP
= G ROW CF
= Je RUW CP
= G ROW CP
= 0. ROW CP
= 0. ROW CP
et 1 ndu-cv
= 0. ROW CP
2110 ' ROW C»¢

FeElo,I)
W/SHAD
TIME =
TIME =
TIMZ =
TIM: =
TIME =
TIME =
TIME =
TIng =
TIME =
Tine =

TIME =

FIME =

FALILD)

W/ SHAD WO/SHAD

«20¢€
«203
172
«163
«137
o124
122
«128
211
209
;217

L b o".‘

F (L,

vy

SHAD. ¢

FACTcrw

cvn

CYLN

CYLN

CYLN

- CYLN

CYLN

CYLN

CYLN

CYLN

CYLN

CYLN

crin

SHAC. A CP
FACTOR

NOSc

NOS:

NOSc
NOSc

NOSc

COCo500 /SCOPE 3.4

TIME

5.C)

CYLINDER
CYLINDER
CYLIMDER
CYLINDER
CYLINDER
CYLINDER
CYLINDER
CYLINDER
CYLINDER
C'tilﬂi!

CYLINOER

© NOSZ CYLINODER

o PSR B ¢

it

PAGE 30

SS9~y




UATe 55720475 TIME  13.07.47. THERMAL RADLATION ANALYS1S SYSTEM (TRASYS) CuUCoS500/SCOPE 3.4 PAGE

MOO0ct = RIO STEP = 1 RCS ANALYSIS 4’79775
FOIM FACTOR CALCULATION LINK.
L3

(* INCICATES NODE PAIR HAS BEEN SUBCIVIDED)
(R INCICATZES FF CALCULATEu FROM J TO IV i

NOOc I NODE J COMPUTATION FE(IZJ) FElo,I) FALI,J) F (I,J) SHAD. ¢ SHAC. A CP TINME
W/ SHAD W/SHAD W/ SHAD WO/SHAD FACTer FACTOR (scCy

352 FF Sud = Q. ROW CP TIHME = <97 + CYLN NOSE CYLINDER

235 FF SuM = 0. ROW CP TIMe = «254 + CYLN NUSc CYLINDER

33 FF SuUM = 4, : ROW CP TIMc = «239 + CYLN NOSZ CYLINDcR

33 F; Sun = d. ROH CP TIME = 266 + CyLn NOSE CYLINDER

EL T FF SuM = 3. ROW CP TIME = « 203 ¢ PARAB HOCD PARTIAL BACK

3l FF Sun = 4. ROW CP TIME = «197 + PARAB HOCD PARTIAL BACK

392 FF Sum = 0, ROW CP TIME = 184 + PARAE HOCD PARTIAL BACK

ELE) FF SuM = 0. ROW CP TIME = «193 + PARAB HOCO PARTIAL BACK

Jeu FF SuM = 0. ROW CP TIME = «187 + PARAB HOCD PARTIAL BACK
E 345 FF Sut = 0. KOW CP TiMc = «189 + PARAB HOQU PARTIAL BACK
; EET FF SuM = 4. ROW CP TIMe = «190 ¢+ PARAB HOCD PARTIAL BACK
E 347 FF SuM = 0. ROW Ci TIMZ = «1858 + PARAB HOOD PARTIAL BACK

99=v



30

369

35,

351

3s2

353

39w

355

30l

Jel

3e2

jol

MOUeL = RIO
- FO<M FACTOR CALCULATION LINK.

FF

FF

FF

FF

FF

L4

PF

FF

FF

FrF

FF

FF

SUM

SUM

SuM

sSu4

SuM

FL

SuM

sun

SumM

SUM

UATE 03720775 TIME
STEP = 1

130767,

THERMAL RADLATION ANALfSIS SYSTEM (TRASYS)

RCS AMALYSIS

479775

(* INDICATCS NODE PAIR KAS BLEN SUBCLVIOED)
(R INDICATES FF CALCULATED FrOM J TO I}

COMPUTATION FelleJd)
W/ SHAD

ROW

KOW

ROW

ROH

ROw

Row

cr

cp

cP

crP

cP

cr

Ccre

ce

(%

ce

ce

cy

FELLID

W/SHAD

TIMg =

TIME =

TIME =

TIHE =

TiMe =

TIMe =

TIME =

TIME =

TIHe =

TINE =

TIME =

TIME =

FALL, )

W/ SHAU

«215

178

«191

o214

«184

192

+162

«170

«183

«182

«189

«180

F (I,
WO/Z54A0

SHAD.

FACTE

PARAd

PARAB

PARAB

PARAB

PARAE

PARAB

FaRAR

ParAR

PARAE

PARAD

PARAD

PARAB

£ SHAC. A CP

TINc

&k FACICx ScC)

HOGU

HOCU

HOCuU

WINDCH

RINDOWA

PART IAL

PART IAL

PARTIAL

PARTIAL

PARTIAL

PARTIAL

PARTIAL

PARTIAL

COCE5C0 /SCOPE" 3e 4

: 1)

BACK

BACK

LI~y




DAT. 057208775 TiMc

HOOcL = RIO

FCRM FACTOR CALCULATION LINK.

NOooe I

Joo

o7

363

iv9

376

a71

372

373

37w

373

FF

FF

FF

FF

FF

FF

FF

FF

FF

FF

FF

F¥

J

SuM

Sun

SUM

SuUM

Sut

SuM

SuM

SuUM

Sun

STEP = 1

18.07.57.

THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) COCoS5S00/SCOPE 3.4
RCS AMALYSIS

4’9775

(* INCICATES NODE PAIR kA5 BLEN SUBDIVICED)
(R INDICATES FF CALCULATED FRO™ J TO ID 4

COMPUTATION FeltlyeJ)
W/ SHAD

RCW

ROW

ROW

ROW

ROW

ROW

POW

cp

ce

ce

ce

ce

ce

ce

oP

ce

cv

ce

o

Fety,I)

W/SHAD

TINE =

TIME =

TIME =

TIME =

TIME =

TIME =

TIME =

TIME =

TIME =

TIME =

TiMe =

TIME =

FALILJ) F (1,0

W/ SHAD WO/SHAD

w24

«190

«188

«195

«iB86

«191

<181

«180

«189

178

166

SHAD.

FACTe

PARAB

PARAB

PARAB

PAKAB

PArAg

PARAE

PARAR

PArAB

PARAB

PARAR

PARAE

PARAS

€ SHAC. A CP TIME

R FACTOR (SEC)

WINDCA

WINDOW

WINDOW

WINOGCW

WINDCHW

WINDOW

WINDOW

WINOOW

WINUOW

FPAGE

33

89~V



UaTe  G2720/75 TIke 15.03.07.

HODEL = RIO
FudM FACTOR CALCULATION LINK,.

NOuz I ~NODI J

«01

w22

781

782

783

78s

785

78u

87

7848

751

792

'»F SUM
FF SUs
FF Su4
FF Suv
FF SumM
FF Sun
Fr wﬂ
FF Sum
FF Sum
FF Su™

FE Sum

PR

STEP = 1

THE PFAL RAULATION ANALYSIS SYSICM (TRASYS) COCH503/SCOPE 3.4
RCS ANALYSIS 4’79775

(* INDICATZIS NOOE PAIR HWAS €-EN SUBDIVIGED)
(R INDICATYES FF CALCULATEL FPOM J TO D) :

COMPUTATION Fztl,Jg) FeldyI) FA(I,J) F (1,J) SHAG. & SHAC. A CP TIMe
W/SHAD  W/SHAD  W/SHAU  HO/SHAD  FACTER FACTOR (Sce)

b «d3d

= « 3040

= «3uiC

RUW

RUW

XOW

ROW

KOHW

ROW

LU L

co TIME = .153 - ReCT

T 20CY SOTTOM (FRT)
CP TIMe = «14d - RiCT 40CY 90TTOM (REAR)
CF TIME = PR ; - CYLN sesee®Y SIDE DOOReesss
Cr TIME = -179 * CYLN sesse®Y SIUc 000R.esss
CP TIME = b -_cvuu esses®Y SIDE DOORessss
CP TIME = 167 + CYLn sesse®Y SIDE DOOReeses
CP TIME = +s03 - CYLN sseset®Y SIOE DUORsssses
Ce TIME = «129 + CYLN ssseetY SIDE DOORawsns
cP TIME = wu31 - CYLN esseastY SIOE DOORessss
oY TIng = o181 ¢ CYAN seensd? STOE UOOResses
CP TIME = .35 - CYLN ees =¥ SIUC DOOR4ass
CP TINE = T PR T ess =¥ SIOE DCORasss

402’

PAGe o

“0

69~y




UATe w3/20/75 TIMe 13.08.19. THERPAL RADLIATIUN AMALYSIS SYSTeM (TRASYS) COC6500/SCoPc 3.4

MlucL = RIO STEP = 1 RCS ANALYSIS L/s9775
FORM FACTOR CALCULATION LINK.
'
(* INDICATES NODec PAIR HAL gech SUBOIVICED)
(x INDICATES FF CALCULATED FrOM J TC I !

NOUE I MNODE J COMPUTATION Feltl,Jd) FElJ,I) FALL,0% F (I,J) ShaDe. = SHAC. A CP TIME
W/SHAU W/ IHAD W/ SHAD HWO/SHAD FACTER FACTCR (SEC)

793 FF Sum = G, RUW CP TIME = 424 = CYLN sss =Y SIVE UOORsess
79« FF SuM = Q3. ROW CP TIMe = «226 + FVLN ese =Y SI0c VOORewes

793 FF SuM = 0. ROW CP TIME = «151 = GYLN ses =Y SIDc OOOR..;.

790 FF SuM = «dddu ROW CP TIMc = 433 + CYLN ese =Y SIDE DOOR4sus

14 FF 3U4 = (. ROW CP TIMe = «140 = CYLN see =Y SIOE DOORsses

/93 FF SuM = 0. ROW C¥ TIME = «4bl + CYLn see =Y SIDE DOORssss

31 FF SuM = J. ROW CP TIME = 262 + TkAP +Y Sluc FRONT TRAPOZOIU
505 FF Sun = (. ROW CP TIMe = «195 * ReCT EOCY SIVDE (MIDULc=PORT)
300 FF Sun = 001 ROW CP TIME = «229 + ReCT BOOY SIDE (BACK=PORT)
sl FF Sus = 0. ROW CP TIMe = «266 = TRAP =Y SIUE FRONT TRAPOZCID
J1s F¥ Sum = 0. ROW CP TIME = 113 + ReCT _BOCY Sloc lﬂloqt;°$l60l

Jia FF Sua = 4. RUW CP TIME = o132 + R.LT BOOY SIDc (BACK=-5T8U)

L5

o

s

e

PAGE »

b1

0L~y



Cafnllat e o losl lace 4 00 oo 2asde dl el bbl bhtug

DATe .57/20/75 TIML 13.03.33. THEFMAL RADIATION ANALYSIS SYSTeM (TRASYS) £OCeS5Li0/SCOPe 3.4 PAGE w2

MODcL = RIO SIEP = 3 RCS ANALYSIS 4/3/75
FOxM FACTOR CALCULATION LINK.

a (* INOICATES NUGUE PAIR HAS BEZEN SUBDIVIDED)
] (R INCICATeS FF CALCULAT:Zu FROM J TO D)

NUbDe 1 NODE J COMPUTATION FEULIWJ) FE(J4I) FAlLIyJ) F (T,J) Shkals © SHAD. A CP TIME
W/SHAD  wW/SHAD W/SHAD WO/5hAD FACTER FACTOR (SEC)

202 FF Su4 = (. ROW CP TIME = «162 + CYLN 4o0Y TOoP (STBD-RcAR) 202
¢12 FF Sum = o338 ROW CVP TIMc = «8C7 + CYLw BOOY TOP (PORT-RCAR) 212
384 701 CAL . o 61257 40221068 L031257 4003211 4391395 .3913%5 « 737 L3
380 FF SuM = 001 RKOW CP TIME = « 737 + TRAP VERTICAL FIN (PORT) 20
33y 7id CAL . «006160 4601936 000148 L00CLe® 1.0600LL 1.000000 «169 R
Jéo 701 CAL . «0Co5+1 084453 006541 +CGE>«1 1.000000 te.000000 « 551 R
385 FF Sus = e Jud1 ROW CP TIME = «375% + IxAP VERTICAL FIN (PORT-AFT) 20

g

-
339 FF Sud = Q. ROW CFP TIME = «131 - TrAP VERTICAL FIN (STBD) 20
39% FF SumM = 0. ROW CV TIME = 127 - TRAP VEFTICAL FIN (STBOD-AFT) 20
705 FF SUM = Q. ROW Cv TIME = «338 + DISC «+MOST FORWARD EVAPORATOR G ws oo

|

700 FF Sum = «2019 ROW CP TIME = «213 - Disc ssessesSUPER ENGINS (OMS LOCAT J‘
701 703 CAL . « 000033 (00038 L000338 .00G0.38 1.000020 2.,00¢Ce00 355
741 FF Sun = «5027 ROW Cv TIME = l.000 + vISC sesseseSUPER ENGINS (OMS LOCAT
782 FF Sum = sudil KOw Cr TIMe = 021 - Disc sesvessSUPER ENGINS (OMS LOLAT

703 FF SuM = o6 ROW C¥ TIME = 7 + DISC sensessSUPLR ENGINS (OMS LO.AT




UATe 03720775 TIMc 13.11.40. THEFMAL RADIATION ANALYSLIS SYSTEM (TRASYS) CUCe>00/SCOPE 3.4 PAGE 43

HOD-L = RIO STeEP = 1 RCS AMALYSIS 4/9/75
FORM FACTOR CALCULATION LINK.

(* INDICATES NOD: PAIR HAS BeeN SUSCIVIDED)
(R INDICATES FF CALCULATED FROM J TO 1) 3

NOUc I NODE O COMPUIATION FE(IyJ) FELJ,I) FALI,J) F (I,J) SHAD. £ SHAL. A CP TIME
W/SHAD  W/SHAD W/ SHAD HO/SHAC FACTER FACTOR (SEC)

16 FF SUM = 9, ROW Cb TINE = Ja20 - DISC v+ oFRONT RCS . 4LOOKING ¢/=Y AT
13 FF sSum = 3, ROW CP TIME = <008 + DISC es o FRCNT RCS..LOOKING #/=Y AT
1o FF SuM = g, RUW CP TIME = «011 - DISsc «s+MIDOLE cVAP, LOOKING +/~ Y.
17 FF sut = G, ROW CP TIME = «026 + Disc +++MIDDLE EVAP. LOOKING +/= Y.
399 FF 5uM = G, ROW Cr TIME = i1 + RECT VERT. FIN LDG. EDGE 2

TOTAL CP TIMc (SEC) FOR PROBLEM = 7254413

L=y



UATe 03728775 TIME 13.11.641.

MOUEL = RIC
FORM FACTOR CALCULATION LINK.
X

NOUE I

20ud
203¢
5dol
%343
ls0
Tis
724
732
I3
lTos
773
1+0
o s
4
708
dou
d13
w37
1+2
L1ew
12%
23
29
329
335
3e5
31
Jol
So?
/3
7a2
748
79c
311
385
7ee
399

STeP =

FF SuM NODZ I

0.
«0000J)-2
«20u2713
s dUL3192

.
«3963253
«DEwaTl2
w7 22049
«Jel7il0

J.
«0033330

2.

C.

i 05842209

G
«038232
Ge
«0odd292
S

« 0501378
g.

e

e
s
0.
g
G
0.
d.
0.

c.
«3004013
.
«J0d8J803
+«0022289
0.

2365
5335
5.5
»195
1s7
735
r2s
733
FS ¢
Ton
774
132
i7s

25
358
.7

<3

15

13

&
15%
124
Scw
LT
3l
L)
32
3u2
Sto
376
g ¥
791
737
315
330
703

LI I I R R B I A R D DR IR R R D N R A R R R A B U R A R R )

FF SuM

Ce
«3000387
0324157
eswd2u22
edulfs03
ewedli2d
«0 329,80
«diW33503
«032139

U

0.

J.

de
«57303503
«d1)1227
«ul12228

O
«J0iin23

e
«Jd25%93

0.

Ja

0.

J.

e

e

da

Je

O

P

de

e

0.

de

0.
«0002385

TOTAL TIMc FOR FOUIM FACIIRS725.66

THERMAL RADIATION ANALYSIS SYST=M (TRAS)YS)

RCS AMALYSIS

F(kM FACTOR SUHMS FRCY NOJE I

NOLE I

£c10
2049
2370
€10
719
726
726
734
751
7o7
775
184
33
26
bul
Bu 8
21
10
1
150
156
125
25
231
34
37
353
ol
309
375
7ok
792
738
16
33¢
18

FF SUM AODZE I

«0302309
«+ 0600025
« 0225349
«CCOJIS3
«37313%
775529
283434
s4w30L830
Q.
«du23C3
«BCicolo
0.
+uBo08.60
+ 2543586
e GU94535
e Luu7045
'
Ge
Je
+d004¢323
0.
0.

2315

TIN5

2375
“1d9
711
721
rer
7355
762
768
i7e
29
3
27
802
810
222
11
2
161
157
320
320
332
342
348
3ce
Jew
37
401
785
792
301
2ce
7.5
19

LN I A BN B BN B B B DN DN B N R I R R R D R B DO R R RN R R NN

&/9775

FF SUM NODE I

«Jul001s5
evdldioze
- .535‘0‘2
«0CLi374
«2888915
«0801777
«398L€30
«1737206

Ce

0.

Ce

e
+J9583351
.s?!Zl?Z
«0aca22«
«3037651
«00G7897

Lo
«3400530
«2CL0uie

e

Ja

“e

e

e

Ve

v

‘e

ue

we
«00c002%

L

e

e

G

ve

5020
5059
5383
5114
712
722
7319
7+
763
771
77
31
35
149
803
811
22
161
13
152
135
321
3e7
333
363
369
355
365
371
w2
786
794
32¢
212
700
1¢

COCo500/SCOPE 3.4

FF SUM N90E 1

«0000021
«0300075
«0004027
«0000C18
PR Y.
«0715193
«5E52732
«HLB2031

d.

«00¢C0001

«c000030

«0618633

3.

2.
«0004588
«0028475
«J142138

-
«00G21s

«0000083
0013078
0.

502¢
5us5
2685
1&3
713
723
731
7%l
Tus
772
778
32
30
7er
Bud
812
3
12
3
153
122
S22
328
EETY
364
EPN)
3ul
Suo
3i2
761
787
755
Jub
384
701
17

FES$ 800 0 08500000000 0000800000000 01000

PAGE

FF Sum

«0J00028
«d000123
TR
«J013%86
el20085
0932168
«1122418
elo74531

0.

Q.

Ve
Y EYEY T4

ve

Je

«uwlba23d

e

e

v
wudubDI2

e

e

Je

0.

e

e

Je

Je

e

ve
«J00do02
suwludao2
0«

edliio2e

«J014230
«2620€83
Oe

44
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2,5.3 GEOMETRIC RELATIONSHIP DATA MATRIX

The following pages contain the input data
computer printouts for the Shuttle Orbiter configuration,

WL=v



ATc

R,
DCESSING OPcRATIONS OATA

-

EDu25
L oiv o
2uvd

S5Jou

£ 5)cd

f Suud

Y

E D400

L0l
Sdod

3d095

L 5005

Soud

- 5005

= RIO

L NOODZ

711

711

83720775 TIME

13.11.42.
sSteP = ¢

Fil, AREA

«ul00u1 2.50E+01
« 36203 . S.00ctdl
wuuldl3 3.63c¢01
edlulle +«D3E001
«0d3025 2.052¢01
euc0lL1 B.11E+01
ebidbil 8.11c401
evuluil S.115¢01
evballe lellerye
eLCudie 1.01c¢92
P SRR 1.01c¢02
evlecul Le01E¢32
sdCludl 1.01cey2
sdlita? 1e2¢E0 02
«LCC0UZ 1.22:¢02
evavield 1s220002
wulo043 Le22c¢02
«0Cu002 1.22:5¢02
S AT B loii;'J?
«CC200s Le542¢352
v 0903 1.50c002
«3L303¢8 Leddcele
«J00LI - 1e52z2032
ecuucldd 1e55Ee02
«0CC253 Leo0c¢02
oCleud s Le832¢02
e{ed345 L.83cE+32
032335 LeB 45002
«dluci b 1832002
o0Cuid2 1.0832¢42

FEbhaRERISS

THERMAL KADIATION

THETI

82.49
83.11
81.27
Teesl

75.01

77.10
Tien>
77.70

Tidls
72.50
Ta.ds
71.90
Taea2

6%.79
7C.33
7i+85
71.57
71.28

6c.80
66443
€i.02
6€ .37
O' «28
ol.21
67.39

81.21
Blesw
62.03
0l.30
06l.00

THETJ

5d.98
66.39
67.77
00s33

bwe.lb

B4.25
LD
obeu9

B8led%
841.58
31.84
73.27
82.03

784.%0
f4.03
79.37
7719
T9aus

75.78
'6.1*
760*7
7‘03“
’Qo?“
,6.,’
39430

72057
72.59
73. 3"
75.08
71.9%

AnALY SIS SYSTcM ITRASYS)

RCS AMALYSIS

RADIUS

Le30iY92Ee02
“.31787E%02
“e335353E002
n.!?ZZJEOG?

banldT20w02

4.57.08c+02
4eE9459cei2
479190402

L3527 2k ed2
weth.27E+D2
4elun 3ZERD2
Le58.40E¢02
4e80713E¢C2

“.60-4"“..0"
be723 34402
LoBE 19542
“eCL.28c 402
weCouLfi®de

we7loikcel2
el 14 g2
“.S7781ced2
“sEcicoz bl
be7BZ3c442
S.(b3i¢cked2
5.10.,30E002

we?77/97c#02
we8914%c002
5.00.01F+u2
Sel2.88z¢42
weB1.71c002

L

W%

COCo532/SCOPE 3.0

NCRMAL VECTOR I

~8.42E-11
~1.03E-1(
~1.22€~10
=1.50c~10

=1.93¢e-1(

~2+.73e~10
=2.73€=" "
=2.73E-i(

=3.39€-1¢
-3.39c-1¢
«3.39E~-1¢
=-3.39E~-18
=3.33c~-11¢

-4elde~-1iC
~4.ldc-11(
-4 10E-1L
~we10E~1(
~4.ldc-1d

T2 T
=5.07&-10
«C.07c~-1¢
“S5.TE-2L(
-5.C7c-11(
~E.u7E~24
-50576'1(

-6.18c-11(
-E.18E-11
~€.18c-11
“teldc~-1(
-t.18E~-1C

=1.91c¢01
“2ed9c il
~2.78E+01
=3433E441

~4.33E¢01

~beclctil
-6.21E401
~beZ1E¢ DL

=7.71E¢]1
~7.71E+01
~7.71E%1
=7.71E+01
=7.712+01

'90315’,‘
=331t
=3, 21E+01
~a,31c401
~Ye3lECiL

=-l.1%c¢02
=1.15e¢02
=1.15£402
=1.15C¢02
=1.15€E4)2
=-1.15E4¢52
=1.15E¢902

b TLT B
’1.536'92
=1.40E¢02
=1lendi*dc
=lewuis2

=1.61E+CL
=1.97c%u1
~2+.33E¢0L
«2+98ctil

=3.63E¢01

=5.21E401
=5.216401
-S.ZIEOél

~b.bTESL
~beTctbL
L TRTAS T
~0.4TE+(L
“BeuTEHGL

~7«81E%ul
=7.81c¢sl
=TeS81ceal
«7.81E%ul
-7.5160&1

=C.o7E*i)
“9.67k%01
“93.67E+1
“9.67c i1
=9.67c¢01
~3.67ctil
“9.67ctul

=1.18c%02
=1.18E¢02
~1.18c402
=1.18z¢02
=1.18cE¢02

A P P M Y e

PAGE 45

POSITICN VECTOR 1

=ZePcti2
2.9 Ewd2
°2;90' ced2
~2.97c%d2

e Lei2

“2.MeEeu2
~2.9L452
'2‘“’3 L"Jz

2ty
2+ 02
2.9 c*ul
2.9 052
2. ced2

“2e9 v,
2.9 ctud
=2eced2
“2«Pcel2
“~2e P Eve2

~2e93E4u2
20042
295432
“dedrcted
“ZeIctd2
2«90yl
2«9 ceid2

“2e93:c%02
“2.95c¢2
292002
'20”&‘02
25902

1.08c¢d2 9Y.duceil
1.20E%42 1.00e¢02
1.30E+62 1.03E¢02
1.47c002 1.23cei2
LeObctd2 1.38c%i2
1.95ceue leo3E042
1956002 1leo3ctd2
Le35c¢)2 1.03E¢(2
2el7cvd2 1.82c¢i2
2.17c%32 1.82c+02
2JlTERJ2 1.82:2032 .
2e17E%G2 1.82z2¢%.2 10
2.17€002 1.52e%02 )
2e380¢02 2evdeei2
CeSBE®Y2 Cebilderi2
2e38cerde 2400c002
2+38E¢J2 2+idc0i2
24382002 2.00cvi2
2405432 2.22e002
Ce05c#)2 2.226+02
24656402 2.22c¢i2
2.05t 00l 2.22z¢02
2e0520J02 2.228002
2.85€¢32 2.22ci2
2e05c0d2 2.22c%02
24934402 2e40Ev02
€e93C 002 24460002
€e3e0d2 2uwobei2
24932402 Q2.4nivi2
2e33c0a2 oo * 2
AT e R B R S R

rﬂ“«)ﬂh"‘; . Swtene: r,.u.a.xﬁ.n_, e l.



‘MouLL = RIO
PROCcSSING UPZRATIONS DATA

NOJC

5Jo5
S5dud
505

2470
2270

I

5570

2379
2470
»iT7u
2370
24413

2375
2J75
2175
2d7 2
»J75
%al5
2175
2479
2975

Si0d
2440
>80
2400
G480
2480
2300
2.80
240d

2u0?
»d85
5.05%
L3485
5485
2485
285
24385
24092

2420
24930
20140

A
NODZ J

735
e

71

72)
722
724
726
733
735

24

7.1

723
722
729
720
733
735

L

2o
71

723
r22
724
720
7is
735

2w

b
731

723
722
724
720
733
755

2w

2

7)1

715
723
722

e

STEP = 1§

FILI,J)

«cJd0338

«GC2037
«0C3a07
.Juﬂﬁﬂu
eluluio
«JGESQ7
.&.4005
ebCulyd
« L0551

edudiis
«CLJ5J8
«0uwd037
w0047
oCiZuud
|;GJ.J'
«LCSCJD
«50luJ07
«Lu04B3

eCuvldd
«u0Judn
evivil

eo.B237
«02.008
ec20847
«C0uG27
eG0Ua7
«00064312

edludll
T TITLL
eduiila
«C20037
suul0o8
« 30007
ewiGdl7
«LC00A7
wdi3323

«8C3J02
«05C30n
evulGO3

ARCA

1.832+492
1.83c+02
1.83C+0¢

2.57€¢02
2457c+l2
2.572¢02
2.57c#l2
2.57:402
2e275#92
2e 0775402
2eb?tri2

,OQQEQOC
Jawnbeld2
Jewsctld2
Sebuced?2
Sewasc 2
Jambctic
Jevbee?
Jaswituc
Jewaztul

beb3ceg2
besdcril
wenipe02
se i3 el2
bewlcei?2
wew 3l
4ewdieu?
wedcridl
4eb3ze02

S.50E¢02
5.502¢02
5.562¢02
5.502¢02
S5«.50kE¢C2
S5.50E¢02
5.50c¢02
S+5084)2
Sed0c¢02

6735402
GeT9c¢0c
De79c432

THETI

63.09
0l.804
ele7s

5‘.32
Sl
£5.43
St.09
6.3
5632
57.20
57.20

GE.35
43.22
20..5
£l.8%
4C.96
FATIA: ]
21.50
u9.29
21.%1

L3 32
byl 7
wiai2
454109
44.75
45.01
“E.o0
4y .58
40453

3.3
3¢.89
Li.72
Lleow
4035
“1.20
“2.19
4323
QE.E“

35.62

3% .45
3 .29

THETJY

72.%0
Tuei3
435.31

b7.43
67,91
©0.37
ve.82
67.92
66.Q°
vY.21
L9aeY

63.194
63.0”
Bwel?
Dwe03
o%.53
€%9..0
65.7%
62.28

S5uel%

29.72
60.41
bi.58
bl.15
vl.92
62.38
01.55
29.97
6d.22

20e90
57.30
57.31
€d.26
59.580
60.23
58.0%
50.13
6bhed

03.3‘
2% e0n
2%.d0

RCS AMALYSIS

RiO1IUS

4.G2+8¢€z¢02
5205 loc+de
S5e2k0T73c+l2

Seluc13Ee02
Se25152E 402
ve350uuE+02
Seno.4w9E+32
Selt wuE+02
S5e27.TCL#u2
Sedn. 032¢02
558799 ¢,2

5.58+477E%02
S.E8:87L¢02
S.78.20_%02
5.871892+02
SeubB.B4E402
SeEB.9CEY2
5.C5.70c¢02
6.13251E402
€eS3013c 042

6e27-95c 02
Gslo-18 402
6.25+84c ey 2
6e3v.00ctd2
Eovnl 22
velbinleel2
vl 0lEe02
6.81_32c¢02
Eeu5:85€¢02

ool 1% ¢d2
B.co/22c402
6.77.752002
6.85 72402
0.57987:=+02
BeEu-TwE®L2
6.51%812¢02
Tel2904ce(2
0eSo0wct02

T.€7+3%k00¢
Te15453c¢02
Te23-106c¢32

W79775

NCRMAL VECTOR I

~6.18E~1¢
~€.18E-1C
“0e18c-11(

".66&‘1(
=8.66E-1(
~8.80c-1¢
-8.66E-11(
~8.60E~-1(
~8.c0E-1(
~8.00c~11
=8.6bc-1(

-1.10c-0¢
=1.10E~0¢
=1.10t=-0¢
=-1.10c-0¢
l.lo0t-0¢
=le16E~0¢
-1.16E-39
-1.16E-0¢
=1.10£-0S

~1.49t-09
=1.99E~2¢
=1.43E~-CQ
=1.49E-0¢
=1.4SE-09
=1le99%~-0¢
=~l.u9E-aS
=1.49E~-09
=1.49c~0C

=1.87E-49
=1.87E-3¢
-1.87¢c~-0¢
-l.d7i°09
-1.87€E-09
=1.87c-09
«1.87¢c-29
=1.87¢€-98
-1.87e~-0%

~2.29c-09
-2.29E-0¢
=2.29E-0¢

=1.40c+02
=~1l.buc+le
=1.40E#02

-1.97E+232
=1.S7E+ 02
=1.37c+d2
~1.97E+122
~1.97€E+02
=~1.97E#32
=1.37c¢02
=1.37c¢32

-2.63c4d2
=2.635E+%42
-2.03E¢02
-2.03E¢02
=-2.03c+d2
=2sE3c002
=2+€35c402
=-2.03E¢02
=~2+.05c402

=~3.40E%02
=-3.40E%02
=3.4iceld2
“3ebictd2
=3.4uce02
=3.niEvy2
=3.wuE*02
~3.440E002
=3.40E¢D2

~he2hE®DZ
~4e20E¢J2
'h.ZUEOOZ
~4.20E+02
~4.20E+02
~4.20E¢02
~he20c4+02
~4we295E402
~4e20c*d2

~S.cdEede
=S5.chE*D2
=5.23c#l2

=1.18E+02
=1.18E+02
=1.18E402

=1.65E+02
=1.65E+02
=1.05c¢(02
=1.65E+.2
~1.05E4062
=1.85c¢02
=1.05E¢,2
c1.05c402

=2.21c¢62
=2.21E402
=2.21c402
-2.21E+02
=2421E%s2
=2:21c¢02
-2.21t008
=2.21E402
=2.21E%02

~2.395€6¢02
~2.85E¢02
~2.85E+02
=2.85€402
~2.85E¢02
~2.85E+%u2
~2.85c¢02
«2.85c+02
-2.85E+02

=3.57c+u2
~3.57c¢L2
=3.57E¢02
«3.57E+02
=3.57E+02
~3.57E+02
=3.57E¢02
=3.57E¢02
=3e27ctil

“4edoctd2
=&4e30kE0u2
~4e30L002

POSITICN VECTOR I

=2.93c+d2
~2.93c6402
=2e93E452

=3.0iced2
~3e0ictd2
=JeuviEri2
-4.6.(052
=3.3lced2
“3.05a%32
=Jedictil
*Jebutel

=-3.0ic¥y2
~3.0.E042
=3.0uc4d2
=3.0.E442
=3evvctuc
“Jel.ct)2
3ot ctd2
=-3.0:E%02
-3.0.6042

=3.01c442
’30?1"&3
'J.Ulﬁ‘lz
=3sdactd2
=3.0lceg2
=3.0lE%y2
*3.dlt,2
=3elictd
~3.d1c¢52

~3.02c%d2
-3.02E8J2
=3.0zc4d2
=3.02c%i2
“3.02c%)2
=3.0c:02
“3e0ccte2
=3.02ct*u2
~Jelcctu

~3.02c442
=-3.0lct,2
=3.2c4)2

2493c ey
2.93E%92
2493c402

J.abEv02
Jeabced2
JasEEeL2
JenEERG2
J.hbc432
J.ubrtde
Jequced
Janbi g2

GeJ1E®J2
hedlceg2
w«01E* G2
«+01z¢02
4.d1E802
bellctye
wedlcel2
“«J1E4J2
4edilceyi

“e55ceu2
we95ce2
4435c0 42
4e25c4d2
++55c#02
“«55cea2
++55c¢42
Q|551002
we35E002

5.09:442
S.092002
5.09€¢02
S.09 02
5.J9E402
5.0%:¢02
Sed9ce2
2.d0%9c %02
2:3% 402

S5.03E%32
Se03Eed2
5.63E¢32

2.boE+C2
Zeanbeu2
2e9bE+G2

2+91cti2
2+91cCe02
el
2ot 2
2.91z¢02
2edlcel
2e9lcei2
2e9lat,2

Je30ct(2
3030;‘&2
3.30c¢32
Ja.30z¢C2
J.JuL’;z
J.3nbei2
Je3ocell
S.JDLOGZ
Je306c4d2

3.02c¢02
Je82c0 32
3822422
Je.82c002
3.82c¢(2
3.825002
Jed220352
Se82c+22
3ed2c+i2

“.27ctd2
~027£'J2
wedlEvy?2
G.27ewi2
wel2lcei2
Lo2TES L2
“ellcr2
Geo27c 032
Le27C 402

be72ct02
we72cvle
4.72c402

9L~V

—
b

|

|




atc

3420475

DOcL = RID

JUuo

134
140
2150
pil L
1uvd
100
2luu
piud
‘.J
s
450
bl

195
1C5
1.5
1.5
s
145
1.9
135
i1:3
yi. 2
135
dv5

I

L
NODe J

724
726
731
733
735

24

26
7)1

715
720
722
724
726
751
733
735

L

20
741

713
715
723
722
725
725
751
748
7355

)

26

L3 |

TIME
STEP = 1

OCcSSING OP=-RATIONS DATA

Fil,

«ul0ua7
000037
«2C2C0J3
«uC0GCO7
«20s007
330037
T I i
ediu250

ouUGin
« 502037
ewdn37
«CJC207
euelG7
sulilJs3
«d03Ga7
eslilio
«Jdui0O7
evidlvo

«33C200

«UCud2i
eve0233
«CCJCOO
subvuao
suvublus
suiboulus
edwuldis
«J000Jw
AC3dC13s
«JCldCuw
sebulds
euuul53

«J0d031
« 004042
«Gd00a3
003003
«JC0023
«023033
eduiil3
«J 20623
«0Ludl3
evudiucd
«u000u?
«20031,

18,1153,

AREA

Be79c+d2
0« 73E¢02
2e73c#02
o«.73c402
8.79E¢02
9e79c¢02
Be79uei2
0. 7IE+D2

d.16E¢22
8.16c¢02
8sloctL
8.10k¢(?
B.16c¢02
8.1054¢32
8elvctl2
Bs10cC¢d2
3.105¢42
de.102¢22
8.10:¢02

Le6324C3
leodcey?
Leb3cel3
lLeudcels
1.69403
1.69E+05
1.092+33
1.0932¢053
14692443
lLeo9:z¢23
leb09c*i3
Lebdceds

2+88E+¢3
2.838c¢02
2.83c¢33
2.88z+03
2.88:2+03
2eB8c0u3
2eB3003
2e08cel5
de03z*id
2.800E¢C3
2.88C2+33
2.0‘&033

Sl s

THERMAL RADIATION AMNALYSIS SYSTEM (TRASYS)

THETI

37.10
37.90
3%.31
Jc.0b
37449
3t.03
35409
38.60

32.71
32436
3idle
33.95
34.72
3Z.05
33.’6
34426
3E.32
Ju.i8
3C.61

2i.28
22.91
2¢.20
22483
2lanv2
2heub
2429
22.93

i.50
29459

i.87
24.54

1€,91
17.40
t(.o?
17.186
17.u0
18.15
‘(009
17.19
17409
18454
18.12
18.02

THeTY

52448
55.92
57.70
56.15
58453
50.20
56.07
63.15

03423
52.76
23414
53.23
53.92
Soew0
Suvedl
57.10
24.25
354439
71.30

bwezd
6~|’0
“7.2¢
wToien
47,08
Q’ogl
52433
53413
33433
w814
52.22
82.1¢

65.04
B5+.70
44 a0d
L&ho83
#4999
43415
S1l.95
51-0'
S51.082
w3429
2UeYe
B8.12

RCS ANALYSIS

RADIUS

T.31: 32E+32
T.38,9€5¢02
T«L&u79E402
7T.1256Cc*d2
7201942402
Tei? 98c002
Te€7.340432
Teubs28E+02

8.25302E¢02
?.7~w-7€032
7T.81391E442
7.88728c+42
7.55314042
7ec3.C2242
7.70.93c+i2
7477334402
Bel11092002
B.2643i83E¢02
8.02120E402

1.13,05c403
113753043
1.08/77E+03
1.09271E¢C3
109 702043
1.10298E+403
1.07: 8€c+03
1..8.8€6E+43
1.00.99C+03
1.10,60c+03
1.13:72E+03
111734403

1ebkoi335403
14t 3E+DS
1.42.82E+03
1e42427C+03
1.42943E+03
1a43c9C2%03
1e4030E0S
1e9lio8c®d3
lewlow8E®)3
‘o“JJx-E’JJ
1.4023€2+03
1434552043

R i e S e e S R R R e T L

479775

COCu5007/SCOPE 3.4

NCRMAL VECTOR I

-2.29:-08
=2.29E-0¢
=2.29c~3¢
~2.29E-0¢
=2.29c~0¢
=2429c-0S
=2.29E-GS
=2.29E~05%

“2.75E~0¢
=2.75E~-0¢
=2.75e-0¢
=2.75E-0%
-2.75¢€=0¢
=2.75c-0¢
~2.75E-09
=2.75E-0¢
=2.75E-3¢
~2.72E-0¢
-2.75€~09

-2.6Sk-05
=5.05c~-0%
-5.69€~Cy
=~S.69E~(S
=Z.09~0¢
=5.09E-0¢
-2.69£-29
=5.6%c-29
=5.69€-03
=3.69c-d¢
-5.0%c~09
=5.69E-09

-C.70e~-09
-3 T7eE~DC
=9.70c-0¢
=9.70e~08
=9.70e~0¢
=9.70€E-0¢
=3.70c-3¢
~3.7CE=DC
4. 7uE=-0¢
=9.70¢e-0¢
-9.73€-0¢
~9.7CE~u¢

TR Mt i

=-5.20E¢02
=5.2JE+32
-5.245E%32
=5420E402
=5.20E+0¢
=5.22c402
=5.20cv02
=5.20c4d2

~Ge22c®d2
-6.25c¢02
=6.25c432
~be.25E+4d2
-6.25E402
~b.25E¢J2
=~H6e2o5ctd2
~0.25E402
~0e25E402
-6.25E¢02
~0.25c#02

=1.23E+063
=1.292¢33
=1.23E¢03
=1.29E¢03
=1.29E+43
=1.29+¢03
=1423c#d3
“1.23E+023
=1.29c+03
=1.29c+03
=1.29€443
=1.23E403

=2.235403
=2.2JE#43
=2423c403
~2.20E403
=2.2JE+03
=2.242433
=2.2.E5¢03
~2.20E+303
~2+22E403
=2.2ic403
~2.20c+)3
=2e2uct*i3

=4.30E402
=4 305E¢u2
~hL.36E¢52
~4.30E¢02
~he3octu2
~Le3bLti2
~4.30E402
~he30Etu2

=5.25c+442
=5.,25E¢42
=2.25c402
-2.25E¢02
=5.25E¢02
=3.25E¢42
=3.25E¢02
=5.25c*u2
=5.2%c+uc
=5.25E402
=2.25E%u2

=1.09c%43
=1.09€+43
-1.09E+33
=1.09c+0 3
=leuYc Ul
=1.39c+03
=1.09E+(s
=1.03c+433
~1.09E+23
=1.09E+u3
1.9 03
~1.09E+03

=1.85E+43
=1.85E+u3
~1.85E+43
=1.85c4u3
=1.85c403
=1.85c403
“1.85L¢03
=1.85£¢03
=~1.85c443
=1.85c#43
=1.85E+03
=1e.85c4u3

SRRLRSECE IS AR LI

PAGE o7

POSITICN VECTOR 1

=~3.0ccti2
=3.dccHd2
~3ed2c4d2
-3.02ced2
=Jdeldcti
*Jedeti
-3.02c%,2
~2.02ctu2

~3.05c¢42
=3.0.c¢42
~3eu3Etid

- =3.d5z%u2

~3.l3Evd2
=3edoct*u2
=~3.05c¢u2
°J.03£003
~3esdoctil
=3.0.c¢42
=30 cbu2

~Jeulntul
=Seliceu2
~3.dice,2
“3.0icey2
3.0 c4d2
3.0/ c®d2
3.0/ ced2
=3edi 2
30202
3.0 54,2
-3.07E¢d2
=3.07cei2

~Jelscti2
*3educti2
~3.10c0u2
=3.12c402
~3.1uE032
=3el.cthud
=3elucti2
3. 0cry2
~3.l.c%42
=Jeluctsl
=3.1500)2
=3eluce?

Seb3cey
5.63E¢42
2463c¢02
S5.63c¢02
34636402
S.03cti2
5.€E3c+02
Se.03ctul

Del7c+d2
o.l7c402
cJl7E®Q2
o.d17c4d2
0.17C+902
De.i7E432
60175'02
Cel7ctu2
cel7:442
c.l7.%32
c.l7ced2

de08ctd2
8.38E¢32
‘.“;’Jz
d.88c032
B.88cC¢02
8.08c¢02
8.38c%u2
B.88=¢42
8.88c+d2
8.83c+02
G.08:492
8.88E+02

leleE®dd
1.16£443
1.16c433
1.16E¢03
1.16E#4)3
1.16c¢33
1416403
leloc®dd
L1elbEeyd
1.16c¢33
L.16E+43
Lelbcedd

Ge.72e402
4e72e4%42
“e72E402
4oT72cei2
Ge72c4C2
Lo72ce02
hol2:z¢.2
we72z¢(2

Seldcei2
Se.loceu2
5.18E¢42
S5e.18c¢02
S.18£¢(2
S5.10c¢(2
Selde+i2
S5.13c+ 02
Seldce (2
Jeldced2
Sel3cei2

Tebooei2
Tebscrl2
7.udeed2
Tebscey2
7.05"(2
TebdE0u2
Tebdct+i2
Teudee02
Tebooel2
T.45E¢02
?o“?&’tz
Tewntyu2

9.732032
9.73c4+32
9.73E002
9.73ce02
9e73cec2
9.73E¢02
9732052
Ye73ceC2
9.73c¢32
9e73cei2
9.73E0 L2
9.73cv02

LL=V

e

e e




Aal23/75 TIMC 13.12.00. THEIRMAL RADIATION

" MO0cL = RIO step =
FROCESSING OPZ~ATLIONS DATA

5110 711 «Luil3 2.83€64+G3 c.lC ©9.75
51140 713 eeBdedy 2.855403 Z.06 83.77
2113 715 «GCIuIe 2.03c+03 2.12 69.78
2110 724 «LLLYJT 2.88E¢u3 14397 4ue28
2113 722 «2C33531 2eB8:40s €433 Lie29
2110 724 «CCJLIS 2eBB¢03 €+.9 4Ce29
2114 720 «CCa0J 2.88c+(03 ‘.16 “uel9
2110 731 edbulin 28%8:c403 1.96 “3.37
2110 733 sdbovile 2e03ceis 2.32 “9.498
2119 735 P T 2.88c+02 EeuB w9948
2:10 Za siulubav 2e382¢C3 €e21 42430
24119 {o T Db TP 2.83c403 celY «9.86
2119 7.0 «370CI1L 2ed3ct(3 ce22 Toenbd
LA
1«9 710 suli3u2 2ebIceil 700 Jue.d2
15 712 «L00157 2.632¢33 81.+8 33,09
ie5 14 edbuing 2eudcris 82.66 “2.97
iwd 721 AV B § 2.03c%03 28.98 66.98
1«5 723 eibIC2 2eDI to3 0t.18 69.18
145 725 ebiulag 2.09C403 6C.58 09.58
ie5 il eclivol 2eb9ctdl Tdel>d 7d.15
145 732 evbulw? 2e69ct03 79.15 11.45
145 732 oOCLiwd 2.09:5¢03 7€.21 12.76
L5 Tk «312006% 2.c3E4C3 79.35 15449
162 29 oL 268359 2e69:4C3 7ee=3 70443
15 o eUiLud D 2evdieds B2.77 2oeTw
1+5 731 «005212 2e090u¢(3 SCec 58.53
17 713 «Lo007a 202840 51.43 99.12
1.7 712 evd079 2482000 47.78 57497
La? Tis « 063380 2evlitla bh.38 2702
147 721 w0 05u 37 2ed2ctis 55.23 5077
17 723 «00C0+2 2ell2chis LEL.S3 5d.15
17 22 s Oculed 2402400 40 .89 . 49.00
17 727 evudlnb 2.02c%id~ 4£.36 9,31
17 743 svibulol 2.02c%26 biedl 4.9
147 7352 «053655 Cel2L%0s 41,10 Jeei2
17 T34 «GJiddo? 2402240« 3¢€.35 33.28
a7 740 0,339 24022444 7¢.91 33.69
17 2% NPTy 4 2eulit0b LL,37 w4232
17 27 «0C2075 2evlitin 3c.30 25.47
1+7 741 e3ul?733 2eulctin 2%413 75439
710 939 «32269% 2e03ErhL SCe73 63.92

_A\)'l'no

ANALYSIS SYSTeM (TRASYS)

1
1
1
1
1
1

1.18.05c+04
1418.34E¢4d9

1
1

1e18.04E+0C+

1
1

9.

1
1
1
1
1
1
1
1
1
1
1

1
1
1
2
2
2
2
2
2
2
]
2
2
2

2.

RCS ANALYSILS

«19131c+40+
« 19 LaErdy
«18909cE+04
«18_51c+us
«18.ZECct(s
«18. olc+0e

«18+.38c¢04
ed0en3ctls

«10-55r¢04
«18: 41c+iw

+t9 . vortil
S2176E401
«L5535c¢2
v 337132402
o21. 34ty
.J~»11500£
«37.T€c g2
€62 23E442
«E23BT7E*C2
eCh 1920 4u2
ehlaa4E402
e27.48E4Q2
«BL271¢02

«B8bsolE+d2
«B87:03c¢52
«89435E¢d2
«35204E#02
eddiwntb#02
«29780cv02
weBL34E®C2
«54y89-4+432
«E2.70ct®dc
s 49 9uc8g2
SA276 4401
277 72c%02
oL2.21cCe02
svo.0lc+d2

E33:23e002

479475

=9.70E-0%¢
-9,7de~u¢
'9.706’09
=9.70E-0%
=9.76E~-CC
=9.7vE-0%
“9.7.€-2¢
=9.74E-0¢
~9.70E-0¢
“S9eTue=0¢
=9.72E~-0S
=J7JE-d€¢
=9.73E~uS

0.
Ve
Ve
0.
Ce
0.
Ge
e
t.
Us
0.
0.
.

-5.10E+402
~C.10E+D2
~S.10Eed2
'4.105'03
°§-10E003
=5.10E%02
=5.10E402
=5.1JE+02
=5.10c+02
~C+10E+02
=S.10E+023
-5.10E+02
=Ce132492
-2.10E+02

~5.88E+00

~2.20E403
~2.20E+03
~2.20E403
~2.20c*d3
~2.23E+03
=2.202¢33
~2.23E+03
=2.20E+(3
-2.2vE*Q2
=2.25c+03
~2eCuctud
~2.23E%4d3
~2+20E+03

2+53c+)3
2.€9E+03
Z2.EIE+03
2et4:¢03
2ecdc+3
2.€9c¢33
2.689c+33
2.69c+i3
2+EIE+D3
2.09c+d3
2.69c+03
24EIEH+I3
2e0Y9E+ 13

°7.bo€°08
~7es4nE=-d8
=~7e4bec~-08
=7.46E~-08
~7.40E-08
~7.v0E~ud
=7 4oeE~C8
=7+40E~-08
=7.40E-03
=7.4bE~28
=7+40E~-08
'7.“6E-°°
~7.+0E-08
=7evo0c~08

F.40e+0

COCo5C0/SCOPE 3.4

-1.85E+03
=1.85E+03
~1.85E+63
«1.85c4us
=1.85kE+03
=1.85c+04
~1.85E+03
=1.85E403
~1.85E403
=1.85E4(3
=1l.82c+03
~1.85E¢u3
=1.85c403

=2.23E~00
=2423c-08
=2.23E-08
=2.23E-00
=Z.23E=us
=2.23c~038
=2.23E~04
«2.23E~4d3
=2.23E-038
=2.23E~508
~2423E=u3
=2.23c-¢0
~2423E~-48

1.%¢t40«
1.90E¢u«
1.90E%y+
1e90E4dw
1.90E+0+
1.90L¢0%
1.96c¢04
1.95E¢0%
1.96 404
1.9b£’°1
1.9E+0 4
1.90E+(in
1.9+
1.%0t¢uy

=Zs0dErul

PAGE 48
=3.10E402 9.19C+03
“3eluctd2 9.,19C+03
*3elucti2 9419403
*3e1.0¢,2 3419c4)3
=3elic®d2 I.,19E4)3
=3eldctul 9Je1Scedd
=3eluctil2 J.1920,.3
=3.1.c442 94198433
=~Selut®u2 9.19:2¢03
~3.10:2¢)2 Ye19E4903
~lellctud 9e19c+dd
'J.IJ;OUZ 9.19;.JJ
3010442 9419+
=7.09c+02 1.02=¢J2
=7.0%E4d2 1.J)2E%32
~Teudetd2 1.d2E892
“Teuscts2 1.92c%02
“Teldctu2 1.02E¢02
~T.0s5c#l2 14d28¢4¢
=TeCI*u2 1402:c¢42
=Tedsctdd 1.02E092
“Tedsceu2 1e32ct¢52
“Tedd:432 1.02ces2
=Teusctu2 1.02:z¢52
=7e04:¢402 1.0cc#d2
=7eddctul 1.J2E002
“Telocts2 ~T.01c-1C
“Te75:432 =7.C1E~10
“7eloct+s2 =7.01c~1
“TeToctu2 =7.01E~10
“TeToctu2 =7.04E~20
“Teloctul =T.ilE~10
“Te72E%02 =7.31E-10
“TeT5:4d2 =T431c~10
~TeTortd2 =7.016~10
“TeloE®i2 =T+01E~-10
“TeTorti2 =7.31E~10
“TeTocti2 =7.01c~-1C
«TeTactd2 =7.012-10
eleloctd2 =Ted1:-120
=Te21c%02 1.17E¢s2

7.71E¢23
To71c403
T«71£¢03
T+71E¢L3
ToT1Ce03
7.7‘.:' 03
7471403
TeTlzeod
Te7124d3
TeTlce 3
To7lue 3
Telletild
Te7lzel3

-be.255¢ (1
-6.25E¢ (1
~0.25C¢ (1
=~p.Z3c¢0)
“De23:2¢(1
“bedoctol
-0.25c ¢l
=0e«25c* il
=6.25c4¢41
Dl
“Decictil
=Decittil
“bel5c+ (1

-1.13c0¢(2
=1e.13c¢02
=1.13c¢ (2
=1.13c¢02
=1.130¢02
=1.13.2802
-1.135052
-1.13E¢02
=1.13c*C2
“1.13c¢32
=1.135032
=1.43z¢(2
=-1.136¢ 22
=l.13 002

2.22e4+01

8L~V



j" 32'20”5 t‘”ﬁ 13.12.05.

QUEL = RIO STEP = 1
OCESSING OPERATIONS DATA
: :

00 I NODE J F(I.»n AREA THeTI THETY
- 710 91 «f2u3do 2.83:¢01 Si.41 42+20
710 8i5 38357 2.83c+21 5Z.92 57.38
710 816 «339617 2.83c+01 5¢.72 62.33
713 84C 401955 2.83E+ul 83.79 31.33
- 710 8it suui?58 2.083E¢01 51,30 2797
710 222 062,534 2+83c+01L T4.70 Bey80
- 710, 2 sldndde 2.83E¢01 81.00 72.u9
. 710 3 PrPSLER ] 2.83z¢(1 cl.86 6737
710 1ab «036933 2.83:z+01 7301 o7.78
F 710 - « 198401l 2.83c+01 $S.59 11.2%
IS0 3o edutibol 2.332¢01 8,03 05488
711 712 « 032540 2edicell To.37 Tueld?
711 721 1224 2.83c+idl 59.53 Scedb
711 723 «0C1020 2e832¢01L 63.11 5dedd
/11 1235 «u0J859 eB3ce01 Dt.l8 52438
11‘ ,J’ -3~u355 2e83ctul 73.$° 2’-‘7
711 758 sdulliy 2.83E6¢01 31.87 12.5%
‘11 752 euUlL 97 2e83celL 35.20 1de4l
711 734 evvllil 2.835c+01 wle?8 18424
711 775 «3330134% 2+.83E+01 79.17 39.+8
711 777 eCOuCa7 2.83z¢(01 7C.ub 49.33
711 31 «J13u0 2.083c¢01 3i.20 73.23
il 32 «G22919 2.83c+351 9.37 83.00
7l 33 o231 T Jedsetil 25.96 7640
711 e o2 0uiBe 2e83ce01 Cack 82.99
7i1 2% sldulut 2.83:+1)1 77.1% bd. %1
711 27 eduueidl 2eB3ceiL 0€.99 25.71
711 832 «u 27538 2.835crl 52.06 26474
711 8J1 sil9l50 2.83c+01 5¢.20 28.04
711 311 PR 2s85:051 99..0 27497
711 22 senbaob 2832004 55.01 63.39
711 751 LR T 2.835+G1 82.37 87.10
711 2ie evlvn2? 2+85ceCL 53.98 d1.25
711 330 «il823. 2e83ctul 12.32 61.29
711 345 «087632 2483c+01 2G.70 obeul
711 731 «i25031 2.83E+01 wl.01 52442
711 702 «331715 2.63E¢01 6L.16 72.29
/2 9is eJ22825 2ed32¢41 21492 03.37
712 951 «02C82. 2+083:4)1 Steln el
712 835 2d 39532 2.832¢51 51.25 03496
7.2 8lo 2329924 2e83cvdl 4740 OtenT
712 812 «0401235 2e03:¢01 82.29 Juely
712 411 «301871 2ed3cell 730 2d.85
712 222 edwdlde 2.83.041 73.09 79.52

THE+tMAL RADIATION AMALYSIS SYSTcM
RCS AMALYSIS

rADIUS

1456525402
B8.%0749EE¢01
9.05.12E¢01
1ec2LbT7E402
1.5970%2¢82
1o447 980002
wel7: 54402
3.03:39¢02
2e17: 20 ¢(2
1.29%0%E ¢z
2elurlaied?

1e49929ctul
“weB8:597c 401
Let7519c )
5.2)7 71401
5.01?52:091
T.€1: 32cvil
Teclibliedl
Te02c 0%-¢)1
B.€3)42E+02
0.89703E402
2.88,245401
9.28,315¢01
Se41150c+02
9.19. SoE +il
DeadubEESDL
S5.11337c ¢l
1.01702E¢02
1.06437c¢02

“lei9. 05E+(2

1.21139E+02
o277 54k 0(2
1.81,35:c¢02
2e46773ced2
2435255z+52
1.02.2CE¢02
2.22.0%E002

2elculeied
1.70°BE4D2
.70 S5eEddl
Jelbil2ctit
1e03:38c4d2
1.5595« %02

1en82w2e0i2

(TRASYS)

4r9/7175

CuCoS5CO0/SCOPE 3.4

NCRMAL VECTOR I

=5.88¢c+02
=-5.,88¢E+02
~2.88€+00
-5.06500C
«-5.,88E+00
~5.88E+0Q4
=5.00E+00
=5.80c+00
~5.88E+0C
~5.88E¢C)
=5.80E¢0(

€.08e¢0(
S.083c¢0(
S.88E+DC
5.80c+0)
5.83E+00
S.88E+05
2.83¢c¢d(
5.88E+00
S.08c+0(
S33E+d(
2.035+00
5.056'5:
S.88¢E6+01(
S.88c¢0¢(
5.88E¢d 0L
5.882+0¢C
S.E8E+0(
S.83E¢01¢
S.88E¢0(
S.B8aEv0L
S.88c+d¢C
S.83e03¢C
S.88E+0¢
S.88E¢03
S.08c40¢(
E.88E+0C

-Z.088E+0C
=5.83c+0¢(
«E.83E¢J0
=5.088E¢0¢
~C.83E¢00
“Se88ctul
=5.88c40¢

G L s sk

Q.4oc+l0
F.46E+¢0J
G.40E+ 00
G40+ dd
Feq0ctli
Gaevoctdy
G.40c+dd
9e.4oc+dD
9.“05’33
9-hoi083
Ge4nErdld

“Y.4uc¢00
~9.45E+3)
=“J.hui+d0
=9.40c¢04
=9.40E¢d0
“Q.40c+ 00
*J.u0ctdd
~J.4uEtu
“9.40c¢dd
“9.46c+03
9. 0ctdd
~3,40E+00
*G.wuzt (0
=9.46z+400
Yo+ 0D
=9.46E¢00
=9.w02Etrdy
“9.40c ¢ 00
P TI AR b
~3.402¢4d0
«G.4o0ct0)
~3.4vE«00
“J.40E+00
“J.46E* L
“9.40E+00
“9.40e¢00

QQVSE'JG
Jenboeld
E PRI
G.uoE+ 0y
9.“05’33
S.40l+d0
G0 *dd

LRI GRS AT sl R st R

~2.60E+CL
~2.60E+(1
=2.00E¢0)
~2.60E%01
=2.60E+01
=2.00E*L1
~2.60c+(1
=2.00c+0l
=2.0uctul
~2.60ctil
=2.60c¢u1

2.60E¢01
2.00c%ul
2.60E401
2ebictul
2+.00E%u1
2.00E¢.1
2eb0Ctel
2.0uk0ul
2.60kE%0L
2.006E+01
2.60E¢ul
2.60E¢01
2.buE+el
2.00ceel
2.0Jc¢01
2050451
2.602¢01
Z.odi'&l
2sbdctdl
2.0JE+01
2.50c4%d1
ZOOJE'G‘
2.00E%51
246LETDL
2.00Evi1
2.ulE+DL

=2.00E%1
=2.60c¢01
-2.60E¢01
=2.00E%01
=2.60E%01
~2.00E¢01
=2.6JE+01

«9

POSITICN VECTOR I

~Te2lctu2
~T«21E4)2
“Te2ict¥d2
=7.212%02
=Te21c43i2
~Te2icti2
~7Te2iceu2
7.2l c¢u2
=721t
-'021&'Uz
T2l ctil

Te2ltde
~Te2icti2
=T.2.°042
=T.21ct52
7.2, E442
-7.21;002
“Telicti2
“7Te2ict.2
720002
=7.2icta2
721442
=~Te21r¢)2
=7.21c*i2
=7e.2lced2
=T.20L64J2
~7Ts21c¢42
-'.2;5'd2
~Te2ic442
=lelictisl
eTe2ict.2
-7.21E%52
“T.2.ic%d2
-T2l 032
=Ts2LE%02
=T.2l0a2
=T21E¢32

«Tedectril
“7Tedectul
“Tedetu2
“Te3vcri2
“Te3ectul
*Tedrctad
“Te3ects2

1.176%002
1.17c¢02
LelT7c¢02
1e17E¢02
1.17c4J2
Le17z¢32
L1.17E¢92
1.17E¢32
1e17ce32
1172402
1.172¢02

Lel7c ®u?
1.17c%02
1.17c+02
1.17E¢52
lel7cvy2
1ed7c442
Lellcvu?
1176442
1.17c+32
1.17c+42
1.175¢82
1.17z+02
1.17£¢02
1.17E¢ 42
Lel700d2
1.17c402
1.172¢J2
lel7c0y2
1.17€E0d2
1.172¢52
1.175432
Le17cel2
‘ol"’“i
1.17E¢02
1.17€%02
L1702

1.16c¢42
lelocegi
lelbzed2
1el16c¢d2
L1e165042
lelbotie
1.10E¢02

2.22€+01
2.22c401
2.22E8441
2.22E%¢1
2.22c421
2022ctid
2edlzvid
2.822%(1
2e22c¢.1
2el2ctid

elletil

2222461
2.22c+21
2el220%41
2.22c¢ (1
2.22c 43l
2+22c¢¢1
deddletil
242200l
2.22c+id
2.22c il
2e.22c4:1
222431
2.24-’41
2.028¢01
2¢22c+(1
2.22c41

-:2L'Jl
2.22c+(1
2.22:¢(1
2.22k+01
2.22c%02
2.22c+01
2+.22c¢31
o220l
2e22ctd
2.226¢01

2e84ctil
2ebuctil
Cedbctild
2.5“;’:‘
2e84c i)
234t il
PR DT

6L~V




A et sl g aiac b e L

"c 85/20/75 TIME 18.12.11. THERMAL RADIATION ANALYSIS SYSTEM (TRASYS) CuCo500/SCOPE 3.4 PAGE +» 50

L = RI0 STEP = 4 RCS ANALYSIS 4/9/75
ESSING OPcRATIONS DATA

I NOODC J Fil+J) ARcA THETI THETJ RA&DIUS NCRFMAL VECTOR I POSITICN VECTOR I
W7 ecltin2 2.83E01 68.30 88,935 1.78763E402 ~S.8BE+J( 9.40E+D) ~2.00E¢01 ~T7e3+c402 1.16c+02 2484c+01
2 sdvollA 2ed32401 81.67 7ie08 4.31514c402 <~C,882+4C( 9.40E+JJ) ~2.60E4CL =Te39c+02 1.16E#02 2.84E+¢1
3 013521 .832401 €1.32 07el15 3414138E402 ~S5.80E400 9e4nE+00 =2.60E¢01L ~7.3+04d2 1.16c¢02 2.04c¢u1
14 «0C7037 2.83c¢01 7C.97 S6ells 243154TE#L2 =5.83c+0( 9.4BE+*00 ~2.00E#4L1l ~7o34E+J2 1.10E+02 2.84cell
. #9340 2.083C+01 wdeih 15eub 1o41194c402 <5.,88E¢0( 9D.40E*00 ~2.60E+061 ~7e34c*i2 1.16c¢02 Z.vscel2
3io eviu?25 24835¢301 Bisibe B0ev6 2,28/ 0066402 <~SeB8BE40J 9e4octd) =2.60E4CL ~To3+ct02 1.16E402 2.084E¢01
/1s svideld 2.83c¢01 T4ed3 7oel3 1.42/96c+01 S08E¢0( “9.4nftil 2e0cvEtul =T.3+ctul leloctuld 2.0%5041
721 sullilon 24832001 cé,15 819 L B9 9T7ERDL 5.68E+430 =9.%0z¢00 2.00E%01 *Te3+C#32 1.16E%J2 2ed%ctul
723 v05135« 2eB83:¢01 635.68 “3.30 9527 4kERDL De.88c+0d =Jbuct il 2.60E+J1 “Te3vctu2 1.16c€4J2 2.8%ctal
7235 eciClCel Ce3320)1 6C.34 “w3.73 4.51201E401 5.83E¢00 ~9.vo0ctlc 246.E%0l “Te3+c®d2 1.1€c402 2.0%wctil
727 TITL PR de83.4¢11 Te,23 7490 L.BBiELESCY 5.08E¢0( =9.46c¢00 2.60E¢0]l ~Te3-ct)2 L4.1€£¢02 2.89.¢02
730 Lul37s 2eB3ctilL 3e.72 2009 T.277 64401 Se83E400 =9.490E+0) 2.,60C%u1 =T7e3-c4J2 1.10E*J2 2.84c+0L
752 e ules8 2.832401 33.70 1eesvd 7.C3.27C+01 SelBE4D( =9.40E*0J 2.00E%ul =7e30:2002 14162402 2.09c¢id
73s o00C1323 2e83c+01L 37442 leesd 7T4C2092E¢01 DB8BE®IL =9.40E 0 2.00Ct0l =T 340%02 14160002 2.84ctd)
J1 eulibIV 24832054 “Cend 62:.58 wellr 23E01 5.89€E¢0. ~9.40E*)) 2.6CL+01 *Te3+ctu2 1.160L062 2e80c+ll
52 sbulbio 2e03cell C37 7Thell 8.94540E¢01 5.88c400 =9.40e+C) 2.00c%ul =7e3+%u2 Lleloctll 2.04C+el
33 069,39 2.035¢01 31.18 0257 5420-95L¢01 5.88c#0( ~9.4BEY00 2.0uE*DL  Te3+c082 14165402 2404+l
34 «012107 CeB3ctil 4.38 74400 0.82 voi¢dl 5.88c+0( ~9.40E+0J 2+60E*ui “Tedects LeloE®i2 2.85c+il
25 euli333 2e03E¢01 7€.27 51482 $,27.3%£%01 5.08E40C =9.40c¢00 2.0JdE*Li =TeSv0®u2 1.16E#L2 2.0%E%.l
"¢ § 020904 2.832+51 67 .00 524380 3e€9-b65ct01 5.83E*J0 =9.4uctdi 2.60E0ul =T7e3-c#J2 1160402 2.8<zvil
80 e0luu76 2.83¢01 S4esl 35405 J.51.2€E001 SeBRE4UL “FewoEtUl 2.60ttel =Te3+ct.2 1.16E¢32 2.04Ceid ?
81 el33027 2.83%¢01 £d.2¢ 22e70 9455-05Cvul CeBB3ctl0 =9.42E*D0 2.60E#01 ~=To3+ctJ2 1.16E¢J2 2.84ct+02 gg
22 112355 2032401 57..5 77.31 1.21753€E+02 CeBIE20C ~9ewoE®d) 2.60E401 =7e3+ctu2 1.10:.¢02 2.86C%01
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- PROCeSSING OPERATIONS DATA

1 )

CNQDC [ NODZ 9 Fti,
721 814 «J11899
7¢1 811 svel3es
721 22 «ul9222
721 22 295438
721 135 vivalio
721 " evf2l9
721 33C scltuel
721 335 wdon3sl
721 731 «G223467
721 742 278
722 9ud 03237
722 991 «GUlO77
722 771 evulils
722 773 «J02C 3
722 25 edide 2
722 2 sulloul
re2 3 sL2w3d7
<2 146 «00uBso
722 - wh75106
i2e2 749 «JLI5 97
7¢2 il eodii 13
7<3 73 «iLlbisn
7:3 732 vesul963
o3 e «Si161°
723 931 evul9ow
723 i1 wul1143
723 g «Jud33J

23 23 12,622
7¢3 is <1008
723 26 edbasl?
723 BJu «032954
724 8.1 su24623
723 815 «s22003
723 8ub «JkuY90«
723 510 «d1l1043
7¢3 811 «021734
723 222 «lZ=360
723 22 ce2962 1

23 &7 «00uCun
723 15 svelusd
723 1«13 PL B Y
i¢3 1ee s2cd20%
r23 & s386720
723 3.6 evddnidl

AREA

2.83c¢01
2.83c+01
2.835+01
2.83c+01
2+83E+01
2.83z+01
2+083cell
2e032451
2.83c+C1
2.83c+in

2od3c0Il
2.835401
2.83:¢41
200’;031
2.835+01
2.03ce01
2.83c+(C1
2.83c+01
2,83:2+01
2.83c+01
2.683E+01

2.83E¢01
2.83c+ul
2.832¢01
2.83.+01
Z. ‘3{'\!1
2.063ce 1
2403501
2.33C¢01
2eb3cedl
2.63c+01
2e83iv0L
2.83c¢01
2.83z¢01
CeB83ceil
2.83E+21
2.83c+01
2.83:c¢01
2.83E¢04
2.835¢31
2.832+41
2e83ce il
2+83c+01
2e83c5021

THERMAL RADIATION AMALYSIS SYSTEM (TRASYS)
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7¢> 32
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00cL = RIO
DCESSING OPERATIONS DATA

STEP = 3
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silbole
«a9791)
29551
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eudu?2i
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svddoid)
« 621533
euwdl70
s0Lle949
02339
0455516
«I77019
eJdlicdo
005”‘:’
suwuddl
«0u1921
scuolol
«uéli1ts
eslubll
9371
vadi2 83

«Joldny

esldlol

ARCA

2483001
2.83E+01
2.835+01
2832401

2.832¢01
2.83c+01
24835451
20.5&’&1
24832401
24835041
2.83E¢01
2.83E¢01
2eb3c+il
2¢83c+01
2e83C001

2.85=+01
2.83c021
2.832+01
2832001
2.85°+01
2.835¢(1
2.832¢01
2835001
2.083°¢01
2.88E041
e 3303
Z'OJ:'Sl
2.032+01
24835491
2e03ce il
2e83c%01
deB3ctil
2.83:¢01
2.083:00,1
2+83c+31
248301
2.835%5¢01
2eB83c0)i
2e83:031
QoSG )
2e832¢01
2.83:001

2ebocvil

THETI

50.32
“E.23
5£.05
12.25

Slebl
92.98
8c.40
8€.22
88,46
77.256
5€.70
92.20
i0C,.38
87.76
8t.72

7len0
ol.73
0€e37
‘7.&2
5€.92
3o.18
53.%9
“%.09
34.58

7.08
1€.04
53.38
ol.ib6
3099
33,72
34.00
13.97
75.99
d1.0Y
82,82
3774
,SQOZ
73.26
51.72
w27
31.94

Caole

5‘.‘6

THEFMAL RADIATION

THETJ

5082
48,23
SBeTe
77.85

Sue78
37.28
§5.88
84.87
88 .40
67.28
Ede25
51.496
12.51
o937
82.57

33.27
24..3
23.463
37.28
33417
7..00
beoldo
60,.2v
70,23
30.13

3413
ol.ds
“heds
buedD
14949
TA.4)
76.11
T4.93
8ls09
66453
S1.96
12.51
79.20
S1.7.
w3eul
obe7 s
83.75

55437

ANALY SIS SYSTcM (TRASYS)

RCS AMALYSIS

RADIUS

2432439402
24235276032
B.18119c4d)
2ebib Yt

2.70. 775052
1.85777F 2
8.8:406c¢02
7.11496E002
2302862431
He308.31E802
J.13182E00¢2
2452537402
1.76:083c%02
seclybce
8.542562¢02

weBho837c%01
we2B0T72c %01
bedo.95E¢01
1.5, 77E%02
3665912401
9.18151€E041
belb. 700012
B8.23:5% %01
3.920 452001
1.20)61c%02
1.17433c¢02
13097002
1.25.75C¢02
2eC6 9T7cru2
1.65262€002
1.3 350002
1.55.01c¢02

«d% .72
1e37'01c¢02
w.25133E402
24522078402
1.7« 33E¢02
2.50:18c¢02
ebl 23c¢02
2e22.95c0J2
Tevo. i2c%il
2eb2-8Tc 432

2+76'55c¢02

W79/77¢%

CICH500/SCOPE 3u b

N(RFAL VECTOR I

1.8u€-13
1.8JE~1¢C
1.80E~1¢
10‘5&"(

-1.83¢e-11(
=1.86e-1(
~1.80E~-1¢C
-1.8de-1¢C
=1.8JE-1C
=L.%0c~1C
~1.80e-1(
=-1.80c~10
1.8 .E-1¢
-1.80€-1¢C
=1.80E-1¢(

1.80E-1(
1.83E~-1¢(
1.803€-1¢(
lchE"[
1.80c-11(
1.80E~-11(
1.00ce~-11(
fe8dL=1¢
1.80c-11(
1.8)E~13
Le83E~-11(
1.8.c~11¢(
1.80€~-1¢(
1.80E~-11
1.8CE~11(
1.80E~1¢(
1.80€~-1(
1.00E~1¢C
le8Lc-1(
1.80E~-11(
1.80c~-10
1.80€E-1¢C
1.80E-1(
1.80€~-1¢
1.8vc-11(
1.80€E~14
1.8dc~18

=1.8(E~13§

=2.83E+01
=2.83E+01
~2+.83E+01
=2.832¢01

2.83c401
2.83c6¢01
2.83E+01
2.83E+01
2.83E+41
2.83:401
2.83E¢01
2.83E+J1
2.83E+31
2.83E+31
2.83E+01

~2.83E+01
‘2-‘3&011
~2.83c+01
=2.83c¢)1
=2+835ce1
‘20036001
=2.832¢3J1
~2.858+401
=2.85c+01
=2.852¢31
~2.83E¢J1
=~2.83E401
=~2.83E¢01
-~2.,83E+01
~Z2.83E¢01
-2.0!5031
~2.835E+01
~2.83E+¢01
=2.83c+d1
~2.43c¢31
«2.83c+41
-2.83c+01
=2.83c¢)1
=2.832¢01
=2.832401
~2.835+41
=2.83c+01

2.83ced1

~bel4E-22
~b.14E-22
=belbkE~22
~belbkE~22

be14E-22
b.14E~22
Delbec~22
6.14E-22
6.14k-22
Celwi~2¢
b.14E-22
Gelei=22
E.14E-22
€elwr=-22
beleE=22

=Bs14E-22
~E.14E-22
=belub~-22
“6.1E-22
“belwE~22
Delei=22
~0.14E~-22
“velwk=~22
“GeleE~22
“belbE~22
“Belbi-22
~6.14E-22
“B.lwE~22
~6.14E-22
~bel14E~22
~DelniE~22
“0.1wE-22
“BelvE~-cd
"DeluE~e2
=614k~
“Delwi~22
~6e14E-22
“E.lutk-22
~Helbt-22
=E.1eE-22
~beluE~22
-be14E-22

oelwi-22

PAGE +» 53

PUSITICN VECTOR I

~7.27€%32
T2l 432
07.27 c*i2
727 cou2

-708050“2
“Teb.cts2
'7.04&’&2
“Teb b#u2
Tebictu2
~Tebucti2
“Tehottud
~Tev.rti2
“Tebscti2
“Tebactd2
“Tewictu2

“Teboutri2
“Teboc¥,2
~Tebocti2
“Teboctu2
~Teactyl
“Tebictu2
~Tewute02
“Tenvctau
"0~¢L'¢¢
“Ted.ctail
“Tebortu
“Tewiced2
“Telbucti2
“Tevn. ctie
Tt
“Teninti2
“Tewscta2
cTevac®i2
“Tewocti2
“Teburel2
“Tebuc ey
“Telbocvu2
“Tetou 2
“Tewucti2
"QQ.L.‘Z
°IQ“JC.J¢
°'-“JL'J2

7550032

L1enw9E002
1ev89E#02
1+449+22
1.49E¢052

199002
1.49c%i2
1449%c#02
Lew9cei2
1.49€%02
1.49c402
1449c#u2
1.59&’32
Lea9ce,2
1.+95¢92
1.99c092

Len9Ee.2
1.99€¢)2
14492042
LeeSceid2
l.~9£0J2
1e49ce52
199402
Lewverue
Leo9c 42
Lew9 02
LesScri2
1.49c4)2
1+4%9+J2
1.99cei2
L1.49E0,2
1e%9cti2
L1e99cei2
LebSceiz
1eb9ce2
Lew9ced2
lo"ﬁ'ﬂz
Lew9ce2
Lee9C052
LlewY9ce2
LeaGo042
L1ew92¢02
LewSEee2

Lew9c 02

S.30E+02
SeddEeiL
5+90E+01
Se9dE+ L

5.90c¢01
Sedd el
Sl tlld
Sevicel]
Seddctil
5.30-0.1
S5e%dczeil
Deictul
S«9c 2
2.90E%41
5.,JC"‘

Se9l2¢01
SevlLed1
Se90ceil
SeYiceil
Seduze il
5.9;"3‘
Sevlcell
Se9devilL
Seddeel
DeYvctil
Se9dceil
Se90.¢01
Se9ucell
5.90ce il
S5.90cet
509“"11
SeYdce (1
S5e90ce01
S.9iEe il
S5.93c¢01
5.9)2¢01
S5.905¢01
Sevdeeil
5.9%c 02
509’&’6‘
Se9lee0l
5.9JE¢01

Se95CHis

£8-v




Ale  ©3/20/75 TiMe

tL = RIO STEP = 1
ESSING OPERATIONS DATA

I NODE J FLl.J
i2e 9.1 eliu?79
720 71 eLalC1)
Tco 773 eulilus
iio 25 «000uls
7o 2 ecl9362
7¢e 3 ed2e120
P20 144 «00J613
726 - 0e2937
E 720 745 «Llivoy
726 Tar DT 4
r27 730 cvbut 39
ic? 732 «iCivdo
ier Tas «diloly
rer 951 sl
. fe? 31 «211551
E 27 i2 «dudodo
rer 33 cundedo
ez is «Lle930
- rer Jo «J317932
727 832 eJ2u701
rer 821 «0ti9at
227 83 eddui 39
Te7 8Jo eliwbud
rer 814 1572¢C
rer 811 «dle 37
Te? 222 euhBi34
727 22 « 182877
27 a7 P DI
el 1% IR
727 14 ewweldd
nr lew «001035
rer - euidS526
rev 731 «30G0 45
Ter Slo « 317853
27 330 eduul3?73
rer 345 9005
727 701 «023G10
. r27 732 «J0J91Ls
72) Ta1 ecuidlldo
§ 700 9. lulele
730 s1 L7709
- I3 52 «02.200
- 73 13 « 38225
750 3 «L03230

13.12.3%.

AREA

2.43E+01
2e832401
2.83E+01
2.83E+01
2.83c¢41
2.83:-+M
2eB3ct)l
2.83:z+01
2.832+1
2et3ceL

2e03ctul
a.83c001
2.03c421
2.83E¢31L
2.83c¢)1
2.83:-+31
2.83E001
2.083c+01
2.83E+01
2.832¢01
2e83c001
2.83c¢01
2.83c¢41
2.8500)1
2830001
2.835c¢71
2e83ctll
20.’;"1
2e83cedL
2.83c¢01
2.83E401
2.83:+01
2.83c001
2.83c¢01
2.83E+01
2.832¢01
2.03crid
2.83z+01

2.83:001
2.832+01
2.8352031
24830t
2.83:¢01
2e83ceil

THeTI

9Z.36
B8E .35
8c..9
BEueS
78.20
57.73
9z.av7
10C.C0
a7.82
Bt.74

73.28
7t.~0
ol.73
B7.14
O Jhn
4u.a2
01.31
“c.32
22.61
12.99
1(svo
53.56
58.78
3‘-09
3z.38
4d W30
18.49
Blass
81.81
88.36
87.03
75494
‘5-06
7€.73
3¢.05
“E,..8
4%2.49

iadb

37.22
wZ.98
Eusb
S7.18
2wa37
10i.58

THETY

~G.ll
859«
84.95
Boewt
6774
61.C3
23.us
1%.92
77.32
B2.89

h‘.’l
39.27
29.03
L0.11
24463
©3.33
E DT |
€0.37
7o.10
33.02
3.1
oZ«05
57.11
.‘c59
32.28
7513
Tl.23
8deve
8l.41
e7.07
52,04
12.92
81l.08
79.73
S2s02
Ls.08
75.89
83.09

07.£o
“Y.04
.JQQJ
85459
79.19
Baals

RCS AMALYSIS

RADIUS

2.06710E402
B8.987c5c¢d2
TeZ4-33cE¢02
1.00192c+012
keSc.T7SE0d2
3.22-79F #42
2.€35-C12402
1.79:63E¢02
2e73:3.c4d2
8.17117€¢32

Sece 175401
helPui8T7cral
Le28272E¢01
Z.Cb;lui'ﬂz
4.78.1SE+01
Ge09l 1wkt
S.27-15E+01
B.79:35c+01
3.33101c+01
1.21.856%02
leli:10.¢02
loJJ'JJé'@Z
1.20-.30c422
2euu 350002
1.€2720c02
1.95.51E¢02
Lesbub 78402
Cel5 Tui 2
1-59?5-L002
Le37.T76E%UL
2e€3-J1cvd2
1.79403c¢L2
Se.E2. BGce02
2.€22T7Ccei2
2e45193c 092
2e22ibbcey2
’o?le,t’O‘
2e.40v03z002

2¢19.53c¢32
2.95.29E¢02
3.93-006c%d1
58479840l
24392%5E001L
433 77c002

THERMAL RADIATION ANALYSIS SYSTEM (TRASYS)

479775

COCe5J0/SCOPE 3.4

NCRMAL VECTOR I

=1.80E~-1C
=1.8JE-1¢C
-1.8J¢c~-13
=1.8dc-11(
-1.80E-18
=1.80¢€~-1¢(
=1.80c~-1C
-1.8J)E-1(
=1.83c=1.
=1.8Jc-1(

1.8Ce~-1¢C
1.8JE-1¢(
1.8Je~-1¢
1.80E-12
1.8JE~-1C
1.83e~-11¢(
1.86e~-1¢
1.8(E-1(
1.8JE-1(
1.80E~-1¢(
1.8Cc-1(
1.8Je-1¢
1.80€E-1C
1.83c-12(
1.60e~-1¢C
1.80€-1(
1.60E-1C
1.80c~-1¢
1.00c~-1¢(
1.80c-11(
1.80e~11(
1.80€~1¢C
1.83c~11
1.85c~1¢(
1.‘&5'1(
1.80¢c-1¢(
1.80€~1¢C
1.8uE~-1C

s
Ve
G
e
G

2.83c41
2.83cE+01
2.83E+31
2.83c+01
2+83c+31
2.83c+il
2.83E¢01
2483E+01
2.83c¢31
2+83c+i1

=2.83c+41
=2.83c+d1
-2.83E+01
-2.83E+01
~2.832+J1
=2.83E4)1
«2.83c+it
=2.83E+01
~2.33c+01
-2.83cz+01
'2.356. 91
-2.832441
=~2.83E+1
=2.85c+21
~2.83c441
=~2.85c+01
=2.85c¢d1
=2.83E¢01
~2.83E¢,1
=2.835c¢01
“2.83c+31
=2.835c¢01
~2.83c+01
=~2.85c+01
~2.832¢51
«2.93E+01
=2.83E431
=2.%93c4J1

0.
Jde
de
0.
0.
0.

belbE=~22
6.14E~22
6.14E~22
EslnE-22
6.14E-22
Eel4iE-22
D.14E-22
Belbe-22
BelwE~c2
BelekE-22

=belbukE-22
“belec=-c2
=~BeluwE~2d
-bes16E-22
~b.1wE-22
“6elwc=-22
~B.14E-22
“BelbekE~22
~BeleE~22
~6.14E-22
=6.1uE-22
~b.16E-22
“Gelbc-22
~beleE-22
~o.14E~22
=Belwe=-22
~beleE~22
~Belwk=-22
-belnE=-22
~be14E~22
“~0eslwc~22
-Bs14E~22
=Bel4E-~22
“6be14E-22
~E.14E-22
~6e14E-22
~belwE-22
“de14E-22

~Z.83E¢J1
=2.83ceul
=2.83E%01l
=2.83k%01
=2.83z+01
=2.83E+0)

PAGE Se

POSITICN VECTOR I

=T.55E¢52
-7.54;0é2
=7.53ctid2
=7+33c%02
=Te55c¢.2
7332042
753,002
=Te20ctd2
-T.55c%62
-7.53;0JZ

Tevictidl
=T.2ict*de
-IQSJL.¢2
-7.53;0)2
755602
’705JE'52
“TeS5c0d2
”oSJL‘JZ
Teboctue
“Te35 002
"o;i:’v?
=Te50c4.2
7550432
=T 556042
“TeS5cta2
=Te50c4d2
7506042
“Teasc®i2
eTeSictsl
=T.35E%u2
“TeS5ct,2
=7.55c¢d2
“Te50ct.2
=led0ct4d2
=7.5,c0u2
“Te5:c4d2
755442
“Tedobti

“Teluces2
-f.lchOZ
“Talectri
“Telecty2
TsdeE032
“Teloct,2

LebBE+D2
Lew92¢92
Le49ceu2
lee9c#2
Lev9ce2
Lew9ce)2
LewS2%d2
Lew9.%42
Leb9E®)2
1e69.002

1.49E452
1.~9;0-2
1.49E¢02
Lew9ced2
lev9ctd2
1ee92¢42
1.69C¢32
1.490¢02
‘0095'“2
1449402
LewScede
L1ee920,2
Leb9z¢ 2
Lebscrd2
Leb9cel 2
Lew9ce)2
LenSce2
leedcei2
Lew92002
1496402
LeebEe02
1.49ced2
LewSl002
Lew920ud
Lew9e042
Lew9E¢2
L1.9494¢02
199002

1.33c002
1e33c¢32
1.83cri2
1.33c042
1.332092
Le33c0y2

S.40E%01
S.30E+ 01
S.9E+C)
SeddceiL
Sevccrd
Seductll
eIl
Sedlctel
Sewdiecl
Sev.cell

Se%icril
5+490ceil
Sedlctil
Se9lctcl
S«922¢(1
Deductil
Sevictil
S59)cell
Se9di¢ll
S«3JEe L2
Sesicecd
2900031
2e900til
Se9leedd
S.9JEe 2
5.90E¢1
Sewdcecl
S.90E¢L
Sediceul
S«
Sevldeell
S.90c¢d1
Sedliutid
5¢9dcr 8
S.90E¢31
Sedccell
Coeddeul
S5.90c¢l2

9.65c¢01
Jethceeld
Jeuicell
9.05E041
9.038¢21
Q.05cedt

8-y



TE Q2720775 TIMc 18.12.39. THERMAL RADIATION
H0Del = RI1O STEP = 1

PROCESSING OPERATIONS DATA

00 1 NODE FLI, AREA THETI THETY
734 25 L350 2.832¢21 S4.11 TeeT1
T34 4] «04J851 2.832+¢01 w8.32 «3.32
734 833 «013223 2.83c+401 6€.37 29.77
7513 841 sdudsss 2.83c+41 i.50 26409
750 LIS eJ 19445 24832401 25.31 o8.55
730 8.0 eu 32942 2.83c+01L 33.76 bY.16
730 87 ebi202¢ 20832008 36,96 122414
'J“ 4,8 oi;("’ 2.83c+21 56.02 1220&9
730 8.0 «d00737 2.83:2401 “%a0s Lo.34
734 1S w118 74 2eB83ct31 51.31 w3.34
73s 222 sdlwd il 2eM33001 3%.83 Boenww
750 22 RS D) PO R | Tieik Uians
7350 15 sud0J)8 2en3cel1 P 8. 00
730 212 «ddu128 2.83c¢02 8L.32 ©5.58
730 711 s 0dluan 2+83c#l1 103.55 33.406
750 rT.2 S TTTIL) 2e83c404 837 7Tu.58
731 32 wdulb 79 2e85cvdl 82482 02459
/it S «J15009 24830041 7 ea? Buole
73l LR P 15257 2.835041 LE.98 w7.20
731 335 «O07130% 2.835+31 LELTY Lesd0
il 741 LU7721 o830l TeasS 34,40

L 7451 762 62401 2.83:401 9e.33 7To.58
T2 744 svihuda? 2e83cell 37418 89.35
732 948 L1630 2.832e01 LEL7B £C.32
732 31 w7363 2.83:2+21 24,67 €5.498
732 i2 ebucthas 2.832¢01 Se.89 73.33
732 i3 «2udB8d €t 2e83cril “bidlu $3.39
742 I «303200 debdr il 10€.34 o7 .92
732 < sbyin3d 24830001 wb 67 72.32
732 2o elulbon 2o 83E¢31 Hu b b kb
732 8.3 «009005 2.835c001 6€.30 33.97
752 8J1 «G10%07 2eb3.051 72459 23449
742 8.5 +u19533 2483c+01 23948 70.22
732 846 «037821 2e83001 10443 F -
732 Ba7 MU ETR 3 2eddcell Jt.30 12w437
732 834 2030 2.83E¢41 4£.25% 1264408
1a2 810 «JJob29 2+483c¢01 Le 76 bi.n2
732 811 «312533 2e83chil Sdedte “3.29
732 c22 sotulol 2.83%¢01 3C.80 81.85
732 22 020897 2eB3z0i) 71.15 7delw
732 15 T ) 2.83:2+01 T 83..6
Ts2 3 vdbo138 2.83c401 52493 £3.32
732 . 032994 24832421 16.76 Je.68
732 701 sui254¢ 2408300l 1Je.¢9 “belo

ANALYSIS SYSTcM (TRASYS)

RCS AMALYSIS

. RADIUS

©.39.75E401
GeBu.15c+dL
1419552432
1.17:07c4d2
1.57287ce02
1.EL 5eced2
1.7721Cc w02
1.9%540E452
2410475c¢02
2.12: 60402
2e67. 320002
Jewl 895002
151 34ce02
LebeibTetu
6eu3927E001
243173530402

SeBad99r el
4o 330772001
165,19 032
1.8 34E002
Geb3e27c401
231703402

2419 17802
24S3.TCE%2
LelB 052401
0+28i57F¢01
2.%3-04c+il
weEE Bui eyl
debo. 2uivil
558 08c¢01
1.19701c+42
1.11885c%32
1455: 43k *e2
1.567976¢02
1.76.37€E%02
1.89.03E¢02
2415035002
2«075 365002
2e07:2¢0f %0l
Lew2.0%c0d2
1.91471c402
3.36’32;002
2eulilBER)2
5.38133c¢012

0.
Ve
0.
"
Ve
Q.
0.
G
C.
0.
e
0
dg.
e
0.
0.

s
'R
0.
Ve
Y
0.

U
0.
Ve
Us
0.
0.
Ve
Ue
U
O
0.
0.
0.
0«
0.

e
0.
Ve
0.

0.
0.
Q.
0.
0
J.
de
Q.
0.
0.
G
'R
0.
e
0.
'

0.
0.
0.
Je
C.
0.
0.
0.
.
Us
0.
Q.
0.
0.
0.
0.
0.
J.
0.
g.
de
de

COCo500/SCOPE 3.4

NCRPAL VECTOR I

~2.83c¢u1
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7Te4BE®IL
7evbeedl

1.238%,2
1e23c%d2
14232002

Sel4Evd
ETS LT ]
Jelbiril

LewSceu2
1.4%E¢02
1.4%9 %02
1e492%02
L.4%c002
Leb9c%0e

L1e99ced2
1482002
1ew9ce02
‘oﬁ'i’az
Lew9crd2
14902
1695052
L1e99cti2
LewSEe,2
1.492002
LewSeva2
1.492¢02
L1e49cel2
1449402
Lew9eed2
Lew92002
LeswSar.2
LewSeey2
LewSce2
Lew9ce 2

ERTLT RS
SeToEr (L

1o bEel2
1.0nE0 (2
Lelwcei2

Tosdcoeil
7eb8c )
Tendeell

1.10ce¢i2
1.10:432
L1.10c0y2

Se9dcrll
Se90ce it
SS9l
SeviEcld
5.90c+02
S.90z¢ L

Seczeld
S5e9ceid
Sedctdl
S5«90ctll
Dot il
Seddctil
S.93Ev
SeddEel
5+.90E¢ 2
S.9JE0d1
S+9dutll
S+.90E+01
Se9JE+ )
5% ctll
Se9die 1
5.93c+l)
S5¢93ce 02
5.9zl
S5.9cel2
5.96;02k

88V



o
L)
20
¢h
2o
20
26

er
e?
27
27
er
er
e

4.8
610

11

AT 35/20/75 Tik

MODEL = RIO
PROCESSING OPERATIONS DATA

890
831

22
350
335
711
7.2

8JC
8J1
8l5
8o
81?9
811
2ee
22
w7
2

3
144
&4

7.1

STEP = §

«JU2640
« 314055
«005%103
0J217*5
75633
+Je3802
«J05179

«LL228Y
wJB8Z85
«33L715
«109930
+bi7033
L1670
iBible
«00d8o)
el
«3(7520
«J17008
W i7495
L0837
sdulbl 3

«u07%8¢

suuv2?7

«J03520
L1737
«000540
340330
«du2278

00016%‘

14.18.19.

2.83E¢01
2.83E+01
2+.83c+31
2.83E401
2.83c401
2.83c+31
2.83E+01

£-b‘;001
2.83E¢01
2.832+01
2.83c¢01
2483401
2e83E451
2.83:¢01
2483E+01
2e83:z¢01
2.832¢21
2.6‘L’£L
2.83cvdl
2,835+01
2.835¢01

L P

Se83c¢0>

Joboctls
2.85€¢25
Joavcedd
5.85E+03
Jonbcrds

Je85E¢03

88.17
81.69
9(.18
43.28
34450
1£.73
8Z.36

93.83
G8.31
28,22
25 QQ“
50437
S5E.51
Q’c"
89.82
53 .51
Téudo
0l.70
58.20
31.50
Tl.87

ol.31

3%.78

87.37
84405
120.18
11%.88
61.13

Svesd

THERMAL RADIATION

w427

8457
63.63
60.32
55.91
75.010
"’. 62

4ue27

0.57
7-..@2
69.87
L7438
35.37
©9.67
03.53
8d.67
69.7%
ceedl
57443
19.8+
6C.32

49,45

To.79

€2.70
84,31
bhe73
Buen?
65.39

79.05

ANALYSIS SYSTcM (TRASYS)

RCS ANALYSIS

1.06,770402
8.21902c+¢01
1.3154Cc %02
2.38%03c+s2
2+10: 37802
6.29488E+01
2413 Y2E+02

Lebb . . 7T7E002
8.31562E401
1.09.95E¢02
Q.74 3w ¢a1
1s77:07c02
1.€0/v1E#32
1.09: 35c¢02
131345002
2.15263E¢42
4+E41 08002
Jelk2.2%cwi2
de€R.0ZES(2
1.751 31c %32
Lok3247c0d2

1.06.34E002

8.1719%0c¢01

1.E259T7E¢d2
1.6095eced2
1.75 732002
Le7utbTee02
2400426402

1.89.ccEe02

G/977¢
~9.53E-11 ~6.97e~-22
~9.53E-11 -6.97e-22
=5.53E~11 -6.87E-22
=9.53E~11 ~0s97c-22
=9.53E~11 =0.97c=-22
~9.53E~11 -6.97E-22
=9.53£~11 =6.97c~22

9.53E-11 b6.57c-22
9.3e~-11 6.97E-22
9.53e-11 6.97c-22
9.23E-11 0.97c-22
9.53c~-11 6.97c-22
Y.53E-11 6.97eE-22
2.53c~11 6.9c-22
9.53E~11 6.97c~-22
9.53E-11 o©0.97c-22
9¢53c-11 6.97E-22
S.53c~-11 6.97E-22
9.53E-11 b.S7c-22
9.53E~-11 b.97c~22
9.53€~11 6,975-22
L1e21E+03 3.1BE+03
1.30E*0I 5.60c+03
1.31E+03% 3.18E+02
1.36E+62 5.68E+03
1.31E+03 ~3.18E+03
1.36E+03 ~5.68E+03
Lo21E+03 3.18E403
1.30E403 5.408E+03

COCH5u0/SCOPE 3.4

2+83E%u1
2.83E+01
2.83E+{L
2483E+41
2+83E%41
2.83c+01
2.83E+i1

~2.83E+01
=2.83E+C1
“2.03c401
=Z2.83c¢1
=2.83E41
~2+83E441
-2.83c+01
~2.83E+01
~2.83E%01
=2.83c+01
~2.83E%01
=2.83E+u1
=~2.835cel1
=2+.83E+%01

=2+3lc4ue

~2.39e%02

~2+31c%02
~2+39E%02
=2+.31E%02
~2.39€%02
=2.31E+02

~243%E%,2

PAGE

~T.60c+l2
=TeBoc*d2
~Tebictd2
~T.65E¢02
“Tebucti2
=Teborvu2
=Te63cta2

=Te€3cra2
“T.65c¢.2
-'-63£'J2
~Teboctu2
~T.650442
“T.€icei2
~T.03E%02
=T«b.ctd2
~7.€5ced2
“T.63c432
=T.65:042
“Tebscte
~’.6J';"Jl
“Te6i0td2

~TedaEvu2
“TeTecti2

“Tewleed2
=T«91c4d2
“Teboce2
~TeS1cE002

+» 99

1.18c¢)2
1.1864902
1.18c402
1.18E402
L1.18E+52
1.18c+02
1.18c%92

1.18E¢02
le18E¢02
1.186¢42
1.18E¢02
1185432
1.18c#22
1.18E402
1.185¢92
LelBce.2
LelBc#d2
1.18E¢42
1.18c%02
1e18c¢,2
1.18c¢02

2410c001
Jendceil

7.10E+01
8.63E401
2.90E001
1.37€%01

“TelE®i2 =2.90ch01

*Te9ced2 ~1.37ciL

1 U S b R i L B

f.10ce (2
S5.10cev 2
S.106+01
Se122001
€001
Selluceidl
Selucell

TP ET S |
feldce it
Seldceld
S«.100¢02
S«10c+01
5010&051
S.10c¢02
2.1%+u2
S«10k051
Seldet,l
Seldetil
S«10ce 2
5¢1dceil
€.13ce it

Sebdcrt
6.30crid

~h.b7cs 2
“3.70c+01
~4o57crit
=3.70c+ 061
~4eaTECLL

=3.75ee

68~V

it it R S R R 1



ATe 02720775 TIME 13.13.26.

el = RIO STEP = 1
OUcSSING OPcRATIONS DATA

ee2 731 «0CC170 2eSTE®DS
é2 71 «w13038 L.03:+04
3 731 «0C0%d % 2e97E40~
- 731 «0042112 1.01c¢0s

THERMAL RADLATION ANALYSIS SYSTEM (TRASYS)

57.39

1£.25

RCS ANALYSIS “/9/75

99453 24077235402 =2.55€404 ~B.68E~-08 3.4T7E*03

£5.22 1.3513€E4d2 ~1.02c+¢04 0. 2.09E+03

53.76 3.8b>40E402 <~9.23E402 2.59E+03 2.96E+0+

53472 24210 65E402 <=2.20E+03 8.61c+D2 9.84E%03

COCb3500/5COPE 3.

PAGE ol

“Teldctu2 H4.55E-12 =b250+01

*TedeE®u2 1.98E-10 S.ivecrll

=5.37E¢02 3.212402 =1l.lLoE*(2

“Be7lc#u2 1175442 =9.77c0 (1

06V

p—
T



DAT. 05720775 Tlme 13.14.39. THERMAL RAODIATION AMALYSIS SYSTcM (TRASYS) (DCo500/5C0Pt 3.4 PAGE 4 B2

MJoczL = RIO STEP = 1 RCS AMNALYSIS 479775
PrUCCSSING OPERATIONS DATA

sy 741 «031257 2.81E+00 2811 55497 1.92437E402 ~2,18E-07 2.815+404 =1,09E-G7 ~=B.512%02 ~1.23c~08
335 7.4 «0001%8 2o U5cris 48.51 G0el3 1.53794E+32 <1.00E-07 2.05E¢04 ~TW99E~G8 ~T.4sc*42 =1.31E-08
385 731 «000541 2.05c404 4E.51 83487 1.53794c402 ~1.00E-07 2.03E+04 =7.99E-03 ~7.%0c*u2 =1.31C~-028

«LuuC38 1.59c¢03 7E.80 89,16 1.95108c402 1.52€403 =3.03cvu2 =3.51E402 ~T.0dcti2 1.02e¢02

2e.2%5e¢ (2

2+25E402
2.2260(2

1.12c¢02

16=V




