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1.0 INTRODUCTION 

1.1 Purpose - The purp,ose of his report -is to· pre sents the 
re sults of ;1 cnntami nat ion analysi s4;,on the Defense Support Pro­
gram (DSP) satellite during launch and deployment by the Space 
Transportation System (STS). ~his report presents the predicted 
contaminant deposition on critical DSP surf aces during the period 

_ , , ,, ~ · soon after launch when the DSP is in the Shuttle Orbiter bay with 
. , n~ the doors closed, the bdy-doors op en and during initial deploy­

ment. Additionally, a six s ided box was pl aced at the spacecraft 
position to obt ain directional cont amin ant fl ux in f ormation fo r 
a general payload while in the bay and during deployment.-- ... 

,. 

1.2 Scope~- The analysis included contamination source s 
from the Shuttle Orbiter, !US and cradle, the DSP sensor and 
the DSP support pac kage . 

During the period in bay-doors closed (one hour duration), 
the outgassing from a ll surfaces in the payload bay including the 
IUS and spacecraft were considered as sources. During the period 
in bay-doors open (2 hours duration), additional sources in the 
form of VCS engines and return flux of contaminants were con­
s idered. During deployment ( ~ 15 minutes), only Shutt l e Orbiter 
fluxes on DSP critical surfac "s were considered . . 

are: 

~ ::r Y ·...-1' 

·Critical surfaces -(+5--t-otal) on the DSP that were evaluated 1 1 • , ,, 

a) -four second surf ace thermal mirror panels on the W71 
sensor (two of the mirror panels encompass the photo-

1
.-- elecf r C cell radi a tors); 

b) '- IS tarsensors ); ,_ ') 
c.).. ~_ylindrical solar panels (4 quadrants); 
d) r Radec ABL Systems 4 -
e) four surfaces perpendicular to the long axis of the 

spacecraft near the ABL area. 

Off nominal periods of 4.5 hours in bay-doors closed and 24 hours 
in bay-doors open were a lso assessed. The variation in return 
flux during the in bay-doors open period for small attitude 
changes was evaluated. 

1.3 Approach - The approach taken for this study was to 
utilize an existing DSP configuration used on a previous similar 
study and the Shuttle Orbiter configuration and data banks as 

1 



contained in the Shuttle/Payload Contamination Evaluation 
(SPACE) Program. In addition, sets of vacuum system equations 
were utilized in performing the in bay-doors closed analysis. 

The comparison between the present study and a previous 
study performed 2 years ago is shown in Figure 1. The source 
characteristics and analysis techniques have been improved for 
the present study. Wherever possible, direct test results have 
been incorporated. 

1.4 Summary - Potential deposition levels on specific 
sensor surfaces were evaluated and the results indicate: 

• maximum baseline deRosition on any critical surfaces 
is approximately lOX; 

• DSP surfaces were warm enough to prevent net deposits 
of: 

- early desorption products, 
- cabin leakage, 

flash evaporator exhaust and 
- major portions of engine exhaust; 

• VCS engine deposits were less than 1i; 

• major deposition occurred during the in bay-doors cl~sed 
period and the in bay-doors open and 

• deployqient is a relatively clean period--deposits less 
than 1i. 

2~0 MODEIED CONFIGURATIONS 

2.1 Modeling Approach - The spacecraft and Shuttle Orbiter 
were modeled on a CDC 6000 series computer in terms of basic 
geometric shapes. The relations between the DSP critical sur-
faces and all other DSP, IUS and Shuttle surfaces were calculated 
at all relative positions modeled. The basic Shuttle Orbite~ 
configuration used is as presented in detail in the "Shuttle/ 
·~ayload Contamination Evaluation Program" Users Manual, MCR-77-
106, April 1977. The only changes made for this analysis were in 
the payload bay liner nodal structure which was increased from 8 to 
16 nodes and the payload filters were included in the payload 
bay liner. These changes were required for improved resolution 
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in determining viewfactors and for shadowing considerations. 

2.2 DSP Configuration - The DSP satellite was represented 
by 33 surfaces, 15 of which were considered as critical surfaces. 
Other surfaces not considered sensitive to contatnination were 
included to properly a~count for the transport of conraminants. 
Figure 2 shows the modeied DSP configuration with thP. critical 
surfaces identified by node numbers for reference to the follow­
ing contamination predictions. 

2.3 l,US Configuration - The !US configuration was repre­
sented by a total of 26 surfaces. This number was sufficient 
for outgassing source characterization and shadowing considera­
tions. Figure 3 shows a computer drawn graphic displays of the 
IUS DOD/NASA two stage configuration used in this study. Also 
shown are the 2 dimensional cradle components and the IUS inte­
grated with t he DSP spacecraft. 

2.4 Integrated Configuration - The DSP position in the 
Shultle Orbiter bay is shown in Figure 4. This relative posi­
tion was used for the in bay-doors closed and the in bay-doors 
open analysis. 

2.5 Deployment Positions - The DSP/IUS deployment sequence 
was supplied by NASA-JSC and is shown schematically in Figure 5. 
Viewfactors between the DSP critical surfaces and the Shuttle 
Orbiter were calculated for each of these positions for contami­
nation predictions. 

3.0 MISSION PROFILE 

3.1 Nominal Mission - The nominal mission profile defined 
for this study consisted of three major flight segments which 
were: 

a) IN BAY - DOORS CLOSED 

b) I N BAY - DOORS OPEN 

c) DEPLOYNENT 

ONE HOUR (3600s) 

TWO HOURS (7200s) 

917 SECONDS TOTAL 

During all of these intervals, the Shuttle Orbiter was he id in a 
fixed attitude (bay looking at the earth) ir. a fixed ZLV mode 
at a zero degree bt•ta angle. At this attitude, the velocity 
vector is parallel to the Shutt L Orbiter X axis. The t e:mpera­
tures for this attitude were supplied by Rockweli International 

4 
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ior both the door s ope n 3nd c losed c3se . The mission altitude 
was de fin t! d .1s 160 nm (296 km) which is import ant for return 
f lux ca lculations. 

3. 2 Off Nominal Mis s ion - The off nomin al mission con­
tingency modes were defined as: 

a ) IN BAY - DOORS CLOSED 

b) IN BAY - DOORS OPE N 

4 
4 .5 HOURS (l.56xl0 s) 

4 
24 HOURS (8 .64xl0 s) 

The attitude and altitude fo r t he of f nomina l cases were the same 
as the nominal case. 

An additional off nomin a l parameter considered was to vary 
the angle the velocity vector makes with t '.1e Z axis. Nominally, 
it is at 90 degrees wi l h respect to the Z axis. The off nominal 
situations analyzed were at 60 degrees and 120 degrees, ~till 
in the X-Z plane. This provide s an indication of the potential 
variation in return flux as a function of angle of attack for 
the Shuttle Orbiter and is presented later in the following re­
sults section. 

4 .0 RESULTS 

4.1 In Bay-Doors Closed - The following analysi s wa s used 
to establish the in bay-doors closed contamination predictions 
for the DSP. 

4 .1. l Payload Bay Pressures - To analyze the payload bay­
doors closed case, the pressure mus t be calculated to determine 
if free molecular flow from surface to surface exists or if a 
random, diffuse gas mixing situation exists. The payload bay 
equilibrium pressure, soon after launch, is dictated by the 
pressurized cabin leakage which consists of H?O, N2, O? and _1 
CO. The specified leak rate is 7 lbs•day· 1 or 21.7 Torr•l•s , 
hatf of which is assumed to leak into the payload bay volume 
and the rest into the volume between the payload bay liner and 
outer fuselage region. The resulting pressure can be calculated 
from equations supplied by JSC which incorporate the pumping 
speed of the overboard conductances. This is expressed as 

where 

9 



3 -1 Q
1 

• bay input( upper mid-fuselage), Torr·m •S and 

Q
2 

s input between liner and Orbiter bulkhead (lower mid· 
fuselaile). 

-3 3 -1 For the bay calculation, Q1 and Q2 • llxlO Torr•m •s and the 
pressure is P • 8x10-4 Torr. 

At these pressures, the mean free path of a molecule is on 
the order of centimeters as compared to several or tens of 
meter~ sepQrating the surfaces in the payload bay. Because of 
this, a random gas mi:<ing is assumed so tha • all surfaces in the 
bay can be impinged upon from all sources. The additional 
ef fect of gas release by surfaces and total mass loss by non­
metallics would be to increase the overall pressure by a_fmall 
amount. This gas load amounts to less than 0.3 Torr•l•s , whi,;h 
is a small quantity compared to the cabin leakage. This was obtained 
by averaging the TML rates in Tab~e I. 

To calculate the partial pressure of the volatile conden­
sible material (VCM), an additional pumping speed must be calcu­
lated. This term accounts for the removal of the VCM by sur­
faces that are cool relative to the VCM source material. To cal­
culate the pumping speed, the impingement rate on a surface 
must be determined. 

where 

The impingement rate on a surface area can be expressed as 

dN 1/4 v nA 
dt .. a 

N • nu~ber of molecules, 

n • number density of gas, 

v • mean molecular speed and 
a 

A• pumping area of the surface. 

By definition, the mass flux 

Q • PdV --dt 
kt dN 

dt. 

10 



Substituting the previous expression for dN /dt and P • nkt 
into the above relationship, this yields 

Q • 1/4 v AP. 
a 

From this expression, the term 1/4 v A is the pumping 3peed 
of the walls impinged upon for unit condeRsation coefficient. 
This situation is somewhat analogous to a cryo•wall condensing 
out gases in a vacuum system and represents a near maximum case 
when considering the VCM molecules are mixed with a larger amount 
of noncondensible gases. The reasoning here is that the VCM 

0 species will condense out on surfaces near 25 C. 

By substituting 

v. - (~) 
1/ 2 in the above relationship, the pumping 

speed expression 

S • v A becomes S • 
1/2 1/2 -1 

l•s 

where 

-L--
4 

A• area in square centimeters, 

T • temperature in degrees Kelvin and 

M • molecular weight of the molecule in grams per mole. 
0 For air at 300 K, the PW!~ing speed is S • 11.7A for a 

molecular weight of 29 g•~ole • For the payload bay situation, 
the area of the liner and payload is 2.02 x 106cm2 which results 
in an effective pumping speed of 

4 3 -1 S • 2.4xl0 m •s 

-1 4 3 -1 for a molecular weight of 29 s:,ole and l.27xl0 m •s for a 
molecular weight of 100 g•mol,~ • Because the pumping speed is 
much larger than the liner filter pumping speed, the pressure 
equation becomes 

n Q 
p - .=L - ------·-s l.27xl0~ 

11 



( 

where 

Q • VCM mass input rate to the bay volume. 

4.1.2 Payload Bay Sources - The remaining parameter to 
determine is the VCM input to the payload bay volume. Table I 
shows a compilation of the nonmetallics on the IUS/DSP and 
Shuttle Orbiter utilized for this study. Where materials data 
was unavailable, the general approach was to use the TML/VCM 
measurements made on these materials to estimate mass loss 
rates. The standard TML/VCM test time of 24 hours was used to 

0 obtain an average rate for the TML source temperature of 125 C 
0 and the VCM rate for a collector plate at 25 C. This data is 

currently the only extensive data for nonmetallics that is per­
formed under similar test conditions. This approach results in 
a rate that is too low for initial vacuum exposure (first l to 3 
hours) and too high for rates at the end of 24 hours. Wherever 
possible, the THL/VCM data was replaced or augmented by a~tual 
teat data on the ~nnmetallics in question so that the results 
would be as accurate as possible. 

An additional requirement was to reduce the mass loss rate 
for temperatures of the nonmetallics other than the standard 

0 TML test temperature of 125 c. Testing was performed to de-
termine the change in mass loss rates as a function of source 
temperature for major sources. The testing was performed on 
Shuttle Orbiter sources (bulkhead TG-15000, silver Teflon ad­
hesive and a silicone used on electrical connectors) and on 
major payload sources (epoxy laminate and Kyna~ wiring insula­
tion). The testing for the materials had as its objective to 
determine mass loss rates at various temperatures anticipated 
during the mission, the time dependency of the outgassing rates 
and the effect on VCM of thermal vacuum testing of payload com­
ponents prior to installation into the Shuttle Orbiter bay. 
This testing was performed at NASA-JSC in response to the need 
to determine parameters that would have a major impact on pay­
load contamination predictions. 

4.1.2.l Orbiter Sources - The following data presents the 
results of testing performed by JSC in establishing the rates 
used for the Shuttle Orbiter sources. Initially, the data is 
presented for a first flight Orbiter and secondly, the reduc­
tion in rates due to previous vacuum exposure is also presented. 
The previous vacuum exposed Orbiter is considered as the base­
line case. The Orbiter nonmetallic& discussed previously were 
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TABLE I NONMETALT, IC MASS LOSS RATES BASED ON VCM/TML AND TOTAL 
MASS AVA TT..A.BLE 

lllaaTW.lC AVIIACI CVOI l'IIL1 vtN DAT4' 

laftUAL ' 'M. 1, CYCN IIIIGlff 
NUI ~II Mft 
~ 125 C/ 24 HU . N-111• 

IOI/kl 

lbl ·1 
Torr• 1 • 1 • l ' t lKllt;Sl'l>Not:Nl I 

I •·• "Mlll1 •--- • l'IAll lllt:Dt:S 

...... AZI IIA•276 1. 7) 2.0hlO l 1. 1oa10· 1 1.21a10·4 IS,IC, TO 
. 00) 4,5 :.. CAUE IIAllll 

~.li fC, OAT!O 

IN• (T., • 11111111. I J .' , 71, 

I, lat02 IIU. LS /111'81!1 . DCU-071 1,67 o.,o ,2ll 1 .'4.io·~ .001) 

. IIUIY/DrA/NlCID MWQI 2,42 .015 2.11 9 . 51■ 102 9,4'2a10·• l,6■ 10 
•l 

2.67a10l •4 ·2 OITAllltO . DC I◄> .... 1.1 ,47 , ... l.45a10 2. 5 ■ 10 , ... 
l,l6a10l ·• 5.oa10·2 

DCll45 l. 74 , 75 7,41 2.92al0 "COIIPIUTION 

1,69■ 103 ·• _,. 
0, VCN DATA . llMSZ .1, .oz ,)74 l,91 ■ : 0 6. 7a10 
0, -· ., 

l,69■ 103 2. ua10·' ].7■ 10°] ICTALLIC . .... 7 l,U ,ll ,)74 
NAnllALS" . nD 46l•l•I PUT 11.Aa ,.,..... ...,.. ,l25 l,41■ 102 - - JSC 08962 

fta '4l•l•l - - .106 ,.. ., 0 . - - DIC&lell 
Jlllall& (VlrlrlD) 1977 

Pia 46l•l•I - - l.l5 ,.u.102 - -. 
. DCll4S l,74 ,1' 2,0, ,., .. 102 •• 24alo·' l ,4a10 •2 

. • IClm:II CAft ' , .. .04 1.12 ,.1■102 Z,l6a10 •6 ,..,o-' 

Jlllala(JUnAU.Y 
Vlfflll) 

. llffllll l,lt .n .14 •>.• 2. ,1■10·• •• ,■10-' 

. • ICOICKAff ' 
, .. ,04 ,.1 2.11■103 1.21■10 

_, 
2.2a10·1 

11111' , •• , - SUPPLIIO IY 

MJ!IW,f T_, TO 

naa 1•VLAnm .u .oz 3l l,41■104 l.26■10° 5 ,.,,■10·> IIAIA JSC 

OIi v1um 
nnu-, (OI IOl.\1 . 71 .01 1l ,.,s.103 4.42■10·' 1. ,2a10·> 

PADDLI IIOlaYCOIII 
~tcl) 

U01Y LAlltlATmG ■at• •• .oz 11. 7 1.s.103 1. 97■ 10 
_, 

l, lSalO •l 

DUffll 
SUPPLUO IY 
IIAIA JSC - • 2.20.10·• ~2 • • TG-15000 .47 .04t 17 l.tSalO ],11■10 

_... tall.Atloa 

AMllft JOI .» ,Zl 40 1.11.10 4 •. ,1.10-' 7.51■ 10 
•2 

Al-ffl IADIAW>II 

•• l&llLAmtl - - - - - -
• 111111 ..... ,.u 0.1 - - - -

Utt.ma - - - - - -
SUPPLIID 1Y 

(IICII (1QI AIIC 
a&t) .,, 

- (MIC) - - _oj 

14.,.10 o.z 2.,0.10·• J.toalO ·• 

.-rHESB MATlllALS EXIST BITWIIH THI LINII AND THI Lai!R. MID FUSELAGE AND 

PRISENT NO ~ROBLBM BECAUSE or LIMITED CONDUCTA?«:E TO THE BAY VOLUME 

AND CONDENSING SURFACES IN THI MID FUSELAGE REGION 
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tested for time and temperature dependence of VCM mass loss 
rates. Figure 6 shows the VCM curves for an RTV used on elec­

trical connectors. The interesting feature here is the reduc­

tion in VCM by only a factor of two when the source tempera­
ture is reduced from 125°c to 40°c. It also shows that the 

majority of VCM is released during the first 2 to 3 hour period 

of vacuum exposure. 

Figure 7 shows the VCM mass loss data obtained for the 
silver Teflon radiator surfaces on the payload bay doors. The 

dashed lines correspond to the silver Teflon bonded to an alumi­

num substrate and the solid lines correspond to no substrate 
with the adhesive exposed. The results show that the Al bonded 

sample mass loss was only 807. of the unbonded sample where the 

adhesive was totally exposed. Also, the reduction by apgroxi­
masely two is evident between source temperatures at 125 C and 

48 c. 

The adhesive for the door radiato!~ is 0.003 inches thick 

(0.008 cm). Fo~ a ~ensity of 1.2 g•cm and a total radiator 
area of l.89xl0 cm, the total adhesive mass is l.8lxl0 g. 
From Table I, the VCM is 0.217. so that the mass available for 

VCM is 38g. Averaged over 24 hours and reduced by a factor of 

two, t~
4

acco~it for temperature; the VCM mass loss rate is 
2.2xl0 g•s • Testing has shown (Figure 7) that the bonded 

configuration is ~07. of the bare adhesive, so the rate 1educes 
to l.76xlo-4 g•s- _yr equivalently, 3.74xto· 2 Torr•l•s· for a 

mass.jf 100 g•mole • The VCM molecular weight of 100 g• 
mole was used in this analysis as an assumed ave!fge value. 
Testin11shows masses that range from the 70 §•mole to 170 
g•mole predominate at temperatures near 40 C. This rate was 

used in the analysis for in bay-doors closed for a first flight 

Orbiter. 

Mass loss data for the bulkhead TG-15000 material is shown 

in Figure 8. This mass loss rate data is for the insulation 
material with no covering around it and, therefore, represents 
a maximum rate situation. These curves show that the majority 

of the mass is gone after 10 to 20 hours of exposure and also 

shows a reduction of approximatel~ a factor of two for the total 
mass loss rate curves between 125 C and room temperatures. 

VCM/TML tests show that 107. of the total mass loss is VCM. Be­

cause actual rate data from testing is available for this 

material, it was used instead of average rates from Table I. 
The mass loss rate at the 10 hour point was chosen to be indicative 
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of a first flight Or~fter. AS the 10 hour point, the TML rate is 6.8x10· 7 Torr•l•J at 125 C with a corresponding VC~ of 6.8lxlo·8 Torr•l•s· per gram of materfal. For the total 87 pounds of insulation material_ (3.95xl0~g2t this e3uates to a VCM mass loss rate of 2.69xl0 3 Torr•l•s at 125 C. Since the 0 bulkhead will be near 40 C during operation, this rate should be reduced by a factor of two, as shown by testing, so that the VCM ~fss input rate to the payload bay volume is l.34x10· 3 
Torr•l•s . This rate was used for the in bay-doors closed analysis for a first flight Orbiter. 

The payload bay liner of the Orbiter will not have a VCH content of any sigrificance. The material is an 8 oz. per sq. yd. Teflon coated beta cloth. Testing has shown that the mass lo~s rate,_,ft!j only l - 5 hours vacuum exposure, is below 10 11 g•cm •s and is comprised mainly of the desorption of simple adsorbed atmospheric gases. 

The super koropon, used as a coating on internal structures of the Shuttle Orbiter under the palyload bay liner, has a ntL of 5.47% and a VCM of 0.1%. Subsequent testing at JSC has shown that the TML may be as high as 10% and does fluctuate from sample to sample. Any VCM mass loss from this source must enter the bay volume through the filtered openings between the liner and the mid-fuselage region. The amount entering through these filtered vents is small compared to sources within the bay volume. Additionally, the majority of VCM will condense onto the outside of the payload bay liner and other internal structure. 

The TG-15000 and MLI blankets that exist between the pay­load bay liner and outer fuselage do not contribute significantly into the bay volume for the same reasons given for super koropon above. Because it is very unlikely that a sensitive payload will ever fly on a virgin Orbiter, it remains to determine the effect of vacuum exposure on Orbiter sources from flights pre­viously completed. A previously vacuum exposed Orbiter was considered as the baseline situation for this study. It is estimated that at lea.st one or two eq~:..valent 7 day on-orbit missions will have been flown before sensitive payloads are placed in the Orbiter. By reviewing the long term thermal vacuum exposure of DSP components, (see Figure 9), it.f5pears the reduction wouly be1to a level on the order of lxlO g•g (parent material)- •s·. That is to say that the rate fo: 5he _
1 

_
1 Kynar did not exceed the minumum detectable limit of lxlO 1 g•g .s for a 48 hour period. This assumption appears valid in light 
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of ti1e data presented in Figures 6, 7, and 8 for periods of 24 
hours. These curves show a significant reduction in mass loss 
after a relatively short 24 hour period. Bar.ed on this, the_ 1 
m!ys input or the Orbiter sources is £6x10-~~ g•g (material) • 
s ) (~48xl04 g (~fterial) ) • 5.8xl0 g•s or equival~~tly 
9.8xl0 Torr•l•s for a molecular weight of 100 g•mole 
This rate was used for the in bay-doors closed baseline analysis 
of a previous flight exposed Orbiter source input. 

4.1.2.2 IUS Sources - The major IUS source identified is 
the Chemglaze IIA-276 external white thermal control paint. 

0 Testing has shown that the r.,tL of this paint at 40 C for 160 
0 hours is 1. 73% and the VC?-1 collected at 25 C is reported to be 

less th'n o2003%. The area of the exterior of the IUS is 
2.66xl0 cm. For an anticipated application thickness of

3
0.008 

cm (.003 in) and a unit density, the total mass is 2.13xl0 g. If 
the TML/VCM data is averaged over a 24 hour period, which shows 
the majo!

1
mass loss, the mass loss rate at 40°c is l.26x10·4 

Torr•l•s for the VCM. This rate was used in the in bay-doors 
closed analysis. The IUS engin~ casings are comprised of a 
Kevlar material in an epoxy matrix. Even though this source is 
near 400 lb, VCM testing shows a zero measurement of VCM. 

4.1.2.3 DSP-AESC Sources - The sources from the sensor 
portion of the DSP were specified by AESC to be 1.73 g of VCM 
available before thermal vacuun testing. After thermal vacuum 
testing, the remaining VCN was specified by AESC to be less than 
0.2 g. If this.iere !yeraged over a 24 hour pe:!od, the r!ie 
would be 2.3xl0 g•s or equivalently 3.93xl0 tzrr•l•s a£ 
12s0 c and scaling by a factor of two gives l.97xl0- Torr•l•s- . 
This rate was used for in bay-doors closed analysis. 

4.1.2.4 DSP-TRW Sources - The support package portion of 
the DSP has a great deal of nonmetallic materials as shown in 
Table I. The total mass_4oss :fte at 40°c_~or these ~yurces was 
determined to be 3.17xl0 g•s or 5.4xl0 Torr•l•s . The 
TRW portion of the DSP undergoes vacuum checkout for a period 
of 6 days at ambient temperature. To determine what effect this 
has on VCM removal during thermal vacuum testing, several of 
the major components were tested at JSC. Figure 9 shows the 
results for the Kynar wiring insulation and the epoxy laminate 
resin. The data shows that :he mass loss rate decreases sig­
nificantly with time at !gom t~fperature in vacuum. The Kynar 
rate initially is l.lxlO g•s (Figure 9) and at 120 hours 
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-10 -1 -1 
is undetectable but has been estimated to be lxlO 4 g•g s , 
Figure 9. For a reported available mass of l.4lxl0 g of Kynar, 

0 
the total !'#ss toys rate at 25 C after 80 hours in vacuum would 
be l.4lxlo· g•s·. This term is different than that presented 
in Table I but was used since the test data on long term be­
havior is more desirable than an averaging technique based on 
VCM. After long exposure in vacuum, the fraction of the total 
mass loss that is VCM is larger than the ratio of VCM to TML 
would indicate. This results from the fact that the lighter 
gases come off much faster than the outgassing, large molecular 
weight components. It was assumed that one half of the mass 
loss aft~r 80 h2~rs W!f VCM. Therefore, the vc~

4
mass inpu~ 1for 

Kynar is 7.3xl0 g•s or equivalently 1.24xl0 Torr•l•s . 

The epoxy_~amin!ie :~rve in Figure 9 shows a mass loss 
rase of l.OxlO g•g •s at the end~, 80 hiurs in vacuum at 
25 c. This equates to a TML of 8.5xl0 g•s . Once aga!g, it 
was.fssumed half of this is V~~ so the Vf¥ rate is 4.3xl0 
g•s or equivalently 7.24xl0 Torr•l•s for the 8.5xl03 g 
of epoxy resin. · 

The rates calculated for the VCM of the two above materials 
were used for the in bay-doors closed analysis, The Kynar 
and epoxy laminate compromise 56% of the TRW nonmetallics. 
'lbere was insufficient time to test all of the remaining TRW 
materials under thermal vacuum preflight test conditions. It is 
reason~le to assume that the_9ates_1or.ihe remaining 39.6 lb 
(l.8xl0 g) would be near lxlO g•g •s , the same as for the 
epoxy laminate. This results in a VCM input (assuming oncg _

1 
again that half the mas!

3
loss at SQ1

hours if, VCM) of 9xl0· g•s 
or equivalently l.53xl0 Torr•1•s 

Based on these assumptions and tests discussed previously, 
the total y~ input t21the payload from the DSP-TRW nonmetallics 
is 2.38xl0 Torr•l·s • 

4.1.3 Resulting Deposition - The deposition results for 
the in bay-doors closed case are presented in Table II along 
with the VCM mass inputs from the major sources. As shown, the 
effects of a previously vacuum exposed Orbiter is to signifi­
cantly reduce the VCM input to the payload bay volume and the 
resulting deposition. It should be noted that if some of the 
payload bay surfaces were not capable of condensing part of the 
VCM, the deposition would be greater. 
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TABLE II VCM MASS INPUT AND DEPOSITION RESULTS - IN BAY-DOORS CLOSED 

% Contri- % Contri-
bution bution 

VCM Input Rate Previously Initial 
Flown Flight 

<:nurce 2•s·l Torr•l•a•l n.-bu-e,- Orbi "''""' v ... .., .. ~1,a Ir.----~., 

IUS 7.38xl0 -7 1.26xl0 -4 
3 <1 Thermal vacuum test-

ing not accounted for -
TML/VCM data question-
able 

DSP•AESC -6 -4 
5 <l Thermal l.16xl0 l.97xl0 vacuum test• 

ing accounted for - VCM 
reduced to 12% of non-
vacuum exposed materials 

DSP•TRW l.4xl0 -5 2.38xl0 -3 
65 6 Thermal vacuum exposure 

of 6 days at room tern-
perature accounted for 
from testing at JSC 

Orbiter -6 -4 27 - A first flight orbiter 5.8xl0 9.84xl0 
(Previ- refers t o average rates 
ously during a 24 hour period 
flown) of a first flight -

-4 3.89x10· 12 previously flown refers 
(First 2.29xl0 - 93 to approximately a seven 
Flight) day mission on-orbit ex-

posure and uses the 
attenuation found in 
testing of DSP-TRW ma-
terials 

IQ!& -3 g Previ• 3.69xl0 100 p • Q/S 1. 27xl04 
ously 
flown 

First 4.16xl0 -2 

Flight l , 
·2 

Resulting • 
2 00 Deposition i -1 ~. 5.83xl0. PVCM T 

4 •hr Previously 
-2 -1 Flown g•cm •s 

First i -1 45 •hr 
Fliaht 
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The resulting deposition was calculated from the Langmuir-

Knuda~n :•:~::::~~PPVCM (¥) 1/2 g•cm-2.,-1 

where 

PVCM • partial pressure of VCM, 

M • molecular weight and 

T • temperature. 

The value of PVCM was determined from 

-3 -1 
P • g • 3.69xl0 Torr1l•s • 2.9xl0-10 Torr. 

VCM S l.27xl01 l•s
0 

The value of; where M • 100 and T • 298K, is 9.76xlo- 12 g•cm-2•s-l 
for the baselin~ case. For a 3600 second exposure, the net 
deposition is 4X for unit 2ensity. For a first flight Orbiter, 
the deposition would be 45X. The 4Si was calculated assuming no 
previous vacuum exposure. 

The other sources in the form of cabin leakage and volatile 
species from nonm!§allic!2hay! an impingement rate on DSP sur­
faces ~ear l.Sxl0 g•cm •s • This was calculated ; 4om the 
above m expression and a total bay pre11ure of 8 x 10 Torr. How­
ever, these molecular species will not condense at DSP surface 
temperatures and therefore present no long term deposition po­
tential. 

4.2 In Bay-Doors Open - During this exposure time, one 
major transport of contaminants is the molecular flow conditions 
from one surface to another unhindered by collisions occurring 
between the surfaces. The other major transport mechanism is 
the return flux of contaminants to spacecraft surfaces through 
interactions with the ambient atmosphere. 

4.2.l Direct Flux - The deposition from direct flux of 
contaminants on critical DSP surfaces during the in bay-doors 
open is less than one angstrom for all surfaces. Table III 
shows the deposition levels for the critical surfaces during 
this period. The only surfaces that directly see the DSP 
surfaces are the payload bay liner and the bulkhead area. 
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Even though the time interval was 7200 seconds, the rates from these sources was low enough thaS no significant deposition occurred. At temperatures of 12_11 the ~!ss.loss rates of these sources was on the order of 4xl0 g•cm •s . 

Secondary reflections from the IUS/DSP to the Orbiter liner and back to DSP critical surfaces was not in scope with this study. However, it was preliminarily assessed and appears to be less than the rate of the Orbiter materials themselves and is thus considered as no problem. 

4.2.2 Outgassing Return Flux - Other surfaces that do not see the DSP surfaces directly during the in bay-doors open period are the radiators and TPS surfaces of the Shuttle Orbiter as well as the IUS surfaces. These surfaces can contribute in­directly by interacting with the ambient atmosphere and scatter• ing back to the DSP surfaces. Table IV shows the input control parameters used in operating the SPACE computer program. Table Vis a listing of the mission parameters used in defining the vehicle attitude and altitude for the return flux calculations. Table VI shows the mass loss rates of the Shuttle Orbiter sur­faces after they have been corrected for temperature. This table corresponds to report #11 from the SPACE computer program and indicates the total mass loss rate from a surface, the per unit area rate and finally a summary of the total mass loss rate from the Orbiter and the average rate for the Orbiter surfaces. The return flux calculated for these source rates and the nominal attitude are !~own in Table ~!I._1The total return flux is shown to be 2.2xl2
1 mol2cults•cm •s or a mass impingement rate of 3.6lx10· g•cm· •s·. Of this,63.8% is from the :fiiator!2 ~fch have a maximum surface mass loss rate of 8.9xl0 g•cm • s as shown in Table VI. Since direct data was available for the radiators and TG-15000, it was used as input to the SPACE program. In addition to the Orbite~2so~rces, the return flux from the IUS/DSP is 2.53x10· 12 g•cm •s • This was determined by calculating what percentage of the Orbiter number column densities the IUS/DSP comprised. The results showed the IUS/ DSP was 7% of the Orbiter return flux. 

Since the VCM rate for the radiators and IUS/DSP sources was u1ed6 the condensation coefficient on payload surfaces below 25 C is unity. For the remainder of the Or~iier sur~ac!y (NOMEX, LR.SI and HRSI), the return flux is l.3xl0 g•cm •s with a condensation coefficien t near 0.3 for the 50°c sources 
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0 and •12 to -18 C receivers. This approach for these Orbiter 
sources is consistent with the SPACE program logic.* 

-11 -2 -1 In sutmnary, the deposition rate is 2.49xl0 g•cm_ 2·s_ 1 for the IUS/DSP/radiator return flux and 3.9x10· 12 g•cm ·s 
for the remainder of the Orbiter. The net d!~os!iion after 
the two hour exposure time is 2.07xlo·7 g•cm •s or 21i 
thickness for a unit density deposit. This is calculated from 
D • M/V where 

D • density, 

M • mass and 

V • volume. 

The above analysis corresponds to a first flight Orbiter. 
Because the radiator surfaces will be warmer than most surfaces 
during a mission,.ii is c2llce!yable that the mass loss rate 
will be near lxlO g•cm •s after an initial mission and 
will consist primarily of VCM material. This behavior is indi­
cated in Figure 7 which shows the mass loss rate is greatly re-

o duced after 24 hours at temperatures near 48 C which are the 
temperatures anticipated for the radiators during on-orbit.t~n­
diti~~s._ 1This would reduce the de~osition flux to 8.94xl0 
g•cm ·s or a total deposit of 6X after the 7200 second ex­
posure. 

The return flux deposition values for outgassing sources 
are shown in Table Ill. 

4.2.3 Engine Return Flux - The VCS engines are required 
for attitude control. It was established that the engines will 
not be required to be fired during the deployment maneuvers 
since the drift rate of the Orbiter is within acceptable limits. 
Therefore, the only time period during which the attitude con• 
trol engines can contaminate the DSP surfaces is by the return 
flux mechanism during the in bay-doors open period while main­
taining attitude control. Figure 10 shows the engine location 
and nomenclature. The engine, total firing time and return 
flux contribution are shown in Table VIII at the fixed attitude 

* Users Manual, "Shuttle/Payload Contamination Evaluation Pro­
gram" MCR-77-106, April 1977. 
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of the mission. The engines and firing time1 resulted from an 
evaluation of altitude and attitude mid resulting engine re­
quirements by the mission and planning section at NASA-JSC. 

TABLE VIII VCS ENGINE FIRING TIME AND RETURN FLUX CON­
TRIBUTION 

Engine 

FSL 

FSR 

LSL 

LSD 

RSD 

RSR 

On Time 
s 

6.32 

6.72 

0.68 

1.24 

1.08 

0.96 

Retu~ll~I Rate 
g•cm •s 

4.75xlo·lO 

4.75xlo·lO 

l.36xlo·9 

9.05xl0-ll 

9.05xlo·ll 

l.36xlo·9 

TOTAL 

Total R!~urn Flux 
g•cm 

-9 3.0xlO 

3.19xlo·9 

9.25x1o·lO 

l.12xlo•lO 

9. 77x1o•ll 

l.3lxl0.g 

Only the engine effluents that contribute directly to the 
column densities have condensible fractions in them capable of 
being scattered to surfaces in the payload bay. The fraction 
that is reflected off of the wings deposits the condensibles 
on the wing surfaces and, therefore, does not contribute to the 
column densities. The return flux values in Table VIII re-
flect only a small fraction (0.002) of the total engine efflu­
ent that is capable of condensing at DSP temperatures. This 
fraction is the MMH-HNo3 that has been observed in te!§ing. _2 
The ~esult1 show that less than one angstrom (8.63xl0 g•cm • 
0.86X) of deposits occur on surfaces facing out of the bay 
normal to the Z axis. The same altitude and attitude were used 
for the engine return flux as for the outgassing return flux 
in the previous section. 

4.3 Deployment - The deployment scheme is shown in 
Figure 5. The deposition from Orbiter surfaces during this 
period wa1 less than an angstrom in all cases. This was pri­
marily due to the short exposure duration at each deployment 
position. The deposition was calculated by sU11111ing the pro­
ducts of the source outgassing rate, the viewfactor between 
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the source and receiver and the condensation coefficient. The 
resulting deposition on the critical DSP surfaces is shown in 
Table III. A basic separation maneuver is performed at the 
last position by the Shuttle Orbiter forward facing nose loca­
tion attitude control engines. Because of the relative loca­
tion of the DSP surfaces and the engines, no net deposition re­
sults. The return flux on surfaces during deployment can be 
approximated by multiplying the in bay return flux rate by the 
exposure time at the different deployment positions. This 
would be a maximum case and results in only an angstrom or 
less of deposit. 

4.4 Off Nominal - The off nominal periods evaluated were 
the 4.5 hours (nominal one hour) in bay-door closed and 24 
hours (nominal 2 hours) in bay-doors open. For the in bay-
doors closed case, the deposition would be 18i for the baseline 
case assuming the mass loss rates are linear with time. The in 
bay-doors open values for a 24 hour exposure would be a maxi• 
mum of 72i for surfaces facing out of the bay normal to the Z 
axis when referring to Table III and assuming the rates are 
linear. The additional off nominal condition that was investi­
gated was to vary the velocity vector orientation of the atti­
tude and, thereby, change the return flux magnitudes. The 
nominal case and the variations analyzed are shown in Figure 11. 
The results indicate that by changing the velocity vector orien• 
tation so that it is 120 degrees with respect to the Z axis, the 
return flux can be reduced by a factor of three. If this were 
done for the 24 hour off nominal, i~ bay-doors open case the 
deposition could be reduced from 72X to approximately 24i. 

4.5 Representative Payload - A six sided box was used as 
a representative payload to determine relative flux levels 
from the Shuttle Orbiter and IUS during periods in the bay and 
during deployment. These relative flux levels will indicate the 
potentially most susceptible surfaces on a payload. 

Figure 12 shows the position of the box (1.22 meters 
square on a side) relative to the IUS, the in bay position and 
the two deployment positions at 3.66 and 7.62 meters out of the 
bay. The node numbers of the box are also designated in the 
figure for correlation to the results shown in Table IX. 
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1152 

IN BAY 

1153 
1150 

Bmrti 

3.66 Meter(l2 FOOT)DEPLOYMENT 

□ fHIBr2 

• • "' -:--:- I . . 
-:--:-- ~..,, .. 

7.62 Meter(25 FOOT) DEPLOYMENT 

Figure 12 Repre1entative Payload Description 
and Loe a tion 
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TABLE IX -2 -1 DIRECT FLUXES, g•cm •s 
SURFACES 

Surface In Bay 

1150 (AFT) 0.5xlO-l2 

1151 (DOWN) 0.65xlO-l 2 

1152 (Y STARBOARD) 0.94xlO-l 2 

*1153 (UP) 0.19xl0- 13 

1154 (Y PORT) 0.94xlo· 12 

1155 (FWD) 0.55xl0- 12 

ON REPRESENTATIVE PAYLOAD 

3.66 Meters 7.62 Meters 
(12 feet) (25 f .... t) 

0.95xlO-l 2 0.97xl0-ll 

O. 32xl0-ll 0.34xlo·lO 

0.24xlo·ll 0.98xlo· 12 

o.o o.o 

0.24xl0-ll 0.98xlO-l2 

0.37xl0-ll 0.18xl0-ll 

-ll -2 -1 * Return flux could be as high as 3.6xl0 g•cm •s for the 
upward facing surface while in the bay for the attitude used 
in this study. The return flux is a function of attitude 
and altitude and will vary for different missions. 

The Orbiter temperatures used for the IUS/DSP study during 
in bay-doors open and deployment were used for this analysis. 
The results indicate that the Y facing surfaces receive the 
highest direct flux while in the bay. Not included here is the 
influence of return flux which would be highest on the Z (up­
ward) facing surface. The magnitude of the return flux will be 
strongly dependent on the temperatures of the Orbiter, the orbi­
tal alti t Jde and the relation of the velocity vector with re­
spect to the payload bay. 

From Table IX, it is shown that at the 3.66 meter deploy­
ment position the down facing and forward facing surfaces re­
ceive the highest flux. At the 7.62 meter deployment position, 
the down facing surface receives the highest flux. Both the aft 
and down facing surfaces have an increase in flux out to 7.62 
meter while the others increase and then decrease during deploy­
ment except for node 1153 which views up. 

The sources considered for the representative payload were 
the payload bay area, including the IUS and all external 
Shuttle Orbiter surfaces. 
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4.6 Results Summary - Table X summarizes the baseline de­position predictions for the fifteen critical DSP surfaces. The results include the reduction in VCM available by thermal vacuum testing of payload components and previous flight ex­posure of Shuttle Orbiter surfaces. The values in Table X are considered as a realistic prediction for the DSP spacecraft. 
5.0 CCNCLUSIONS 

The following conclusions are a result of this study on the deposition levels predicted for DSP critical surfaces. 
• The total pressure of gases in ~Re payload bay during the doors closed period is 8xl0 Torr. 
• The mass input of VCM material into_§he P!Jload bay dur• ing the door c!~•ed case !f 2.17xl0 g•s or equiva­lently 3.69xl0 Torr•l•s • 

• Previous flight exposure and thermal vacuum testing of nonmetallics significantly reduces VCM content and VCM mass 1011 rate. 

• Deposition on all D~P surfaces during in bay-doors closed periods is 4X for the one hour exposure time. 
• Maximum values of return flux from outgassing sources on upward (Z facing) surfaces is 6i for the two hour in bay-doors open exposure time. 

• Direct flux from bay surfaces during the period in bay­doors open is less than one angstrom. 
• Return flux from attitude control engines is less than one angstrom during the in bay-doors open period. 
• Deposition during deployment is less than one angstrom on all DSP critical surfaces. 

• Varying the angle of attack (velocity vector orienta­tion changes) can significantly reduce return flux . levels. 
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• Off nominal, 4.5 hour in bay-doors closed period, ~~uld 
result in 18i deposition on all DSP surfaces. 

• Off nominal, 24 hour in bay-doors open, period could re­
sult in 72i deposition on DSP critical surfaces facing 
out of the payload bay. 

• A first flight, virain Orbiter would increase the depo­
sition by 41X for the in bay-doors closed period. 
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