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FOREWORD 

This User's Manual was prepared by the Contamination Analysis 
and Assessment Group of Martin Marietta Aerospace, Denver Division 
under Contract NAS8-31574, Exhibit B for the George C. Marshall 
Space Flight Center. This manual contains complete documentation 
for the MSFC version of the MMA VOLCAN program designated as the 
SPACE (Shuttle/Payload Contamination Evaluation ) program which pre-
dicts the on-orbit molecular contaminant induced environment for 

the Spacelab/Shuttle Orbiter vehicles. 

The SPACE Program is an extension of computer programs develop- 
ed under MSFC contracts NAS8-30452, NAS8-30755—Exhibits A and B 
and NAS8-31574- Exhibit A; and JSC contracts NAS9-14212 and NAS9-
14767— Exhibit A for the Spacelab/Shuttle Orbiter vehicles. 
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SECTION 1

INTRODUCTION 

The Shuttle/Payload Contamination Evaluation (SPACE) Computer 
Program was developed to provide the user with a flexible and con-
sistent analytical tool with which to predict the external self 
induced molecular contaminant environment of a space vehicle during 
its on-orbit operations. The SPACE Program mathematically synthe-
sizes the induced environment for the six major contaminant sources 
of three Spacelab configurations and the Space Shuttle Orbiter. It 
predicts surface deposition and return flux on surfaces with up to 
271 steradian fields-of-view and molecular column densities for 
seventeen modeled lines-of-sight. The user has the options to mod-
ify configurations, input data blocks and physical relationships 
through proper program commands. 

From its inception, the primary goals of the SPACE Program 
were to evaluate the molecular environments induced by the Space 
Transportation System (STS) Shuttle Orbiter and the various Space-
lab configurations for compliance with program contamination con-
trol requirements and to support Spacelab design and development 
activities fpr compliance to these requirements. The external on-
orbit contamination control requirements as set forth by the Con-
tamination Requirements Definition Group (CRDG) and the Particle 
and Gases Working Group (PCWG) establish allowable limits for mole-
cular contamination in the following areas: 

a) Molecular Column Density - The total integrated density in 
molecules/cm2 of molecular contaminant species along 
specific lines-of-sight. 

b) Molecular Deposition - The total mass per unit area or 
thickness that will deposit upon a sensitive surface under 
specific time, temperature, acceptance angle and mission 
profile relationships. 

c) Background Brightness - The total level of scattered or 
emitted radiant energy induced by the contaminant cloud 
in the vicinity of the spacecraft. 

These requirements have in part dictated the format and the pre-
sent capabilities of the SPACE Program. For example, the program's 
calculational capabilities are limited to a given instant in time 
where all parametric variables remain constant. This has proven 
quite sufficient for design and development and contamination 
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control criteria studies where the analyst is attempting to estab-
lish the worst and least case conditions for a particular space-
craft. For a total mission evaluation, multiple runs incorpora-
ting the necessary parametric variations must be made. 

The SPACE Program as developed exceeds its initial ob-
jectives. Its current flexible design lends itself to easy modi-
fication through complete user option/model parameter control. 
Table 1-I presents an overview summary of the SPACE Program capa-
bilities and user options available in the model. Definitions of 
the nomenclature and terms presented therein can be found in the 

ensuing sections of this manual. 

This manual contains complete documentation of the SPACE 
Program. Section 2 contains a description of the SPACE Program 
including the modeled configurations, contaminant source and tran-
sport relationships, the program logic flow, subroutines and per-
manent data files. The last portion of Section 2 contains a list 
of program FORTRAN variables. Section 3 presents a description of 
the SPACE Program input requirements including input options avail-
able to the user and procedures for modifying model parameters and 
permanent file data. Basic model output format options are dis-
cussed in Section 4 along with sample printouts and descriptions of 
the various levels of detail available to the user. Debug and data 
plotting output options are also discussed: Sample problem test 
cases are presented in Section 5. These include a brief statement 
of the problem, complete model input listing, sample output and a 
discussion of the results. Section 6 summarizes an approach to ex-
panding the modeling capabiities to simulate a complete mission 
profile and Section 7 presents the limitations of the current SPACE 
Program and potential future refinements. References are contained 
in Section 8. Three appendices are included for supplemental in-
formation. Appendix A presents a general summary of the physical 
approach, mathematical representations and assumptions employed in 
establishing the modeled parameters discussed in Section 2. Ap-
pendix B contains the geometrical breakdown/input data utilized to 
establish the modeled configurations currently in the model, and 
Appendix C presents a complete listing of the SPACE Program. 
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Table 1-I. SPACE Program Capability Swn?nary 

A. MODEL INPUT CAPABILITIES 

• Preset Parameters 
Geometry-Configurations 

-Mass Transport Factors 
Mission Profile Data 
Ambient Atmosphere Data 
Surface Temperature Profiles 
Source Data 
Transport Relationships 

• Options (number available) 
Configuration (4) 
Line-of-Sight (17) 
Source (6) 
Transport (7) 
Output Format (29) 

• New Data 
Configuration 

-Mass Transport Factors 
Sources 

-Types 
-Mass Loss/Emission Characteristics 

Transport Relationships 
Surface Temperature Profiles 
Mission Profile Data 

B. MODEL OUTPUT CAPABILITIES 

• Surface Mass Loss Rates 
• Line-of-Sight Mass Column Density 	 With and Without 
• Line-of-Sight Number Column Density 	 Ambient Attenuation 
• Return Flux (Ambient/Self-Scattering) 
• Source-to-Surface Deposition 
o Return Flux Deposition 
• Debug 

C. MODEL ANALYTICAL OPTIONS 

• Configuration Options 
Orbiter (On-Orbit) 
Three Representative Spacel ab Configurations 
Seventeen Lines-of-Sight 
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Table 1-I. SPACE Program Capability Summary (cont 'd) 

C. MODEL ANALYTICAL OPTIONS (cont'd) 

• Source Options 
Outgassing 
Early Desorption 
Cabin Atmosphere Leakage 
Evaporator Vents (2) 
870 lb. RCS Thrusters (38) 
25 lb. VCS Thrusters (6) 

• Source Parametric Options

Distributed Sources 

-Contributing Surface Selection 
-Constituents 
-Mass Loss/Emission Rate 
-Time Dependence 
-Temperature Dependence 
-Molecular Weight 
-Molecular Diameter 
-Sticking Coefficient 
-Sublimation Rate 
-Velocity 

Concentrated Sources 
-Thruster/Vent Selection 
-Source Duty Cycle 
-Constituents 
-Fl owrate 
-Plume Function 
-Molecular Weight 
-Molecular Diameter 
-Sticking Coefficient 
-Sublimation Rate 
-Direct Flow/Structural Reflection 
-Velocity 

• Mission Options 
Ambient Density 

-Orbital Altitude (105 to 2500 km) 
-Solar Activity (High, Medium, Low) 

Thermal Profile (Max/Mm) 
Sensitive Surface Data 

-Temperature	 - 
-Acceptance Angle (Up to 27 Steradians) 

-Location 
-Viewing Angle

/ 
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Table 1-I. SPACE Program Capability Sunvnary (cont 'd) 

C. MODEL ANALYTICAL OPTIONS (cont'd) 

• Mission Options (cont'd) 
Line-of-Sight 
Orbital Velocity 
Orbital Attitude 
Mission Time Slice 
Orbiter Age 
Spacelab Age 

• Transport Options 
Direct Source-to-Surface or Point 
Direct Source-to-Surface or Point with Ambient Attenuation 
Mass/Number Column Density 
Surface Reflection/Re-emission 
Return Flux - Ambient Scattering 
Return Flux - Self-Scattering 
Surface Deposition
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SECTION 2

PROGRAM DESCRIPTION 

2.1	 PROGRAM PARAMETER DESCRIPTION 

This subsection presents a description of the major para-
meters employed in modeling the molecular contaminant induced 
environment of the Shuttle Orbiter (SO) and Spacelab (SL) vehicles. 
The methodology used in the contamination modeling is described in 
detail in Appendix A of this manual while only an abbreviated over-
view of the applicable parameters is presented in this subsection. 
For background information on the contamination analyses of the 
Spacelab carriers and Shuttle Orbiter, reference should be made to 
previous MMA contract reports MCR 76_3871* and MCR 75_132. 

Due to the fact that the Shuttle/Payload Contamination 
Evaluation (SPACE) Program has been written specifically for the 
Orbiter and Spacelab configurations and contaminant sources, the 
methodology presented herein dwells primarily upon those areas 
determined significant in the contamination analysis of these veh-
icles. Where appropriate, however, a more generalized approach for 
an arbitrary spacecraft configuration and set of sources is present-
ed to portray the potential flexibility of the model when the proper 
user manipulations are made. The basic physical relationships es-
tablished in the model are inherently applicable to analyzing the 
contaminant environment of any space vehicle on-orbit although com-
plete flexibility is somewhat limited through automatic program 
default to SO/SL unique parameters (i.e., sources, geometry, etc.). 

Spacecraft contamination in general involves four primary 
phenomena which include: 1) the geometry of the spacecraft; 2) the 
emission process from a source; 3) the transport of emitted contam-
inants to a location of interest and ultimately 4) the induced 
effects of the contaminants upon critical surfaces and scientific 
objectives. The first three of these are handled analytically in 
the model through the empirical expression 

F =
	

• IFJ..p	 (21) 

*References designated by superscript numbers can be found in 
Section 8. 
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where

F	 = flux at location i, 

= source function of j and 

TF	 = transport function from j to i 

The above relationship for generalized sources can be applied to an 
overboard vent, an attitude control engine or an outgassing surface 
to predict the contaminant levels at any desired location (either 
at apoint in free space or at a particular surface). Once the 
level of contamination has been established, existing computer pro-
grams and analytical techniques can be employed to determine the 
induced effects (item 4 above). 

Referring to equation 2-1, the source function (p.) is dir- 
ectly influenced by the type of source. If the source is oncentra-
ted into a confined area such as an engine or vent, flowrates and 
nozzle geometries are of prime importance. For diffuse or Lamber-
tian surface sources, the thermal profiles, cure history and type of 
surface materials and leakage characteristics must be defined to 
evaluate their mass loss rates. The associated transport functions 
of equation 2-1 are strongly influenced by the spacecraft configur-
ation Which includes surface shadowing, source location and thrust 
direction of engines and vents, as well as items such as the collision 

frequency with structural surfaces or other molecules and the geom-
etry of contaminant susceptible surfaces and instruments. 

In the following subsections these influences and relation-
ships and the methods and physics by which they are analytically 
simulated in the SPACE Program are described. Later sections of 
this manual will present in detail the program logic flow and the 
specific information required to initiate an on-orbit spacecraft 
contamination analysis. 

2.1.1	 Spacecraft Configurations 

There are four configurations in the computer model that 
formulate the geometry for the model. These configurations are the 
Space Shuttle Orbiter and three Spacelab configurations. The Space-
lab configurations are denoted as: 1) Long Module/One Pallet (LMOP); 
2) Short Module/Three Pallet (SMTP) and 3) Five Pallet (FIVP). Any 
one of these can be evaluated separately or, at the user's option, 
the Shuttle Orbiter can be combined with a selected Spacelab config-
uration. These configurations have been geometrically synthesized 

I 
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with the TRASYS 113 Thermal Radiation Analysis Program utilizing 
basic geometrical surfaces and shapes (cones, cylinders, spheres, 
etc.). The level of detail employed was selected to assure ac-
curate surface shadowing and to establish adequate surface resolu-
tion for compatibility with the different vehicle surface materials 
and available thermal profile data. The modeled SO/SL geometries 
are near duplicates of the actual configurations and in most cases 
are accurate to within a few inches. The standard NASA coordinate 
system and station numbers (X 0 , Y0 and Z0 in terms of inches from 
the NASA origin) are utilized for all references to SO/SL surface 
and source locations in this manual. These are illustrated in Fig-
ure 2-1.

Appendix B contains the geometric breakdown and a listing 
of the data that was input to TRASYS to simulate the above config-
urations. These data can be modified to update the configuration 
and recompute the mass transport factor data blocks used by the 
contamination model provided the specially modified TRASYS model is 
available. These data blocks are discussed in subsection 2.5.2. 
Any equivalent thermal radiation program that computes viewfactors 
or shape factors could be used in place of TRASYS if the output is 
properly formatted. It is not necessary to run the TRASYS II pro-
gram to exercise the SPACE Program because mass transport factor 
data for the SO/SL have been precalculated and form a portion of 
the SPACE Program. TRASYS operation is only necessary when new con-
figurations are to be evaluated or existing configurations are to 
be modified. 

Each major input surface has been assigned an identifica-
tion number within the range of 1 to 7000. Identification numbers 
within the range of 7000 to 9999 have been reserved for concentrated 
sources such as engines or vents. The confiourations currently 
available in the SPACE Program are discussed in the following sub-
sections. 

2.1.1.1 Shuttle Orbiter Modeled Configuration 

The configuration of the Space Shuttle Orbiter shown pic-
torially in Figure 2-1 has been three-dimensionally synthesized in 
the on-orbit operational mode with the payload bay doors complete-

ly open and the wing elevons (trailing edge control surfaces) in 
their neutral positions. Surfaces representative of the payload 
bay liner have been included. Analysis has shown that the under-
side (-Z facing) Orbiter surfaces such as the fuselage and wing 
bottoms produce negligible contributions to the contaminant envir-
onment. Therefore, they have been deleted from the Orbiter model. 
By doing this, unnecessary additional complexity has been 
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eliminated without sacrificing model resolution. Point sources 
such as the Reaction Control System (RCS) engines and the flash 
evaporator vents have been geometrically synthesized as small discs 
representative of the nozzle exit planes perpendicular to their in-
dividual plume centerlines. 

The Shuttle Orbiter is representated by a total of 106 
major surfaces which have been further subdivided into 184 nodes 
for adequate resolution. The block of identification numbers re-
served for the Orbiter ranges from 00001 to 00999. Figure 2-2 
presents a TRASYS generated graphic display of the Shuttle Orbiter 
configuration along with the identification numbers assigned to 
each surface. The basic geometric shapes selected to construct the 
modeled Orbiter configuration are a function of not only the vehi-
cle geometry but also the arrangement of external surface materials 
which are discussed in subsection 2.1.2. Figure 2-2 supplemented 
by the information contained in Appendix B will provide sufficient 
detail for the user to identify the modeled Orbiter input geometry. 

2.1.1.2 Modeled Spacelab Configurations 

There are three distinct Spacelab configurations address-
able in the SPACE Program. These configurations denoted LMOP, SMTP 
and FIVP which are shown schematically in Figure 2-3 were selected 
because they are representative of the assorted potential module 
and pallet hardware combinations that will be utilized throughout 
the Spacelab Program. Graphical data utilized in establishing the 
necessary model input parameters was obtained from Reference 4. 
Table 2-I summarizes the major Spacelab modular components which 
comprise the three modeled configurations. 

Table 2-I. Major Modeled Space lab Components 

CONFIGURATION
LONG MODULE! SHORT MODULE! FIVE 
ONE PALLET THREE PALLET PALLET 

(LMOP) (SMTP) (F1VP) ______  

TUNNEL X X - 

CORE SEGMENT X X - 

EXPERIMENT SEGMENT X - - 

THREE METER PALLETS 1 3 5 

WINDOWS 3-(CORE,	 EXPT. 2-(CORE & - 

& AFT VIEWING) AFT VIEWING) 

CONDENSATE VENT X X - 

AFT AIRLOCK X X -

2-5 
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STATIONS 
-,.- 582	

672.4	 816.1	 922	 1027.9 1088.8	 1307 

b) Short Module/Three Pallet (SNIP)	 AFT ORBITER 

	

PMP	
BULKHEAD 

CORE 
MODULE  

 PALLET PALLET PALLET- 
#1	 #2	 #3 

3l.3 813.2	 987.2	 110112	 1211.2 

799.9 8608	 1307 

FORWARD ORBITER 
BULKHEAD 

400 ETUNNEL 

Z=366 

x 
	

668.3 
STATIONS 

-.-- 582
	

694

_ 1 STATIONS	
582	 645.2	 759.2	 873.2	 987.2	 1101.2 

Figure 2-3. Schematic Drawings of the Modeled 
Space lab Configurations

1215.2	 1307 
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In order to maintain consistency between the three modeled config-
urations, their spacing and arrangements were established within 
the Orbiter payload bay envelope between X 0 

:_
582.0  and X0 = 1215.2, 

as depicted in Figure 2-3. It is realized that hardware locations 
within the bay will vary depending upon center-of-gravity consider-
ations, etc. but the envelope utilized establishes a consistent 
base and allows adequate volume	 tween X0 = 1215.2 and X0 = 1307 
for auxiliary Orbital Maneuvering System tOMS) propellant tanks re-
quired for certain Spacelab missions. The payload bay surfaces 
(representative of the Orbiter payload bay liner) are duplicated in 
each Spacelab configuration for surface shadowing characteristics. 
Therefore, when an integrated Spacelab/Orbiter configuration is 
being evaluated, the attached Spacelab liner surfaces mask or re-
place those in the Orbiter segment thus providing proper payload 
bay liner surface viewing/source relationships. When evaluating a 
Spacelab configuration detached from the Orbiter (i.e.; for Space-
lab design and development studies), the payload bay liner sur-
faces are included for surface shadowing characteristics only and 
are not considered as active contaminant sources in the model pre-
dictions.

Table 2-I1 presents a summary of the surface number desig-
nators assigned to the three modeled Spacelab configurations. Re -
ference shoulsi be made to Appendix B for specific surface input 
data to TRASYS and detailed location information. Major Spacelab 
nodal locations are mapped utilizing TRASYS generated graphic dis-
plays in Figures 2-4 through 2-6. Here, as with the Orbiter, the 
geometrical relationship block data for these configurations has 
been pregenerated (see subsection 2.5.2) and is addressable by the 
appropriate model subroutines. 

Table 2-11. Spacelab Node 1 Information 

^111FI^IIRATIII 

METER
 LMOP SMTP FIVP 

RESERVED NODE NUMBER RANGE 01000 02000 03000 
-01999 -02999 -03999 

NUMBER OF SURFACES 33 48 55 

NUMBER OF NODES 69 91 82

2-9 
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2.1.1.3 Generalized Configurations 

The model has the capability of analyzing configurations 
other than the four presented above. (This capability is beyond 
the scope of the current contract requirements and consequently 
has not been completely checked out.) In general, this procedure 
involves developing the necessary geometric relationships and mass 
transport factors for the particular configuration being analyzed. 
This can be accomplished aria1yti.a1ly (see Appendix A) for simple 
configurations, but in most cases that approach can become tedious 
and cumbersome. A thermal radiation program such as TRASYS 3 is far 
more efficient for generating new mass transport factor input data 
for SPACE. User generated data must conform to the format present-
ed in subsection 2.5.2. Through selection of the proper contamina-
tion model input options, a generalized spacecraft or laboratory 
configuration can then be evaluated. For more details see subsec-
tion 3.1.6. 

2.1.2	 Contaminant Sources and Source Functions 

This subsection presents a summary of the SO/SL contamin-
ant sources addressable in the model. There are two basic types of 
contaminant sources programmed into the model: 1) distributed 
sources which would include nonmetallic materials outgassing; early 
desorption from external surfaces; and leakage of cabin atmosphere; 
2) concentrated sources which include the Orbiter 25 lb. vernier 
thrusters; the Orbiter 870 lb. Reaction Control System (RCS) thrust-
ers; and the Orbiter evaporator vents. t For surface sources the 
mass loss rate is primarily dependent upon the type of material, 
its temperatures and its previous temperature history under vacuum 
exposure. Engine, vent and leakage source rates are functions of 
the spacecraft design and mission/operational timeline. 

The mathematical models used to define each of these 
sources are summarized on the following data sheets (Tables 2-I11 
through 2-VIII). These expressions are based upon current informa-
tion, although, as additional test data become available, they can 
be easily modified by the user through input data (see subsection 
3.2.3). Included in the data sheets are source descriptions, emis-
sion rates, constituent information, emission velocities and source 
duration/frequency. 

Appendix A furnishes additional explanation of the mathe-
matical characterization of each source. In a typical model run, 
the values presented in the data sheets will be employed automati-
cally for each source unless the user provides override information. 
Currently 10 chemical species are considered - H 2 O, N2 , CO 2 , 02 CO, 

The Spacelab condensate vent has been geometrically modeled, how-
ever,	 is unknown. When determined, it can easily be added to 

9177	 the SPACE Program.
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H 2 (the predominant species during the early desorption period) 
plus two outgassing large molecular weight species and two addition-
al species (H and MMH nitrate) unique to the RCS engines. (The num-
ber of species can be extended at a later date if found necessary.) 
Each surface can be assigned individual time dependent mass loss 
rates for each of the 10 species. This feature leads the available 
experimental data, however, recent test information from NASA-JSC 
on proposed Orbiter materials indicates that such a feature is re-
quired to correlate the mass loss rates of surfaces that have under-
gone different time/temperature cycling. 

Outgassing from nonmetallic surfaces decreases with accumu-
lated time on-orbit because the reservoir of available material is 
depleted. To account for this phenomenon, the user can input the 
age of the Orbiter (AGE ORB) or Spacelab (AGE SLB) in hours. If 
both the Orbiter and Spacelab vehicles are in a "first-launch" con-
dition, no special input is required. However, if one or both vehi-
cles have been on-orbit during previous missions, the appropriate 
time on-orbit for each should be defined as described in subsection 

3.2.3.

An important relationship for modeling and evaluating each 
contaminant source is its specific source function 	 This ex-
pression describes the physics and the unabstructeç! emission patterns 
of the released contaminants. The source function

,
 can be interpreted 

as solely the mass emission rate from a particular source (mj). How-
ever, the unique characteristics of each source influence the ulti-
mate mass distribution of contaminants as they are emitted from 
that source. Therefore, for a single source 

= m r,	 (2-2) 

where r is the source distribution function. 

Outgassing/early desorption are generally considered Lamber-
tian or diffuse in nature, therefore, the mass transport analog to 
black body radiation can be employed to establish the mass trans-
port factors (often referred to as"viewfactors", "form factors" or 
"shape factors"). The TRASYS II thermal radiation analysis program 
is used at MMA to generate the viewfactors (VF_j) for complex 
geometric configurations. In contrast, the transport ot mass from 
concentrated sources such as engines or vents does not in general 
create a Lambertian or cosine distribution in space. Continuum 
flow gas dynamic models such as VOFMOC 1 ' or CONTAM 11 12 are used to 

define the distribution of exhaust species. These predictions, to-
gether with test data from Chirivella 9 and Brook 13 are then 
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correlated with the closed form far-field plume model devised by 
Simons 8 . TRASYS II was also utilized to locate each surface re-
lative to the plume centerline, in terms of distance r and angle 0. 

2.1.3	 Contaminant Transport Functions 

The contaminant transport functions which are currently 
addressable in the model include: 1) direct line transport from a 
source to a receiving surface or point in space considering no col-
lisions with the ambient; 2) direct transport with attenuation due 
to ambient scattering; 3) return flux of contaminants scattered by 
collisions with the ambient atmosphere; 4) Lambertian re-emission 
of contaminants from surfaces impinged upon directly by primary 
sources (second surface sources) and 5) self-scattering return 
flux resulting from contaminant/contaminant molecular collisions. 
The user can choose to employ any or all of these transport mech-
anisms through proper input options. Electrostatic or electromag-
netic fields are not considered in the current transport functions. 

2.1.3.1 Direct Transport Functions 

In general,the mass flux arriving at a surface element i 
is proportional to the mass emission rate of each source j and the 
mass transport factor which is unique to i and j or 

F. =
	

(2-3) 

from all j sources. For point sources, equation 2-3 is equivalent-
to E	 and for Lambertain sources r j = VF1. 

The model not only considers contaminant mass transport 
from a source to a receiving surface but it also evaluates the mass 
flux and density at points in the contaminant cloud above the 
Shuttle Orbiter and Spacelab. A major consequence of this induced 
environment is the column density or the integrated density along 
a line-of-sight passing through the cloud. To evaluate the column 
density, the model divides the hemispherical space above the Space-
lab/Orbiter into a matrix of volume elements having midpoints stra-
tegically located along 25 predetermined lines-of-sight (see Figure 
2-9). The mass transport factors from each surface source to each 
point in the cloud have been precalculated using the TRASYS II Pro-
gram. Each point was assigned a 5 digit identification number 
which describes its spatial coordinates as illustrated in Table 

2-IX.
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I 4no.sf_1nhP NimihAl- flc4,,n4vit.t

meters 

.300 

FARFIELD — undisturbed cloud density varies as 11r2 for constant a and a

No. e 2 No. €3 

2
U 

30
0 
0

14 
15

JU 
60

27b 
270 

3 60 0 16 30 315 
4 30 45 17 60 315 
5 60 45 1882.5 0* 
6 30 90 1982.5 45* 

7 60 90 2082.5 90* 
8 30 135 21 82.5 135 
9 60 135 22 82.5 180 * 

10 30 180 23 82.5 225 * 
11 60 180 24 82.5 270 * 
12 30 225 25 82.5 315 * 
13 60 225

X. . 3107 

Nomenclature for Points in the Hemispherical Cloud 

.200 

-. ISO

X-Z PLANE ONLY 

100 

150

NEARFIELD —cloud density complex function of r, a and a

50 

100	 50 *Not currently in 

data file 14 (see 

page 7-2). 

Figure 2-9. Location of Precalculated Viewfactors in 
Hemispherical Cloud 
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Referring to the insert in Figure 2-9, the first digit 
describes the value of G, the second the value of 	 and the last 3 

digits define the radial distance from the origin in meters. Thus, 
a point numbered 22100 would be found on a line-of-sight 30 off 
the Z-axis, leaning over the right Orbiter wing, 100 meters from 
the origin. The use of this code to designate design points in the 
cloud places the numbers ranging from 10000 to 49999 on a reserved 
status and they should not be assigned to other surfaces. 

Table 2-DC. Code for Volume Element Midpoints 

9	 (deg) Code (deg) Code R (meters) Code 

0 000 

0 1 0 0(aft) 5 005 

30 2 45 1 10 010 

60 3 90 2	 (right) 15 015 

82.5 4 135 3 20 020 

180 4 (forward) 25 025 

.225 5 30 030 
35 035 

270 6	 (left) 40 040 
45 045 

315 7 50 050 
75 075 

100 100 
150 150 
200 200 
300 300

The origin of the coordinate system used to define the 
points is located at the Prime Measurement Point (PMP) at station 
X0 = 1107, Y 0 = 0 and Z0 = 507 for ease in relating to current con-
tamination control criteria'. The selection of this particular 
origin does not limit the calculation capability because a point 
selection subroutine was developed to select the proper points for 
interpolating along any line-of-sight originating at any desired 
location in the cloud (see Figure 2-10). 

Although mass transport factors have been precalculated to 
points within the hemispherical volume to 300 meters from the vehi-
cle, experience has shown that sufficient accuracy can be obtained 
beyond 150 meters along a line-of-sight with a constant 9 and 0, if 
the mass transport factor is assumed to decrease simply as l/rZ.* 

*The percent error can be evaluated analytically. 
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FLUX, VA 

+

Figure 2-20. Example of a Critical Surface Location, 
Orientation and Field-of-View 

The point selection routine contains an option to use a hr 2 varia-
tion whenever the user desires which saves computational and peri-
pheral processer time. 

The amount of mass leaving each SO/SL surface or point 
source that can enter the volume element centered around point P 
(Figure 2-9) is computed by accessing precalculated "form factors" 
(or mass fraction data) between point P and each source. As a re-
sult, the contaminant cloud density (Nm(P) in molecules/cm 3 ) at any 
point above the vehicle can be defined by summing over j sources 

Nm(P)	 V	
(2-4) 

where V = emission velocity from source j in cm/s. 

The molecular number column density (NCD in molecules/cm2) 
is then determined by 

rma x 

NCD =	 N(P) Ar,
	

(2-5) 

r= 0 
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where r = the distance along a line-of-sight in centimeters from 

the LOS origin. 

2.1.3.2 Direct Transport With Ambient Attenuation 

After contaminant molecules are emitted from their source, 
they travel a finite distance before colliding with an ambient 
molecule. This distance traveled between collisions is a function 
of the mean free path. The interaction with the ambient can alter 
the distribution of contaminants along certain lines-of-sight par-
ticularly at low orbital altitudes (ALT < 400 km) where the mean 
free paths become increasingly smaller. Collisions with incoming 
ambient species can attenuate the molecular column density along a 
given line-of-sight by scattering contaminant molecules out of the 
line-of-sight or by not allowing them to reach it. Correspondingly, 
where the contaminant molecules are scattered out of a line-of-sight, 
one must also consider those molecules being swept from other loca-
tions into the line-of-sight in order to conserve mass. 

The transport model with ambient interaction that is cur-
rently in the program is based upon a technique devised by Robert-
son 15 . It considers only ambient attenuation or molecules scatter-
ed out of the line-of-sight and does not include these scattered 
into it from other regions of the contaminant cloud. Although the 
mean free path option is supplied with the program, the user is 
cautioned to consider this limitation in interpreting the results. 

The mean free path (A) for contaminant specie m is deter-
mined by

4 V 

M	 711P (6 + 6A)] NAVA
	 (2-6) 

where;

Am = mean free path (cm), 

= molecular diameter of specie j (cm), 

= molecular diameter of ambient (3.OE-08 cm), 

= emission velocity of specie j (cm/s), 

= diameter velocity factor (3.0), (see page A-21 for 
further discussion), 

NA = ambient density (molecules/cm 3 ) and 

VA = ambient velocity.
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If only scattering out of the line-of-sight is considered, the 
flux reaching a point p is attenuated as 

F = th. 
j j 

r. e_RA m 9	 (2-7) 

p  

where R = distance traveled from source j to point p. 

2.1.3.3 Return Flux Functions 

Due to the geometries of the SO/SL carriers, the primary 
transport mechanism of contaminant species between sources and re-
ceivers is the return flux or backscattering of emitted molecules 
resulting from collisions with the ambient atmosphere. Direct line-
of-sight source-to-surface transport and self scattering of contam-
inant molecules are considered in the model and are of concern to 
the SO/SL and its payloads under isolated conditions. 

The return flux from the unit volume of space centered at 
the volume elemental midpoint P (Figure 2-9) is a direct function 
of the collision rate of the contaminant molecules with ambient 
species within that volume. A scattering model is assumed which 
defines the number of collisions that deflect molecules toward the 
critical surface. The scattering model currently used by most 

analysts 15 ' 16 reduces to a cosine or Lambertian distribution from 
the scattering center. When and if on-orbtt experimental data for 
this phenomena becomes available, the scattering model can be 
easily modified. 

To calculate the return flux to a surface, the location 
and orientation of the critical surface i and the direction, ce., of 
the incoming ambient flux vector, VA, are defined with respect to 
SO/SL coordinates. In addition, the field-of-view (FOV) for this 
surface is specified in terms of 0 and v. The return flux to the 
surface is then computed by performing a volume integration over the 
defined region of space within the surface FOV. The relationship 
for modeling the return flux (RFAS) to a surface of interest for all 
lines-of-sight within the FOV along with the assumptions employed 
in the model is 

RFAS. = NA 
V
A[	 m + 6A) 

] 2
cos N NCD N VEiN	 (2-8) 

1 

where; 
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RFAS = return flux (molecules/cm2/s), 

NCDN = molecular column density along line-of-sight N 
(molecules/cm2), 

= angle drag vector makes with LOS N (degrees), 

NA	 = ambient density (molecules/cm'), 

VA	 = ambient velocity (cm/s), 

P	 = diameter velocity factor (3.0), 

= molecular diameter of specie m (cm), 

= molecular diameter of ambient (3.OE-08 cm) and 

VF. N = viewfactor from volume element coincident with 
1	 LOS N to surface of interest i. 

The ambient density term, NY in equation 2-8 is a function 
of orbital altitude, sunspot activit and position in orbit. The 
model has been configured with an ambient density array (AMBDEN) 
which allows the user to designate altitude (between. 105 and 2500 
km) and sun activity (either low-nighttime near sunspot minimum, med-
ium or high-daytime near sunspot maximum) in the return flux calcu-
lations. Data in the AMBDEN array was obtained from Reference 17. 
This array can be expanded for more variables if the requirement 
exists in the future. 

The return flux from self-scattering is the result of col-
lisions between two emitted contaminant molecules. Although this 
contribution to the total return flux appears to be 1 to 2 orders 
of magnitude less than the contribution due to scattering with am-
bient species (for altitudes between 200 and 700 km)', the analyti-
cal approach proposed by Robertson" has been reconfigured and inte-
grated into the model for completeness. 

Using the assumptions of Robertson, equation (2-8) is re-
placed by

2 
RFSS.	 (V	 + V	 ' -- [i i (6	 +	 )1 	 NSSN . VF	 (2-9) 1	 m	 n164	 m	 fl -	 N	

j...N
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where;

RFSS	 = self-scattering return flux (molecules/cm2/s), 

V  & V	 = velocities of contaminant species m and n (crn/s), 

& n
	

= molecular diameters of species m and n (cm), 

NSSN	 =	
of all (Nm(P)	 N,,(P) r)a1ong 

LOS and 
Nm(P) & N(P) = density of species m and n (molecules/cm3). 

This relationship will result in the upper limit of the self-
scattering contribution due to the simplifying assumptions employed. 
These include: 1) no attenuation of the returning molecular flux due 
to collisions with contaminants in the denser regions near the vehicle 
and 2) the linear addition of contaminant molecule velocity vectors 
approaches reality only at locations very close to the vehicle. Self-
scattering is predominant at point locations within the volume of the 

payload bay (Z0 < 507). These locations have not been modeled in the 
SPACE design and development model. 

2.1.3.4 Second Surface Source Transport Functions 

Second surface sources are defined as those contaminant 
sources which re-emit contaminants originating from other sources 
(e.g.; RCS engine effluent impingement upon Orbiter wings reflecting 
into a line-of-sight). A certain amount of engineering judgement 
must be used when evaluating second surface sources. For example, any 
surface that has a direct line-of-sight to an Orbiter engine should be 
considered a potential second surface source because of the high mass 
flux that could be incident on the surface during engine firing and 
the fact that exhaust from bi-propellant engines can deposit upon the 
surface and later desorb or sublimate. The user has the option to 
flag the second surface source function in the model. When this is 
flagged the model does the following: 

Given a critical surface (i) in terms of deposition, a search 
is made of all surfaces (j) that see the critical surface. If surface 
j was flagged as a potential second surface source, then another search 
is made for all surfaces and point sources (k) that can see surface j. 
Depending on the temperature of the reflecting/re-emitting surface, 
certain species may or may not condense. The total incident flux of a 
species is compared to the evaporation or sublimation rate of the sur-
face. If the loss rate exceeds the incident rate it is assumed all the 
material is instantaneously reflected or re-emitted. The accommodation 
of energy at the surface is assumed complete and the material emerges 
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diffusely with a velocity dictated by the temperature of the surface. 
Either a specular or diffuse re-emission could be assigned, but until 
experimental data is available to warrant a change, only the diffuse 
emission is considered (see Appendix A). 

A calculational series is established when the second surface 
flag (REFLCT) is .TRUE. and utilizes routines previously discussed 
(see Figure 2-11). Initially, flux to a surface from the primary 
source A is calculated using equation 2-3. This flux will either par-
tially or totally stick to surface B or will be reflected and/or sub-
lime as a function of temperature (Langmuier-Knudsen) depending on the 
species. Material that does not permanently accommodate is then added 
to the surface B mass loss rate and is modeled as a normal surface 
source as previously discussed to contribute to the NCD; or impinge 
upon another surface of interest(i) i.e., 

F 2 = m A 
r A (1 - SA-B ) VFBi.
	 (2-la) 

Therefore, total flux from B to i would be 

F B...j = rnB r B +.rnA rA ( l_SA...B) VFB_j,	 (2-11) 

where;

S	 = sticking coefficient between source A and surface B 
(see subsection 2.1.3.5) and 

F. 2 = second surface flux to i. 

1	
A 

rnBrB 

(primary 
source)

rnA rA (1SA_B ) VFBi 

(2nd Surface 
source)	 Zm4rA 

(primary source) 

(now
B 

Figure 2-12. Second Surface Source Illustration 
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2.1 .3.5	 Surface Deposition Characteristics 

The deposition of contaminants upon a surface of interest 
is a function of the surface sticking coefficient, S, and the con-
taminant flux on the surface. The sticking coefficient (discussed 
in more detail in Appendix A) is an extremely complex variable based 
upon such assorted physical phenomena as the characteristics of the 
contaminant source, temperatures of the source and surface of inter-
est, source species, the transport phenomena incurred and surface 
phenomena such as UV photopolyqierization and chemical reaction. In 
general, the deposition rate, D 1 , can be expressed as 

= S •
	

(2-12) 

Total deposition for any given time slice, At, is then 
found by

= S • F At.
	

(2-13) 

The units of D. are expressed in g/cm 2 or molecules/cm2 or 
if the density and unifomity of the surface de posit are known, 
deposition can be expressed in terms of thickness (micrometers or A). 
The sticking coefficient relationships currently in the SPACE Pro-
gram are summarized in Table 24. These are based upon available 
ground and flight test data applicable to the occurring phenomena. 
At present not all such data has been determined, and in those cases 
the user must select the appropriate input sticking coefficient dic-
tated by the specific situation being evaluated. 

2.1.4	 Contamination Effects 

Once the levels of contamination have been determined (de-
position, NCD, etc.) it is sometimes necessary or desireable to pre-
dict their impacts upon sensitive surfaces and instruments. The 
SPACE Program was developed primarily for SO/SL design and deve-
lopment analyses related to program contamination control criteria, 
and therefore contains no contamination degradation effects routines. 
There are, however, several computer programs in existance which can 
predict the degradation effects resulting from the contaminant en-
vironment levels predicted by the SPACE Program. These programs can 
calculate the following contamination effects: 1) scattering, ab-
sorption and emission of radiant energy by deposited contaminant 
films on sensitive surfaces and 2) the scattering, absorption and 
emission of radiant energy by contaminant molecules within the field-
of-view of a sensitive optical instrument. Other contamination re-
lated effects can be modeled. These effects consider the impacts 
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Table 2-X. Sticking Coefficient Summary 

Transport 

henomena 

Contaminant 

Source/Species

S 

Source-to-Surface

S 
Return Flux! 

Self-Scattering 

Outgassi ng 

• All	 Species (T.	 - T)/200* 0 < S < 1 
' - User Input Required- 

T	 = Cryogenic, S

If T 

(If

If

25°C, S	 0.25 

 T	 > 500C,	 S	 0.10	 ) 

Engines	 (VCS, RCS) 

• MMH-Nitrate
(i.e.

1 

PV = 0)

1 

(i.e.	 Pv = 0) 

•All Other Species 1	 if T i <TCN
1	 if T 1 <TCN 

0 if T	 > TCN 0 if T i > TCN i 

Early Desorption 

• All	 Species 

Leakage 

• All	 Species 1	 if T i	
< TCN 1	 if T < TCN 

0 if T	 > TCN 0 if T > TCN 

Evaporator 

• All	 Species

= Source Temperature (°C); T i = Surface of Interest Temperature (°C) 

= Condensation Temperature of Specie N 

kangmuir - Knudsen relationship utilized to determine desorption 

rate of deposit (see Appendix A). 
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resulting from contaminant induced changes in thermal control sur-
face characteristics (1ct/c) and localized induced pressure pheno-
mena such as corona arc-over and multipacting. Further discussion 
on the degradation effects of the induced contaminant environment 
can be found in Appendix A. 

2.2	 MACHINE REQUIREMENTS 

The SPACE Program has been used on CDC 6500 and UNIVAC 
1108 machines. The amount of core required depends, of course, on 
the machine and the efficiency of its compiler and loader. Typical 
estimates of core requirements are given below. 

CDC 6500
	

UNIVAC 1108/1110 
FIN 4.5
	

EXEC 8 
SCOPE 3.4.3 

125,000 8	 116,1008 
43,520 10	 40,000 

Several files are required by the program and must be attached in 
the run stream to analyse the Orbiter configuration or the Spacelab 
configurations. 

FILE NAME FUNCTION MODE CONTENTS 

TAPE 5 READS MIXED INPUT DATA 
TAPE 6 WRITES FMT OUTPUT 
TAPE 8 WRITES FMT DEBUG OUTPUT 
TAPE 9 SCRATCH FMT CURRENTLY INACTIVE 
TAPE lOt WRITES! FMT SURFACE TEMPS 

READS 
TAPE 11 SCRATCH FMT SURFACE TEMPS 
TAPE 12t WRITES! FMT MASS TRANSPORT 

READS FACTORS - SURFACE 
TO SURFACE 

TAPE 13 WRITES/ UNFMT MASS TRANSPORT 
READS RMS FACTORS - SURFACE 

TO POINTS 
TAPE 14* READS FMT MASS TRANSPORT 

FACTORS - ORBITER 
SURFACES TO POINTS 

TAPE 15* READS FMT MASS TRANSPORT 
FACTORS - PAYLOAD 
SURFACES TO POINTS

tCan be attached or generated from card read from TAPE 6 = INPUT. 
*Must be attached for Orbiter/LMOP/SMTP/FIV p column density or 
return flux analysis.
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2.3	 PROGRAM LOGIC FLOW AND OVERLAY STRUCTURE 

Figure 2-12 illustrates the recommended overlay struc-

ture for the SPACE Program.

MAIN PRIMARY SECONDARY 

(0,0) (1,0) (1,1) 

COLLCT	 -1 BLCKA 

PRINTA
(1,2) 

ERRORA
BLCKB 

- CRUNCH	
- -4 

AMBDEN (1,3) 

/MS/	 —4 BLCKC 

SPACE /TRASYS/
(1,4) 

(2,0)	 -I LOADT 

AUDIT 1,5) 

PRINTB LC__B_L'CKD 
ERRORB

(4,1) 
ORDER

PTSLC 
- MLOSSR

IDCODE 

L
LOADB

CNDNSE 
RFLCT

STORE 
PLUMES 

/CMLOSS/ /MFDATA/
/SAVEM/  

/CNTRL/
(3,0) ,0)

(4,2) 

/MIsC/ -H
DEPSIT MCDNCD 

/NPLM/ MASLOS PNTDEN 

/PTSRCE/
(4,0)

VELOC 

/RATES1/ ______________ PLUMES 

/RATES2/ MCDRTF	 - RATIOS 

/SEGA/ L PRINTD SORTER 

/SEGB/ ERRORD	 - DENPLT 

/SEGD/ /PTSLC/ /CNCDS/ 

ISEGE/ u /GEOM/ /NCDS/ 

/SOURCE/
(5,0)	 * (4,3) 

/SPEC/ 

/SURF/ •	 I
RTNFLX 

PLODER	

L
PNTDEN 

VELOC 

PLUMES 
RATIOS 

*MSFC Edition SORTER 

RFLXAS 

/C N CDS/ 

/NCDS/ 

Figure 2-12	 SPACE Program Overlay Structure
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2.4	 SUBROUTINE DESCRIPTION 

In its present version, there are 33 separate subprograms 
called at various points in the analysis. Each routine is given 
a unique name as illustrated in Figure 2-12 and only single entry 
points are used. Several system routines are called which vary 

from machine to machine. 

CDC (MMA) 

• CALL DATE (TODAY) 
• CALL TIME (HMS) 
• CALL OPENMS (13,


INDEX, 51, 1) 
•CALL WRITMS (13, 

NODEI, 2101, 
NODEI) 

•CALL READMS (13, 

NODEI, 2101, 
I PNT) 

•CALL CLOSMS (13)

UNIVAC (MSFC) 

CALL FDATEX 

DEFINE FILE 13 
(50, 2101, U, IV) 

WRITE (13" NR) 

READ (13" NR)

UNIVAC (JSC) 

CALL CDATE (TODAY) 
CALL CTIME (HMS) 
DEFINE FILE 13 
(50, 2101, U, IV) 

WRITE (13" NR) 

WRITE (13" NR) 

The executive logic or main overlay is called SPACE and it 
controls the request for input data and calls the primary overlays 
or segments into core as required for the user's analysis. 

SPACE - The executive portion of the program requests a 
definition of the problem from the user, i.e., 

a) TITLE CARD 

b) CONTROL PARAMETERS 

The control parameters are read in via NAMELIST CONTRL and can be 
accessed by all segments from named common /CNTRL/. 

SPACE calls on the first primary overlay or segment to 
collect the detail input data from permanents that have been at-
tached (see Section 2.2) or from user input cards depending on 
how the control flags were set. 

SPACE then calls in segments to evaluate deposition, 
mass/number column density and return flux depending on user con-
trol flags and recycles for a new problem unless STOP is read on 
the TITLE card.
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COLLCT - Collects the necessary data for the prescribed 
analysis by keying off control parameters. Data can be obtained 
from cards, block data or previously generated permanent files. 
If desired, new data can be read from cards to update the permanent 

files.

COLLCT reads NAMELIST INPUTA which allows the user to zero 
out or modify preset surface sources, activate preset engines/vents, 
identify critical surfaces that are susceptible to deposition (dir-

ect line-of-sight or return flux). 

NAMELIST INPUTB is read to modify materials mass loss 

rates, plume coefficients and contaminant species. 

NAMELIST MPDB is read to modify the mission profile data 
bank which contains information on spacecraft attitude, altitude 
and acceptance angles for critical surfaces, etc. 

COLLCT calls AMBDEN, CLOSMS, CRUNCH, ERRORA, OPENMS, 
PRINTA, WRITMS, BLCKA, BLCKB, LOADT, BLCKC, BLCKD. 

PRINTA - This routine is called to set up the various 
output reports that are requested, by the user from Segment A. 

ERRORA - When a problem is encountered within Segment A 
of the analysis, this routine is called to print out an error mes-

sage for the user. 

CRUNCH - This routine condenses the list of sources after 
the user was given the opportunity to eliminate or zero out cer-
tain sources through namelist INPUTA. 

BLCKA - Sets up the STS Orbiter configuration. 

BLCKB - Sets up the Spacelab LMOP, SMTP and FIVP con-

figurations. 

BLCKC - Sets up the types of spacecraft materials to be 
considered, with up to 10 species given off by the surfaces, and 
the mass loss characteristics of each species. 

LOADT - Loads in surface temperatures from cards or 

from TAPE 10.	 - 

BLCKD - This routine sets up the mission profile data 
bank required for the prediction of mass column density and re-

turn flux.
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AMBDEN - Finds the ambient number density given an attitude 

and level of sunspot activity. 

AUDIT - The surface temperatures and mass loss character-
istics are used to compute the actual mass lost from each of the 

surfaces.

PRINTB - Called to set up the various output reports printed 

from Segment B. 

ERRORB - This routine is called with Segment B to print out 
an error message in the event of a problem in the computations. 

ORDER - Arranges the surfaces in order of their potential 
impact on contamination based on total mass loss rate of the surface. 
Once arranged the parameter, JKEEP can be used to truncate the number 
of surfaces to be analysed. 

MLOSSR - This routine assigns the rate at which species 
leave a particular surface. 10 species are currently monitored al-
though only 6 are preset as original material lost from a surface. 

LOADB - Reads TAPE 12 and pulls off the mass transport 
factor data between spacecraft surfaces that are required to define 
the contribution from secondary sources. 

RFLCT - Computes the mass incident on a surface as a result 
of direct line-of-sight transport from another surface, engine or 

vent.

DEPSIT - Computes source to surface deposition of contaminants 

on critical surfaces. [currently inoperative] 

MASLOS - Currently inoperative. 

MCDRTF - Control logic for Segment D which calculates mass/ 
number column density and estimates return flux. 

PRINTD - Called to set up output reports generated within 

Segment D.

ERRORD - This routine is called from Segment 0 if problems 
are encountered in any computational procedure. 

PTSELC - Given a definition of a line-of-sight through the 
contaminant cloud, this routine selects those points from the gener-
al matrix that are required to define mass column density and re-
turn flux. 
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CNDNSE - Condenses the contribution factors for points 
selected along a line-of-sight. 

STORE , - Stores points for a given field-of-view. 

MCDNCD - Controls data manipulation re q uired to calculate 
integrated mass/number column density along a line-of-sight. 

PNTDEN - Calculates the density at points along a line-of-
sight as well as a running integrated value for the number column 
density attributed to each source. 

VELOC - This function calculates the most probable velo- 
city of a molecule leaving a surface. 

RTNFLX - Controls analysis for calculating return flux. 

RFLXAS - Routine for computing return flux and deposition 

due to ambient scattering and self-scattering. 

DENPLT - Routine for plotting density as a function of 
distance along chosen line-of-sight. 

2.5	 PERMANENT DATA FILES 

Analysis of the STS Orbiter/Spacelab configurations re-
quires three permanent data files. These files are attached as 
local files on CDC systems or built into the run stream with @ ASG, 
@ DATA and @ ADD control statements on the UNIVAC system. 

2.5.1	 Surface Thermal Profiles (TAPE 10) 

Temperatures that are assigned to the Orbiter and Space-
lab surfaces for two attitude/orbit cases which represent maximum 
and minimum temperature profiles are listed in Table 24I. Up to 
5 additional sets of temperatures can be added to the file as des-
cribed in Section 3.2.4. These data are inserted into the run 
stream as TAPE 10. 

2.5.2	 Mass Transport Factors (TAPE 12, TAPE 14 and TAPE 15) 

Mass transport factors are precalculated outside the 
contamination analysis program. Source-to-point data for the STS 
Orbiter and three Spacelab configurations are stored as permanent 
files and inserted into the run stream as TAPE 14 and TAPE 15, res-
pectively. Source-to-surface mass transport factors are inserted 
into the run stream as TAPE 12. An abbreviated representative 
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Table 2-XI. Maximum/Minimum Temperature Profile Permanent File 

NODEJ MAX °C MIN 
Oct

NODEJ MAX 0C MIN °C 

160 22.50 -58.76 26 -.94 -53.71 

161 54.09 -124.66 20 -55.97 -26.81 

163 65.56 -115.83 22 -5.31 -39.78 

165 69.44 -108.33 40 32.78 -28.61 

167 -14.03 -87.78 42 -37.22 -26.89 
169 -66.11 -53.06 44 26.99 -39;74 

171 -73.39 -39.44 46 -13.89 -38.89 
174 29.39 -134.17 34 -37.22 -30.56 
190 38.89 -153.89 36 -.19 -53.90 
162 34.11 -8561 32 -56.67 -27.08 

164 65.14 -114.72 30 -5.13 -39.96 

166 69.44 -108.89 52 -37.22 -28.89 

168 -14.58 -87.78 56 -13.89 -38.89 

170 -65.94 -53.28 21 -55.97 -26.81 

172 -73.17 -39.44 23 -5.31 -39.78 

175 -57.04 -70.13 25 -37.22 -30.00 

177 -57.78 -70.13 27 -0.93. -53.71 

180 21.11 -126.67 31 -5.13 -39.96 
181 15.00 -100.56 33 -56.67 -27.08 
182 -40.00 -81.67 35 -0.19 -53.90 
183 24.44 -106.11 37 -37.22 -30.56 
184 15.00 -100.56 41 -70.89 -27.22 
185 21.11 -127.22 43 -76.67 -21.11 
301 -2.56 -40.51 45 -70.89 -27.22 
305 12.62 -50.49 47 -76.67 -21.11 

306 .32.57 -53.40 51 -70.89 -27.22 
307 -2.93 -58.76 53 -76.67 -21.11 
311 -2.01 -42.53 55 -70.89 -27.22 

315 13.33 -50.76 57 -76.67' -21.11 

316 33.28 -52.25 130 21.11 -41.67 

317 -3.02 -58.76 145 7.33 -45.22 

420 -2.93 -58.76 130 21.11 -41.67 

425 -3.02 -58.76 132 44.22 -19.22 

4 73.44 144.00 140 44.17 -71.39 

3 65.78 -158.44 148 51.67 -103.33 

2 66.22 -145.00 152 51.67 -103.33 

1 78.22 -144.56 147 44.17 -71.39 

8 73.78 -143.33 .	 151 44.17 -71.39 
7 65.78 -157.78 115 7.22 -45.22 

6 66.22 -144.78 100 20.56 -41.67 

5 78.22 -145.22 102 44.00. -19.11 
443 50.00 -124.44 110 44.17 -71.94 
445 56.11 -131.11 118 51.67 -103.89 
446 49.44 -145.00 122 51.67 -103.89 
447 49.44 -127.22 117 44.17 -71.94 

448 60.00 -123.33 121 44.17 -71.94 

440 56.67 -130.55 149 53.89 -117.78 
441 49.44 143.88 142 54.56 -106.67 
442 49.44 -126.66 134 55.56 -90.00 

50 32.78 -28.61 137 54.78 -63.89 

54 25.68 -39.37 136 56.11 -58.89 

24 -37.22 -30.00 202 37.22 -80.00

*'Max = 100% Solar Exposure, a = 900, +Z SI 

Mm = +X SI, X-POP,	 = 900
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Table 2-XI. Maximum/Minimum Temperature Profile Permanent File (cont 'd) 

NODEJ MAX 0 C MIN °c NODEJ MAX °C MIN °C 

203 37.22 -80.00 64 22.76 -120.36 

230 18.33 102.22 921 45.00 31.11 

240 3.89 89.44 922 45.00 31.11 

241 18.33 102.22 920 45.00 31.11 

250 -66.67 6.67 923 45.00 31.11 

260 54.44 -58.89 915 45.00 31.11 

459 56.11 -58.89 916 45.00 31.11 

458 56.11 -58.89 917 45.00 31.11 

457 56.11 -58.89 918 45.00 31.11 

456 56.11 -58.89 910 45.00 31.11 

455 56.11 -58.89 911 45.00 31.11 

454 53.89 -67.22 912 45.00 31.11 

453 53.89 -67.22 913 45.00 31.11 

452 53.89 -67.22 11 42.58 -152.76 

451 53.89 -67.22 13 -6.92 -27.80 

450 53.89 -67.22 66 -29.90 59.03 

119 53.89 -117.78. 67 -30.00 71.67 

112 54.33 -106.67 68 -32.22 66.67 

104 55.00 -90.00 70 -36.94 64.72 

107 54.78 -63.89 72 -37.58 64.91 

106 56.11 -58.89 74 -30.00 71.67 

460 53.9 -67.22 76 -38.83 63.94 

461 53.89 -67.22 77 -34.46 66.19 

462 53.89 -67.22 86 -31.34 67.29 

463 53.89 -67.22 87 -30.00 71.11 

464 53.89 -67.22 88 -32.22 66.67 

465 56.11 -58.89 90 -38.33 64.72 

466 56.11 -58.89 92 -39.41 64.72 

467 56.11 -58.89 94 -30.00 71.11 

468 56.11 -58.89 96 -40.78 63.94 

469 56.11 -58.89 97 -35.38 66.01 

380 -31.94 -92.06 1401 82.91 -137.64 

382 -35.78 -90.22 1402 7.97 -129.30 

384 -61.67 -33.33 1403 101.39 -108.47 

386 -57.11 -42.22 1404 157.78 -124.03 

388 -26.11 -83.89 1405 85.83 -137.64 

390 -26.11 -83.89 1406 81.67 -129.30 

393 -26.11 -8389 1407 100.97 -108.47 

381 -31.11 -89.39 1408 158.89 -124.03 

383 -35.78 -90.22 1411 46.39 -147.78 

385 -61.11 -33.33 1413 .97.50 -130.83 

387 -56.67 -42.22 1440 152.78 -125.56 

389 -23.33 -75.00 1441 103.06 -111.67 

391 -23..33 -75.00 1442 75.00 -132.22 

392 -26.11 -83.89 1443 79.44 -140.83 

399 -34.44 -95.00 1445 151.11 -125.56 

80 -71.11 -80.56 1446 103.89 -111.67 

82 -71.11 -80.56 1447 71.11 -132.22 

84 22.80 -120.53 1448 75.56 -140.83 

60 -71.11 -12.22 1000 77.22 -155.00 

62 -71.11 -13.50 1010 60.00 -158.33
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Table 2-XI. Maximum/Minimum Temperature Profile Permanent File (cont 'd) 

NODEJ MAX 0C MIN °c NODEJ MAX °C MIN °C 

1001 77.22 -155.00 2406 81.67 -129.30 
1011 60.00 -158.33 2407 100.97 -108.47 
1002 83.89 -99.44 2408 158.89 -124.03 
1012 68.89 -158.33 2411 45.39 -147.78 
1003 83.89 -99.44 2413 97.50 -130.83 
1013 68.89 -158.33 2440 152.78 -125.56 
1005 168.89 -121.67 2441 103.06 -111.67 
1015 155.56 -120.00 2442 75.00 -132.22 
1020 68.72 -131.67 2443 79.44 -140.83 
1021 68.72 -131.67 2445 151.11 -125.56 
1022 64.28 -131.67 2446 103.89 -111.67 
1023 64.28 -131.67 2447 71.11 -132.22 
1025 147.64 -110.00 2448 75.56 -140.83 
1030 37.06 -130.17 2010 60.00 -158.33 
1031 37.06 -130.17 2011 60.00 -158.33 
1032 50.56 •-130.17 2012 68.89 -158.33 
1033 50.56 -130.17 2013 68.89 -158.33 
1035 98.09 -98.31 2015 155.56 -120.00 
1040 32.06 -138.50 2020 68.72 -131.67 
1041 32.06 -138.50 2021 68.72 -131.67 
1042 46.28 -138.50 2022 64.28 -131.67 
1043 46.28 -138.50 2023 64.28 -131.67 
1045 64.67 -86.67 2025 147.64 -110.00 
1050 30.72 -130.17 2030 37.06 -130.17 
1051 30.72 -130.17 2031 37.06 -130.17 
1052 35.17 -130.39 2032 50.56 -130.17 
1053 35.17 -120.39 2033 50.56 -130.17 
1055 77.92 -112.78 2035 98.09 -98.31 
1083 34.44 -145.00 2050 30.72 -130.17 
1085 46.67 -152.22 2051 30.72 -130.17 
1087 66.11 -151.11 2052 35.17 -130.39 
1088 67.50 -152.78 2053 35.17 -130.39 
1086 66.11 -151.11 2055 77.92 -112.78 
1084 53.89 -152.22 2094 34.44 -145.00 
1082 34.44 -145.00 2096 46.67 -152.22 
1080 66.83 -145.17 2098 61.11 -151.11 
1081 62.50 -145.00 2099 66.67 -152.78 
1070 73.61 -138.61 2097 66.11 -151.11 
1065 52.22 -158.33 2095 53.89 -152.22 
1061 32.94 -130.28 2093 34.44 -145.00 
1060 77.92 -112.78 2091 66.83 -145.17 
1121 46.28 -138.50 2092 62.50 -145.00 
1111 50.56 -130.17 2090 73.61 -138.61 
1130 35.17 -130.39 2084 34.44 -145.00 
2121 50.56 -130.17 2086 46.67 -152.22 
2130 35.17 -130.19 2088 61.11 -151.11 
2401 82.91 -137.64 2089 66.67 -152.78 
2402 75.97 -129.30 2087 66.11 -151.11 
2403 101.39 -108.47 2085 53.89 7152.22 
2404 157.78 -124.03 2083 34.44 -145.00 
2405 85.83 -137.64 2081 66.83 -145.17
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Table 2-XI. Maximum/Minimum Temperature Profile Permanent File (cont'd) 

NODEJ MAX 0 C MIN 0 C NODEJ MAX °C MIN 

2082 62.50 -145.00 3090 71.26 -145.65 

2080 73.61 -138.61 3084 29.44 -138.33 

2074 34.44 -145.00 3086 40.56 -153.99 

2076 46.67 -152.22 3088 53.89 -155.83 

2078 61.11 -151.11 3089 63.19 -157.78 

2079 66.67 -152.78 3007 60.56 -155.56 

2077 66.11 -151.11 3085 49.17 -153.61 

2075 53.89 -152.22 3083 30.56 -137.78 

2073 34.44 -145.00 3081 59.83 -147.78 

2071 66.83 -145.17 3082 54.33 -148.22 

2072 62.50 -145.00 3080 67.16 -144.80 

2070 73.61 -138.61 3074 25.56 -138.33 

2065 52.22 -158.33 3076 34.44 -154.44 

2061 32.94 -130.28 3078 48.89 -155.56 

2060 77.92 -112.78 3079 56.39 -157.22 

3401 82.91 -137.64 3077 56.11 -155.56 

3402 75.97 -129.30 3075 43.89 -153.89 

3403 101.39 -103.47 3073 28.33 -137.78 

3404 157.78 -124.03 3071 56.11 -148.06 

3405 85.83 -137.64 3072 49.61 -148.50 

3406 81.67 -129.30 3070 .63.03 -143.93 

3407 100.97 -108.47 3064 29.44 -133.89 

3408 158.89 -124.03 3066 36.39 -150.56 

3411 46.39 -147.78 3068 49.44 -151.11 

3413 97.50 -130.83 3069 56.67 -152.64 

3440 152.78 -125.56 3067 55.00 -151.11 

3441 103.06 -111.67 3065 .44.72 -150.00 

3442 75.00 -132.22 3063 31.39 -132.78 
3443 79.44 -140.83 3061 56.00 144.06 

3445 151.11 -125.56 3062 50.39 109.00 

3446 103.89 -111.67 3060 59.72 -99.03 

3447 71.11 -132.22 3054 33.33 -129.44 

3448 75.56 -140.83 3056 38.33 -146.67 

3094 33.33 -138.33 3058 50.00 -146.67 

3096 45.67 -153.33 3059 -3.06 
3098 58.89 -136.11 3057 55.56 -4e.67 

3099 64.44 -158.33 3055 45.56 -146.11 

3097 65.00 -155.56 3053 34.44 -127.78 

3095 54.44 -153.33 3051 55.83 -160.00 

3093 32.78 -137.78 3052 51.11 -140.56 

3091 63.50 -147.50 3050 56.36 -135.24 

3092 59.06 -147.94
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list of the mass transport factors in permanent file is contained 
in Table 2-XII. The nomenclature and terms presented in this 
table are discussed in detail in subsection 3.2.7. 

Table 2-XII. List of Mass Transport Factors to Points Read In 

NODEI NODEJ MFIJ MFJI AEJ THETAI THETAJ Fo:L's 
10100 1 .832E-04 .313E-C8 .26:i-3S .9u0E+02 .441E+02 .41.E04 
10130 2 .833E-04 .313E08 .2665+05 .9C0 E+02 .441Er02 .41i5+04 
10100 3 .6296-04 .3116-08 .255E+05 .9003+02 .4425i-32 .4iE,-03 
10100 4 .820E-04 .308E-CS .2666+05 .0006+02 .444E02 .4136+01 
10100 5 .832E04 .313E08 .265L , 05 .9036+02 .41E+02 .4116^04 
10100 6 .833E-04 .3136-08 .26EL--05 .900E+32 . 4 41E-,-32 .41E+04 
10103 7 .8295-04 .311603 .260+C5 .442E,02 
10100 8 .82CE-04 .308E-GE^ .90CE^02 .444E02 .3E-04 
13100 440 .3858-00 .1126-39 .3446+04 .9303+02 .3873+02 .4C3-04 
1010C 441 .3696-06 .1 135-09 .3446 t-04 .9 1 0E+32 .6676+02 .4,3';E-,-04 
10100 442 .3915-06 .1 146-09 .3443+04 .900E+02 .6S7Ei03 ::4 
10100 443 .3916-06 .1145-09 .3446+04 .9305+02 .8675+02 .403-04 
10100 445 .355E-06 .112E-09 .3446+04 .900Ei-02 .6876+02 .4053-04 
1010.0 446 .3696-06 .1136-39 .3443+04 .9036+02 .:07E^32 .50$ 
1 1.100 447 .3916-06 .1146-09 .3443+04 .9003+02 .2073-02 
10100 448 .391 E-0 .1 146-09 .3441+04 .9033,02 .i3U7E+6 .4323+34 
10100 13 .2025-04 .6195-09 .327h+05 .9C3E^02 .8236+02 .407E-04 
10100 11 .787E-05 .2416-09 .327Ek0S .900E+02 . 3725+02 .4046+04 
10100 20 .555E-04 .455E-08 .1223±05 .9006±02 .174E+02 .4306^04 
10100 22 .5626-04 .460E-03 .1226+05 .900E+32 .167E-,-02 . 4046-04 
10100 24 .5413-04 .4426-03 .1226+05 .9006+02 .218Ei-02 .4(66+04 
10100 26 .5476-04 .4466-03 .1223--05 .0006+02 .213E02  
10,00 30 .5416-04 .44E-08 .1225C5 .903E+C2 .2173+02 .4346+04 
10103 32 .5173-04 .4433-03 .122305 .9005+32 .2123--02 .42:3+54 
10100 34 6504 . 455E05 .1223 r35 . 9335+02 .	 75EQ2 
I 3C3 36 .5625-04 .4036-33 . 1225-35 .9003-32 €3E02 3 
10100 40 .8776-0-1 .3325-03 .2903+05 .9035+02 .55;	 52 .-1OE-04 
C o 0 44 . 1036-03 .4635-08 .2906+03 .9006+02 .6325	 01 .•3E04 
10100 50 .1053-03 .4636-03 .290L05 .3005+02 .622+01 .4023+04 
10100 54 .8775-34 .:'02E-08 .2906-05 . 052Et-32 .5,..)4E-402 C,--.04 
10 10 0 305 .2716-05 .1205-09 .30E.-05 .9006+02 .5466+32 
10100 306 .3555-05 . i 15E-1 .3093,-CS .9036+02 .8066+02 .4 
10100 315 .3716-05 .1206-09 .309E+C5 .93CE.-02 .386E+C2 .4076+34 
10100 316 .3555-35 .1156-09 .3C9E+G5 .9005+02 .306E+02 .12E04 

S 
S 

S
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2,6 FORTRAN VARIABLES LIST

VARIABLE DESCRIPTION BLOC,". 

AGEOSB AGE OF THE ORBITER	 BASED ON HOURS ON ORBIT. 	 U3ED TO RATES2 
CHARACTERIZE WE ORBITER LONG TERM OUTGASSING RATE(HR) 

AGESLB AGE OF THE SPACELAB CONFIGURATION(HRS) RATES2 
USED TO CHARACTERIZE SPACELADS OUT GASSING RATE 

ALT ALTITUDE(KILOMETERS). MDF 

AMBND AMBIENT DENSITY.CALCULATED USING ALT AND THE SELEC- SEOD 
TION OF ONE OF THREE LEVELS OF SUNSPOT ACTIVITY 

AREA(U) AREA	 OF	 EACH SURFACE	 J	 (SQ.	 IN.) SURF 

ATCODE ATTITUDE CODE.	 DEFINES UP TO FIVE	 EXTRA SETS OF MDF 

TEMPERATURES. 
BELTA NOT	 USED	 IN THIS MODEL MD  

CNTRIB(I,K) WEIGHTING FACTOR APPLIED TO DENSITY AT BASIC GRID PTSLCT 

POINTS NUMBER(I,K)	 TO OBTAIN DENSITY	 ALONG A LINE-
OF-SIGHT 

COSXX(I) COSINE OF	 THE ANGLE BETWEEN THE X-AXIS OF	 A	 CRITIC.L MDF 
SURFACE AND THE ORBITER X-AXIS. 

COSXY(I) COSINE OF THE ANGLE	 BETWEEN THE X-.AXIS OF A CRITICAL MOF 

SURFACE AND THE DRUITER	 Y-AXIS. 

COSXZ(I) COSINE OF THE ANGLE BETWEEN THE X-AXIS OF	 A	 CRITIC,',L MOF 

SURFACE AND THE ORBITER	 Z-AXIS. 

COSYX(I) COSINE OF	 THE ANGLE BETWEEN THE Y-AXIS OF A CRITICAL MD  

SURFACE	 AND	 THE	 ORBITER	 X-AXIS. 

COSYV(I) COSINE OF THE ANGLE BETWEEN THE Y-AXIS OF A CRITICAL MDF 
SURFACE AND	 THE	 ORBITER	 Y-AXIS. 

COSYZ(I) COSINE OF THE ANGLE	 BETWEEN THE Y-AXIS OF	 A CRITICAL MDF 

SURFACE	 AND	 THE	 ORBITER	 Z-AXIS. 

COSXZ(I) COSINE O F	 THE ANGLE	 BETWEEN	 THE Z-AXIS OF	 A CRITICAL MDF 

SURFACE	 AND	 THE	 ORBITER	 /.-AXIS. 

COSZV(I) COSINE OF	 THE	 ANGLE	 BET.BEN	 THE	 Z-AXIS OF	 A CRITICAL MD  

SURFACE	 AND	 THE	 ORBITER	 V-AXIS. 

COSZZ(I) COSINE OF	 THE ANGLE	 BETWEEN THE Z-AXIS OF A CRITICAL MD  
SURFACE AND THE ORBITER Z-AXIAS. 

DA EFFECTIVE	 DIAMETER OF	 AMBIENT	 SPECIES. CURRENTLY SEGO 

CONS7ANT(3.0E-8	 CM) 
DBUGA DE-BUG AID(INDEPTH OUTPUT)	 FOR SEGMENT A	 (COLLECT) CNTRL 

DBUGB DE-BUG AIO(INOEPTH OUTPUT)	 FOR SEGHENT 5(AUDIT) CNTRL 

DB'JGC DE-BUG AID(INDEPTH OUTPUT) 	 FOR	 SEGMENT C(DEPOSITION) CNTRL 

DSUGD DE-BUG AID(INDEPTH OUTPUT)	 FOR	 SEGMENT D(NCD/RTNFLX) CNTRL 

D3UGE DE-BUG AID(INDEPTH OUTPUT)	 FOR SEGUENT E(RF	 DE P OS. ) CNTRL 

DEPSIT .TRUE./FALSE.	 FLAG	 TO	 IND:CATE	 IF	 SURFACE	 DEPOSITION RATES2 

IS TO BE COMPUTED 
DIA(M) DIAMETER	 OF	 CONTAMINANT	 SPECIES M	 (CM) RAT 

DOMEGA SOLID ANGLE	 FIELD-OF-VIEW(STE R ADIANS) GOMTRY 

DL(L) LENGTH OF	 SEGMENT	 ALONE	 LINE-O F -SIGHT	 (N) PTELC 

OOMEG(I) SOLID	 ANG	 r'ELD-CFVIEW(STER.ADIA)'S) FOR RETURN MOE 

FLUX	 SURFACE	 I
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COMMON 

VARIABLE	 DESCRIPTION
	

BLOCK 

OPHI INCREMENT IN PHI	 TO BE USED FOR SUBDIVIDING FIELD 

DPHII(I) (SAME AS DPHI) 

05(L) DISTANCE BETWEEN MIDPOINTS OF SEGMENTS USED FOR 

LINEOFSICHT INTEGRATION (M) 

DSMCD(L) (SAME AS DS)	 USED FOR MCD/NCD COMPUTATIONS 

DSRTNF(L) (SAME AS OS)	 USED FOR RETURN FLUX CALCULATIONS 

DTHET(I) INCREMENT IN THETA TO BE USED FOR SUBDIVIDING FIELD-

OF-VIEW	 (DEG) 
OTHETA (SAME AS DTHET) 

ED .TRUE./.FALSE.	 FLAG TO	 INDIC AT E	 IF	 EARLY	 DESORPTION 

SPECIES ARE TO BE CONSIDERED IN THIS ANALYSIS 

ENG .TRUE./.FALSE.	 FLAG TO	 INDICATE	 IF ANY	 ENGINES ARE 

TO BE CONSIDERED 
EVAP .TRUE./.FALSE.	 FLAG TO	 INDICA T E	 IF	 THE	 EVAPORATOR 

IS TO BE CONSIDERED 

FIVP .TRUE./.FALSE.	 FLAG TO	 SELECT	 THE	 FIVE	 PALLET 

SPACELAB CONFIGURATION 

GO .TRUE./. FALSE.	 FLAG TO ALLOW ANALYSIS TO	 PROCEED 

TO NEXT GATE 
ICSURF INDEX USED FOR SURFACES	 IN DEPOSITION SEGMENT 

IDENT(J) IDENTIFICATION NUMBER	 FOR EACH SURFACE THAT	 IS PART 

THE	 SPACECRAFT CONFIGURATION 

ISURF INDEX USED FOR SURrACES 	 IN RETURN FLUX SEGMENT 

KEEP NUMBER OF	 LARGEST MASS	 LOSS CONTRIBUTERS TO BE 
RETAINED AFTER CONDUCTING THE MASS AUDIT 

iTOTAL TOTAL NUMBER OF	 SURFACES TO BE USED	 IN THE ANALYSIS 

KIND(KK) LIST	 OF	 SURFACE	 MArERI.ALS(TEFLON,NOMEX,LRSI,ECT) 

KINDS TOTAL NUMBER OF SPACECRA F T MATERIALS CONSIDERED 

IN	 THE MODEL	 (15) 

LEAK .TRUE./.FALSE.	 FLAG TO	 INDICATE	 LEAKAGE	 SPECIES 

ARE	 TO CONSIDERED	 IN	 THIS ANALYSIS 

LMOP .TRUE./.FALSE.	 FLAG	 TO	 SELEC T	 LONG MODULE/ONE 

PALLET	 SPACE	 LAB CCNFIGURATi 

LOS LINE	 OF	 SIGHT	 INDEX	 (RANGES	 FROM	 1	 TO	 25) 

MATRL(J) MATERIAL	 USED	 IN	 SURFACE	 COATINGS.L.E.	 NOMEX,LRSI, 

THIS	 DESIGHATES	 SPECIES	 RATES 

MAXTMP .TRUE./.FALSE.	 FLAG TO	 INDIC AT E USE OF MAXIMUM 

TEMPERATURES 
MCD .TRUE. ,'.FALSE.	 FLAG TO	 INDIC A TE	 LOS MASS/NUMBER 

COLUMN DENSITY CALCULATIONS ARE TO BE MADE 

MODTJ(J) TOTAL MASS LOSS	 RATE	 FROM A SURFACE	 (OM/SEC) 

MFPATH .TRUE./.FALSE.	 FLAG TO	 INDIC AT E ATTENATION	 FOR 

MEAN	 FREE PATH 

MINTMF .TRUE./.FALSE.	 FLAG TO	 INDICATE USE OF MINIMUM 

TEMPERATURES 
MLR(J,M) MASS	 LOSS	 RATE	 PER UNIT	 AREA	 FOR	 10	 CHEMICAL	

SPECIES 

FROM	 UP	 TO	 UQO	 SUkFACE	 G/C	 -2/TEU) 

MNCD .TRUE./.FALSE.	 FLAG	 USED	 PTELCT	 ROUTINE	 TO 

INDICATE	 IF	 ROUTINE	 IS	 BEING USED	 FOR MCD/NCD 

CALCULATIONS OR	 RETURN	 FLUX	 PREDITIONS. 

MED1 INDEX OF	 FIRST	 SPECIE	 THAT	 IS	 CONSIDERED	 AS	 AN 

EARLY DESORPTION CONTAMINANT 

MED2 INDEX OF	 LAST	 SPECIE CONSIDERED AS 	 AN EARLY 

DESORPTION TYPE OF MOLECULE 

MOUTI INDEX OF	 FIRST	 SPECIE	 THAT	 IS CONSIDERED AS AN 

OUTGASSING SPECIE 
MOUT2 INDEX OF	 LAST SPECIE THAT	 IS CONSIDERED AN 

OUTGASSING MOLECULE

GO.1TRY 
MD F 
GOUT RY 

MD F 
MD F 
MD F 

GO MT R Y 

CNTRL 

CNTRL 

CNTRL 

CNTRL 

CNTRL 

SECE 
OF SURF 

SEGE 
SEGA 

SEGA 
RATES2 
SEGA 

CNTRL 

CN T F< 

SEGO 
SURF 

CNTRL 

CNTRL 

CM LOSS 
CN T R L 

CN T R L 

CM LOSS 

SPEC 

SPEC 

SPEC 

SPEC 
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co:,':.' 

VARIABLE DESCRIPTION BLOY 

MOLWT(M) MOLECLAR	 WEIGHT	 Ok-	 SPECIES 11 RAlL4 

Ml INDEX	 TO	 INDICATE FIRS T CHEMICAL SPECIES	 TO BE SPEC 

CONS IDE RED 

M2 INDEX TO	 INDICATE	 LAST	 CHEMICAL SPECIES TO BE SPEC 

CONS 0[RED 

NEWCON .TRUE./.FALSE.	 FLAG	 TO	 INDICATE	 IF	 CARDS	 ARE	 TO CNTRL 

BEREAD THAT	 REVISE OR	 DEFINE	 THE	 CONFIGURATION 

NEWMFP .TRUE./.FALSE.	 FLAG	 TO	 INDIC AT E	 IF	 TAPE14	 AND	 TAPE CNTRL 

15 ARE	 READ	 TO GENERATE	 A	 DIRECT	 ACCESS	 FILE	 (TAPE	 13) 

WHIC H CONTAIN MASS TRANSPORT	 FACTORS TO POINTS	 IN SPACE 

NEWMFS TRUE./.FALSE-FLAG TO INDICATE IF NEW MASS TRANSPORT CNTRL 

FACTORS ARE TO BE READ FROM CARDS. 

NEWMLC .TRUE./.FALSE.	 FLAG TO	 INDIC A TE	 IF NEW MASS	 LOSS CNTRL 

CHARACTERISTICS ARE TO READ FROM CARDS 

NEWTCD .TRUE./FALSE.	 FLAG TO	 INDICATE	 IF NEW SURFACE CNTRL 

TEMPERATURES ARE TO BE	 READ FROM FORMATTED CARDS 

NEWTNL .TRUE./.FALSE.	 FLAG	 TO	 INDICA T E	 IF	 NEW	 SURFACE CNTRL 

TEMPERATURES ARE	 TO BE	 READ F.ROM NAMELIST 

NLOS NUMBER OF	 LINES-OF-SIG H T	 E'jALUATED SEGD1 

NUM6ER(I, ) ARRAY	 USED TO STORE	 POINT	 IDENTIFICATION NUMBERS I'TSLCT 

REQUIRED TO	 INTEGRATE	 ALONG A	 LINE-OF-SIGHT.	 USEL 

WITH	 CNTRIB. 

ONTIME(I) ONTIiVE OF	 POINT	 SOURCES	 IN SECONDS SOURCE 

ORBITR .TRUE./.FALSE.FLAG	 u	 ELECk	 GHUTTLE ORBITER CNTRL 

CONFIGURATION 

OUT .TRUE./.FALSE.	 FLAG	 TO	 INDIC AT E	 QIJTGASSING CNTRL 

SPECIES ARE	 TO BE CONSIDERED	 IN THIS ANALYSIS 

PHIF(I) FINAL VALUE OF PHI	 USED TO DEFINE EDGE OF A FIELD- GOMTRY 

OF-VIEW	 (DEG) 

PHIl INITIAL VALUE OF	 PHI	 USED TO DEFINE	 BEGINNING OF GOMTRY 

THE	 FIELD-OF-VIEW	 (DEG) 

PHIL(i) ANGLE	 LOS MANES RELATIVE TO THE X-AXIS	 (DEG) MDF 

PHIl (I) (SAME	 AS	 PHI I) MDF 

PH12(I) (SAME	 AS	 PHIF) MID  

PITCH NOT	 USED	 IN	 THIS MODEL MDF 

PLACE(L) LIST	 OF	 5URFACE	 LOCATIONS(vJING.BAY,TAIL,ECT.) RATE52 

PLUMEC(L,N) PLUME	 OISTNISUTION COE FF ICIE NIS	 FOR	 POIN T	 SOURCES PTSNCE 

PNTSC(I) ARRAY	 CONTAINING	 IDENTIFICATION NUMBERS OF	 THE SOURCE 

MODELED OP5ITEP	 ENGINES AND VENTS 

RATE(K,M) MASS	 LOSS RATE COEFFICIENTS OF SPECIES M	 FROM RATES1 

SPACECRAFT MATERIAL N 

RECEVR(I) IDENTIFICATION NUMBER	 OF CRITICAL SURFACE THAT MDF 

RECEIVED	 CONTAMI NA NT . FLUX 

REFLCT .TRUE./.FALSE.FLAG	 TO	 INDICATE	 THAT	 REFLECTION/ CNTRL 

REEMISSION OF CON T AMIN ANT S	 FROM SURFACES	 IS	 TO 

BE	 ADDED	 INTO DEPOSITION!NCD	 ANALYSIS 

REPORTII) .TRUE./.FLSE.FLAG	 TO	 INDICATE	 WHICH	 OUTPUT	 REPORTS CNTRL 

THE	 USER	 .UULD	 LIRE	 RITTE 

RFAS .TRUE./.PALSE.	 FLAG	 TO	 INDICA 1 E	 IF	 RETURN	 FLUX	 DUE CNTRL 

TO	 AUCIENT	 UCATTER!NG	 IS	 TO	 BE CONSIDERED 

RFSS .Tpu:./.FPLSE.	 FLAG	 TO	 INDICATE	 IF	 REruRN	 FLUX	 DUE CHIP., 

TO' SELF	 SCATTERING	 IS	 TO	 BE	 CONSIDERED 

RFSTK STICWING COEFFICIENT	
FOR
	 RFAS	 AND	 PESO WHICH MDF 

FALLS	 BETWEEN	 THE VALU E S OF	 0	 AND	 1.0 

RFSURF(I) IDENTIFICATION	 NU.iEN	 FOR	 SURFACE	 SUSCEPTIBLE	 TO MID  

RETU N	 F LU 

RMAX MAXIUUM DISTANCE	 FR01	 ORIGIN	 THAT	 PRECALCULATED GOMTRY 

MASS	 TRANSPORT	 FACTORS	 WILL	 BE USED	 (M)
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COMMC 

VARIABLE DESCRIPTION BLOC 

RMAXL SAME AS RM"kX-USED FOR MASS/NUMBER COLUMN DENSI T Y MDF 

CALCULATIONS	 (M) 
RMAXRF SAME	 AS RMAX - USED FOR RETU RN	 FLUX CALC ULAT IO NS	 (M) MDF 

ROLL NOT	 USED	 IN THIS MODEL MDF 

SECT SECTION	 IOENTIFICATION	 I.E.	 WING,	 WINDOW,	 TAIL SURF 

SMAX DISTANCE OF	 THE	 LAST SEGMENTS MIDPOINT 	 FROM THE GOMTRY 

ORIGIN OF	 A	 LINE -OF-SIGHT 

SMTP .TRUE./. FALSE.	 FLAG TO SELECT THE SHORT MODULE/ CNTRL 

THREE PALLET	 SPACE LAB CONFIGURATION 

SPECMF(M.N) SPECIE M MASS FRACTION WITHIN THE PLUME OF TYPE N PTSRCE 

SPECIE NAME OF THE CONTAMINANT RATES2 

SSURFS(I) IDENTIFICATION NUMBERS OF SURFACES THAT CAN REEMIT SOURCE 

CONTAMINANTS 

SUNH .TRUE./.FALSE.	 FLAG TO	 SELEC T HIGH SUN SPOT ACTIVITY CNTRL 
USED	 IN DETERMINATION OF AMBIENT DENSITY 

SUNL -TRUE./.FALSE.	 FLAG TO	 SELECT	 LOW	 SUN	 SPOT ACIiVITY CNTRL 
SUNM .TRUE./.FALSE.	 FLAG TO	 SELECT MEDIUM SUN SPOT	 ACTIVITY CNTRL 
SURFSC(J) IDENTIFICATION NUMBER OF SURFACE SOURCES SOURCG 
TAU	 ('K,M) MASS	 LOSS COEFFICIENT	 USED TO REPRESENT 	 TIME HISTORY RATES2 

OF	 SPECIES M FROM MATERIAL K. 
TEMPOR RECIEVING SURFACES TEMERATURES(DEGREES C) IMP 
TEMPOS SURFACE TEMPERATURES(DEGREES C) MP 
THETAF FINAL VALUE OF THETA USED TO DEFINE EDGE OF FIELD-OF- GOMTRY 

VIEW	 (DEGREES) 
THETAI INITIAL VALUE OF	 THETA USED TO DEFINE EDGE OF	 FIELD- GOMTRY 

OF-VIEN	 (DEGREES) 
THETAL(LOS) THETA OF	 LINE-OF-SIGHT	 WITH	 INDEX	 LOS	 (DEGREES) MDF 
THEIA1 SAME	 AS	 THETAF	 (DECREES) MDF 

THETA2 SAME	 AS	 THETAI	 (DEGREES) MDF 

TIME CURRENTLY	 INACTIVE MOF 
TITLE USER	 CHOSEN 72 CHARACTER TITLE	 FOR	 EACH RUN CNTRL 

T5TART(I) START	 TINE	 FO R	 ANALYIS	 (HR.	 U!N,	 5) CNIRL 
TSTOP() STOP	 TIME	 FOR	 ANALYSIS	 HP,	 MIN,	 5) CNTRL 

ULX DIRECTION	 COSINE	 BET,.EEN	 x-AXiS OF	 SPACECRAFT	 AND GONTRY 
X-AXIS	 OF	 CRITICAL	 SURFACE	 (SAME	 AS	 COSXX) 

ULY SEE	 CLX - SAME AS COSXY 
ULZ SEE ULX -SAME AS COSXZ GOUTRY 

VA SPEED CF	 INCOMING AM3IENT SPECIES	 AS SEEN	 BY SEGD 
OBSERVER	 IN THE	 SPACECRAFT	 INERTIAL	 FRAME OF 
REFERENCE	 ALSO	 ORBITAL	 VELOCITY)	 IM/SEC) 

VFACT2 FACTOR	 APPLIED TO VISCOSITY	 DERIVED COLLISION SEGD 
CROSS SECTIONS TH.T CAN ACCOUNT 	 FOR	 THE RELATIVE 
VELOCITY DEPENDENCE OF	 THE CROSS SECTION 

VLX SEE	 VLX	 -SAME	 AS	 cOSIX GOMTRY 

VLY SEE	 ULX -	 SAME AS COEVY 000TRY 

VLZ SEE	 ULX - SANE AS COSYZ GOMTRY 
VVX OAUE.S	 \'X M D F 

'IVY SALlE	 ,L5	 v  

VVZ SAUES CE MDF 

VA X-CCLONENT	 OF	 INCOMING AMIENT SPECIES -	 SEE	 VA GONTRY 
(M/S[C) 

VY Y-COMPONENT	 OF	 INCOMING ABT.IIENT 	 SPECIES -	 SEE	 VA GO.lTRY 
(M/SEC 

V Z-COMPDNENT OF	 INCOMING AMBIENT SPECIES - SEE VA GOUTRY 
(M/SEC) 

WFAS WEIGHTING	 FACTOR	 APPLIED TO COLUMN DENSITY	 TO SE3D 
ACCOUNT	 FOR SOLID ANGLE ENCOMPASSED BY	 LOS -USED 
FOR	 RETURN	 FLUX	 COMPUTATIONS

2-55



CC..CN 
BLCCk 

VARIABLE
DESCRIPTION

GO1TRY  
WLX SEE ULX - SAME AS COSZX GOMIRY  
WLY SEE ULX - SAME AS COSZY GOMIRY  

WLZ SEE ULX - SAME AS COSZZ 
LO	 ORIGIN IN S PACECRAFT COORDINATES

MOF  
XLOS(LOS' X-LOCATION	 OF 

XO(ISURF)

(INCHES) 
X-LO, 	 OF CRITI CAL RETURN FLUX SURFACE,ISURF

MOE  

(INCHES) 
SAME AS XLOS CR	 XC DFPNIrG ON APPLICATION

	 (INCHES) GOMIRY 
XOQC 
'YAW NOT	 USED	 IN THIS '.flE 

OF	 LO	 OG1	 ,CEs)

MOE 
MOE 

YLOSLOS) Y-LOCTtON
OF CRITIC'	 RETURN	 FLUX	 SURFACE,IfSJRF Y-LOCATION

MDF 
YO(ISURF) 
YOOC SAME AS YLOS OR	 (0 DEPENDING ON APPLICATION (INCHES)

GOMTRY 

ZLOS Z-LOCATION OF	 LOS DGIN	 (:NCHES) 
OF CRITICAL REIURN FLUX SURFACE,ISU RF

MOE 
MDF 

Z0 Z-LOCATION 

ZOOC

(INCHES) 
SAME AS ZLDS OR ZO DEPENDING ON APPLICATION 	 (INCHES) GOMTRY

it-
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SECTION 3

INPUT 

A comprehensive set of input instructions are contained 
in this section. The user options are described in subsection 3.1 
followed by a detailed definition of variables that can be control-
led through user input. This section also defines the units re-
quired for input variables and the permanent data files required 
for SO/SL contamination analysis. The minimum input data required 
to run the program is illustrated in Figure 3-1. With this deck 
all input parameters default to internally set values. To deviate 
from the default parameters, the user simply inserts cards (prior 
to the respective GO cards) which redefine the appropriate vari-

ables. 

3.1	 EXECUTIVE INPUT 

The executive segment of the program requests a defini-
tion of the type of contamination analysis the user desires to con-
duct. Following the problem title card, logical (true or false) 
control parameters are read in via namelist format to set the stage 
for the analysis.

* * * TITLE CARD * * * 

Format 
(12A6) 

	

Variable	 Column	 Contents 

• TITLE	 1-72	 Title for the analysis. Each run 
in stacked data stream must begin 
with a title card. If STOP appears 
on the title card, execution term-
inates. 

* * * NAMELIST CONTROL * * * 

3.1.1	 Type of Analysis 

$CONTRL 
• DEPSIT = .T./.F.	 Computes deposition of contaminants 

	

(FALSE)*	 on critical surfaces. 

*Denotes the default value assumed by the program. 
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Variable	 Column	 Contents 

• MCD = .T./.F.	 Computes mass/number column density 

(TRUE) along a line-of-sight through the 
cloud of contaminants surrounding 
the configuration. 

3.1 .2	 Sources of contamination 

• OUT = .T./.F.	 Considers outgassing species gener-

(TRUE)	 ally large molecular weight sub-
stances. 

• ED = .T./.F.	 -.	 Considers gases usually defined as 

(FALSE)	 species that undergo early desorp-
tion from a surface placed in vac-
uum conditions (H 2 0 1 N 2 , CO21 02). 

• ENG = T.I.F.. 	 Considers eight gases (H 2 0, N21 

(FALSE)	 CO2, 02, CO, H 2 , H, MMH Nitrate) 
which are the dominant species in 
the RCS engine exhaust plumes. 
Specific RCS/VCS engines can be 
"turned on" later via namelist 
INPUTA. 

• EVAP = .T./.F.	 Considers H 2 0 and allows a flash 

	

(FALSE)	 evaporator to be "turned on" 
through namelist INPUTA. 

• LEAK = .T./.F.	 Considers cabin atmospheric species 

	

(FALSE)	 (H20, N 2 , 0 2 , CO 2 ) and allows the 
user to specify certain surfaces as 
areas which are diffuse leaks of 
the Shuttle Orbiter and Spacelab 
cabin gases. 

3.1.3	 Transport Mechanisms 

• REFLCT = .T./.F.	 Considers reflection/re-emission of 

	

(FALSE)	 contaminants originating from other 
surfaces or concentrated sources. 
Program will search TAPE 12 for the 
available mass transport factors. 
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Variable Contents 

• RFAS =	 .T./.F. Considers the return flux of mole-

(FALSE) cules scattered by collisions with 
ambient species. 

• RFSS =	 .T./.F. Considers the return flux of mole-

(FALSE) cules scattered by collisions with 
contaminant species. 

• MFPATH =	 .T./.F. Attenuates the density of the con-

(FALSE) taminant cloud as a function of the 
mean free path of the contaminants. 
This option should be used with 
caution because it does not conserve 
mass flux within a given control 
volume.	 (Refer to subsection 
2.1.3.2 for further discussion.) 

3.1.4	 Configurations 

• ORBITR =	 .T./.F. Considers the STS Orbiter configura-

(FALSE) tion which consists of 184 surfaces, 
44 RCS/VCS engines and 2 flash 
evaporators. 

• LMOP	 =	 .T./.F. Considers the Long Module/One Pal-

(TRUE) let configuration of Spacelab which 
consists of 69 surfaces and 1	 con-

densate vent.

• SMTP	 .T./.F.	 Considers the Short Module/Three 

(FALSE)	 Pallet configuration of Spacelab 
which consists of 91 surfaces and 
1 condensate vent. 

• FIVP = .T./.F. 
(FALSE) 

3.1.5	 Surface Temperatures

Considers the Five Pallet configur-
tion of Spacelab which consists of 
82 surfaces. 

The temperature assigned to a surface determines the rate 
at which mass is lost from the surface, the most probable velocity 
of the species as they travel away from the surface and the conden-
sation or sticking coefficient of the surface. 
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Average orbital surface temperatures have been computed 
by Teledyne Brown for Spacelab and byJSC for the Shuttle Orbiter 
configuration in several types of orbits. Data for a solar iner-
tial, top (+Z) to sun, a = 900 orbit is used to provide the maxi-
mum temperature for the surfaces and a X-POP, -z LV, tail to sun, 

= 900 type of orbit is used to provide the minimum surface temp-
eratures. 

Variable	 Contents 

• MINTMP = .T./F.	 Uses the minimum temperatures for 
(FALSE)	 surfaces. 

• MAXTMP = .T./.F.	 Uses maximum temperatures for 
(TRUE)	 surfaces. 

If the user desires another vehicle attitude or set of 
surface temperatures, the attitude code flag (ATCODE) can be set to a 
non-zero value and a new set of temperatures will be read from 
TAPE 10. 

• ATCODE = 1,	 Uses surface temperature profiles 
2, 3, 4, 5	 corresponding to other vehicle 

attitudes. 

NOTE: At the present time, data 
have been inserted on TAPE 10 for 
only two vehicle attitudes. Pro-
visions have been made to read new 
surface temperatures from cards 
and update or add to the perman-
ent file - see NEWTNL and NEWTCD 
in subsection 3.1.6. 

3.1.6	 New Data 

The computer model was designed to operate with a minimum 
amount of input from the user. Once the type of analysis has been 
defined, detailed input information is extracted from permanent 
files or block data. However, specific data can be overriden or 
supplied completely by the user if desired. The program was design-
ed to be primarily an analysis tool for the Shuttle Orbiter and 
Spacelab configurations, however,it can also be used to evaluate 
generalized configurations if the user supplies the necessary data. 
These new data can be read from cards if certain executive control 
parameters are activated.
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Variable
	

Contents 

• NEWCON = .T./.F.	 New Configuration Data - Configura-
(FALSE) tion data consist of a definition of 

the sources of contamination and the 
surfaces critical to contaminant de- 
posits.	 (Unverified option.) 

Each surface source is assigned an 
identification number (IDENT), a 
location code (SECT), a materials 
code (MATRL) and a surface area in 
square inches (AREA). 

To alter or add to this information, 
the user activates the flag NEWCON 
which allows formatted cards to be 
read (see subsection 3.2 for de-
tailed data). These data can simply 
update a source in one of the ex-
isting Orbiter/Spacelab configura-
tions or define an entirely new con-
figuration if ORBITR, LMOP, SMTP and 
FIVP are set .FALSE. 

• NEWMLC = .T./.F;	 New Mass Loss Characteristics 	 Mass 

(FALSE)	 loss characteristics for 11 space-
craft materials are stored internal-
v as block data.	 iowever, if 

NEWMLC is set .TRUE., new data can 
be read from cards via namelist 
INPUTB. 

NEWTCD - .T./.F.	 New Temperatures From Formatted 
(FALSE)	 Cards	 A permanent file is normal-

ly attached as TAPE 10 that con-
tains a definition of the surface 
temperatures for various vehicle 
a t titudes. If NEWTCD is set = 
.IRUE., TAPE 10 can be updated uith 
information froni cards. A supple-
mental program is available to 
translate MSFC and JSC thermal 
model surface numbers and tempera-
tures to surface numbers and temp-
eratures required for the SPACE 
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• NEWTNL = .T./.F. 
(FALSE)

Contents 

Program. If NEWTCD is set .TRUE., 
the data stream must contain at 
least one formatted card and a 
blank terminator. 

New Temperatures Via Namelist For-
mat - Individual surface tempera-
tures can also be modified for a 
particular run without updating the 
permanent file. This can be accom-
plished if NEWTNL is set .TRUE. 
Namelist and INPUTC are read which 
allows the user to define individ-
ual surface temperatures. 

Variable 

• NEWTCD = .T./.F. (cont'd) 
(FALSE) 

NEWMFS = .T./.F.	 New Mass Transport Factors Between 
(FALSE)	 Surfaces - The transport of mass 

from one surface to another surface 
including all shadowing or block-
ing effects is precalculated as a 
mass transport factor (analogous to 
a radiation viewfactor). Normally, 
a permanent file is attached as 
TAPE 12 that contains this informa-
tion for the SO/SL configurations. 
However, if a new configuration is 
desired,data can be.read from 
cards if NEWMFS = .TRUE. 

• NEWMFP = .T./.F. 	 New Mass Transport Factors to Points 

(FALSE)	 in Space - The transport of mass 
from the spacecraft surfaces to 
points in space surrounding the 
spacecraft is defined by mass trans-
port factors to infinitesimal 
spheres located in a basic spatial 
array. This information has been 
precalculated for the SO/SL config-
urations and is normally attached 
as TAPE 14 and TAPE 15. TAPE 14 
and 15 are then used to generate a 
name addressable random mass stor-
age file called TAPE 13. After the 
random file is generated, NEWMFP is 
turned off so the random file is not 
regenerated for subsequent cases in 
the run stream. 
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3.1.7	 Output Report Control 

• REPORT (I) = .T./.F. 

Report No. (I)

The executive segment requests a 
definition of the output reports to 
be generated during the analysis. 
The number of reports of course de-
pends on the detail desired by the 
user. A list of sample output re-
ports is given in the table below. 
Actual output report descriptions 
can be found in Section 4. Default 
assumes only the reports flagged 
with an asterick (*) are to be gen-
erated. 

Contents 

*01 Listing of Input Control Parameters 
02 Preset List of Surfaces, Engines and Vents 

*03 List of Sources to be Evaluated 
04 List of Changes to Preset Contaminant Sources 
05 List of Mass Loss Rate Coefficients to be Used 

06 Modified List of Mass Loss Rate Coefficients 

07 List of Surface Temperatures That Will Be Used 
*08 List of Mission Data That Will Be Uséd 

09 List of Mass Transport Factor Data - Surface to 
Points 

10 List of Mass Transport Factor Data - Surface to 
Surface 

*11 Physical	 Characteristics of Surface Sources 

12 Surface Characteristics Including Second Sources 

13-30 (Currently Inoperative) 

31 Output From Line-of-Sight Point Selector 
*32 Summary Output From Line-of-Sight Point Selector 
*33 Number Column Densities - Enumerated by Source - 

Highest to Lowest Contributor 

34 Mass/Number Column Densities - Sorted by Mater-
ials 

35 Summary:	 Mass/Number Column Densities - Listed 
by Materials 

36 Mass/Number Column Densities - Sorted by Loca-
tions 

37 Summary:	 Mass/Number Column Densities - Listed 
by Location 

38 (Currently Inoperative) 

39 Plot of Density Along Line-of-Sight

t1f any of the MCD/NCD reports (Reports 33-39) is requested i.e., for re-
turn flux computations, a single line-of-sight will be used to estimate 
the properties within the field-of-view. 
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Report No. (I) Contents 

40 (Currently Inoperative) 
41 Return Flux Enumerated by Source - Highest to 

Lowest Contributor 
*42 Return Flux Enumerated by Source - Sorted by 

Type o -F Mat.ea 
*43 Summary:	 Return Flux - Listed by Material Type 
44 Return Flux Enumerated by Source - Sorted by 

Location 
45 Summary:	 Return Flux - Listed by Location 
46 Return Flux Due to Self-Scattering 

*47 Return Flux Deposition 
48-49 (Currently Inoperative) 
*50 Final	 Prediction Summary (currently inoperative) 

• DBUGA = .T./.F. In addition to the nominal 	 output 
(FALSE) reports, debug options exist for 

each of the primary overlays or 
• DBUGB = .T./.F. segments.	 This allows the user to 

(FALSE) obtain additional printout on TAPE 
8 for intermediate computational 

• DBUGC = .T./.F. steps or to monitor complex data 
(FALSE) manipulations.	 Only the debug 

flag for the segment being examin-
• DBUGD = .T./.F. ed should be activated to avoid 

(FALSE) excessive output.

• DBUGE = .T./.F. 
(FALSE) 

3.1.8	 Mission Time Interval 

This input establishes the mission 
time slice for which the evaluation 
is to be conducted. The maximum 
interval selected should encompass 
only those periods where all para-
meters (such as surface tempera-
tures, orbital altitude, vehicle 
attitude, mass loss rates, etc.) 
remain essentially constant. As 
these parameters vary, additional 
time slices should be evaluated. 
Time is referenced from lift off 
and it is assumed that significant 

• TSTART = HR, MIN, S 
(10., 0., 0.) 

• TSTOP = HR, MIN, S 
(10., 0., 1.)

9/77
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Contents 

outgassing does not occur until the 
vehicle has reached an altitude 
where the ambient pressure is on 
the order of lO	 Torr. This con-
dition exists around 3 - 4 minutes 
after liftoff. Three minutes are 
then subtracted from the mission 
time to arrive at an actual time 
"on-orbit" for outgassing/desorp-
tion. The rate at the beginning of 
the time slice is used throughout 
the time interval. 

Variable 

• TSTOP = HR, MIN, S (cont'd) 
(10., 0., 1.)

3.1.9	 Run Continuation Control Card 

• GO = .T./.F.	 The user can terminate the analysis 
$END	 at several intermediate points to 

examine the preset input data be-
fore continuing. If GO is set = 
.TRUE.,the analysis will proceed to 
the next gate. 
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3.2	 DETAILED INPUT DESCRIPTION 

The function of collecting data and initializing para-
meters is carried out by the routine COLLCT. If the Shuttle Orbi-
ter configuration is to be analyzed, the routine BLCKA will be 
called. If the Spacelab configurations are to be used, BLCKB will 
be called. At this point, the user can zero out or eliminate preset 
surfaces via namelist $INPUTA. 

* * * NAMELIST INPUTA * * * 

3.2.1	 Source List Modification 

$INPUTA 

• SURFSC(I) =	 Surface Sources - This array contains a list of the 
(all sur-	 identification numbers of surfaces to be considered 

faces)	 as sources. Individual surfaces can be eliminated 
(see Table 3-I for the Shuttle/Orbiter listing) e.g. 
SURFSC (10) = 0, would eliminate radiator surface 
42. SURFSC (74) = 0, would eliminate wing area 104. 
Additional listings of preset configurations can be 
obtained by initiating the analysis and not setting 
the run continuation .TRUE. in NAMELIST MPDB. 

• SSURFS(I) =	 Second Surface Sources - This array contains a list 
(all sur-	 of surfaces that will be allowed to reflect/re-emit 
faces)	 material arriving from secondary sources. This ar-

ray will be ignored if the reflection/re-emission 
transport mechanism flag, REFLCT, is set = .FALSE. 

PNTSC(I)	 = Point Sources - This array contains the identifica-
(all	 eng- tion numbers of the Orbiter RCS main and Vernier 
ines/ engines, flash evaporators and OMS engines.	 In an 

vents) attempt to retain identity with the existing three 
digit Rockwell	 International	 (RI)	 engine numbers 
and prevent confusion with Orbiter surface numbers, 
the RCS engines are denoted by a 7000 series of 
numbers where the last three-digits are 	 the	 :I 
engine number	 -	 i.e.,	 engine	 115	 o-7115.	 Corres-
pondingly,	 the VCS are in the 8000 series, 	 the OMS 
engines are in the 9000 series and the evaporators 
are in the 6000 series.
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Table 3-I. Preset List of Surfaces, Engines and Vents 

* * * SURFACES * * *

SEQUENCE IDENT SECTION MATERIAL AREA 

NO. NO. (SQ	 IN) 

1 20 RA000R TEFLON 12200. 
2 22 RA000R TEFLON 12200. 
3 24 RA000R TEFLON 12200. 
4 26 RA000R TEFLON 12200. 
5 30 RADOOR TEFLON 12200. 
6 32 RADOOR TEFLON 12200. 

7 34 RA000R TEFLON 12200. 

8 36 RA000R TEFLON 12200. 
9 40 RA000R TEFLON 25580. 

10 42 RADOOR TEFLON 25580. 
11 44 RA000R TEFLON 25580. 
12 46 RA000R TEFLON 25580. 
13 50 RA000R TEFLON 25580. 
14 52 RA000R TEFLON 25580. 
15 54 RADOOR TEFLON 25580. 
16 56 RA000R TEFLON 24990. 
17 21 FUSLAG LRSI 12200. 
18 23 FUSLAG LRSI 12200. 
19 25 FUSLAG LRSI 12200. 
20 27 FUSLAG LRSI 12200. 
21 31 FUSLAG LRSI 12200. 
22 33 FUSLAG LRSI 12200. 
23 35 FUSLAG LRSI 12200. 
24 37 FUSLAG LRSI 12200. 
25 41 FUSLAG LRSI 25580. 
26 43 FUSLAG LRSI 25580. 
27 45 FUSLAG LRSI 25580. 
28 47 FUSLAG LRSI 25580. 
29 51 FUSLAG LRSI 24990. 
30 53 FUSLAG LRSI 24990. 
31 55 FUSLAG LRSI 24990. 
32 57 FUSLAG LRSI 24990. 
33 202 FUSLAG LRSI 32520. 
34 203 FUSLAG LRSI 32520. 
35 230 FUSLAG LRSI 25730. 
36 240 FUSLAG LRSI 16340. 
37 241 FUSLAG LRSI 16340. 
38 250 FUSLAG LRSI 19580. 
39 260 FUSLAG LRSI 20240. 
40 301 FUSLAG LRSI 26600. 
41 305 FUSLAG LSI 30930. 
42 306 FuSLAG NOMEX 30930. 
43 307 FUSLAG NOMEX 24770. 
44 311 FUSLAG LRSI 25600. 
45 315 FUSLAG LRSI 30330. 
46 316 FUSLAG NOMEX 30930. 
47 317 FUSLAG NOMEX 24770. 
48 420 FUSLAG LRSI 1312. 
49 425 FUSLAG LRSI 1312. 
50 60 OMS LRSI 1145. 
51 62 OMS LRSI 7850.
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Table 3-I. Preset List of Surfaces, Engines and Vents (cont'd) 

52 64 OMS LRSI 37920. 
53 66 OMS LRSI 1991 
54 67 OMS LRSI 2028. 
55 68 OMS LRSI 415. 
56 70 OMS LRSI 895. 
57 72 OMS LRSI 1406. 
58 74 OMS LRSI 1312. 
59 76 OMS LRSI 715. 
60 77 OMS LRSI 600. 
61 80 OMS LRSI 1145. 
62 82 OMS LRSI 7813. 
63 84 OMS LRSI 37740. 
64 86 OMS LRSI 1991. 
65 87 OMS LRSI 2028. 
66 88 DM5 LRSI 415. 
67 90 OMS LRSI 895. 
68 92 CMS LRSI 1406. 
69 94 DM5 LRSI 1312. 
70 96 DMS LRSI 715. 
71 97 OMS L.RSI 601. 
72 100 WING NOMEX 6356. 
73 102 WING NOMEX 29590. 
74 104 WING NOMEX 9125. 
75 110 WING NOMEX 23340. 

76 112 WING NOMEX 19380. 
77 115 WING LRSI 19280. 
78 117 WING HRSI 5650. 
79 118 WING HRSI 2508. 
80 119 WING LRSI 3302. 
81 121 WING RCC 2251. 

82 122 WING RCC 3123. 
83 130 WING NOMEX 6356. 

84 132 WING NOMEX 29590. 
8S 134 WING NOMEX 9125. 

86 140 WING NOM EX 23340. 
87 142 WING NOMEX 19380. 

88 145 WING LRSI 19280. 
89 147 WING HRSI 5650. 
90 148 WING HRSI 2508. 
91 149 WING LRSI 3302. 
92 151 WING RCC 2251. 
93 152 WING RCC 3123. 
94 106 ELEVON NOMEX 6499. 

95 107 ELEVON NOMEX 17210. 
lJb 136 EL.'0N NCEA 6459. 
97 137 ELEVON NOVEX 9	 2 5 . 

98 450 ELEVON N0EX 135. 
99 451 ELEVON NOMEX 415. 

100 452 ELEVON NOMEX 692. 
101 453 ELEVON NOMEX 960. 
102 454 ELEVON	 . NOMEX 1246. 

103 455 ELEVON NOMEX 1523. 

104 456 ELEVON NOMEX 1800. 
105 457 ELEVON NOMEX 2076. 

106 458 ELEVON NOMEX 2353. 
107 459 ELEVON NOMEX 2630.
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Table 3-I. Preset List of Surfaces, Engines and Vents (cont 'd) 

108 460 ELEVON NOMEX 138. 

109 461 ELEVON NOMEX 415. 

110 462 ELEVON NOMEX 692. 

111 463 ELEVON NOMEX 969. 

112 464 ELEVON NOMEX 1246. 

113 465 ELEVON NOMEX 1523. 

114 466 ELEVON NOMEX 1800. 

115 467 ELEVON NOMEX 2076. 

116 468 ELEVON NOMEX 2353. 

117 469 ELEVON NOMEX 2630. 

118 160 CREW RCC 7191. 

119 161 CREW LRSI 9348. 

120 162 CREW LRSI 9348. 

121 163 CREW LRSI 3380. 

122 164 CREW LRSI 3380. 

123 165 CREW LRSI 4253. 

124 166 CREW LRSI 4253. 

125 167 CREW HRSI 12590. 

126 168 CREW HRSI 12590. 

127 169 CREW HRSI 9600. 

128 170 CREW HRSI 9600. 

129 171 CREW HRSI 3705. 

130 172 CREW HRSI 3705. 

131 174 CREW LRSI 20720. 

132 175 CREW LRSI 10150. 

133 177 CREW LRSI 10150. 

134 180 CREW WINDOW 1424. 

135 181 CREW WINDOW 1424. 

136 182 CREW WINDOW 1424. 

137 183 CREW WINDOW 1424. 

138 184 CREW WINDOW 1424. 

139 185 CREW WINDOW 1424. 

140 190 CREW LRSI 10250. 

141 380 TAIL LRSI 16920. 

142 381 TAIL LRSI 16920. 

143 382 TAIL LRSI 8833. 

144 383 TAIL LRSI 8833. 
145 384 TAIL LRSI 13940. 

146 385 TAIL LRSI 13940. 

147 386 TAIL LRSI 6116. 

148 387 TAIL LRSI 6116. 

149 388 TAIL LRSI 2744. 

150 389 TAIL LRSI 2744. 

151 390 TAIL LRSI 1160. 

152 391 TAIL LRSI 1160. 

153 92 TAIL LRSI 3081. 

154 393 TAIL LRSI 3081. 

155 399 TAIL HRSI 3823. 

156 1 BAY LINER 26620. 

157 2 BAY LINER 26620. 

158 3 BAY LINER 26620. 

159 4 BAY LINER 26620. 

160 5 BAY LINER 26620. 

161 6 BAY LINER 26620. 

162 7 BAY LINER 26620. 

163 8 BAY LINER 26620. 

164 11 BAY BLHEO 32690. 

165 13 BAY BLKNED 32590. 

166 440 BAY LINER 3444.
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Table 3-I. Preset List of Surfaces., Engines and Vents (cont'd) 

167 441 BAY LINER 3444. 
168 442 BAY LINER 3444. 
169 443 BAY LINER 3444. 
170 445 BAY LINER 3444. 
171 446 BAY LINER 3444. 
172 447 BAY LINER 3444. 
173 448 BAY LINER 3444. 

* * *	 ENGINE OPERATION •	 * * 

SEQUENCE IDENT LOCATION TYPE ON-TIMF 
NO. NO. (SEC) 

1 7112 FLF -x RCS 1.000 
2 7122 FCF -x RCS 1.000 
3 7132 FRF -x RCS 1.000 
4 7123 FLS +Y RCS 1.000 
5 7113 FLS +Y RCS 1.000 
6 7115 FLU +Z RCS 1.000 
7 7125 FCU +Z RCS 1.000 
8 7135 FRU +Z RCS 1.000 
9 7116 FLD -z RCS 1.000 

10 7126 FLO -z RCS 1.000 
11 7144 FRS -Y RCS 1.000 
12 7134 FRS -Y RCS 1.000 
13 7136 FRO -z RCS 1.000 
14 7146 FRO -z RCS 1.000 
15 7211 ALA +X RCS 1.000 
16 7231 ALA +X RCS 1.000 
17 7243 ALS +Y RCS 1.000 
18 7223 ALS +Y RCS 1.000 
19 7233 ALS +Y RCS 1.000 
20 7213 ALS +Y RCS 1.000 
21 7245 ALU +Z RCS 1.000 
22 7225 ALU +Z RCS 1.000 
23 7215 ALU +Z RCS 1.000 
24 7246 ALD -Z RCS 1.000 
25 7226 ALD -Z RCS 1.000 
26 7236 ALD -z RCS 1.000 
27 7311 ARA +X RCS 1.000 
28 7331 ARA +X RCS 1.000 
29 7344 ARS -Y RCS 1.000 
30 7324 ARS -Y RCS 1.000 
31 7334 ARS -Y RCS 1.000 
32 7314 ARS -Y RCS 1.000 
33 7345 ARU +Z RCS 1.000 
34 7325 APU -Z RCS 1.000 
35 7315 ARU +Z RCS 1.000 
36 7346 APO -z RCS 1.000 
37 7326

APO
-Z RCS 1.000 

38 7336
APO

-Z RCS 1.000 
39 8116 FLD -Z VCS 1.000 
40 8136 FRO -Z VCS 1.000 
41 8257 ALD -z vcs 1.000 
42 8258 ALS +Y VCS 1.000 
43 8357 ARD -z vcs 1.000 
44 8358 ARS +Y VCS 1.000 
45 6877 ARS +Y EVAP1 1.000 
46 6879 ALS -Y EVAPI 1.000
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Variable	 Content 

• ONTIME(I) = "On Time" of Point Sources - This array defines the 

(0.0 sec	 operation time in seconds of each concentrated source 

except for identified in the array PNTSC. 

evapora-
tors 
ONTIME(45) 
= .43 
ONTIME(46) 
= .43) 

• RFSURF(I) = Return Flux Surfaces - This array contains the iden-

(none)	 tification numbers of the surfaces that are suscept-
ible to the return flux of contaminants. RFSURF(l) = 
1120, would indicate surface number 1120 is to be 
the first surface examined for return flux. Up to 
a total of 10 surfaces can be flagged for return 

flux. 

• GO = .T./.F. Run continuation parameter. If set = .TRUE., the 

(FALSE)	 analysis will proceed to the next gate. 

$ END

* * * NEW CONFIGURATION CARDS * * * 


(Ignore this section if NEWCN = .FALSE.) 

3.2.2	 Configuration Modification 

Format 
2110, 2A1O, F10.0) 

Variable	 Column	 Contents 

•	 I	 1 - 10	 Sequence number of this set of sur-
face information. The variable, I, 
can relate to a sequence number of 
the preset configuration and subse-
quently override the preset informa-
tion or if I is set to a number 
greater than the last sequence num-
ber of the preset configuration, 
surfaces can be added. If a new 
configuration is to be read in, 
start I at 1. 
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Variable	 Column 

• IDENT(I)	 11-20 

• SECT(I)	 21-30 

• MATRL(I)	 31-40 

• AREA(I)	 41-50

Contents 

Identification number of the sur-
face. 

Location of surface. 

Name of surface material. 

Area of the surface (in2). 

* * * NAMELIST INPUTB * * * 
(Ignore this section if NEWMLC = .FALSE.) 

3.2.3	 Mass Loss Characteristics Modification 

$INPUTB 
(see Table 
3-Il) 

• RATE(K,M) = Data are automatically stored in this array when 
(see Table routine BLCKC is loaded into core. To modify the 

data simply specify K, the index for the appropriate 
surface material, M,the index for the appropriate 
species and the rate at which species M is lost from 
surface K. 

• TAU(K,M) = Time constant used in the mass loss rate expression. 
(see Table 
3-Il) 

• AGEORB =	 The age of the STS Orbiter or time previously on 
(0)	 orbit (hrs). 

• AGELSB =	 The age of the Spacelab (hrs). 
(0) 

• PLUMEC(L,N) = Plume Distribution Coefficients - see the sources 
(see Table data sheets for an explanation of each of the coef-
3-I1)	 ficients L for each type of point source N (Section 2). 

• SPECMF(M,N) = Species M mass fraction within the plume of type N. 
(see Table 
3-11)
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Table 3-11. Preset List of Mass Loss Rate Characteristics 

KINDS

* * $ * * * * * * * * * * * * * * * * * * * * * * * 

* * MATERIALS LIST * - 
KINDS= 15 
DATA(KRIND(K),K1,15) 

.1	 /6K LINER, 
2	 6HTEFLON, 
3	 6H NOMEX, 
4	 6K LRSI. 
5	 6K HRSI, 
6	 611	 RCC, 
7	 6HBLKHED, 
8	 6HWINDOW. 
9	 6H MTCS, 
*	 6H PTCS,


6HCRACKS, 
2	 6K LEARL. 
3	 6H LEAKS, 
4	 6K NONE, 
5	 SN NONE! 

PLACE 

* * LIST OF SURFACE LOCATIONS * * 
DATA(PLCE(),K1,10) 

1	 /6K	 BAY. 
2	 6K CREW, 
3	 6HFUSLAG, 
4	 6H	 OMs, 
5	 6HRA000R, 
6	 6K TAIL, 
7	 61-4 WING, 
8	 6-1MDDULE, 
9	 6K PLT1, 
*	 6H PLT2/

DATA(PLCE(K) ,K=I1,20) 

1	 /6K PLT3, 
2	 6K PLr4, 
3	 6H PLr5, 
4	 SHWINOCJW, 
5	 6HELEVON, 
6	 6K 3AYL, 

7	 6K MODL, 
8	 6K WINDL, 
9	 6K NONE. 
*	 SN NONE! 

SPECIE, MOLWT, DIA 

* * LIST OF SPECIES.MOLECULR WEIGH1S AND. DIMETEPS (CENT IMETER$) 
* * THAT WILL BE USED TO COMPUTE CLL.L.ISION CROSS SECTIONS  
* * REFERENCE HIRSCHFELDE,CU T ISS rD EID 
• *

DAIA(SDATA(K),K=1,301 
1	 /6K O$JTG 1 ,	 100. ,	 7 .800E-8, 
2	 6K OUTG2,	 100.,	 7.1300E-8, 
3	 6K	 H2O,	 18.,	 3.245E--8, 
4	 6H	 N2,	 28.,	 4.132E-8, 
5	 SN	 CO2,	 44.,	 4.485E--8, 
6	 6K	 02,	 32.,	 3.853E-8, 

7	 6K	 CO,	 28.,	 4.029E-8, 
8	 6K	 H2,	 2.,	 3.331E-8, 
9	 6K	 H,	 1.,	 2.640E-8, 
$	 6HMMHNO3,	 46., 4.500E-8/ 

3-18



Table 3-11. Preset List of Mass Loss Rate Characteristics (cont'd) 

RATE, TAU 

*** PAYLOAD BAY LINER *** 
DATA(RTE(1 ,M) ,M=1 .10) 

I	 /8.00E-11. 
2	 0.0, 
3	 3.30E-10, 
4	 2.07E-10, 
5	 1.68E-10, 
6	 8.00E-11, 
7	 4*0.0/ 

DATA( TAW( t . M ) . Mn, 10 1/2*4100. , 8l8./ 

•.* TEFLON *** 
DATA(RTE(2,M),Mn1,101 

I	 /5.00E-10, 
2	 0.0, 
3	 2.10E-09, 
4	 1.31E-09, 
5	 1.06E-09, 
6	 5.00E-10, 
7	 4*0.0/

DATA(,TAW(2,M),M n 1 ,10/241O0. .8*18.! 

NOMEX 
DATA(RTE(3,M),Mn 1,101 

1	 /1.24E-09, 
2	 0.0, 
3	 5.21E-09, 
4	 3.25E-09, 
5	 2.62E-09, 

6	 1.24E-09, 
7	 4.0.0/ 

DATA(TAW(3,M),Mn1,10I/2n4100.,8*18.f 

**	 LRSI	 *** 
DATA(cTE(4,M),Mr 1,101 

1	 ,'5.10E-10, 
2	 0.0, 
3	 2.14E-09. 
4	 1.34E-09, 
5	 1.08E-09, 
6	 5.10E-10, 
7	 4*00/

DATA(TAW(4,M),Mnl,101/2*4100.,8*18./ 

*** HRSJ	 *** 
DATA(RTE(,M),Mn1,10 

1	 ,'5.20E-10, 
2	 0.0, 
3	 2.18E-09, 
4	 i.36E-09, 
5	 1 . 10E-09, 
6	 5.20E-10, 
7	 4-0.0/

DATA(TAW(5,M),M1.10)/2*4100.,3*18./

*** pcc *** 
DATA(RTE(6,bI),M=1.10) 

I	 /1.00E-12, 
2	 0.0, 
3	 4.20E-i2, 
4	 2.62E-12, 
5	 2.12E-12, 
6	 1.00E-12, 
7	 4*0.0/ 
DATA( TAW(6 ,M) , M1, 10 1/2*4100. , 8*18./ 

*** BULKHEAD *** 
DATA(RTE(7,M),M=1,101 

/1.00E-09, 
2	 0.0, 
3	 4.20E-09, 
4	 2.62E-09, 

5	 2.12E-09, 

6	 1.00E-09, 
7	 4*00/

DATA(TAW(7,M),Mn1 ,10l/24100. .8*18.! 

*** WINDOW *** 
DATA(RTE(8.M),M=1.10) 

1	 /0.0, 
2	 0.0, 
3	 0.0, 
4	 0.0. 
5	 0.0, 
6	 0.0. 
7	 4*0.0/

DATA(1AW(8.M),M=1,10)/10n4100./ 

MTCS 
DATA(RTE(9,M),M=I,10 

1	 1'6.00E-09, 
2	 0.0. 
3	 1.64E-07, 
4	 1.02E-07, 
5	 8.27E-08, 
6	 3.90E-08, 
7	 4O.0,' 
DATAC IAW(9,M),Mnl,1Ol/2.4100.,8s18/ 

*** PICS *** 
DATA(PTE(10,M),Mi,1o) 

1	 /6.01E-09, 
2	 0.0, 
3	 1.64E-07, 
4	 1 .02E-07, 
5	 8.27E-08, 
6	 3.90E-08, 
7	 4*00/

DATA(TAW(10,M),Mn1,10)/2*4100.,8*18./ 
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Table 3-11. Preset List of Mass Loss Rate Characteristics (cant 'd) 

RATE, TAU (cont'd) 

*** CABIN ATMOSPHERE LEAKS (CRACKS) *s 
AREA = 3.27E4 SO INCHES 
DATA(RTE(11,M),M=1,10) 

1	 /0.0, 
2	 0.0, 
3	 1.745E-09, 
4	 1.305E-07, 
5	 1.745E-09, 
6	 4.014E49, 
7	 4*0.0/

DATA(TAW(11,M),M=1,10)/10*0.0/

*** LMOP LEAKAGE (LEAKL)sst 
AREA = 1.937E5 SO INCHES 
DATA(RTE(12,M),M=1 .10) 

1	 /0.0, 
2	 0.0, 
3	 2.50E-10, 
4	 1.88E-08, 
5	 2.50E-10, 
6	 5.75E-09, 
7	 4*0.0/ 
DATA(TAW(12,M),M=1,10)/10*0.0/ 

**	 SMTP LEAKAGE (LEAKS)***

AREA g 1.215E5 SO INCHES 
DATA(RTE(13,M),M=1,10) 

	

1	 /0.0, 
0.0, 

	

3	 3.99E-10, 

	

4	 2.99E-08, 

	

5	 3.99E-10, 

	

6	 9.18E-09, 

	

7	 4s0.o/

DATA( TAW( 13, M) ,M=1, 10)/10*0. 0/ 

PLUMEC 

LOAD IN THE PLUME FUNCTION COEFICIENTS 

DATA(PFDATA(K),K=1,50) 
Cl	 C2	 C3	 THETA1 C5	 C6	 THETA2 MFuX VELOC TYPE 

	

I /1351.,10.00,.0126,64.0, 35.0, — .0350,180.,	 0.,3.5E+5,6H	 RCS, 
2	 23.2, 8.65,.0137,40.0,5.810, — .0467.140.,.054,3.SE+5,6H	 VCS, 

	

3 9332.,10.65,.0126,64.0,235.5, — .0350,180.,	 0.,3.5E+5,6N	 OMS, 
4	 4.47. 6.00,.0176,36.8, 1.14, — .0773,148 ... 002,1.OE+5,6H EVAP2, 
5	 1.963, 6.00,.0106,148., 	 0.,	 0.,148.,	 0.,1.OE+5,6H EVAP1/ 

SPECK 

*$*************** s*******************=*.******.*****.******** 
LOAD IN THE SPECIES MASS FRACTIONS 10 BE USED FOR THE 
SHUTTLE ENGINES AND EVAPORATOR 

DATA(SPDATA(K),K=1,50) 

	

TYPE OUTI OUT2 H20	 N2	 CO2	 02	 CO	 H2	 I-I	 MMH HNO3 
1 /0.0,	 0.0, .290, .420, .078, .001, .184, .017, .001, .002, 
2	 0.0,	 0.0, .290, .420, .078, .001, .184, .017, .001, .002, 
3	 0.0,	 0.0, .290, .420, .078, .001, .184, .017, .001, .002, 
4	 0.0,	 0.0,1.000,	 0.0,	 0.0,	 0.0,	 0.0,	 0.0.	 0.0,	 0.0, 
5	 0.0 1	 0.0, 1.000,	 0.0 1	 0.0 1	 0.0 1	 0.0,	 0.0,	 0.0,	 0.0/ 
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Variable
	

Contents 

• CHNGES	 Number of changes to be made in preset contaminant 

(0)	 species. If CHNGES	 0, species names, molecular 
weights and diameters can be changed by reading the 
number of formatted cards indicated by CHNGES. 
These cards should be inserted directly after $END 
of NAMELIST INPUTB. 

FORMAT	 (13,	 lx,	 A6,	 E10.3,	 E10.3) 

MM	 =	 Species Index Number (1-10) 

SPECIE(MM)	 =	 Species Name 
MOLWT(MM)	 =	 Molecular Weight 
DIA(MM)	 =	 Molecular Diameter 

• CHNGEK = Number of changes to preset inventory of kinds of 

(0) spacecraft materials.	 If CHNGEK	 0, names of 
spacecraft materials that will 	 be recognized can 
be changed by reading the number of formatted cards 
indicated by CHNGEK. 	 These cards should be inserted 
directly after species card if CHNGES	 0 or direct-

ly after $END of NAMELIST INPUTB if CHNGES = 0. 	 Up 

to 8 names can be placed on 	 card. 

FORMAT	 (8	 (13,	 1X, A6)) 

KK	 = Index Number of Spacecraft Material 

KIND(KK)	 = Name of Spacecraft Material 

• CHNGEP = Number of changes to preset basic locations or 

(0) places on the spacecraft. 	 If CHNGEP	 0, new names 

can be read from formatted cards placed directly 
behind material 	 cards	 (if CHNGEK	 0) or behind 

species cards	 (if CHNGES	 0) or directly behind 
$END of NAMELIST INPUTB if CHANGES = 0 and CHNGEK = 

0.	 Up to 8 names can be placed on a card. 

FORMAT (8	 (13,	 lx,	 A6)) 

LL	 = Index Number of Spacecraft Location 

PLACE(LL)	 = Name of Spacecraft Location 

• MOUT1 = Index of first specie that is considered an outqas-

(1) sing	 specie.
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Variable	 Contents 

• MOUT2 =	 Index of last specie that is considered on outgas-
(2) sing molecule. 

• MED1	 = Index of first specie considered as an early desorp-
(3) tion type of contaminant. 

• MED2 = Index of last specie considered as an early desorp-
(6) tion type of molecule. 

• Ml	 = Index of first specie considered. 
(1) 

• M2 = Index of last specie to be considered. 
(10) 

$END 

* * * NEW TEMPERATURES FROM CARDS * * * 
(Ignore this section if NEWTCD = .FALSE.) 

3.2.4	 Surface Temperature Permanent File Update - The tempera-
ture file is normally attached as TAPE 10. The following cards are 
read onto a scratch file (TAPE 11) and then used to update TAPE 10. 
(See subsection 2.5.1 for a listing of this permanent file.) 

Format	 Column	 Contents 
(IS, 7Fl0.2) 

• ISURF 1-5 Surface identification number. 

• TMAX 6-15 Temperature of surface for hot orbit 
case	 (°C). 

• TMIN 16-25 Temperature for cold orbit case	 (°C) 

• Tl 26-35 Temperature for orbit 1. 

• T2 36-45 Temperature for orbit 2. 

• T3 46-55 Temperature for orbit 3. 

• 14 56-65 Temperature for orbit 4. 

• T5 66-75 Temperature for orbit 5.

NOTE: Additional surfaces require additional cards. Terminate_ 
the temperature data with a blank card. 
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* * * NAMELIST INPUTC * * * 
(Ignore this section if NEWTNL = .FALSE.) 

3.2.5	 Surface Temperature Modification Via Namelist 

$INPUTC 

• TEMP(ISURF) = Temperature of surface number ISURF. ISURF must be 
(see Table	 a number less than 2,000 due to core constraints. 
2-XI) Therefore, if either SMTP or FIVP surface tempera-

tures are to be modified via nanielist, the program 
assumes the user will subtract 1,000 or 2,000 res-
pectively from the original surface identification 
number and input result as ISURF. 

* * * NAMELIST MPDB * * * 

3.2.6	 Mission Profile Data Bank Modification - A standard mis-
sion profile data bank is automatically set by block data. The 
user, however, can and should override these data for other analyses. 

$MPDB 

• ALT =
	

Altitude on-orbit (km). 

(400.) 

• SUNL = .T./.F.	 Selects low sunspot activity in 
(FALSE)	 determination of ambient atmosphere 

density. Note - set only one of 
three sun activity flags to .TRUE. 
for any calculation. 

• SUNM = .T./.F.	 Selects medium sunspot activity in 
(TRUE)	 determination of ambient atmosphere 

density. 

• SUNH = .T./.F.	 Selects high sunspot activity in am-
(FALSE)	 bient atmosphere density determina-




tion. 

• VX =	 Velocity component of incoming am-
(0.)	 bient species along the spacecraft 

X-axis (m/s). 

• VY =	 Velocity component in the Y-direc-
(0.)	 tion (m/s). 
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Variable Contents 

• VZ = Velocity component in the Z-direc-

(-7650.) tion	 (m/s). 

* * * PARAMETERS REQUIRED FOR MCD/NCD ANALYSIS * * * 

• NLOS = Number of lines-of-sight to be eval-

(1) uated. 

• XLOS(I)	 = X-location	 (in the spacecraft co-

(1107.) ordinate system) of the origin of 
LOS number I.	 Up to 25 lines-of-
sight can be evaluated at a time 
(in). 

• YLOS(I)	 = Y-location of the LOS origin 	 (in). 

(0.) 

• ZLOS(I)	 = Z-location of the LOS origin 	 (in). 

(507.) 

• THETAL(I) = The angle made by the LOS number I 

(see Table 3-I11) relative to the Z-axis using the 
usual	 spherical	 coordinate conven-
tion	 (deg).	 0 < 9 < 90. 

o PHIL(I) The angle of the LOS number I rela-

(see Table	 3-111 tive to the X-axis as	 in spherical 

coordinates	 (deg).	 0 <	 < 360. 

• RMAXL = Maximum radius from spacecraft 

(150) origin that precalculated mass 
transport factors to points in 
space will	 be used.	 Beyond RMAXL 
the MTF is assumed to vary as 1r2 
(meters).

• DSMCD (25) =	 Length of segments to be used along 

(see Table 3-Ill)	 line-of-sight for integrating mass/ 
number column density. For an ac-
curate integration, it is suggested 
that small (approximately 5m) in-
crements be used in the near vicin-
ity of the spacecraft. Up to 25 
segments can be defined (meters).

9/77 
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Variable
	

Contents 

* * * PARAMETERS REQUIRED FOR RETURN FLUX ANALYSIS * * * 

• xØ(I) =	 X-location of surface I. 
(1107.) 

• YØ(I) =	 Y-location of surface I. 
(0.) 

• Zø(I) =	 Z-location of surface I 
(507.) 

• COSXX(I)* =	 Direction cosine between the X-axis 

	

(L)	 of surface I and the X-axis of the 
spacecraft, i.e., if the two axis 
coincide, COSXX(I) = 1.0. 

• COSXY(I) =	 Direction cosine between the X-axis 

	

(0.)	 of surface I and the Y-axis of the 
spacecraft. 

• COSXZ(I) =
	

Direction cosine between the X-axis 

	

(0.)
	

of surface I and the Z-axis of the 
spacecraft. 

• COSYX(I) =	 Direction cosine between the Y-axis 

	

(0.)	 of surface I and the X-axis of the 
spacecraft. 

• COSYY(I) =	 Direction cosine between the Y-axis 

	

(1.)	 of surface I and the Y-axis of the 
spacecraft. 

• COSYZ(I) =	 Direction cosine between the Y-axis 

	

(0.)	 of surface I and the Z-axis of the 
spacecraft. 

• COS ZX(I) =	 Direction cosine between the Z-axis 

	

(0.)	 (assumed normal to the surface) of 
surface I and the X-axis of the 
spacecraft. 

*See section 5.2. for further explanation of direction cosine inputs. 

9/77
3-25



Variable
	

Contents 

• COsZY(I) = Direction cosine between the Z-axis 

(0.) (assumed normal 	 to the surface) of 
surface I and the Y-axis of the 
spacecraft. 

• c0sZZ(i)	 = Direction cosine between the Z-axis 

(1.) (assumed normal to the surface) of 
surface I and the Z-axis of the 
spacecraft. 

• THETA1(I) = Angle off surface Z-axis where sur-

(0.) face field-of-view (FOV) begins 
(deg). 

• THETA2(I) = Angle off Z-axis where FOV termin-

(10.24) ates (deg). 

•	 PHI1(I)	 = Angle measured from surface I X-axis 

(0.) moving toward Y-axis where FOV be-
gins	 (deg). 

• PHI2(I) Angle measured from surface I X-axis 

(360.) where FOV terminates. 

• DTHETA(I)	 = Increment in THETA to be used to 

(10.24) subdivide FOV for volume integra-
tion	 (deg).

• DPHI(I) =	 Increment in PHI to be used to sub-
(45.)	 divide FOV (deg). 

• DOMEGA(I) =	 Increment in solid angle that will 
(.1)	 be used to perform volume integra-

tion. DOMEGA can override DPHI(sr). 

Ds(L) =	 Radial distance between midpoints 
(see Table 3-I11) 	 of volume elements used in integrat-

ing return flux contributions 
(meters). 

• RMAXRF =	 Maximum distance from spacecraft 
(150.)	 origin that precalculated mass tran-

sport factors will be used. Beyond 
RMAXRF, a 1r2 variation will be 
assumed (meters). 
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Table 3-111. Pre3et Lst of Miss'von Pro fie Data Bank Parcvneters 

DATA(DSMCD(I),I=1 .25) 
1/2. 5 • 9*5. .15. .25. 37.5. 50. • 124. • 10*0 .1 

DATA( DSRTNF ( 1). 1=1. 12) 
1/2. 5. 9*5. .15. .25. . 37. 5. 50. • 124. • 10*0 .1 

DATA(XLOS(1),I=1.25)/25* 1107.1 
0ATA(YLOS(I),I1,25)/25*0./ 
DATA(ZLOS( I) .1=1 .25)125*507. / 
DATA(THETAL(I).11.25)I0..30..60..30.,60..30..60..30..60..30..60.. 

30.,60. .30. .60..30. ,60..8*82.5/ 
DATA(PHIL(I).11,25)I0..0..0..45..45.,90..90.,135..135..180.. 

180.,225.,225..270..270..315..315..0..45..90..135..180..225.. 
270..315./ 

OATA(X0(I),I=1 .10)110*1107.1 
DATA(Y0(1).11.10)/10*0./ 
DATA(Z0(I).11.10)/10*507./ 
OATA(THETA1(I),I=1.10)/10*0./ 
DATA(THETA2(I),I=1.10)/10*10.24/ 
DATA(PHII(I).11.10)/10*0./ 
DATA(PHI2(I) .1=1.10)110*360.1 
RMAXL= 150 
RMAXRF	 150 
ALT	 = 400. 
vx . 0.0 
VY • 0.0 
VZ a —7650. 
SUNL a FALSE. 
SUNM • .TRUE. 
SUNH • FALSE. 
VFACTR = 3.

Variable - Contents 

• VFACTR = Factor that can be applied to all 
(3..) collision cross section computations 

•	 to adjust viscosity derived data. 
Currently used as a constant but 
eventually will	 become a function of 
the center-of-mass velocity of the 
colliding particles. 

• RFSTK = Sticking coefficient for RFAS and 
(1.0) RFSS.	 Falls between 0 and 1	 (see 

subsection 2.1.3.4). 

• JKEEP = To minimize unnecessary computa-
(300) tions, the user can select to eval-

uate only the dominant surfaces 
based upon their total mass loss 
rate.	 If only the 10 most signif-
icant surfaces are of interest, set 
JKEEP = 10.
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Variable	 Contents 

• GO = .T./.F.	 The user can opt to merely set up a 

(FALSE)	 configuration, insert temperatures, 
rate constants and compute mass loss 
rates and then terminate the run to 
check the input data before perform-
ing deposition, column density or re-
turn flux calculation by not giving 
a go-ahead. If GO is set = .TRUE. 
the analysis will proceed, 

$END

* * * NEW MASS TRANSPORT FACTORS TO SURFACES * * *


(Ignore this section if NEWMFS = .FALSE.) 

3.2.7	 Mass Transport Factor Permanent File - Normally mass trans-
port factors between S0/SL surfaces will be stored on a permanent 
file and attached as TAPE 12. However, if a new TAPE 12 is to be 
generated set NEWMFS = .TRUE. 

Format 
(2110, 6E10.3) 

• NODEI	 1-10	 Receiving surface identification 
number. 

• NODEJ	 11-20	 Source identification number. 

• MTFIJ	 21-30	 Mass transport factor that defines 
the fraction of mass leaving sur-
face .J that arrives at surface I. 

• MTFJI	 31-40	 Mass transport factor that defines 
the fraction of mass leaving sur-
face I that arrives at surface J. 

• AREAJ	 41-50	 Area of surface 3 (ink). 

• THETAI	 51 -60	 The angle between the normal to 
surface I and the vector drawn 
between surface I and source 3 
(deg). 
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Variable	 Column	 Contents 

• TNETAJ	 61-70	 The angle between the normal to 
surface 3 and the vector connect-
ing I and 3 (deg). 

• R	 71-80	 Distance between I and 3 (in). 

3.2.8	 Run Termination - This completes the data stream for one 
run. Cases can be stacked by inserting a new TITLE card, NAMELIST 
CONTRL, etc. Only those parameters that change need to appear in 
the new data set. 

The analysis terminates when STOP is placed on a title card. 

3.2.9	 Additional Permanent Files 

* * * MASS TRANSPORT FACTORS TO POINTS IN SPACE * * * 

These data do not appear in the normal input data stream (TAPE 5) 
but instead are attached as TAPE 14 and TAPE 15 for the Orbiter 
and Spacelab respectively. 

Format 
(2110, 6E10.3)

•	 IPOINT 1-10 Identification number of the point 

in space.	 This	 is a	 5 digit code 

as described	 in	 section 2.1.3.1. 

• NODEJ 11-21 Source identification number. 

• MTFIJ 21-30 Mass transport factor that defines 
the fraction of mass leaving sur-
face 3 per unit area per second that 
arrives at a point in	 space. 

• MTFJI 31-40 Not used. 

• AREAJ 41-50 Area of surface 3	 (in 2). 

• THETAI 51-60 Not used.
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Variable	 Column	 Contents 

• THETAJ	 61-70	 Angle between the normal to source 
J and the vector connecting source 
J and the point IPOINT (deg). 

• R	 71-80	 Distance between J and POINT (in). 

The number of sources contributing mass to POINT can vary (up to 
300), however, a blank card is required between blocks of data for 
different POINT values.
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SECTION 4


OUTPUT 

This section contains a discussion of the available model 
output options of the SPACE Program. The type and format of the 
model output are selected by the user through input commands in the 
executive segment of the program. By setting the desired output 
REPORT numbers to .TRUE., the user automatically establishes the 
level of detail and the output format displayed. Executive input 
requirements for this segment are discussed in subsection 3.1.7. 

The SPACE Program output is categorized into three major 
groups which are: 1) model input data display; 2) model output pre-
diction display. and 3) debug output. These are discussed in the 
following subsections along with an explanation of the nomenclature 
and terms presented in the normal output. 

4.1	 OUTPUT NOMENCLATURE AND TERMS 

Due to space limitations and computer printer capability 
constraints, certain abbreviations and symbols have been used in 
the standard model output. These terms are presented below along 
with an explanation of the meaning for each. 

OUTPUT 
SYMBOL	 INTERPRETATION 

AGEORB Accumulative Time On-Orbit of 
Orbiter Prior to This Mission 
In Hours 

AGESLB	 Accumulative Time On-Orbit of 
Spacelab Prior to This Mission 
In Hours 

ALU	 Engine Location/Firing Direction 
- Aft Left Upward +Z Firing 

AMBND	 Density of the Ambient Atmosphere 
in molecules/cm3 

ARA	 Engine Location/Firing Direction 
- Aft Right - Aft Firing 

AREA	 Surface Area in in 2 or cm2 
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OUTPUT
SYMBOL INTERPRETATION 

BAYL Location Designator for Bay Leakage 
Source 

CM**2 cm2 

CO Carbon Monoxide 

CO2 Carbon Dioxide 

DEG Degree.s 

DEGC 

DOMEGA dc	 - Solid Angle Increment Used to Sub-
divide Surface Field-of-View 

EARLY DESORPTION Denotes Contribution From H 2 0, N , CO 
2	 2 

02 (MED1	 M < MED2) 

FCU Engine Location/Firing Direction - 
Forward Center-Firing Upward 

FLS Engine. Location/Firing Direction'— 
Forward Left-Side Firing 

G or GM Grams 

H Atomic Hydrogen 

H2 Diatomic Hydrogen 

H20 Water 

IDENT.	 NO. Surface, Engine or Vent Identification 
Number 

IN**2 in2 

KM Kilometers 

LEAKL Surface Leakage Designator for LMOP 

LEAKO Surface Leakage Designator for Orbiter
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OUTPUT 
SYMBOL INTERPRETATION 

LEAKS Surface Leakage Designator for SMTP 

LOS Line-of-Sight 

MATERIAL Surface Material Descriptor 

MCD Mass Column Density in g/cm2 

MODL Location Designator for Module Leakage 
Source 

MODULE Spacelab Module Section 

MTCS Module Thermal Control Surface 

N2 Diatomic Nitrogen 

NCD Molecular Number Column Density in 
Molecul es/cm2 

NO Nitric Oxide 

02 Diatomic Oxygen 

OUTGASSING Denotes Contribution From Outgasl, 
Outgas2 (MOUT1	 < M < MOUT2) 

OUTG1 Outgassing Specie 1 

OUTG2 Outgassing Specie 2 

PTCS Pallet Thermal Control Surface 

RTNFLX Return Flux of Contaminant Species 

SECTION Major Structural 	 Section of a Given 
Configuration 

SR Steradians 

SURFACE NUMBER Node Number Identifier for Surface 
Sources
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OUTPUT 
SYMBOL	 INTERPRETATION 

TYPE	 Designates Type of Concentrated 
Source - RCS, VCS or Evaporator 

WINDL	 Location Designator for Window 
Leakage Source 

% OF TOTAL	 Indicates the Percentage That a 
Specific Source Contributes to the 
Total 

4.2	 MODEL INPUT DATA DISPLAY 

This output segment allows the user to access the model 
input parameters and data utilized for a particular run. It in-
cludes not only the user input parameters, but also the program de-
fault values utilized and the accessed permanent file data. Sum-
marized below are the model input data reports available to the user. 

REPORT NO.	 DESCRIPTION 

01	 Listing of Input Control Parameters - This report 
duplicates the user input executive commands used to 
initiate the program execution (see subsection 3.1). 
It is used to verify proper user input commands and 
can be displayed prior to run execution. 

02	 Preset List of Surfaces, Engines and Vents - This re-
port contains a compilation of the surface and concen-
trated sources that are preset in the program from 
which the user can choose those to be included in 
the evaluation (see REPORT 03). It includes a list-
ing of sequence number, identification number (node 
number), section, material and area (see Table 3-1 
for example). 

03	 List of Sources to Be Evaluated - This report is a com-
pilation of the surface and concentrated sources to be 
considered in the run stream (see Table 3-1). It in-
cludes a listing of sequence number, identification 
number (node number), section, material and area. This 
report can be used to verify that the desired sources 
are set to be evaluated prior to run execution. 
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REPORT NO.
	 DESCRIPTION 

04 List of Changes to Preset Contaminant Sources - This 
report presents a compilation of only those surfaces 
for which the user has modified the surface material 
through NAMELIST INPUTA, subsection 3.2.2. It in-
cludes a listing of sequence number, identification 
number (node number), section, new material and area. 
This report can be used to verify that the desired 
surface material changes have been accepted by the 

model. 

05	 List of Mass Loss Rate Coefficients to Be Used - This 
report presents the input mass loss rate coefficients 
to be used in the run stream. These include values 
for RATE, TAU, AGEORB and AGESLB for the surface 
materials currently in the model (see Table 3-I1 for 
material sequence designators). Displayed for RATE 
and TAU are coefficients for OUTG1, OUTG2, H 2 0, N2, 

CO 2 and 02 in that order. This report allows the 
user to verify proper mass loss rate input data prior 
to run commencement. 

06	 Modified List of Mass Loss Rate Coefficients - This 
report follows the same format as REPORT 05 but 
includes only those coefficients modified by the 
user via namelist INPUTB. It can be used to verify 
that the proper changes were made prior to execution. 

07	 List of Surface Temperatures That Will Be Used - This 
report contains a listing of the vehicle surface 
temperatures in 0C that will be used in the analysis. 
It includes a listing of sequence number, identifica-
tion number (node number), surface temperature, 
material and area. This report can be used to verify 
proper access of the surface thermal profile input 
data prior to execution. 

08	 List of Mission Data That Will Be Used - This report 
contains a listing of the NAMELIST MPDB as discussed 
in subsection 3.2.6 and should reflect any user modi-
fications performed therein. It presents such data 
as orbital altitude, attitude, field-of-view and 
selected line-of-sight. Parameters not changed in 
NAMELIST MPDB will default to the values presented in 
subsection 3.2.6. If changes are made, the user can 
verify their accuracy through this report. 
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REPORT NO.	 DESCRIPTION 

09	 List of Mass Transport Factor Data-Surface to Points - 
This report lists the mass transport factor data in 
the format presented in subsection 3.2.9. This data is 
necessary in determining MCD, NCD or RF. It contains 

the viewfactors, r's and 
91 between the modeled 

sources/surfaces (REPORT 03) and the points along the 
line(s)-of-sight accessed from permanent file for the 
evaluation being conducted. The user should flag this 
report if he wishes to verify that the proper line-of-
sight has been read in or that the mass transport fac-
tors are accurate. 

10	 List of Mass Transport Factor Data-Surface to Surface - 
This report lists the mass transport factor data be-
tween sources and surfaces in the format presented in 
subsection 3.2.8. This data is necessary in determin-
ing contaminant flux from one surface to another. It 
contains the viewfactors, r's and 9's between the 
modeled sources/surfaces (REPORT 03) and surfaces with-
in their fields-of-view accessed from permanent file 
for the evaluation being conducted. The user should 
flag this report if he wishes to verify that the proper 
mass transport factors between surfaces have been read 

in. 

4.3	 MODEL OUTPUT PREDICTION DISPLAY 

The model has been configured with an assortment of 
pre-established output report formats which allow for access of any 
level of detail desired for displaying the SPACE Program induced en-
vironment predictions. The user has the option in the executive 
segment of the program to select the format and level of detail of 
the final model output. The output reports include printouts of 
important intermediate predictions obtained in the model calcula-
tional stream, three groupings of final output which vary in the 
level of detail displayed, and data plot outputs. Summarized be-
low are the model output prediction display reports available to 
the user. Sample printouts are included where appropriate. 

. INTERMEDIATE PREDICTION OUTPUT 

Report No.
	 Descri oti on 

11	 Physical Characteristics of Surface Sources - This re-
port contains the predicted mass loss rate data for 
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Report No.	 Description 

11	 each modeled surface source contained in REPORT 03. 

	

(cont'd)	 It includes surface number, area, section, material, 
temperature and the following predicted mass loss rates 
for each surface: 1) total; 2) individual specie; 
3) early desorption and 4) outgassing. This report 
allows the user to perform a mass loss audit prior to 
run execution. 

12	 Surface Characteristics Including Second Sources - This 
report is similar in format to REPORT 11 with the addi-
tion of second surface source contributions to the sur-
face mass loss rate predictions. If REFLCT is set equal 
to .TRUE. (subsection 3.1.3), this report should be 
utilized in a mass lOss audit. 

31	 Output From Line-of-Sight Point Selector - This report 
summarizes the intermediate steps involved in exercis-
ing the point selector routine in the SPACE Program. 
Point selector is operated any time the on-going evalu-
ation involves mass transport to points along a line-
of-sight. Data in this report includes a listing of 
the MPDB input parameters applicable to point select 
(see subsection 3.2.6) and a summary of the calculated 
point contributions to each segment along the line-of-
sight in question (see DSMCD, subsection 3.2.6). Seg-
ment volume, length, midpoint and distance from line-
of-sight origin are also included. 

32	 Summary Output From Line-of-Sight Point Selector - This 
report presents a compressed summary of the information 
available in REPORT 31. Data in this report includes 
a listing of the MPDB input parameters applicable to 
point select MCD or RF calculations and a compilation 
of the contribution of each matrix point to the line-
of-sight MCD/NCD. By knowing the density (RHO) at 
each point in the above compilation, the MCD or NCD 
along the line-of-sight can be determined. 

• FINAL PREDICTION OUTPUT - LEVEL I 

33	 Number Column Densities - Enumerated by Source - Highest 
to Lowest Contributor - This report presents the total 
MCD and NCD predictions for each modeled source/surface 
(REPORT 03) sorted in order of relative contribution to 
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Mt f1 Ma s 34

Report No.	 Description 

33	 the total. It follows the format presented in Figure 
(cont'd)	 4-1. Included in this report for each source node 

are the source identifiers (material, section, etc.), 
MCD, NCD, percent of the total and placement sequence 
number. Information on the line-of-sight being eval-
uated is included in the report header.

contains the total MCD and NCD predictions for each 
modeled source/surface (REPORT 03) sorted by surface 
materials, leakage components (LEAKO, etc.) or eng-
ines and vents whichever is applicable. It follows 
the general format presented in Figure 4-2. Included 
in this report for each source node are source identi-
fiers (material, section, etc.); NCD for the 10 con-
taminant molecular species, MCD and NCD for each 
major source and the total predicted NCD. Totals for 
each major material, leak or engine grouping are also 
included. Slight variations will exist in the format 
of this report depending upon which source predictions 
are being displayed, 

36	 Mass/Number Column Densities - Sorted by Locations 
This report presents the MCD and NCD predictions for 
each modeled source/surface (REPORT 03) sorted by sec-
tion. It follows a format similar to the example 
Level I output presented in Figure 4-2. Included in 
this report for each source node are the source iden-
tifiers (material, section, etc.), NCD for the 10 con-
taminant molecular species, MCD and NCD for each 
major source and the total predicted NCD. Slight 
variations will exist in the format of this report 
depending on which source predictions are being dis-
played. 

41	 Return Flux Enumerated by Source - Highest to Lowest 
Contributor - This report presents the total RF pre-
dictions for each modeled source/surface (REPORT 03) 
sorted in order of relative contribution to the total 
It follows the format presented in Figure 4-1. In-
cluded in this report for each source node are the 
source identifiers (material, section, etc.), RF, per-
cent of the total and placement sequence number. The 
field-of-view of the surface experiencing the RF and 
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Report No.	 Description 

41	 the orbital altitude of the evaluation are presented 

	

(cont'd)	 in the report header. 

42	 Return Flux Enumerated by Source - Sorted by Materials, 
Leakage Components or Engines/Vents - This report con-
tains the total RE predictions for each modeled source/ 
surface (REPORT 03) sorted by surface materials, leakage 
components (LEAKO, etc.) or engines and vents whichever 
is applicable. It follows the general format presented 
in Figure 4-2. Included in this report for each source 
node are source identifiers (material, section, etc.), 
total RF for the 10 contaminant molecular species and 
for each major source-'and the total predicted RE. 
Totals for each major material, leak or engine grouping 
are also included. Slight variations will exist in the 
format of this report depending upon which source pred-
ictions are being displayed, 

44	 Return Flux Enumerated by Source - Sorted by Location - 
This report presents the RF predictions for each modeled 
source/surface (REPORT 03) sorted by body section. 'ection	 Fig-
ure 4-2 is an example of this report for the sources of 
outgassing and early desorption. Included in this re-
port for each source node are the source identifiers 
(material section, etc.), RE for the 10 contaminant mole-
cular species and for each major source and the total 
predicted RE. The field-of-view of the surface exper-
iencing the RF and the orbital altitude of the evaluation 
are presented in the contents header. Slight variatons 
will exist in the format of this report depending upon 
which source predictions are being displayed. 

46	 Return Flux Due to Self-Scatterin g - This report pre-
sents the self-scatteringreturn flux predictions for 
each line-of-sight segment (see DSMCD subsection 3.2.6) 
opted by the user. For each elemental volume, it con-
tains the total contaminant density, total flux, colli-
sion frequency and return flux for the 10 contaminant 
species. Information on the line-of-sight and surface 
of interest being evaluated is included in the report 
header. This report should be turned on if RFSS is set 
to .TRUE. as discussed in subsection 3.1.3. 
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Report No.	 -	 Description 

47	 This report presents the total RE deposition predictions 
for each modeled source/surface (REPORT 03) sorted in 
order of relative contribution to the total. It follows 
the format presented in Figure 4-1. Included in this re-
port for each source node are the source identifiers 
(material, section, etc.), RF deposition, percent of the 
total and placement sequence number. The field-of-view 
of the surface experiencing RF deposition, its modeled 
temperature and the orbital altitude of the evaluation are 

presented in the report header. 

• FINAL PREDICTION OUTPUT - LEVEL II 

35	 Summary Mass/Number Column Densities-Listed by Materials 
or Leakage Components - This report contains the MCD and 
NCD predictions for each major surface material or leak-
age component (LEAKO, etc.) whichever is applicable. It 
follows the general format presented in Figure 4-3. In-
cluded in this report for each surface material and leak-
age component are NCD for the 10 contaminant molecular 
species, NCD and MCD for each major source, total NCD and 
MCD and the percent contribution to the total from all 
sources. Information on the line-of-sight being evalu-
ated is included in the report header. 

37	 Summary: Mass/Number Column Densities - Listed by 
Location - This report presents the MCD and NCD predictions 
for each major body section or leakage areas (BAYL, etc.) 
whichever is applicable. It follows the general format 
presented in Figure 4-3. Included in this report for each 
body section and leakage area are NCD for the 10 contamin-
ant molecular species, NCD and MCD for each major source, 
total NCD and MCD and the percent contribution to the total 
from all sources. Information on the line-of-sight being 
evaluated is included in the report header. 

43	 Summary: Return Flux Listed by Materials or Leakage 
Components - This report presents the RF predictions for 
each major surface material or leakage component (LEAKO, 
etc.) whichever is applicable. It follows the general 
format presented in Figure 4-3. Included in this report 
for each surface material or leakage component are RF for 
the 10 contaminant molecular species, RF for each major 
source and RE total as well as the percent contribution 
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Report No.	 Description 

43 (cont) to the total from all sources. The field-of-view of 
the surface experienci.ng RE and the orbital altitude 
of the evaluation are presented in the report header. 

45	 Summary: Return Flux Listed by Location - This report 
presents the RE predictions for each major body section 
or leakage area (BAYL, etc.) whichever is applicable. 
It follows the general format presented in Figure 4-3. 
Included in this report for each body section and leak-
age area are RE for the 10 contaminant molecular spec-
ies, RE for each major source and RF total as well as 
the percent contribution to the total from all sources. 
The field-of-view of the surface experiencing RE and 
the orbital altitude of the evaluation are presented 
in the report header. 

• FINAL PREDICTION OUTPUT - LEVEL III 

50	 Final Prediction Summary - This report presents the 
final total induced environment predictions for a 
given model execution. Included therein for each of 
the 6 major contaminant sources are the NCD and RF 
predictions resulting from direct flux and second sur-
face flux, the corresponding totals and the deposi-
tion rates resulting from RE, self-scattering and 
surface-to-surface flux. This report is annotated 
with assorted MPDB information such as configuration, 
thermal profile, line-of-sight, field-of-view, etc., 
to aid the user in understanding the output (current-

ly inoperative). 

• PLOT PREDICTION OUTPUT 

39	 Plot of Density Along Line-of-Sight - This report pre-
sents a graphical display of the variation of contam-
inant density along a selected line-of-sight (see 
Figure 4-4). Data presented is a function of the con-
taminant source(s) being evaluated and the line-of -

sight selected for display. Integration under the 
curves presented in this report yields the line-of-
sight MCD which has been previously discussed. 
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REPORT 39 
SAMPLE CASE NO. 4 TWO BULK MASS LOSS RATES 

c-Il.

8 
6 

2 

C-15

8 
6 
.4 

2 

c-Ie
8 
6 

;4 
I-

(I) z	 2 Li a
E- 17

8 
6 
4 

2

----.---__ 

(U	 i W_	 CU	 r (DN	 CU  

U 

DISTANCE ALONG LOS (METERS) 

DENSITY ALONG LINE OF SIGHT I 

Figure 4-4. Example of Model Plot Output 
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4.4	 DEBUG OUTPUT 

An extensive debug output capability exists in the SPACE 
Program to facilitate model trouble-shooting if the need arises. 
The user should employ discretion in exercising the debug options 
due to the large amount of hardcopy generated with each option. To 
minimize this, the model debug segment has been designed with five 
debug options (see subsection 3.1.7 for input instructions) which 
allow the user to trouble-shoot the specific segment of the model 
where he feels an anomaly is centered. The options and correspond-
ing model segments are summarized below. 

Option	 Model Segment 

DBUGA	 Collect Input Data 
DBUGB	 Mass Loss Audit 
DBUGC	 Deposition - Direct Transport 
DBUGD	 MCD/NCD 

DBUGE	 Return Flux Deposition 

The model has also been configured with several error statements 
which are automatically called and printed if certain preset limits 
are exceeded during program execution. These will aid the user in 
diagnosing errors or omissions made in the model input data or 
logic errors internal to the program. If an error statement is in-
curred, the user should first verify the influencing input statements 
and then only if necessary access the applicable debug option(s). 
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SECTION 5 
SAMPLE PROBLEMS 

5.1	 SAMPLE CASE 1 - MINIMUM INPUT CASE 

This sample problem demonstrates the operation of the 
SPACE Program when all input pa;-ameters are assumed to be the pre-
programmed default values (see Section 3). The problem involves 
outgassing of the Spacelab LMOP configuration at 10 hours into a 
mission. The mass and number column density of outgassing species 
along a line-of-sight parallel to the Z axis are computed. 

A listing of the complete input and samples of the output 
reports are provided below. 

5.1.1	 Input 

*** SAMPLE CASE NO. I	 MINIMUM INPUT CASE (DEFAULT PARAMETERS) s** 
$ CON I R L 
GO = .TRUE. $ 

SINPUTA 
GO	 .TRUE. $ 

SMPDB 
GO = .TRUE.$ 

STOP 
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5.2	 SAMPLE CASE NO. 2 - SHUTTLE ORBITER -Y TRANSLATION 
MANEUVER 

The sample problem illustrates the induced contaminant 

cloud that can be created when two of the Orbiter aft RCS engines 
and one forward engine are fired. A critical surface with a 0.19 
steradian field-of-view is susceptible to backscattered contamin-
ants that can return along a line-of-sight originating at te prime 
measurement point (PMP) directed 60 0 off the +Z axis and 90 from 
the Orbiter +X axis. Referring to Figure 5-1, the direction cosines 
of the surface coordinate system relative to the Orbiter coordinates 
are then

COSXX	 1.000

COSXY = 0.0 
COSXZ = 0.0 
COSYX = 0.0 
COSYY = 0.500 
COSYZ =-0.866 
COSZX = 0.0 
COSZY = 0.866 
COSZZ = 0.500 

The Orbiter is at an altitude of 400 km, with an attitude 
that places the Orbiter Z-axis 5 0 below the local horizon, the Y-axis 
is perpendicular to the orbital plane (Y-POP), and the nose down 
toward the earth. 

In the reference frame of the Orbiter, the velocity of the 
incoming atmosphere translates to the following components: 

= -7650 sin 20 = -667. 

= 0, 

V = -7650 cos 20 = -7621 

Side thrusting aft right RCS engines (7)344, (7)324 and forward engine 
(7) 144 will be activated. 

5.2.1	 Input 

*** SAMPLE CASE NO. 2	 SHUTTLE ORBITER -Y TRANSLATION MANEUVER	 *** 
$CONTRL 
ENG	 .T..	 OUT = .F.. 
ORBITR =.T. •	 LMOP = .F. 
MCD	 F..	 RFAS = .1..	 RFSS	 .T. 
REPCRT(31 )=.T. .REPORT(41).T. .REPORT(43)=.F. .REPORT(46)z.T. 
REPORT(33) = . T. .REPORT(47)=.T. 
GO = T.	 SEND

5-4
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V 

5.2.1	 Input (cont'd) 

SINPUTA 
ONTIME(11) = 1.0, 
ONTIME(31) 19*0, 
RFSURF(1) a 8,9*0. 
GO = T.	 SEND 

$MPDB 
RMAXRF = 50., 
THETAI(1)	 0. 
DTHETA(1)	 28.. 
DOMEGA	 •= .19. 
CO3YY(1)	 .500. 
COSYZ(1) =-.866. 
COSZY(1) = . 866. 
COSZZ(1) = . 500, 
VX = -667. 
vy =	 0. 
VZ =-7621 
GO = T. $END 

STOP.

ONTIME(29) 1.0. 

THETA2(1) = 14.. 
DPHI(1)	 = 360..

ONTIME(30)- 1.0, 

where: 

)SYY = cos	 (.500) = 60°, V to V' 
)SYZ = cos- 1 (-.866) = 150°, V' to Z 
)SZY = cos- 1 (.866) = 300, Z' to V 
)SZZ = cos -1 (.500) = 600, Z to Z' 

Z' is assumed to be 
the normal of RF 
surface. 

it of page 

I 

I 

/ 

VI 

Figure 5-1. Illustration of Direction Cosine Input for Return Flux 

KA 
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5.3	 SAMPLE CASE NO. 3 - SHUTTLE ORBITER 100 HOURS 60/90 LOS 

After the first day on-orbit, most of the low molecular 
weight gases have been desorbed from the spacecraft surfaces. Only 
the long term outgassing mass loss remains. To illustrate this, 
the timeline is set at 100 hours in the mission and the column - den-
sity along a 60/90 line-of-sight (9 = 60 0 , 0 = 900) is computed 
(see case No. 2). Return flux into a 0.19 steradian field-of-view 
is also predicted. 

5.3.1	 Input 

*** SAMPLE CASE NO. 3 	 SHUTTLE ORBITER 100 HRS 60/90 LOS	 *** 

SCONTR L 
ED = .T. 
ORBITR ..T.,	 LMOP.F.. 
MCD = .F..	 RFAS = .T..	 RFSS = .T.. 
REPGRT(31 )=.T. ,REPORT(41 )=.T. .REPORT(42).T. .REPORT(43)..T. 
REPORT(33)=.T.,REPORT(46)=.T..REPORT(47).T.. 
TSTART(1) = 100..0..0.. 
TSTOP(1) = 100.,0.,1.. 
GO = T.	 SEND 

SINPUTA 
RFSURF(1) = 8,9*0. 
GO = T.	 SEND 

$MPDB 
RMAXRF = 50., 
THETAI(1) = 0..	 THETA2(1)	 14.. 
DT1ETA(1) n 28..	 DPHI(1)	 = 360.. 
DOMEGA	 = .19, 
COSYY(1)	 .500. 
COSYZ(1)	 =—.866, 
COSZY(1)	 .866, 
COSZZ(1)	 = .500. 
GO	 T. SEND 

STOP
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5.4	 SAMPLE CASE No. 4 - TWO BULK MASS LOSS RATES 

The program is capable of monitoring up to 10 chemical 
species lost from spacecraft materials, leakage and rocket engines 
while on-orbit. The default list of contaminants includes two out-
gassing molecules, H 2 0, N21 CO21 02, CO, H2 , H and monomethyl hydra-
zine nitrate. The type and number of contaminants can be changed 
by the user as demonstrated in this sample problem. 

In this situation only two generic types of contaminants 
are desired. One will represent all outgassing large molecular 
weight species and be called OUTG1; the second (called OFF) will re-
present all low molecular weight gases (H 20, N21 CO21 02) that de-

sorb rapidly from a material once placed in a vacuum environment. 
For simplicity it will be assumed that all 15 spacecraft materials 
have an initial bulk mass loss rate for the early desorption species 

of 1.0 x 10-8 g/cm2/s at 1000C. 

Because mass loss rate coefficients are being altered in 
this run, reports (5) and (6) will be requested to document the new 
characteristics. The control flag NEWMLC must be set .TRUE. so that 
new information can be read in through namelist INPUTB. Plots that 
show the variation of densityas a function of distance along the 
line—of-sight will be generated by requesting reports (39) and (40). 

Only the top 50 surfaces based on total mass loss rates 
will be retained (JKEEP = 50) in computing the mass/number column 
density along a line-of-sight parallel to the Orbiter Z-axis. 

5.4.1	 Input 

SAMPLE CASE ND. 4	 TWO BULK MASS LOSS RATES	 *s* 

$CONTRL 
ORBITR = .1..	 LMOP = .F., 
ED=. 1. 
4EWMLC 
REPORT(5) = .1.,	 REPORT(6) =.T..	 REPORT(39) =.T.,	 SEPDRT(40) =.T., 
GO = .1.5 

SINPUTA 
GO = .1.5 

SINFUTS 
CHNGES = 91 
MOUT1 = 1.	 M0Ur2	 1,	 MEOI = 2,	 MED2	 2, M1=1, M2=2, 
RATE( 1,2) = 15*1 .OE-8, 
TALJ(1,2)	 = 15*18.0$
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Input (cont'd) 

18.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

5.4.1 

2 
3 
4 
5 
6 
7 
a 
9 

10 
M PD B 
RMAXL 
NLOS 
JcEEp 
GO = 

STOP

OFF 

= 150 

= 50, 
• TRUE.

3.33E-8 
.0 
.0 
.0 
.0 
.0 
.0 
.3 
.0 
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5.4.2	 Output (cont'd) 

REPORT 39 
SAMPLE CASE NO. 4 

E-13

8 -----
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2	 - 

£-15	 - 

C-)	 8 
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z	 2 - 
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0
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4 - ___ - 

2

TWO BULK MASS LOSS RATES 

c-I,

a
	 (D_	 tu	 j. w A.	 nJ

	 i. wwpl 

ta
	

w	 up 

DISTANCE ALONG LOS (METERS) 

DENSITY ALONG LINE OF SIGHT I 
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5.4.2	 Output Ccont'd) 

REPORT 40 

*** SAMPLE CASE NO. 4 TWO BULK MASS LOSS RATES 	 •' 

(-*3 r
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(-16 
>-
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Lii
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5.5	 SAMPLE CASE NO. 5 - SURFACE TEMPERATURE CHANGE 

Surface temperatures for two different vehicle attitudes 
are currently stored on a permanent file that is read as TAPE10. 
In the event that the user wants to change a surface temperature, 
the following procedure can be used.

then place a formatted card 
new temperature in the data 
is some uncertainty about the 

user can conduct the surface 
analysis by neglecting to set 

Set the NEWTCD = .TRUE. and 
which contains the surface number and 
stream as illustrated below. If ther 
mass loss rates this will create, the 
mass loss audit and forego a complete 
the run continuation flag .TRUE. 

1010C.	
In this example LMOP surface 1010 was changed from 69°C to 

5.5.1	 Input 

t$* SAMPLE CASE NO. 5	 SURFACE TEMPERATURE CHANGE	 *** 
P$CONTR L 

NEWTCD :.T.,	 REPORT(7)	 .T..	 DBUGA=.T.. 
GO = T.	 $ 

GO	 .T.S 
1010	 101. 

P$MPDB 
GO • .TRUE.S 

STOP

9/?? 
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5.6	 SAMPLE CASE 6 - SL-1 PAYLOAD MISSION ANALYSIS 

This problem briefly demonstrates the utility of the SPACE 
Program in evaluating the contaminant environment of a proposed 
Orbiter/Spacelab mission profile and payload manifest. The selected 
mission, designated SL-1, is based upon the NASA Spacelab 1 "Straw-
man" mission feasibility study activities. The payload mix for SL-1 
consists of the following. 

Payload 

AP-09-S Electron Acceleration 
AP-13-S Low Light Level TV 
ST-31-S Drop Dynamics 
EO-01-S Zero-G Cloud Physics 
LS-13-S Minilab 
APE-01 Lidar 
SPE-80-85 Space Processing 
SPE-01 Free Flow Electrophoresis 
EOE-01 Metric Camera 
APE-07 Infrared Radiometer 
STE-10 Heat Pipe 
ASE-01 Wide Field Galactic Camera

For simplicity, only zone of the above payloads (ASE-01) 
known to be sensitive to outgassing deposition (based upon its de-
tectable wavelength range) will be evaluated. Significant mission 
dependent parameters required for the modeling and evaluation in-
clude:

i configuration: Orbiter + LMOP, 
o altitude: 250 km, 
• sunspot activity: medium (assumed), 
• attitude: random (assume a = 450 continuously), 
• contaminant sources: outgassing, 
• Orbiter age/Spacelab age: 0/0 hours, 
• deposition sensitive surface: ASE-01 hyperbolic collec-

tor, 
• sensitive surface acceptance angle: 1.84 sr, 
o sensitive surface temperature: 250C, 
o sticking coefficient: 0.25 solar side; 0.0 dark side, 
• temperature profile: 60% hot; 40% cold, 
• sensitive surface exposure time: 2.3 hours, 

location: Spacelab airlock (X 0 = 975, Y0 = 0, Z0 = 480.9), 
• line-of-signt; +Z (LOS1), 
• wavelength of interest: 1500R.

9/77 
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SPACE Program input parameters for this mission study are 
presented in subsection 5.6.1 and examples of the program output 
are included in subsection 5.6.2. As presented in the output sub-
section, the total deposition on the ASE-01 hyperbolic collector is 
9.2 x 10' mol/cm 2/orbit for the SL-1 mission profile. Assuming a 
density of the deposited outgassing niaerfal of 1.0 gcm 3 results 
in a total deposition thickness of 233A. At the 1500A detectable 
wavelength of the ASE-01 payload this deposit will result in a re-
flectance loss of approximately 60.62%, based upon flight data ob-
tained during the Gemini Program by Dr. J. Muscari of-Martin Mar-
ietta Aerospace. Such a loss in reflectance could significantly 
hinder the ability of ASE-01 to meet its program objectives and 
contamination abatement procedures might be necessary. 

5.6.1	 Input 

•** SAMPLE CASE NO. 6 	 SL-1 Pit. MISSION ANALYSIS	 ** 
SCONTRL 
DRBITR .T.. 
MCD = .F..	 RFSS= .1..	 RFAS s ••• DEPSIT-.T.. 
TSTART(1) = 0..3..0.. 
TSTOP(I)	 0..57..0.. 
REPORT(311 = .1..	 REPORT(33).F.. 
REPORT(46) = . 1..	 REPORT(47)=.T.. 
GO = . T.•	 SEND 

'SINPUTA 
RFSIJRF(1) '= 1120,90. 
GO =.T.	 SEND 

$MPDB 
ALT = 250., 
THETA1(1) = 0..9*0.. 
THETA2(1) = 45..9*0.. 
VX= 5408.6. 
VZ=-5408.6. 
X0(1) = 975., Y0(t) = 0..	 Z0(1) = 480.. 
DTHETA(fl = 22.5. 
DOMEGA(fl = .15. 
DPHI(1) = 45.. 
RFSTK = .25. 
GO a TRUE-S 

STOP 

9/77
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SECTION 6

MISSION SIMULATION APPROACH 

As has been previously discussed, the SPACE Program is 
configured to evaluate unique time slices during a mission when all 
pertinent parameters such as configuration, thermal profile, vehi-

cle attitude and source operations remain unchanged. This is accom-
plished by setting TSTART and TSTOP to the desired time interval as 
described in subsection 3.1.8. For a very simple static mission 
profile where all parameters remain constant, the model predictions 
can be extrapolated over the entire mission by multiplying the 
time-varying predictions such as total deposition rate by the ap-
propriate mission time periods where each contributing source is 
active. This approach is an approximation in itself due to inher-
ent time-varying source functions such as those of outgassing or 
early desorption. Such situations are the exception rather than 
the rule, however, and for a typical SO/SL mission, multiple com-
puter runs are required to account for the assorted parametric var-
iations. This can be accomplished through stacking runs by use of 
new TITLE cards discussed in subsections 3.1 and 3.2.8 or by multi-
ple individual runs. In the stack mode, only those parameters that 
change from the previous run cycle must be . input. 

To evaluate a given mission, the three main segments of 
the SPACE Program (i.e., geometry, sources and transport) in con-
junction with a detailed profile of the mission being evaluated 
must be considered. Table 6-I presents a summary checklist of items 
that the user should scrutinize prior to initiating a comprehensive 

mission contamination analysis. Detailed evaluation of the com-
plete mission profile is required to determine the parametric var-
iation/time dependencies dictated by the specific mission operation-
al timelines. In most cases, if one or more of the parametric var-
iations itemized in Table 6-I occur, a new SPACE Program run will 
be required. Configuration changes usually require new viewfactors 

to be calculated as well. 

The user should evaluate each mission profile and mission 
payload mix and develop a contamination evaluation matrix which es-
tablishes the number of computer runs required, the parametric var-
iations to be utilized and any peripheral analysis necessary to 

complete the mission evaluation. In developing the matrix, the 
user should consider what output parameters are necessary (i.e., 
NCD, deposition, etc.) and what analysis can be performed outside 
of the program thus minimizing not only the number of computer runs 
required but also the computer time required for each run. For 
example, if only NCD is of concern for a particular payload, the 
return flux and deposition segments of the program need not be 
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Table 6-I. User Checklist for Mission Contamination Analysis 

INFLUENCING PARAMETERS
	

SPACE PROGRAM VARIABLES 

INFLUENCING GEOMETRY/CONFIGURATION PARAMETERS 

• Change of sensitive surface location,	 XO(I), YO(I), ZO(I), 

orientation, acceptance angle or new 	 COSXX(I), COSXY(I), 

surface (i.e. cover removal or airlock 	 COSXZ(I), etc., THETA1(I), 

deployment) - usually requires new VF 	 THETA2(I), PHI1(I), 

calculations.	 PHI2(I), NEWCON, NEWMFS 

NEWCON, NEWMFS • Change of source locations - moveable 
surfaces or exposure of new surfaces 
(elevons, doors, deployable radiators, 
etc.) - usually requires new VF calcu-

lations. 

• Change in surface pointing or viewing 
direction - new line-of-sight evalua-

tion required. 

INFLUENCING SOURCE PARAMETERS 

. Outgassing/Early Desorption

XLOS(I), YLOS(I), ZLOS(I), 
THETL(I), PHIL(I) 

- Change in exposed materials. NEWCON, MATRL(I) 

- Change in surface temperatures. MINTMP, MAXTMP or ATCODE 

- Time exposure decay characteristics. NEWMLC, TAU(K,M) 

- Change in emission constituents with NEWMLC, CHNGES 

time and temperature.

• Leakage

RATE (K, M) - Change in leak rate. 

• Evaporator 

- Vent duty cycles (function of environ-
mental control system heat loads)


- Change in flowrate (function of en-
vironmental control system heat loads) 

- Change in reflecting surface tempera-

tures.

PNTSC(I), ONTIME(I) 

NEWMLC, PLUMEC(L,N) 

MINTMP, MAXTMP or ATCODE 
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Table 6-I. User Checklist for Mission Contamination Analysis (cont 'd) 

INFLUENCING PARAMETERS	 SPACE PROGRAM VARIABLES 

• 25 lb. Thrust RCS Vernier Engines 

- Engine duty cycles (function of altitude PNTSC(I), ONTIME(I) 
and attitude hold requirements) and eng-
ine firing sequence. 

- Change in reflecting surface tempera- 	 MINTMP, MAXTMP or ATCODE 

tures. 

• 870 lb. Thrust RCS Engines 

- Firing sequence and ONTIME for specific 	 PNTSC(I), ONTIME(I) 

maneuvers. 
- Change in reflecting surface tempera- 	 MINTMP, MAXTMP or ATCODE 

tures. 

• NEW SOURCES 

- Constituents ( type, M,., etc.) 	 NEWMLC, CHNGES, SPECIE(MM) 
3	 .	 MOLWT(MM), DIA(MM) 

- Plume functions.	 NEWMLC, PLIJMEC(L,N) 
- Emission rate time/temperature depend- 	 NEWMLC, CHNGES, RATE(K,M), 

ence.	 TAU(K,M) 

- Duty cycle.	 PNTSC(I), ONTIME(I) 
- Sticking coefficient.	 RFSTK 

INFLUENCING TRANSPORT PARAMETERS 

• Change in orbital altitude (return 	 ALT 

flux variation with ambient density). 

• Change in orbital attitude (variation 	 VX, VY, VZ 
of return flux with ambient drag vector). 

• Changes in orbit position (sunlit/dark) 	 SUNL, SUNM, SUNH 

or sunspot activity (variation of am-
bient density influence on return flux). 

• Sources operating simultaneously (self- 	 RFSS, ONTIME(I) 

scattering return flux influence). 

• Change in sticking coefficient (UV expos- 	 RFSTK 

ure, temperature, etc. variations). 
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Table 6-I. User Checklist for Mission Contamination Analysis (cont'd) 

INFLUENCING PARAMETERS 

. Critical surface exposure timeline. 

• Active sources considered (reflection/ 
re-emission routines required?)

SPACE PROGRAM VARIABLES 

TSTART, TSTOP 

OUT, ED, ENG, EVAP, LEAK, 
REFLCT, RFAS, RFSS, 

ONTIME(I) 

• Change in critical surface acceptance	 THETA1(I), THETA2(I), 

angle (deployed sunshade, etc. influence 	 PHI1(I), PHI2(I) 

on ambient and self-scatter return flux). 

• Surface temperature changes (influence on MINTMP, MAXTMP or ATCODE 

reflection/re-emission). 

• Changes in configuration (e.g. deployable 	 NEWCON, NEWMFS 

systems may see one transport mechanism 
primarily in one position and another one 
at a different position). 

activated. It should be obvious that each situation will be somewhat 
unique and will require a certain amount of engineering judgement to 
minimize the number of runs while maximizing the final prediction re-

solution.

When a mission dependent parametric variation is incurred, 
the user has the option of stacking as. many runs as are necessary by 
employing the multiple TITLE cards and inserting the appropriate para-
meter modification input cards previously discussed. For time varying 
parameters, there are additional simplifying approaches which may be 
utilized to minimize the stacking requirements. A few examples of 
these are discussed below for the contaminant sources and transport 
mechanisms currently in the SPACE Program. These examples pertain pri-
marily to surface deposition predictions since deposition is the only 
model output parameter which accumulates with time and must be tracked 
as such throughout a mission. In many cases, deposition predictions 
can be made on a per second or per orbit basis and extrapolated over 
the surface exposure time without inducing significant errors. 

• Outgassing/Early Desorption Variation With Time Approach 

If all other influencing parameters are considered to be 
held constant or if they vary in a repetative manner 
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(i.e., from orbit-to-orbit), the user can ac-
count for this variation or for the e't/ T rela-

tionship by modeling outgassing/early desorption 
at selected time intervals throughout the mission 
or a particular orbit and plotting the resulting 
MCD, 0 or RF predictions vs time. MCD and RE at 
any point in time can be estimated by picking 
points on the connecting lines between the pre-
dicted levels. Deposition at any point in time 
can be determined by integrating under the 15 vs 
time curve up to the time period of interest. 
Accumulative deposition can also be estimated by 
determining the deposition rate during the ini-
tial orbit (accounting for variations in T, S, 
etc. through multiple runs), applying the et/T 
relationship and developing the corresponding 

15/orbit vs time curve; 

• VCS/RCS Engine Duty Cycle Approach 

The VCS and RCS engines operate on a demand basis 
under the control of the Shuttle Orbiter auto-
pilot system and their duty cycles/firing se-
quences can, therefore, become quite complex. 
Ideally, for a mission contamination analysis, 
duty cycle data should be read into the contam-
ination model directly from the autopilot output. 
For premission evaluations where such data is not 
readily available, more simplified approaches 
can be utilized. 

If, for example, available engine data is in the 
form of fuel/oxidizer usage per mission or man-
euver, the user can estimate engine deposition 
levels by averaging the fuel usage over the num-
ber of engines involved (e.g., XX kg/RCS maneuver 

38 engines would equate to the mass/engine 
average for a typical RCS maneuver). By knowing 
the engine flowrate (RCS = 1419.8 g/s), the total 
average firing time per engine can be determined. 
The user would then run the SPACE Program engine 
routine utilizing the determined firing time as 
the input ONTIME (see subsection 3.2.1). Due to 
the extreme variations in engine firing times 
and frequencies, the program was configured with 
no default values for ONTIME and user inputs to 
NAMELIST INPUTA are required to initiate an engine 
run.
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A similar approach can be used for VCS engine 
predictions, however, in both cases the user 
should be cognizant of the other influencing 
parameters which must be considered. These in-
clude variances in drag vector angle (ct), surface 
temperatures and self-scattering influences for 

specific engine firing combinations. 

• Evaporator Vent Duty Cycle Approach 

The evaporator vent system can be handled in a 
similar manner to the RCS/VCS. This system also 
operates on a demand pulse mode basis, however, 
during operation its nominal ONTIME is fixed. 
For this reason, the model has been configured 

with the nominal default ONTIME of 0.43 s of f 
operation. If all other influencing parameters 
are held constant, the user can determine accumu-
lative deposition by simply multiplying the evap-

orator total operating time in seconds by the 
deposition rate determined by the model for a 
single ONTIME time interval (i.e., 1 s). 

• Variable Attitude Approach 

In evaluating return flux or return flux deposi-
tionfor a mission where the vehicle attitude dic-

tates a continuous variation of ct (e.g., solar 
inertial), analytical approaches can be developed 
which will minimize the number of required compu-
ter runs. For example, considering a solar iner-

tial attitude the return flux deposition can be 
determined by the simple integral 

t/2 

Do = N Cosa S . RF sin g dO	 (6-1) 

0 

=	 RF . S cosB, 
IT m 

where; 

D0 = deposition (g/cm2), 

RFm maximum ram return flux (g/cm2/s), 
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S = sticking coefficient, 

t = orbit 'Period (s), 

= angle between orbital plane and 
earth-sun line (deg) and 

N = number of orbits where RF and S


remain constant.	
m 

By using relationships such as equation 6-1, the 
user need only run the model at times when the 

major parameters such as REm and S undergo change 
and keep a running total of the predicted time 
slice deposition levels. 

The above examples represent only a sample of the ap-
proaches that can be employed to minimize the number of required 
model runs in performing a complete mission contamination analysis. 
A future extension of the SPACE Program should be to incorporate 
the ability to input a complete mission profile/operational time-
line and allow the model to internally handle the manipulations cur-
rently necessary with the existing SPACE Program to simulate a com-

plete mission.
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SECTION 7

PROGRAM LIMITATIONS 

This section presents a summary of the limitations of the 
current SPACE Computer Program. As with any analytical technique or 

computer program, the SPACE - Program is limited by the availability 

of sufficient applicable input data. Because spacecraft contamina-
tion has only recently become recognized as an important analytical 
discipline in spacecraft design and development, testing to deter-
mine the required SPACE Program input parameters has been minimal. 
Areas where further parametric testing are required to refine the 
prediction resolution of the SPACE Program include: 

a) nonmetallic materials testing as discussed in Appen-
dix A to determine the time and temperature varia-
tions of mass loss rate, emitted species, molecular 
weight, activation energies, sticking coefficients 
and deposit re-evaporation rates. Such testing should 
be conducted under UV, proton and electron radiation; 

b) insitu testing of all potential molecular specie col-
lision combinations to determine molecular diameters 
and collision cross-sections for relative velocities 
up to approximately 8 km/s; 

c) insitu testing to determine sticking coefficient re-
lationships as a function of velocity, temperature 
and contaminant species for molecules transported to 
a surface through ambient scattering and self-scatter-

ing return flux; and 

d) comprehensive testing of the Shuttle Orbiter VCS and 
RCS engines to determine effluent deposition and sub-

limation characteristics of the deposits. 

Such limitations are not unique to the SPACE Program but 
are inherent to any analytical approach applied to the phenomena of 
spacecraft contamination. However, certain additional limitations 
do exist within the SPACE Program due to its current design, archi-
tecture and 'permanent file data. These program unique limitations 

are itemized below. 

• Due to its primary use as a design and development sup-
port tool, the SPACE Program has been designed to ana-
lyze individual time slices where all major influencing 
parameters remain constant. Therefore, to analyze a 
complete SO/SL mission, multiple runs and/or peripheral 

analyses are required. 
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The SPACE Program currently contains four fixed SO/SL 
configurations. To modify existing configurations or 
develop new ones, the program requires the use of an 
outside configuration/thermal radiation program such as 
TRASYS II to develop the required mass transport factor 
input data. To generate the necessary mass transport 
factors to points within the hemispherical volume above 
the space vehicle, the configuration program must have 
the capability to treat dimensionless points in the 

mass transport factor calculations. 

, Only mass transport factors to points within the upper 
hemisphere of the SO/SL vehicles have been calculated 
and placed in permanent file. For this reason, MCD/NCD 
calculations can be made only in the upper hemisphere. 
In addition, the user is limited in return flux calcu-
lations to surfaces having acceptance angles encompassed 
within the upper hemisphere volume. If additional mass 
transport factors to points within the lower hemisphere 
are to be calculated, the lower (-Z) surfaces of the 
Shuttle Orbiter must input as new sources in the SPACE 
Program. These were eliminated to minimize computer 

run times and core requirements. 

• The SPACE Program mass transport factors-to-points per-
manent files currently contain seventeen lines-of-
sight encompassing a 1200 conical viewing volume cen-

tered around the +Z axis 	 The 82.5 0 lines-of-sight 

necessary to complete the upper hemisphere viewing vol-
ume (see subsection 2.1.3.1) have not been modeled for 
mass transport factors. However, the model has been 
configured to access mass transport factors from adjac-
ent lines-of-sight to perform 27 steradian surface 
analyses. This induces finite errors in return flux 
calculations to large field-of-view surfaces, but under 
most conditions the errors are small due to the strong 
dependence on the cosine of these large off-axis angles. 
At a future date, the mass transport factor permanent 
files should be expanded to include the 82.5 0 lines-of-

sight. 

• Currently the SPACE Program is configured with represent-
ative source-to-surface mass transport factors primarily 
for the purpose of verifying proper operation of the 
source-to-surface and reflect program subroutines. The 
source-to-surface mass transport factor permanent files 
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include mass transport factors from all surfaces to 
LM0P surface 1088 and from all modeled engines and 
vents to the S0/SL surfaces. At a future date all 
surface-to-surface mass transport factors should be 
calculated, although for the basic S0/SL configuration, 
surface-to-surface contaminant transport has been deter-
mined to be second order under most conditions. 

Return flux calculations are constrained to orbital al-
titudes between 105 km and 2500 km and to low, medium 
and high solar activity options. The ambient atmos-
phere is considered to be composed of a single specie 
representative of the predominant molecules present in 
this altitude range. If deemed necessary in the future, 

the ambient atmosphere density data file can be expand-
ed to include a wider range of altitudes, different 
solar activity variations and ambient molecular specie 

characteristics. 

• The SPACE Program currently contains temperature pro-
file permanent file data for two orbital attitudes and 
has the capability to accept up to a total of five dif-
ferent profiles concurrently. The SPACE Program relies 
upon external thermal programs or user generated input 
to develop the permanent file data. An external node/ 
temperature conversion subprogram (not included in the 
SPACE Program) has been developed which facilitates the 
conversion of Spacelab and Orbiter thermal model nodes 
and temperatures to be compatible with the nodal struc-
ture of the SPACE Program. This could be integrated 
into the program at a later date to allow direct ther-
mal model input to the SPACE Program. 

• The current program design establishes the following 
capability constraints for a single program run: 

- maximum number of surfaces 	 300, 
- maximum kinds of surface sources = 15, 
- maximum number of contaminant species	 10, 

- maximum number of return flux receivers = 10, 
- maximum number of second surface sources = 300, 
- maximum drag vector angle with the +Z axis = 900 

These can each be expanded if the need arises, however, 
consideration must be given to the increase in computer 
run time and core requirements which may result. 
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• Contamination degradation effects routines and influences 
of spacecraft charging upon contamination are not included 
in the SPACE Program. Nor has the phenomena of pressure 
induced corona arc-over been included. Effects such as 
deposition induced surface transmission/reflection loss; 
emission, absorption and scattering of radiant energy by 
the molecular cloudand changes in the thermal surface 
a/c can be determined through use of existing computer 
programs, analytical techniques and limited flight/ground 

test data. 

• Three minutes are automatically subtracted internally 
from the TSTART and TSTOP times input by the user to ac-
count for elapsed mission time between launch and on-
orbit. The user should be aware of this fact in deter-

mining the above input parameters. 

• It is possible that problems incurred in running the 
SPACE Program may be the result of internal difficulties 
stemming from the interplay of the vast number of model 
options. The SPACE Program has been checked out to the 
degree considered practical, however, not all possible 
optional combinations have been exercised. For this 
reason, an elaborate system of debug write statements has 

been retained in the program (see subsection 3.1.7). De-
bug output is obtained by setting the proper output re-

ports to .TRUE. as discussed therein. 
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APPENDIX A

CONTAMINATION METHODOLOGY SUMMARY 

INTRODUCTION 

The modeling of spacecraft contamination involves many phases 
of spacecraft design and operations. These phases include manufac-
turing, assembly, test, ground handling, launch environments and 
the on-orbit conditions. The contamination analysis methodology 
summary presented herein deals only with the on-orbit induced envir-
onment experienced by a space vehicle. 

The modeling and analysis of on-orbit molecular contamination 
is the study of the physics involved in the release and transport 
of an undesireable molecule from one location to another and the 
impact that this relocation will impart upon the operation of sur-
faces, experiments, sensors and systems. The release of molecular 
contaminants can be induced through propulsive means such as the 
chemical combustion of spacecraft engines or the expulsion of mole-
cules to space through overboard vents. It can also be induced by 
surface phenomena such as releasing adsorbed/absorbed volatiles, 
liquids and gases (denoted early desorption) or through decomposi-
tion of external nonmetallic materials by the severing of their 
polymeric chemical bonds (outgassing). Contaminant molecules can 
also be released by leakage through microscopic cracks and seams of 
pressurized compartments. All of these mechanisms can be categor-
ized under contaminant source functions which dictate the process 
by which contaminant molecules are relocated. 

Once emitted, there are several mechanisms by which contamin-
ant molecules can be transported to a location of interest. These 
include such phenomena as: 1) direct line-of-sight, source-to-
surface transport; 2) second surface source transport (contaminant 
reflection and/or sublimation); 3) return flux transport resulting 
from collisions with the ambient atmosphere and 4) other phenomena 
such as contaminant self-scattering and plume intermolecular inter-

ference. 

The relocation of molecular contaminants can be described in 
terms of surface deposition or mass residing within an experiment 
field-of-view. The deposition of contaminants is usually expressed 
in terms of mass per unit area or thickness (if density and uniform-
ity of the deposit are known) and the material within an experiment 
or instrument field-of-view is usually expressed as molecular num-
ber column density (NCD) in molecules/cm 2 o' mass column density 

(MCD) in g/crn 2 . To determine these, a comprehensive molecular con-' 

tamination model must consist of four major elements which are: 
geometry; source kinetics; transport mechanisms and degradation ef-

fects.
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The following subsections present a brief summary of the phy-
sics and methodology currently employed in describing each of the 
four elements !,hich constitute such a model. The descriptions are 
written in general terms to allow the user to not only understand 
the relationships in the contamination model but to also present 
the general approach and state-of-the-art relationships upon which 
further analysis and refinements can be based. Supportive informa -

tion on this subject can be obtained from previous contract reports 

MCR-76-387' and MCR-75-132. 

2.	 GEOMETRIC CONSIDERATIONS 

All contaminant source functions are dependent upon the geome-
trical parameters of distance (r) from the source and the angle (9) 
off of the centerline of the specific contaminant source plume 
where a region of investigation is located. In the case of surface 
sources the "plume" centerline is the normal vector of the emitting 
surface. These geometric "configuration factors" f (r, 9) are the 
foundation of the contamination modeling methodology. Because sur-
face sources such as outgassing, early desorption and cabin leakage 

are characteristically Lambertian 3 , line-of-sight transport for 
these sources can be considered analogous to black body thermal rad-
iatioñ. Therefore, for such sources, the geometric viewfactor is 
determined which establishes the percentage of mass emitted by a 
Lambertian source that is capable of impinging upon another surface 
of interest or a point in space. Referring to Figure A-1, the view-
factor between two finite areas can be determined from 

VFi-j
 =	 f I Cos 9'	 9	

dA dA.	 (A-l) 
i 

A i A 

The reciprocity relationship can be utilized to show that 

VF	 A i = VF j _ i A.	 (A-2) 

'"Payload/Orbiter Contamination Control Reouirement Study", Interim 
Report, MSFC NAS8-31574 Exhibit A, MCR 76-387, Martin Marietta 
Aerospace, Denver Division, September 1976. 

2 "Payload/Orbiter Contamination Control Assessment Support", JSC 
NAS9-14212, MCR 75-13, Martin Marietta Aerospace, Denver Division, 
June 1975. 

3 The Lambertian distribution assumption for surface sources has been 
verified by experimental data obtained through numerous ground test 

programs.
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Receiver 

Figure A-i. Geometry for Viewfacthr Between Finite Areas 

The viewfactor in conjunction with the appropriate Lambertian con-
taminant source function, 1j can then be used to determine the 
unattenuated contaminant flux at any location of interest, i, by:

Aj 

Flux =	
VF	

=	
VF.	 (A-3) 

Determination of geometric viewfactors for complex space vehi-
cle configurations is extremely difficult to accomplish manually 
due to the complicated surface integrations involved and the enor-
mous number of calculations required. Among the additional compli-
cating factors which must be considered in determining viewfactors 
between sources and locations of interest is the influence of shad-
owing by intervening structural surfaces. To alleviate the calcu-
lational requirements and to insure consistancy and accuracy, a 
configuration/black body thermal radiation program such as TRASYS 
II' is normally employed to establish the contamination model view-
factor files. This allows the user to establish the entire space-
craft configuration by evaluating all surfaces simultaneously, 
considering all shadowing characteristics automatically and calcu-

lating the required viewfactors with a minimum expenditure of 

"'Thermal Radiation Analysis System (TRASYS)", JSC NAS9-14318, 

MCR 713-105, Rev. 1, Martin Marietta Aerospace, Denver Division, 

May 1975.
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manpower. 

In determining the flux from a Lambertian source and ultimate-
ly the contaminant density at a point, P, in space in the vicinity 
of .a spacecraft, the viewfactor between vehicle surfaces and dimen-

sionless points must be employed. For this case, the viewfactor is 

simply the solid angle subtended by surface j at distance r normal-

ized by 1/ti, or VF_p = A cos Qj/rrr 2 . When a point is input to 

TRASYS II, it can only be treated as a point emitter (i.e., radiating 
into 4ir steradians) and therefore the TRASYS calculated viewfactors 

are equal to A cos O/41ir 2 . The result is that if TRASYS gener-

ated viewfactorS to points are utilized (as they are in the contam-
ination model) they must be multiplied by a factor of 4 to yield 
the proper contaminant flux to point predictions. This operation 

is done internal to the contamination model. 

For contaminant sources that are other than Lambertian in nat-
ure such as vents or engines, the viewfactors are not utilized. 
Rather, these sources are described by closed form functions of r 

and Qj characteristic of their unique contamination emission pat-

terns. 

3.	 CONTAMINANT SOURCE FUNCTIONS 

3.1 Outgassing/Early DesorptiOn Source Kinetics - One of the most 

difficult sources to characterize is the mass loss behavior of non-
metallic materials such as paints, adhesives, insulation, etc. 
under vacuum exposure. Other sources such as attitude control sys-
tems and vents are more classical in their characterizations be-

cause their mass flow is usually well known. 

During Skylab, an initial approach used to determine source 

rates-was based on kinetic theory which employed molecular weight 
and vapor pressure. This approach used the Langmuir-Knudsen re-
lationship equating mass loss rate to vapor pressure, molecular 
weight, temperature and desorption coefficient. This relationship 
could be used on well known substances such as water, but for poly-
meric spacecraft materials where the abundance of each molecular 
weight varies with temperature and time, the problem was intract-
able. A more practical macroscopic approach was adopted for the 
characteristics of polymeric nonmetallic materials on Skylab which 

involved a direct measurement of the mass loss characteristics. 
Although these measurements were limited, they formed the basis of 

the current approach. The resulting relationship for mass loss 

rate as a function of temperature is expressed as 
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=	
e(T_O0'29,	 (A-4) 

where;

MO = initial steady state outgassing rate at 100°C and 

T	 = surface temperature (°C). 

This exponential function form when compared to the expression 

k = A0 e_'RT has the characteristics of an activation energy near 
10 to 12 Kcal/mole. Similar values have been observed during 
limited testing of nonmetallics at MSFC'. 

Figure A-2 shows this relationship normalized to 100°C for 
outgassing rate as a function of temperature for several activation 
energies of desorption (curves A, C and 0 for 8, 10 and 15 Kcal/mole 
respectively) and the relation derived from Skylab flight data 

(curve B). 

At the lower temperatures, the Skylab derived equation ap-
pears to follow an equivalent activation energy near 8 Kcal/mole. 
While at higher temperatures, the equation falls between 10 and 15 
Kcal/mole. The use of an equation of the form.eE/RT is only 
good for a narrow temperature range because of the many activation 
energies involved in a complex nonmetallic surface. The tempera-

ture relation of the form eE/RT is good for substances whose be-
havior is more thoroughly understood by testing. This is discussed 

later in this subsection. 

The mass loss rate time dependency is expressed as e_th/'t 

where T is the decay constant (i.e., the time for the mass loss 
rate to fall to We of its original value). The value of T depends 

strongly on the thermal conditioning and the percent sunli g ht ex-

posure of the vehicle. On Skylab, it was determined to be 4100 

hours for an approximate solar exposure of 60%. A T of 1000 hours 

has been observed on other satellite systems having nearly 100% 

solar exposure. 

Therefore, based upon the above discussions, the outgassing 

mass loss rate in the model is expressed as 

rn = M0	 T 

	

e(Tj - 100)/29 e_t'.	 (A-5) 

1.Jex, D. W. and Shriver, E.L. : "The Outgassing Rate for a Shuttle 
Thermal Protective Surface Using RTV 560 Adhesive", Eighth Con-
ference on Space Simulation, NASA SP-379, No. 28, November 1975. - 
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This expression is currently used primarily due to the lack of 
good comprehensive test data and has been found to fit the only 
extensive spacecraft flight data available to date. 

The constituents of early desorption as opposed to those of 

outgassing are basically simple gases (H 20, N2 , etc.) and can be 

assumed to exhibit zero order source kinetics. Their mass loss 
rates as a function of surface temperature can therefore be express-

ed by the classical Arrhenius relationship 

•	 -E/RT 
m=A0e 

where E can be obtained from published literature for most simple 

gases (e.g., E = 12.2 Kcal/mole for H 2 0) and T is in 0K. A0 which 

is a constant characteristic of the early desorbing material can be 
cancelled out by knowing the m at a given T. For example, if from 
materials testing a certain nonmetallic material demonstrates an 

initial mass loss rate of m g/cm 2/s at 1000C, then by assuming that 

the emitted mass is primarily simple gases with an activation ener-
gy of desorption, E in Kcal/mole, the rate at any other temp-

erature, T, can be determined from 

m 	 A0 e_'RTj	 E	 1 - L 

0373	

T 

m100 C	 A0 e	
= e	 3 

or	 E 	 1 
-	

g .	 (A-6) M
T = rnl000C e	 3	 /cm /s 

The time dependence function for early desorption is similar 

to that for outgassing (et/T). Evaluation of available ground test 
data for the initial high mass loss rates of early desorption in-

dicates a T of approximately 18 hours. It must be realized that 
this value is actually the result of the superposition of the decay 
rates of the individual molecular components of early desorption. 
To account for this, the model has been configured to accept vary-

ing values for T for each specie. However, this data is also limit-
ed and a i of 18 hours is currently assumed for all early desorption 
species. The reservoir of available early desorption constituents 
is replenished during each period that .a spacecraft is reexposed to 
the earth's environment, therefore, the temperature/time history for 
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this source has minimal influence. The velocities of emission of 
both outgassing and early desorption are determined as a function 
of constituent molecular weight (M) and surface temperature (T in 

O K) by the relationship V = (2RT/M)1/2. 

Ideally, tests should be performed that would determine those 
parameters required to model the complex process of outgassing and 

early desorption as a function of temperature and time. The cur-
rent source mass loss rate theory founded on thermochemical rate 
processes has resulted in simple, concise source equations. The 
rate theory applied to polymeric source kinetics results in the 

following expression for mass loss rate: 

(t, T) = k (T) (a 0 - X) = k (T) m,	
.	 (A-7) 

where; 

rn	 = mass loss rate, 

k (1) = rate constant, 

X	 = active mass outgassed, 

m	 = active mass remaining, 

n	 = order of the reaction and 

a 0	 = initial amount of active mass available. 

The rate constant can be expressed as a function of temperature 

by

-E/RT 
k(T)=A0e 

where; 

A0	 = constant, 

E	 = activation energy of the process, 

R	 = molar gas constant and 

T	 = absolute temperature. 

The values of A0 , E, a0 , iii, m and n can be determined from a 

test procedure known as thermogravimetri c analysis (TGA). The 
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degree of testing depends-on the configuration of the nonmetallic 
material, whether it is a uniform film such as a paint or a com-
posite of several materials in a layered formation. Additionally, 
the quantity of each active component may require several tests 
with different mass samples so the required resolution can be ob-

tained. 

Many investigators assume zero order (n = 0) and first order 
(n= 1) kinetics when determining the activation energy, E. However, 
it is relatively easy to determine the order of reaction, n, uniquely 

from the TGA data. 

Integration of equation (A-7) yields 

(dm 

	

(a0 - x)	

=fk (T) dt, or 

	

(a0 - x)	
- -k.(T) t + C (for n *1). 	 (A-8) 

	

(1-n)	 - 

For a zero order reaction, 

M = -kt, 

and for a first order reaction the integrated form of equation (A-7) 

becomes 

M= -e- kt. 

At t = 0, m = 0, C in equation (A-8) becomes 

a 1-n 

C
1-n 

Then equation (A-8) becomes 

m 1	 -	 ____ 
(1-n) - k (T) + a0 1-n 

1-n 

where a 0 = the initial amount of active mass of a given component 

and m is the active mass remaining. 
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The majority of nonmetallic materials used on the STS system 

exhibit 2 or more components available for outgassing. The mass 
loss rate for such a case can be expressed for each surface coat-

ing in the form 

rn=rnl+rn2+rn3+...= rni,or 

=	

i=l A (e_ E i'RT ) m 1 i.	 (-9) 

Therefore, to determine the mass loss characteristics of an 
outgassing surface, the temperature history versus time must be 
known. The above expressions in conjunction with the appropriate 
test data can eventually lead to a closed form analytical treatment 

of nonmetallic material mass loss where the emitted components 
change with time and temperature. 

3.2 Leakage Source Kinetics - Leakage from the crew compartments of 
space vehicles will continuously emerge from structural seams, 
hatches, microscopic cracks and seals around support hardware such 
as instrumentation feed-throughs. The crew compartments are normal-

ly pressurized with 02 and N 2 which in combination with CO 2 and H20 

comprise the predominant species of cabin leakage. 

The analytical approach to establish the source kinetics of 
cabin atmosphere leakage is to assume that the specification maxi-
mum allowable leak rate (SLKR) for each pressurized compartment is 
uniformly distributed over the external surface area (A1) of that 
compartment. Leakage is considered to be emitted in a Lambertian 
distribution. Therefore, the viewfactors previously discussed can 
be utilized to describe the leakage emission pattern, i.e., 

'L KR Flux1 = S A
	

•
	

(A-1 0)

In addition, leakage is assumed to be emitted with a most pro-
bable velocity based upon the molecular weight (M) of the individual 
constituents and a cabin atmosphere temperature (T) of 297 0 K where 

V = (2RT/M) 1 / 2 or 413 m/s assuming an average molecular weight of 

29.
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3.3 Point Source Kinetics - Point sources considered are modeled 
by closed form analytical relationships. Those point sources 
treated in this manner in the model are the supplemental flash evap-
orator and the VCS and RCS attitude control engines. These point 
sources are expressed by an analytical function describing the mass 
flow as a function of distance and angle off of the central axis of 
the source. 

The flow fields of the engines and evaporator are expressed in 
the form of the analytical function developed by Simons.' For given 
engine physical dimensions, injector pressures and chamber pressures, 
the flow field is expressed as a function of these parameters. For 
example, the expression for a region of the VCS engine flowfield is 
expressed as

8.65 

=	 - [cos ( - • - )]	 for 00 < 9 < 400,
	

(A-il) 
r2 

where K is a constant and 9 .j is a function of the engine design. 
Beyond the limiting angle from the centerline axis where the Simons 
approach is valid, another approach developed from the test data of 
Chirivelia 2 is utilized. This data shows that the flux beyond the 
limiting angle is a constant and has been incorporated into the 
model for all engine backflow regions. Emission velocities are deter-
mined through classical gas dynamic analyses for each engine or vent 
system. 

The flash evaporator plume distribution was measured in testing 
at JSC. The analytical function and emission velocity were supplied 
by JSC analysis personnel. Evaporator flow field functions have the 
same general Simons' approach format as the engine expressions, 

4.	 CONTAMINANT TRANSPORT FUNCTIONS 

Included in the following subsections are the analytical ap-
proaches currently employed to describe the transport of emitted 

'Simons, G. A.: "Effect of Nozzle Boundary Layers on Rocket Exhaust 
Plumes", AIAA Journal, Vol, IV, No. ii, 1972. 

2Chiriveila, J. E. and Simon, E., "Molecular Flux Measurements in 
the Back Flow Region of a Nozzle Plume", JANNAF 7th Plume Technology 
Meeting, April 19, 1973. 
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contaminant molecules to locations of interest. These transport 
functions in conjunction with the appropriate contaminant source 
functions comprise the basic expressions necessary to evaluate the 
induced environment of a space vehicle. 

4.1 Source-to-Surface Transport - The mass flux on a surface (i) 
from another surface (j) can be expressed as 

F=	
= m	 (A-12) 

where; 

F j	 = mass flux on i, 

= surface area of i, 

= surface area of j and 

VF.	 = viewfactor or the fraction of mass leaving j that 
impinges on i. 

Because of the reciprocity theorem for a cosine emitter, 

VF_	 = 

Ai 

which simplifies the above equation for mass flux on a surface. 

For determination of densities at point locations in space, a 
source to point transport function must be defined. For this case, 
a viewfactor is calculated between each nodal surface and points at 
which the density is to be determined. The flux at the point is ex-
pressed in the same manner as for a surface except the reciprocity 
theorem does not hold for a point. The flux at a point is given by 

F = m
	

(A-1 3)

where;

= flux at a point p, 

= mass loss rate of source j and 

VF	 = viewfactor between a surface and a mathematical point.

9/77 
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The viewfactor VF_ is a factor of four larger than that cal- 
culated by a modified hrmal program as discussed in Section 2 of 
this appendix. 

4.2 Mass and Molecular Number Column Density - The mass and molecu-
lar number column density of contaminants along a given line-of-sight 
are determined by applying the source to point transfer relationships. 
The density at a point is expressed as 

	

M
	 m.VF. 

	

Nm(P)= VJ	 = -
	 (A-14) 

3 

where; 

Nm = the density of specie m at p from source j and 

V = the velocity of the source j molecules. 

By determining the density at many points along a line-of-sight, the 
mass column density (g/cm 2 ) can be determined by integration where 

rmax 

MCD =[

	

Nm (P) dr	 (A-15) 

and

r	 = distance along the line-of-sight. 

Knowledge of the molecular constituents of each jth source allows 
conversion of the mass column density into molecular number column 
density (molecules/cm2). 

Molecules are assumed to leave a source and arrive at a surface 
or point in space without experiencing a collision with another mole-
cule during transit. The flux of molecules at a point, however, can 
be attenuated by considering the interaction of the contaminant mole-
cules and the subsequent scattering of the contaminant before it 
intercepts a line-of-sight. For this case, the density can be ex-
pressed as 

N(P) = r
	 VF	 e

and MCD' = 
vi Nm(P)' dr,	 (A-16) 
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where; 

R = the distance from j to point pand 

X = mean free path of the j molecules. 

It should be cautioned that this is a least case determination 
of the mass column density since other molecules are scattered in-
to the line-of-sight while these are being scattered out. To deter-
mine the quantity scattered into a line-of-sight versus those scat-
tered out, a great deal of computational effort is required. It is 
a complicated process involving knowledge of all mass densities 
around the vehicle and the orientation of the velocity vectors and 
requires costly, extensive Monte Carlo techniques. Estimates have 
shown that the amount scattered into a field-of-view from adjacent 
fields-of-view is approximately equal to those scattered out for 
many situations. Therefore, baseline density calculations are made 
in the model without considering the mean free path, At high alti-
tudes, the mean free path becomes large enough so that the influence 
is negligible or non-existent, For orientations where the Shuttle 
Orbiter essentially blocks the ambient from interacting with the 
contaminant molecules, the model approach is also accurate. This 
would occur, for example, when the Orbiter is flying belly first 
and the ambient impinges on its underside and thus does not inter- 
act withmany of the contaminant molecules on the payload bay side. 

4.3 Return Flux Transport Determination - Return flux is a term 
applied to contaminant molecules that are scattered back to the 
vehicle through gas-gas collisions with the ambient atmosphere. 
For most space vehicle configurations, the primary transport mechan-
ism of contaminant species between sources and receivers is the 
phenomena of return flux. The approach for modeling the return 
flux (RE) to a surface of interest divides the hemispherical space 
above the Shuttle Orbiter into a matrix of volume elements that 
have midpoints strategically located along given (up to 25) lines-
of-sight (see Figures A-3 and A-4). The origin of this matrix is 
located at station X0 = 1107, Y0 = 0 and Z0 = 507 with respect to 
the Shuttle Orbiter. 

This particular origin in no way limits the return flux or 
column density calculation capability to a surface located at X0 = 

1107. The point select subroutine in the model will automatically 
select the proper points for interpolating along any selected 
line-of-sight originating at any desired location as shown in 

Figure A-5.

A-i 6



Ja = r 2 sin OdOd 

dv = r2 sjnO dr dOd 

dOdc 

y 
CRITICAL 
SURFACE -

z

x 

Figure A-3. Elemental Volume Definition 

The amount of mass leaving each outgassing surface or other 
source that can enter the volume element centered around point P 
(Figure A-4) can be computed by accessing precalculated "form fac-
tors" (or mass transport factors) between point P and each of the 
outgassing surfaces or vent and engine sources. As a result, the 
contaminant cloud density at any point above the vehicle can be 
defined knowing the particular source emission characteristics. It 
should be noted that there are no restrictions on vehicle confi q ura-
tion such as assuming a spherical spacecraft. 

To calculate the return flux to a surface, the location and 
orientation of the critical surface i (Figure A-5) is defined. In 
addition, the field-of-view (FOV) for this surface in terms of 9 
and	 and the direction of the incoming ambient flux vector, VA, 
with respect to the line-of-sight (LOS) in terms of ct must be defin-
ed. The return flux to the surface is then computed by performing 
a volume integration over the defined region of space within the 
surface field-of-view. (Note: abnormal fields-of-view such as rec-
tangles can also be considered through special analytical manipula-
tion). 

The return flux per unit volume of space centered at point P is 
a direct function of the collision rate of the contaminant and am-
bient species within that volume. The collision rate can be defined 
by knowing the number density of both the contaminants ( Nm( P )) and 
the ambient species (NA) within that volume. This together with the 
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iux, VA 

= 1107 

Figure A-4. Elemental Volume Geometry (Line-of-Sight Location) 

Figure 11-5. Critical Surface Location, Orientation and Field-of-View 
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relative velocity (VA) and the effective cross section of the colli-
sion process (aAm) is used to determine the collision rate within 

the volume element 

= NANm(P)VAaAm.
	

(A-1 7) 

It is assumed that there is no attenuation in the ambient den-
sity due to the perturbation by the contaminant environment and that 
the impact of the ambient flux upon the contaminant density is negli-
gible at all altitudes above approximately 250 km. It is also as-
sumed that densities induced by surface sources such as outgassing 
and leakage can be defined knowing the mass loss characteristics and 
utilizing a Lambertian distribution from each surface. 

A scattering model is. assumed which defines the number of colli-
sions given in equation (A-17) that deflect molecules toward the cri-
tical surface. The scattering model currently used by most analysts 
(hard sphere) reduces to a cosine or Lambertian distribution from the 
scattering center. By integrating over all space within the geometric 
acceptance angle or the FOV of a critical surface, the total return 
flux (g/cm 2/s) to the surface can be determined. Using the hard 
sphere scattering model, the return flux of specie m can be expressed 

as
r
max  

RFAS	
r2	 cos	 cos 9 sin 9 dr d dO , or

	 (A8) = 
m

940	
r

2rmax 

RFAS = NAVA [P(6C+6A)] ffcos 
a f Nm dr sing cosOdO d (A-19) 

	

94	 0 _________ 

NCD 

In performing the volume integration, observe that for a given 
O and o that a line-of-sight (LOS) has been defined emanating from 
the critical surface (Figure A-5). Since the scattering angle, a, 
is a constant along each LOS, integration is first performed over 
the variable r (along the LOS) to obtain the pumber column density 
(The MCD is often a useful piece of information if the surface is a 
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viewing optic and there is concern with not only the return flux 
deposition but also field-of-view interference through scatter-
ing, emission and/or absorption). The return flux is, therefore 

2	 cos
N NCD r 2 sin G RFAS = NAVA [ .m + A)]	

r'	
r2	

N	 N'
m 

where; 

NCDN = molecular column density along-line-of-sight N 
(molecules/cm 2 ),	 - 

= angle the incoming ambient species subtend with LOS 
N, degrees, 

NA	 = ambient density (molecules/cm3), 

VA	 = ambient velocity (cm/s), 

= contaminant diameter (cm), 

= ambient diameter-(cm) and 

= velocity factor (3.0 assumed). 

and the volume integration has reduced to LOS integration followed 
by summation of a series of lines-of-sight that encompass the de-
sired field-of-view. This is the relationship currently being 
used to define the contaminant return flux. 

Note that if equation (A-20) is further modified, the return 
flux becomes

2	 cosO 
cos	 NCD	

N, RFAS = NA V
A 4 	 m + A )j 	 N	 N	 2TTr 

m 

N 

r 2 sin 
9N 

tO &i.	 (A-21) 

(A-2o) 
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Now

Cos 
9N

COS 

.r2 sin 9 N G=	 =VFIN. 
irr2 

Therefore,

AVA	
[	 m + 6 A)j	 N NCD N VFIN	 (A-22) 

-
RFAS

m
 = N 

where;	
N 

VFI_N = form factor from volume element coincident with 
line-of-sight N to surface of interest I. 

An important factor in the calculation of the return flux of 
contaminant molecules through collisions with the ambient atmosphere 
is the collision cross section aA which is expressed in equation 

A-22 as Tr/4[p (	 + 6A )]2. Where available,experimental data has 
been used in determining an effective collision cross section. As 
a result,the velocity factor, p, is included in the scattering cross-
section expressions to account for the average differences between 
measured molecular diameters and their "effective" diameters during 
high speed collision processes 1 ' 2 . The return flux expression is 
based on the assumption the scattered molecules are scattered in a 
cosine distribution with respect to the velocity vector. The assump-
tion has also been made that the vehicle induced contaminant mole-
cules are at rest with respect to the ambient molecules in the vehi-
cle frame of reference. 

The ambient density can vary significantly between sunlit and 
dark periods of the orbit and during different levels of sunspot 
activity. For a complete mission profile,this factor should be con-
sidered when calculating the return flux of contaminants. 

4.4 Second Surface Transport - Impingement on a surface by a source 
results in possible deposition and reemission of contaminants that 
do not adhere. In addition, some of the deposited material can de-
sorb with time under the influence of temperature variations of the 
surface deposited upon. 

'Kydd, P. H.: "Total Scattering Cross Sections of H 2 0 and NH3', 

Journal of Chemical Physics, Vol. 37, Number 5, September 1962. 

2 Snow, W. R. et al: "Molecular Beam Measurements of Total Collision 

Cross Sections of I12 0", Journal of Chemical Physics, Vol. 58, 

Number 6, March 1973. 
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In most instances, the effluents from the RCS engines and flash 

evaporator will not deposit on surfaces because of their temperature 
and the relatively high vapor pressure of the effluents. For this 
case,the reflection rate is equal to the impingement rate on the 
surface. The emission distribution of the reflected components is 

considered to be a cos 9/r 2 distribution with respect to the normal 
of the surface. The reemission velocities are assumed to be the 
most probable velocity based upon the temperature of the emitting 
surface and the molecular weight of the impinging effluents. This 

is expressed as

\ 1/2 

V	
2RT 

= (----	

,	 (A-23) 

where; 

V = velocity (m/s), 

T = temperature (°K), 

M = molecular weight and 

R0 = ideal gas constant. 

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

a) Molecules with lar g e dipole moments (H 2 0 1 CO 2 , etc.) have 

long interaction times (i.e., a few milliseconds) with a 
surface, thus allowing for more complete thermal accommoda-
tion with a surface. That is, one or more vibrations occur 
before being reemitted. The result is diffuse emission 

patterns. 

b) Molecules with incident energies less than 1 to 2 eV exhibit 
diffuse scattering with surfaces'. These energies corres-
pond to velocities of 1000 to 3000 m/s for the molecules 
of interest. The engine molecular exhaust products are 
near 3500 m/s and the evaporator exhaust near 100 m/s and 

thus fall close to this energy range. 

c) A rough surface causes diffuse scattering of impinging mole-
cules. A rough surface can be categorized as one having 
any irregularities such as the seams, penetrations and tile 

cracks such as those on the Shuttle Orbiter wings. 

1 Private communication, Dr. T. Dickinson, Washington State University. 
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d) Contamination on a surface (even fractions of a mono-
layer) tends to drive specular scattering to diffuse 
scattering due to the nonuniformity of contaminant de-
posits. Significant contamination results in total 
diffuse scattering. 

e) For the previous conditions, the scattered molecules 
have velocities indicative of the surface temperature 
impinged upon which implies complete thermal accommoda-
tion. 

f) Low incident impingement angles can introduce lobular 
scattering (approaching specular) for a very clean sur-
face with none of the above conditions. 

g) Specular scattering of molecules is very hard to obtain 
and requires ultra-high vacuum conditions, 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 ap-
proximating experimental conditions from which the re-
sults were obtained for the decision making process. 

1) For regions of the orbiter that are in the plume continuum 
or transition flow regime, significant plume interference 
will occur 1 . However, once the engine/vent has been turned 
off, the reemission from those surfaces impinged upon will 
be diffuse. 

The available data indicates that a first order model would be 
best using a cosine or diffuse scattering model from the Shuttle Orbiter 
surfaces (in particular the wings) for the conditions anticipated on 
orbit. Later versions of the model could extend this to include specu-
lar reflection as well. 

For materials that do deposit and are subsequently desorbed, 
the desorption rate can be expressed by 

fM\h/2 

rn = 5.83 x 10-2 vj T) 

'Robertson, S. J.:	 Molecular Scattering Of Vernier and Flash 
Evaporator Plumes from Space Shuttle Orbiter Wings", LMSC-HREC 
TM D496810, April 1976, Lockheed Missiles and Space Company, Inc.

(A-24) 
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where; 

ru. = mass loss rate of deposit j (g/cm2/s), 

= vapor pressure (Torr), 

M. = molecular weight and 

T. = temperature (°K). 

The emission pattern of desorbed gases is known to be cosine depend-
ent also. Therefore, if the vapor pressure and molecular weight of 
a gas is known, the desorption rate can be determined as a function 
of temperature and treated in a manner analogous to outgassing 
sources which utilizes viewfactors to a point or a surface in deter-
mining flux. This can be expressed as 

( M.)l/2 
= 5.83 x 10_2 vi T
	

VF	 ,	 (A-25) 

where; 

th	 = mass flux at a point p, 

vj	
= vapor pressure of source j at temperature T. 

= source j temperature, 

= molecular weight of source j and 

VF	 = viewfactor between source j and point p.. 

4.5 Contaminant Self-Scattering - This situation occurs when the 
density of contaminant gases allows significant collisions among 
like molecules or combinations of other spacecraft induced mole-
cules. In most instances, this effect is secondary when compared to 
other mechanisms already cited. Unique situations involving con-
fined volumes and high source rates may require consideration of 
self-scattering. Self-scattering of a contaminant species is mod-
eled using an approach as proposed by Robertson1. 

'Robertson-, S. J.: "Spacecraft Self-Contamination Due to Back-
Scattering of Outgas Products", LMSC-HREC TR D496676, January 
1976, Lockheed Missiles and Space Company, Inc. 
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Using the assumptions of Robertson, equation (A-17) is re-

placed by

N (P) 

flSSm (P) =	 (V + v) .	 I	 2 

___Z_ 	_ 	
(s +	 )]	 ( A-26) 
m	 n 

where; 

m and n denote different contaminant species. 

Using the assumption that the self scattered molecules emerge 
from the volume element with an equal probability in all directions 
and integrating over the hemispherical space above the vehicle, 

RFSSM= 

	

nsscos 9 sin 9 r2 dr dQ d4
m	 (A-27) Lff 4TT r2 

or
N(P)	

N(.P) [ Vm + V n]'	 [m + 
6 
n] 2 RFSSm=	 fff 4irr2 

94r 

r 2 dr cos 9 sin 9d9d 

or

RFSS =	 N(P) • N(P) [V +Vn] 

+ en)] Lxr cos 9 sin 9 A 0. 	 (A-28) 
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4.6 Plume Intermolecular Interference - Situations can occur 
where the effluent reflected off of a surface can interfere with 
the incoming effluents. This occurs for large sources such as 
flash evaporators or attitude control engines. This in effect 
would reduce some of the surface reflection rates during operation 
of the source. However, once the source ceases there could be a 
larger burst of effluents from a surface that were held there (vis-
cous layer) by the action of the incoming effluent plume. Because 
of the uncertainties in determining both these phenomena and their 
cancellation effect on each other with time, the impingement rate 
from a high volume source is allowed to be the reflected rate. 
For experiments that cannot tolerate high pulses over short periods 
of time, this effect should be investigated further. 

4.7 Surface Deposition Determination - The direct source-to-sur-
face outgassing sticking coefficient term 

T. - T. 
3 

200 
1	

= 0 for T > TP	 (A-29) 

where; 

T	 = source temperature (°C) and 

T. = surface temperature of receiver (°C) 

was estimated from percent weight loss and percent VCM comparisons 
from materials testing 1 ' 2 . That is, if the % WT loss was 0.9% and 
the % VCM was 0.45% at standard VCM test temperatures of 125 0C and 
25 0C, the sticking coefficient would be 0.5 as based upon equation 
(A-29), where 

-	
- T -
	 - 25 

200	 200 

The relation also encompassed limited data 3 observed at other source 
temperatures. The deposits observed during these tests is of a 

'Miraca, R. F. and Whittick, J. S.:
-

"Polymers or Spacecraft Ap-

plications', N67 40270, Stanford Research institute, Septenber 
15, 1967. 

2 Campbell, W. A., et al:	 "A Compilation of Outgassing Data for 
Spacecraft Materials', NASA TND 7362. 

3 Poehlman, H. C.: 'Vacuum Weight-Loss and Contamination Tests of 
Some Materials for Space Application", Proc. of the Fourth INTERNL. 
Vacuum Congress 1968.
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permanent nature and of long duration. It was decided during the 
Skylab program that a desorption equation based on eE/RT for the 
deposit would not suffice. This type of phenomena was also appar-
ent in the Orbiter Thermal Protection System tile outgassing tests 
conducted at MSFC where heating the test QCM did not remove the 
deposit even though it should have if the E of 15 Kcal/mole ascer-
tained at lower temperatures for the source was applied to the 

deposit. 

The problem is that the source activation energies cannot be 
applied to VCM deposits on a sui'face because repolymerization or 
other chemical reactions can occur. In the presence of sunlight, 
photopolymerization can also occur thus changing the nature of the 
deposit. It was for these reasons that a simplified sticking co-
efficient based on a limited temperature range of materials testing 
was applied for the Skylab outgassing contaminants. 

T. - 1. 

Figure A-6 shows the comparison of the 	 1200 
1 

expression to 

test data of RTV-602 outgassing onto a gold substrate. The lower 
curve corresponds to the 1 - 1 expression while the upper pre-

200 
dicted curve corresponds to T - T. which was preliminarily deter-

150 
mined from testing of DC-92007 white paint at JSC. 

Ideally, the condensation or sticking coefficient should be 

determined experimentally using the expression 

= i Sj-iVF
	 - mej	 (A-30) 

where;

= the condensation rate on surface i, 

rn	 = mass loss rate of source j, 

fraction of j condensing on i at the temperature 

VF=viewfactor and 

iii ej = reevaporation rate of j deposit from i at temperature 
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This test should be performed with and without vacuum ultra-
violet radiation of the deposit during deposition to determine the 

change in mej and any possible influence on Sj, the condensation 
coefficient. Until adequate testing has been performed, the pre- 
vious temperature difference expression for outgassing deposition 
will be used. Material testing currently being conducted at MMA 
has as a primary goal the determination of m., S.. and r 

for accurate modeling in the future.	
1	 ej 

The condensation coefficient for return flux (either from self-
scattering or ambient collisions) could be calculated in a way simi-
lar to equation A-29. However, one must consider the molecular 
kinetic energy gained during the collision processes and its ulti-
mate impact on the ability of a contaminant molecule to adhere to a 
surface. Existing ground test data of this phenomena is inadequate 
to establish a general condensation coefficient relationship. It 
is, therefore, necessary to select a value for this parameter (be-
tween 0 and 1) based upon engineering judgement of the analysis 
being conducted. This value could be estimated by averaging the 
temperatures of all j sources and utilizing equation A-29 knowing 
the temperature of the deposition sensitive surface, T. Addition-

al -items which should also be considered include: 

a) If the deposition sensitive surface operates at cryogenic 
temperatures, the sticking coefficient for return flux will 

be near 1 

b) If the deposition sensitive surface operates at warm temp-

eratures (>50 0C), the sticking coefficient will probably 

be relatively low (i.e.,	 0.1). 

c) If the deposition sensitive surface operates at nominal 

temperatures (=250C), the sticking coefficient averaged 

over a typical orbit (60 - 70% sunlite exposure) will pro-
bably fall within the range of 0.25 to 0.30. 

Each situation requires individual evaluation, and therefore, 
the model has been configured to accept user input of the return 
flux sticking coefficient for surface deposition analysis. When, 
and if the influence of this phenomena is accurately determined 
through ground testing or flight experimentation, the methodology 

can and should be refifled. 

For MMH/N 2 0 bi-propellant engines,the condensation coeffi-
cient has been determined through limited engine testing at Lewis 
Research Center to be 0,002 of the total engine flux. This value 
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was established during engine testtng with deposition collectors 

held near OOC and was verified by the onboard deposition detectors 
of Skylab operating at an average temperature near 10 0C. The de-

posits observed during the engine testing were determined to be 
MMH-Nitrate which is a small fraction of the total engine effluents. 
For the simple gases which comprise the majority of engine exhausts 

(H 2 0, H 2 , etc.), the desorption rate on a surface is compared to 
the corresponding engine flux rate to determine if a net deposit 
could result. Surface desorption rates are calculated utilizing 
the vapor pressure equation (A-24) knowing the temperature of the 

given surface. 

	

5.	 CONTAMINATION DEGRADATION EFFECTS 

Once the amount of a material on a surface or in a field-of-

view is determined, the effect on experiments, sensors or thermal con-
trol surfaces must be ascertained. Since the current contamination 
model was developed primarily for SO/SL design and development studies 
for compliance with program contamination control criteria, there was 
basically no need to over-complicate the model with subroutines to 
predict the effects of the contaminant environment. In essence, com-
pliance with the criteria implies compliance with the allowable con-

tamination effects as cited-by the technical community. If, in the 

future the model evolves into a mission analysis/payload evaluation 
tool, the area of effects must be expanded. The analyst should be 
familiar with the types of degradation effects that can be experi-
enced. These are discussed in the following subsections. 

	

5.1	 Deposited Films. - Associated with each contaminant specie 

or a known combination, a series of coefficients can be developed 
that relate the change in transmission of a particular wavelength 

through the deposited film; relate the change in reflectance of a 
particular wavelength that interacts with the deposited film; relate 
the change in conductivity of the surface or relate changes in solar 
absorptivity and emissivity. The net effect of a contaminant depos-
it is to reduce transmitted signal strength, change the reflectivity 
of a surface, change its electrical properties or discolor a thermal 
control surface. For integrated responses such as solar cells or 
eye response, the attenuation must be applied to all wavelengths of 
the detector response curve. The deposit characteristics can change 

significantly in the presence of ultraviolet, electron or proton 
radiation through chemical changes of the deposited film. 

Normally, the shorter wavelengths (UV) are affected the 
most, even by relatively small levels of contaminant. The visible 

and infrared wavelengths are affected to a lesser degree. 
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It was noted that on Skylab the white thermal control sur-

faces experienced a solar absorptivity change from 0.18 to 0.25 due 
to surface deposits and their subsequent interaction with solar ul-

traviolet radiation. 

By changing the electrical conductivity of surfaces, the 
deposit could cause a conductor to become a semiconductor thus chang-
ing the charge characteristics of the surface. This could lead to 
serious voltage breakdown problems for differentially charged areas 
and could also enhance the deposition of ionized molecules or charg-

ed particles. 

5.2 Cloud Degradation - Particular experiments or instruments 
are sensitive to specific molecular or particulate species in their 
field-of--view. The degradation mechanisms are molecular scattering, 
absorption or emission and particulate scattering or emission. The 
net effect is an addition to or reduction of a signal for a particu-
lar wavelength of interest. Computer programs are in existence that 
can predict the above mentioned degradation effects. 

5.3 Other Effects - Other degradation phenomena that can occur 
and cause irrepairab1e damage or unsatisfactory operation are corona 

and multipacting. 

Corona occurs when the induced contaminant gas density in 
the vicinity of high voltages is sufficient to cause electrical 
breakdown through the gas cloud. This is likely to occur in poorly 
vented areas and/or where contaminant effluent levels are high. 

Multipacting occurs when the gas density in the vicinity 
of an antenna is high enough to allow ionized contaminants (by photo-
ionization) to impinge on the antenna thus releasing secondary elec-
trons which develop into an interference cloud around the antenna 

rendering it inoperable for periods. 
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APPENDIX B

SURFACE INPUT TO TRASYS 

I.	 INTRODUCTION 

This appendix contains the input parameters to the TRASYS II. 
thermal program that were utilized to establish the geometric re-
lationship permanent files (viewfactors, r's and G's)discussed in 
Appendix A. Information contained herein can be divided in-
to two categories: 1) modeled surface geometry for the four fixed 
configurations and 2) the listings of the actual surface input 
data to TRASYS for the developed configurations and one line-of-
sight representative of the seventeen included in the model. 

Tables B-I through B-IV contain the geometric breakdowns for 
the Shuttle Orbiter and the Spacelab Long Module/One Pallet (LMOP), 
Short Module/Three Pallet (SMTP) and Five Pallet (FIVP), respective- 

ly. Included in the tables are the general area of each specific 
surface, a descriptive name, the type of surface, its assigned num-
ber, the number of nodes that it is subdivided into and the node 
numbers of which it is composed. Following each table is a listing 
of the TRASYS surface input deck which can be duplicated and/or 
modified if the user desires to recalculate or change fhe geometric 
relationship permanent files in the contamination model. 

Included in the Orbiter geometry section is a listing of the 
point/surface input deck utilized to construct one of the 17 model-
ed lines-of-sight. This line-of-sight which originates at Orbiter 

station X 0 = 1107, Y0 = 0 and Z0 = 507 and is parallel to the +Z axis 

can be rotated through internal TRASYS II commands to any desired 
angle off of the +Z axis and point viewfactors can be calculated. Re-
ference should be made to the TRASYS II User's Manual 1 if any of these 

activities are to be conducted. 

Descriptive comments are included with each input surface in 
the TRASYS input listings to aid the user in understanding the type 
and function of the surface. From the specific TRASYS input para-
meters; the user can determine exact shape, location, orientation, 
size and shadowing properties of individual surfaces. All, input 
parameters are in units of inches from an arbitrarily selected co-
ordinate system origin for each configuration. Reference should 
be made to the TRASYS II User's Manual 1 if mass transport factor 
data block modification is desired or if clarification is required. 
The user should use caution when performing major modifications to 

1 "Thermal Radiation Analysis System (TRASYS II) User's Manual", 
MCR-73-105 (Revision 1), Contract NAS9 .-14318, Martin Marietta 
Aerospace, Denver Division, May 1975. 
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the mass transport factor data. If configuration changes are ex-
tensive, all form factors should be recalculated due to potential 
changes in surface shadowing characteristics, impacts upon surface 
subdivisions and resolution of calculations, etc. The surface in-
put data to TRASYS for the Orbiter is based upon a coordinate sys-
temcompatible with the standard NASA STS axis/station number iden-

tification system. To facilitate programming, however, variances 
between the two systems do exist, The differences involve trans-
formation of the coordinate system origin to NASA station X 0 = 800, 

V0 = 0 and Z0 = 400 (see Figure 2-1 of main report), and reversing 
the right-handed system from +X aft to +X forward. This was done 
solely to allow for proper sizing and maximum visibility of the 
TRASYS generated graphic displays of the Orbiter configuration and 
is unique only to the Orbiter TRASYS input data. In contrast, sur-
face input data for the three modeled Spacelab configurations is 
based upon the standard NASA coordinate and station number identi-
fication system. Any other references to the Shuttle Orbiter/Space-
lab coordinate system or station number identifiers in this manual 

will be based upon the NASA designations. 

I-
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APPENDIX C

SPACE PROGRAM LISTING 

INTRODUCTION 

This appendix presents the current CDC "Update" source listing 
of the SPACE Program. The user will note the following text flags, 
and be able to determine which code he will find in his SPACE model 
as a function of computer type: CDC or UNIVAC. 

Text Flag	 Definition 

*IF U1100	 If a UNIVAC source code generation 

Text	 run is desired, the lines of code 

+	 inclusive between these flags are 
*END IF	 inserted. This code is unique to 

UNIVAC. 

*IF -UllOO	 This is the flag for unique CDC 
Text	 code and will only be inserted in 

+	 a CDC source code generation run.. 
*END IF	 This code is also inclusive between 

the two cards. 

This listing allows the user to see both sets of code that 
generate the same program for each computer. It also highlights the 
differences between the CDC and UNIVAC computer systems.
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