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1.0 I\TRODI'a" ION

1.1 Purpose - Thu purpose of this report is to present the
results of i contamination analvnis on the Defense Saaprort Pro-

gram (DSP) satellite during launch and deployment by the Space

Transportation S y stem (STS). This report presents the predic.teci

cont:aminNnt deposition on ct itic • al DSP surfaces during the period

soon after Launch when the DSP is in the Shuttle Orbiter bay vith
the doors closed, the bay-doors oper. .nd during initial deploy-

ment. Additionall y , a six sided box was placed at the spacecraft
position to obtain directional contaminant flux information for
a general payload while in the bay and during deployment.

1.2 Scope - The analysis included contamination sources

from tht Shuttle Orbiter, ll'S and cradle, the DSP sensor and

the DSP support package.

During the period in bay-doors closed (one hour duration),

the outgassi.ng from all surfaces in We payload bay including the

IFS and spacecraft were considert?	 sources. During the period

in bay-doors open (2 hours duration), additional sources in the

form of VCS engines and return flu4 of contaminants were cov-
sidered. During deployment (^-15 ninutes), onl y Shuttle Mite'

fluxes on DSP critical surfaces ):ere considered.

Critical surfaces (15 total) on the DSP that were evaluated

arc.

a) four second surface thermrl mirror panels on the t•:71
sensor (two of the mirror panels encompass the photo-

electric cell radiators);
h)	 star sensors (2);

c) cylindrical solar panels (4 quadrants);

d) Radec ABL Systems and
e) four surfaces perpendicular to the long :axis of the

spacecraft near the ABL area.

,"i nominal periods of 4.5 hours in hay-doors closed and 24 hours
in hav-doors open were also assessed. The variation in r: taarn
flux during the in hay-doors open period for small attitude

changes alias evaluated.

1.3 approach - The approach taken for this study was to
utilize an existing DSP configuration uned on a previous similar

study and the Shuttle Orbiter conliguration and data banks as

1
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contained in the Shuttle/Payload Contamination Evaluation
i	 (SPACE) Progr:uu.	 In Addition, Sets of vacuum system equations

were utilized in performing; the in bay-doors closed analysis.

The comp.irison between the present Study and a previous
study performed 2 years ago is shox,m in Figure 1. The source
characteristics and anal y sis techniques have been improved for
the present Ftudy. ldlicrevLr possible, direct test results have
heen incorporatec.

l.a St.mmary - Potential deposition levels on specific
sensor surfaces -were evaluated and the results indicate:

• maximum baseline (ICosition on any critical Surfaces
is approximately M;

• 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 1^;

• major deposition occurred during the in bay-doors closed

I
period and the in bay-doors open and

• deployment is a relatively clean period--deposits less
than lr^.

2.0 MODELED CONFIGURATIONS

2.1. Modeling Approach - The spacecraft and Shuttle Orbiter

were modeled on :i 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 calcul.ited
at all relative positions modeled. The basic Shuttle Orbiter

configuration used is as presented in detail in the "Shuttle/

Payload Contamination Evaluation Program" Users Manual, MCR-17-
106, April 1977. The only changes made for this analysis were in

the payload bay liner nodal structure which was increased from 5 Lo

16 nodes :md the payload filters were included in the payload

bay liner. These changes were required for improved resolution

I

I
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in determining viewtActors And for sha,lowing considerations.

2.2	 I I SP t'onfi_urALIon - the DSP satellite was represented
by 33 surfaces, 1, of which were considered as critical surfaces.
Other surfaces not considered sensitive to contaminNt ion were
included to properly account for the transport of contaminants.
Figure	 shows the modeled '. A SP configuration with the critical
surfaces identified by node numbers for reference to the tol low-
ing conLamLnaLioil predicLlons.

20 1 V ConIiguration - The II	 eon f 1 gurat i on was repre-
sented hv .l Lot.11 of 't, sucl ices.	 Phis number was sufficient
for ouLgassing source characterization and shadowing considera-
tLons. Figure ' shows a computer drawn graphic displa y s of the
IUS DOD/\:1S.\ two stnge conf igur.ltion used in this stud y .	 Alho
shown are the 2 dimensional cradle compononL4 and the IUS into-
grated with the DSP spaceerntt.

, 4	 Inngr.ited Cont igurAt coil - The D q P post t loll in the
4huttle Orbiter hav is shown in figure 4.	 Ihis relative posi-

L 1 on was used l or the in ha y -doors closed and the 111 hay-doors
open analysis.

i . 7 WE I oymonL Pos 1 t 1 ons - The DSP/ IUS dep I o\'mcnL sequence
was supplied h\ \:\S:\-.1St' and is shown schematically in Figure 1.
Vlowtactors between the DSP critical surfaces and the Shuttle
Orbiter were calculated for each of these positions for conLami-
nation predictions.

NO MISSION PROFILE

W Nominal Mission - the nominal mission profile detlaed
for this study consisted of thrco mijor flight segments whi&
were.

a) IN	 BAY	 -	 I1t1ORS	 l'I OSI-11) ONE HorR	 (thtllls)

h) IN	 !'AY -	 DOOR`'.	 OPEN '1111 HOUR'S	 (72000

c ) 111?I'I.t	 YN ' \'I' 017 SECONDS TLlTAI.

During all of thee intorvAl q, the Shuttle Orbiter was held in .l
fixed alt? t'ade (bay l ooking At the earth) in a fixed ZIN mode

at :I	 acyree beta angle.	 At this altitude, the velocity
vector is parallel to the Shuttle Orbiter \ Axis. 	 The tempera-

tures for this aLLILude were supplied by Rockwell lnternatlon,l

P
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Figure 4 Integrated Configuratir-ri
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Torr•m3•s-1 and

bulkhead (lower mid-

D-3 Torr-m3• s -1 and the

Q 1 = bay input( upper mid - fuselage) ,

Q,^ = input between liner and Orbiter
`	 fuselage).

For the bay calculation, Q 1 and Q 9 = 11:1

pressure is P = 8x10 -4 Torr.

At these pressures, the mean free path of a mol,cule is on

the order of centimeters as compared to several or tens of

meters sepc,rating the surfaces in the payload bay. Because of
this, a random gas mining is assumed so that all surfaces in the
bay can be impinged upon from all sources. The additional

effect of gas release by surfaces and total mass loss by non-

metallics would be to increase the overall pressure by a-tma11

amount. This gas load amounts to less thin 0.3 Torr-1 • s , r,'hich
is a small quantity compared to the cabin leakage. This was obtained

by averagin g; the TIL rates in Table 1.
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 primping speed, the impingement rate on a surface

m„=t be determined.

The impingement rate on a surface area can be expressed as

dN	 1/4 v nA
dt	

a

where

N = number 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	 pd 	 kt dN

dt	 dt'

t

i

10
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ule • re,

- VCM Amass input rats' to the bay volume.

+.1.:' PAvload had• Sources - The remaining parameter to
determine • is the y VCM input to the payload bay volume.	 Table 1
shows A compi lat tall of No nonmetallics on tilt` lUS/DSP anti
Shuttie Orbitcr utilized for this study.	 Where materials data
was unavailable, the gcner.i l approach was to use We MIMI
ilh asurcments made on these materials to estimate llI;ltiti loss
rates. Tlit• st.nld,ird rML/VCM test time of 24 hours was used to

,
obtain an average rite for the TML source temperature of 125 o 1,
And tilt` \'01 rate for n eoI Wnor plate A 25 

0
C. This data is

currentl y tilt' onl y extensive data for nonilietallies that is per-
formed under similar test conditions.	 This Approach results ill
a rate that is too low for initial vacuum exposure (first I to ;
hours) And too high le e r rates at the end of i+ (lours. Wherevei-
poNNible, the l?i1, VCM data was repl,lced or augmented b y actual
test data on the nonmetallics in question so that the results
would he as accurate as possible.

An additional rvgn iremvnt was to reduce the mass lo g s rate
for temperatures of tilt` nonmetallics other than the Standard
T`L test temperature of 125 00. Testin g; was performed to de-
termine the change 111 ((lass loss rates as a tnnetion of Source
t n,cr.iture for major Sources. 	 The testing was performed oil
Shuttle Orbiter sources kbulkhead TG-15000, silver Teflon ad-
hesive And a silicone used on electrical connectors) and oil
major pa y load sources (epox y lAminate and hrnar wiring insula-
tion). The testing; for the materials had as its objective to
determine mass less 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 pa y load com-
ponents prior to installation into the Shuttle Orbiter bay.
This test ink; was perlormod at NASA-JSC lu response to the (teed
to determine parameters that would have a (Major impact on pay-
load c onLaminat ion predictions.

,.I...l	 Orbiter Sources - The following data presents the
results of testin g; pMormed b y JSC in est.ihl ishing the rates
used for the Shuttle Orbiter sources 	 Initiall y , the data is
presented for a tirst flight Arbiter and secondly, the reduc -
Lion in rates dne to previous vacuum expoNure is also presented.
rho previous vacuum exp,'sed Orb itor is considered as the base-
line case. The Orbiter nonmetallies discussed previously were

1



/ 	 I 	
'

I

J

ORIG

'V p^^AL 
PAGE I
UAR Q^^

TABLE I NONMETAT.ITC MASS LOSS RATES BASED ON VCM/TML AND TOTAL
MASS A 17A 1 TABLE

NONMETALLIC
Al ERAGE CVCM . ML, V01DA f:^

MATERIAL TML CVCM
MASS LOSS RATE SOURCE

WEIGHT 9	 1250C'24	 11R5,	 M-I(

Ibs g -1
89

-1
T-^rrls

ORRESPONOL:N('
kOM

IDS - EXTERNAL h.	 MARI INF.DE5

CHE11GIAZE	 ILA-276 1.73 .003 4,5
}

7
-4 ES,EC,	 TO

? . 04210 7.10x!0 1.21x10 GALZF.RAN(,
1 5 F'C,	 DATED

21.71,DSP (TRW'I	 - EXTERNAL

-h
REELS, HM 88

DC93-072 1.67 0,60 ,238 L 1x10 2 7.64x10 ,OOII

EPDXY/DTA/MICRO BALLOON 2.42 .085 2.11 9,58x102 9.42x10-6 1.6x10-3

DC R-63-489 1.1 .47 5.88 2.67x103 1,45x10-^ 2.5x10-2
OBTAINED

-4 -2 FROM

DC3145 1,14 ,75 7.41 3.36x103 2.92x10 5.0x10 ''COMPILATION

3M-852 .75 .02 .374 1.69x103 3,91x10-6 6.7x10-4
OF VCM DATA

OF NON-
or

,	 3M-467 1.15 .11 ,374 1,69x103 2.15x10-5 3.7210-3 METALLIC

MAT?RIA LS"

PINCH 463-1-8 FIAT BLA UNKNOWN UNKNOWN . 325 L4Hx102 ---- JSC 08962

PINCH 643-1-1 UNKNOWN UNKNOWN . 106 48 REV 0
DECEMBER

INTERNAL ( VENTED) 1977

PINCH 463 - 1-8 UNKNOWN UNKNOWN 1.35 6.l3x1U2

.	 DC3145
//

1.74	 8 .75 2.09 9,49x102 8,24x10-5 1.4xIO-2

3M SCOTCH CAST 9 3.6 .04 1.12 5.1x102 2.'6x10-6 4x10-4

I NTERNAL ( PARTIALLY
VENTED)

-6 -4RTV8111 1.19 .35 .14 63.6 2.58x10 4.4x10

3M SCOTCHGAST 9 3.6 .04 6.1 2.77x103 1.28x10-5 2.2x10-3

SUPPLIFD BYDSP	 T1&	 -	 11 1>(, L.LLAFL.( l CS

MATERIALS TRW TO

31.(.;:•104 -5
_} NASA JSC

KYNAR INSITLATION .21 .02 3.26x10 5.55x10

ON WIRING

FM123-5	 (ON SOLAR .78 .07 12 5,65X103 4.42x10-5 7.52x10-3

PADDLE HONEYCOMB
SANDWICH)

-5 -3EPDXY LAMINATING RESIN . 4 .02 18.7 8.5X10} 1.97x10 3 . 35x10

SUPPLIED BY
ORBITER NASA JSC

BAY
4

TG-15000 .47 .049 8' 3.95X10 2.20x10 
4

3.81210	
2

lVLKHE AD INS ULA"ION

4 -4 -2ADHESIVE FOR33 .21 40 1.81x10 4.41x10 7.51x10

Ag-FEP RADIATORS

MLI BLANKETS UNKNOWN UNKNOWN ^.

SUPER ROROPON 5.47 0.1

BAY LINER UNKNOWN UNKNOWN

SUPPLIED BY^^

(VCM (VCM AESC

ONLY) ONLY)

D!P (AESC)	

y

UNRK7YN UNKNOWN

_

4.4x10 0.2 2.)0x10
.6 _4

3.90x10

*THESE MATERIALS EXIST BETWEEN THE LINER AND THE LOWER MID FUSELAGE 'AND
PRESENT NO PROBLEM BECAUSE OF LIMITED CONDUCTANCE TO THE BAY VOLUME
AND CONDENSING SURFACES IN THE MID FUSELAGE REGION
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tested for time and temperature dependence o
rates. Figure b shores the VCM curves for an

trical connectors. The interesting feature

tion in VCM by only a factor of two when the

ture is reduced from 125 01' to 40 0C.	 It also
majority of VCM is released during the first

of vacuum exposure.

VCM mass:	 loss

RTV used on	 e l cc-

ere	 is the	 reduc-

source tempera-
shows that	 the

2 to 3 hour period

Figure 7 shoats 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 sol id lines correspond to no subar:ate
with the adhesive exposed. The results sho p: that the Al bonded

sample mass loss was onl y 807 of the unbonded sample there the

adhesive was totally exposed. Also, the reduction by ap^,roxi-
maLeIV two is evident between source temperatures at 1'25 'C and

r	 8 C.

The adhesive for the door radiator, is 0.003 inches Lhick

(0.003 cm).	 For a 4ensit y of 1.2 g • .• na - and a total radiator
area of 1.8900 h cm - , the total adhesive mass is l.tilxlO g.
From 'fable 1, the VCM is 0.21'; so that the mass available for
VCM is 38g. Averaged over 24 hours and reduced by a factor of
two p t0 accouut for temperature; the VCM mass loss rate is
2.2xlO_ g • s -a . Testing has shown (Figure 7) that the bonded

conligurntion is S(	 of the bare adhesive, so the raLe-Ieducvs

to l.7h.	 -, > • s	 ^^r eyuivalentl^, _i.7'+xlU -2 Torr • l • s ! for a
Wass, 100 g • molo	 The VC' ! molecular weight of 100 g—
mole 

1 
was used in this annlvsis as an assumed aver ate value.

'1'csting I shows masses that range from the 70 î •mole	 to Wo
g -mole	 predominate at temperatures near 40 l:. This rate was

used in the analysis for in ba y - door's: c losed for a f irst f light

Orbiter.

M"ss loss data for the hulkhead TC-15000 material is shown

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

of the mass is gone after Ill to 20 hours of exposure and also
shows a reduction of ;approximatelx a factor of two for the total
mass less rate curves between 125 C and room temperatures.

VCTi/'1IW te sts shots that 10 of the total mass loss is VCM.	 Be-
cause nctuai rate data from testing is available for this

material, it was used instead of :average rates from Table I.

The mass loss rate at So 10 hour point was chosen to he indicaLivc

(

14
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I • ing not	 accounted	 for -
'l'mi./vol (lata	 question-
.Ibl

L I SP-AESC I	 IoxIo -0 1.')7x10	 + '1 <I ['hernial	 v.lcMum	 test-

ilIg	 accollrlted	 frr	 -	 \.1.
reduced	 tO	 12'., of	 noii-
va: Mum	 L'\posed	 mat	 • r i:I I.,

1 1 SP-IR1 1.,1x10 1:x10 h5 I'licrlllal	 vacuum exposure
of 6 da y s at room tem-
perature accounted	 for

from	 tk`st ing	 at	 .11"t'

Orbiter 5.8x10-b 0.S'^x10--4 '7 - A	 first	 t l i;;llt	 orbiter
iPrevi- refers to average ratv^z

Otisly durinv a 2=, hour period
I 	 lol, •nl of	 a	 first	 flight 	 -

previously	 flown refers

(First 2.29\10 — 93 to approximately a sever,
FIightl day rAssion on-orbit ex-

pos -.ire	 and uses	 the
attC lllLl:lttun	 f01111d	 ill

testing of DSP-TRW ma-
t eriAIK

I OTAI -3 l
4

Previ- 3.611x10 100 P = Q/S
1._'7xlll'

MIS ly
t l ol,^^

4.16xtt1First
FIight

 -•^	 •
m =	 5.83xltl	 P\^Cpl	

Ttills,,ReS	 llll

t is,,Po p 4^•llr
_ •,	

-1Pre y ions 1 V

FIOwn ;''c Ill	 -•^

First
IN	 -1
+^r•hr

F1 i `ht

"2
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The resul ting Kpositaeon uas calculAw d trefill the l.anfmnir-
Knudsen relationship

m = 5.:13x11)	 P—	 , g • etll	 •s

where

PVCM - partial pressure of VCM,

M = molecular we ight and

T = temperature.

The value of P \,t ,^l was determined from

P	 = g _	 ^.a,000 -3 1 ur-I.,;-1	
,.^^^lll-10 Torr.

1'CM	 1;1. '7xlt o " 1 •s

The value of m i;here M	 100 and T -- ASK, is 0 .7000 -12 ,; • cm •.
for the baselinè case. For a 3600 second exposure, the net
deposition is 41 for Unit densit y . For a first flight Orbiter,
the deposition would he 451. TO 451 was calculated assuming; no
previous vacuum exposure.

The other sources In the form of cabin leakage and vol at ile
species from nonmetal lies ,havt an impingement. rate on DSP sur-

faces near 1.5011 -A ,; • cm • s	 This was calculated Nom the
above m expression and a Lotal ha y pressure of a x 10 	 Torr. Qw-
ever, these molecular species will not condense at PSP surface
temper ature s and therefore present no long term deposition po-
tential.

4.2	 In Hav-Doors ILyn - During this exposure time, one
major transport of contaminants is the molecular floc; conditions
f rom one sur face to :anothe r unhindered b y colli s ions occurs in1:

between the sur faces. The other ma jor transport mechanism is
the return flux of contaminants to spacecraft surfaces through
interactions with the ambient atmosphere.

4.2.1 Direct Flux - The deposition from direct flux of
contaminants on critical IISP surfaces during the in hay-doors
open is less than one angstrom for all s"rfaces. Table III
shots they deposition levels for the critical surfaces during
this period. The onl y surfaces that directl y see the DSP
surfaces are the pAyloAd ba y liner and the bulkhead area.

23
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TABLE III LOCATION/DEPOSITION, (^), IN BAY DOORS OPEN AND DEPLOYMENT 1

N
41

tgassing return flux will be a maximum of 21^ on surfaces 1110, 1153,
irfaces 1111 and 1113.	 .^

^a
,^	 at

^	

s3^

Node Description In Bay Doors Open Station 1 Station 2 Station 3 Station 4 Station 5 Total
Number (7200 s)	 X (69.5	 s) (193	 s) (387.5	 s) (193	 s) (74	 s)

DSP Surface Direct Return Flux* Direct Direct Direct Direct Direct
Nomenclature Flux Flux Flux Flux Flux FluxOut- VCS

gassing

1110 Solar Arrays .045 6 <1 .0053 .034 .012 .0085 6.1

1111 Solar Arrays .032 4 <1 .004z .016 .02 .012 .0023 4.1

1112 Solar Arrays .031 0 .0041 .0093 .0057 0.05

1113 Solar Arrays .032 4 < 1 .0042 .0028 .000ii .012 .0023 4.1

1153 OSR .00017 6 <1 .000031 .0042 I	 .0022 .001 6.0

1157 OSR .043 0 0 .00087 .0024 .0045 .0017 .00022 0.05

1161 OSR .017 0 0 .0012 .0022 .0012 0.02

1165 OSR .042 0 0 .00058 .00063 .000098 .0027 .00048 0.05

1280 Star Sensor .18 0 0 .0011 .0030 .011 .006 .0011 0.2

2.290 Star Sensor .072 0 0 .0027 .0056 .0093 .0029 .00084 0.1

1210 ABL .00036 0 0 .00027 .0009 .00017 0.0

1145 Ring .02 6 <1 .00049 .00068 .0012 .001 .00023 6.0

1146 Ring .013 1 <1 .000?2 .00026 .0013 .0015 .00037 6.0

1147 Ring .015 6	 If <1 .00033 .00024 1.0004 .0011 .0003 6.0

1148 Ring 0 0 .00052 I	 00062 1.00053 .00076 .0092 0.01



Even though the time interval was 7200 seconds, the rates from

these sources was low enough that no significant deposition
occurred. At temperatures of 12 ^, the m9ss - loss rates of these

sources was on the order of 4x10 	 g•c,n •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 call 	 in-

directly 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
V is 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 sur-

faces 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. Tile

return flux calculated for these source rates and the nominal
attitude areTlluown in Table VII. -1 The tota^ return flux is shown

to be 2.2x14 1	molgculys • cm-2• s	 or a mass impingement rate

of 3.61x10	 g•cm • s	 Of this,63.87 is from the r diators

wil}ch have a maximum surface mass loss rate. of 8.9x10 
1 
g•cm-2•

S	 as :shown in Table V1. Since direct data was nv ailable for

the radiators and TG-15000, it was used as input to the SPACE
program. In addition to the Orbiter 2 sou ces, the return flux

from the IUS/DSP is 2.53:.;10 -1
1)
 g • cm • s	 This was determined

by calculating what percentage of the Orbiter number column
densities the IUS/DSP comprised. Tile results showed the IUS/

DSP was 77, of the Orbiter return f?ux.

Since the VCM rate for the radiators and IUS/DSP sources
was used  the condensation coefficient on payload surfaces
below 25 C is unity. For the remainder of the Orb }tl er stir;acej
(NOMEX, LRSI and HRSI), the return flux is 1.3x10 	 g•cm •s

with n condensation coefficient near 0.3 for the 50°C sources

25



TABLE IV	 IhPLT CONTROL PARAMETERS FOR RETURN FLUX CA:.C1;LATI0jNS

12/C6/77 23.55.55.	 P. '17 E	 1REPORT	 ':O.	 1	 ....	 -GTL;;?.	 FLUX, ...

CONTE% 5:	 LISTING	 I%PUT CCNTROL PA%^'!._"_=5

SCONTR'.

DBUGA	 = c,

D3UG3	 = ^,

_

^3UGO	 = F,

DE P SIT	 =

E0	 = F,

ENG F,

E^'AP	 = F,

N
Q,	 FIVP	 = F,

LEAK	 = F ,

L%ZP F ,

XTMP	 = T,

':CO	 = F,

N --- i.^--•4	 = F,

t.E&TNL	 = F,

NE41FP	 = F,

%E4'.*FS	 = F,

W	 %TY.?	 -



TABLE IV INPUT CONTROL PARAMETERS FOR RETURN FLUX CALCULATIONS - concluded

OREITR	 = T,

OUT	 = T,

RE-FLCT	 = F,

REPORT	 = T, F, T, F, F, F. F, T. F, F, T, F. F, F. F. F, F. F. F, F, F, F, F,	 F, F, F, F, F. F, F. T. T. F, F. F. F,

F, F,	 T. T,	 F. F,	 T,

RFAS	 = T,

RFSS	 = .,

S"ATP	 = F,

TSTART	 = O.C. .3E+01, 0.0,

TSTOP	 = .2E+01, 0.0, 0.0,

v ATCOCE = 0.0•

co	 = T,

$END

x

i

__	 wraTrat.
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TABLE V MISSION DATA INPUT FOR RETURN FLUX CALCULATIONS

REPORT	 NO. 8	 ---- ETURN FLUX +.••• n

CONTENTS: LIST	 OF MISSION DATA THAT	 'A:LL	 --E	 USED

'S"P D 3

BETA	 = 0. 0.

PITCH	 = 0. 0,

YAW	 = 0.0.

ROLL	 = 0.0. =^

ALT	 = .3E+03, r

C
SUNL	 = F, 3̂_

► ^'SUNVA	 = T ,

S'JNH	 = F ,

vX .755E+04
N
00

v 	 = C.O.

v 	 = G. 0.

NLCS	 = 1	 ,

XLOS	 = -04,.1107E +04..110.7 E .1107E+04, .1107E-C4, .1107E+04, .1107E+04, .1107E+04, .1107E+04, .1107E+04.	 .1107E+C4,

t1C7E+01. .1107E +0G. .1107E+04, .1107E-04 .1107E+04, .1107:+C4. .1107E+04. .1107E . 04, .1107E-04,	 .1107E+04,

11C7E - 0 4•. .11C7E - 04, .1107E+C4, .1107E+04. .1107E +04,

YLOS	 = G.O.	 C.O, 0.0.	 0.C,	 0.0, O.C. O.C.	 0.0,	 0.0, 0.0,	 0.0, 0.0.	 C.Q,	 0.0, 0.0,	 0.0, 0.0.	 0.0. 0.0,	 0.0.	 0.0.

0.0.	 C.O. O.C.	 C•0.

2LOS	 - -03,.507E .5^7E-03.	 .507E +03. .5=7E-03,	 .507E +0 -1,	 .507E +03,	 .507E-C3, .507E+03. .507E+03, .	 07E+03,	 .517E+03.

.507E-03, .507E-03.	 .: 7	 +C3. .507:+C3.	 .507E +0 3.	 .507E +03.	 .507E+03. .507E-03. .507 ;-,0 -0, .507E+03.	 .507E+03.

. 507E+03 . .507:-03.	 . 707E + V...

THETAL	 = O.S. .3E-',-. -C2.6E .3 =- +0'` .FE+02.	 ..... + C2. ."+02.	 .3E + C'2,	 .GE+02. .3=+C2. _-02.	 .'-E+C2. 5E+02.	 .3.+C2.

.EE-02.	 ..,. 02.	 .=-C2.^ -82=_ _	 .8E5t	 :2, U2._,G2. .325E-02, .E.25L-02. Sc+02. ",2..8:5c-02.	 .E:5

i1_	 .

.	 ^	 •;sia,•..Svo,rro;Ltos.a.r.a.aw^. w...as •,u.-i•. ••'^•,_	 .. ..



TABLE V MISSION DATA INPUT FOR RETURN FLUX CALCULATIONS - continued

PHIL • =	 0.0.	 C.O, C.J. ^5ErJ2. .i^E+0	 ^E+G2, .9c+C2	 ,135E-03,	 .13`__-03, .13z:	03,	 .'.EE+C3 E-C3,	 .2Z5E+C:

27E-C3, 27E*03. .3 1 5E+C3. -3',5E+	 3,	 0.0, . 4 r-E +G2.	 9E+02,	 .1L:,C+C3. . 1 5E + 03.	 .2YSE+03, 27E+03.	 .315_+03,

` , +01, ..E - C 1 . .5_^0t,	 `^E +01. .5E+01.	 • 5E+01,	 SE+01, .5E+01,	 .5E+01,	 .15E +02,	 •25E+02.	 .375E+C2,

.5E-C2.	 .1242+03. 0.0.	 0.0, C.O,	 C.O.	 0.0, 0.0.	 0.0,	 0.0.	 0.0,	 0.0,

Rf1.AXL =	 . 3 E-03,

RFSJRF =	 1110,	 1111, 0, 0,	 0,	 0. 0,	 C.	 0,	 0.

CCsxx =	 .tE-C1,	 .1E +01, .1_ +01, .1E+01,	 tE -D1 -1E+01,	 .lE-01,	 1E-01, 1E+01,	 .iE+01.

CCSXY =	 0.0,	 0.0, 0	 0, O.C.	 0.0. 0.0,	 0.0.	 C.O. 0.0,	 0.0,

ccsxz =	 0.0.	 0.0. 0.0, 0.0,	 O.C. 0.01	 O.C.	 C.G. 0.0,	 O.G.

CGSYx =	 0.0.	 0.0. 0.0, Q-C,	 0.0, 0.0.	 O.O.	 C.O. 0.0.	 0.0,

CCSYY -	 .1E +01, 1 E+01, 1E+C1,	 1E+01. .1E+01,	 .1E+01,	 1E+01. tE+01.	 .1E+01,

CCSYZ =	 O.D.	 0.0, C	 0, 0.0.	 O.J. O.C.	 O.O.	 O.C. 0.0,	 0.0.

N	 coszx =	 O.D.	 O.C. G.O, 0.0.	 0.0, 0.0,	 3.0,	 0.0, C•0,	 0.0,
^O

CCSZY =	 0.0.	 0.0. 0.0, C..,	 0.0, 0-0•	 0.0,	 0.0. 0.0,	 C.O.

CcsZZ =	 .tE -01,	 .'E +01. .1E+01, .1E+01,	 tE+01, .lE,Cl.	 .lE-01,	 tE+01, 1E+01.	 .1E+01.

THETAI =	 0.0.	 0.0, 0.0, 0.0.	 0.0, O.C.	 0.0,	 0.0, 0.:.,	 0.0.

THETA2 =	 .yE-C2, 9E+02. J.O.	 0.0. O.J,	 0 . 0,	 0.0, C.O.	 O.C.	 0.0,

PHI1 =	 0.0.	 G.O. 0.0, C.O.	 0.0 1 C.C.	 0.0.	 0.0, 0.0,	 0.0.

PHI2 =	 .3bE+03. .35E+03. .36E+03, .3•:E+C3,	 .36E -03,	 .36_+03,	 .3C-E + 03, .36E+03.	 .36E+03. .36E+03.

DWEGA =	 .^E + 00.	 .^,E +00. O.C,	 J•0. 0.0 ,	 0.0.	 O.D. O.C,	 C.C.	 C.O.

DSRTNF =	 .2=E+01, .5E-01,	 .5E+01, .5=+C 1 ,	 5E-01,	 .5E+01, .5E+01,	 .5E+01.	 .15E+02.	 .25E+02.	 .375E+02,

.SE-C2.	 .124 = .C3. O.C.	 C.O. 0.0,	 0.0,	 0.0, 0.0,	 0.0,	 0.0.	 0.0,	 0.0,

10 0

r
yar^
a ^
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TABLE V MISSION DATA INPUT FOR RETURN FLUX CALCULATIONS - concluded

l WO

OTHETA -	 .45=-02,	 .45E-02, 0.0,	 0.0,	 0.0, 0.0,	 0.0, 0,0.	 0.0,	 0.0,

ODHI =	 .1024 r- . 02. .10.4E-02,	 -I C24 -t--02, .1024E-02, .102=E • C'2,	 .1024E+02,

R.'I.AARF =	 .3=•03,

RFSTK =	 .1E+01,	 0.0, 0.0,	 O.C.	 O.C.	 0.0, 0.0,	 0.0, 0.0,	 0.0,

VFACTR =	 .3E+Ci,

TIMEOO =	 0.0,	 G.O. C.0,	 C.0,	 0.0,	 0.0,

KEEP =	 300,

AO =	 .102E-04, .102E+04,	 0.0,	 0.0.	 0.0, 0.0,	 0.0,	 0.0,	 0.0,	 0.0,

YO =	 0.0.	 .85=+02.	 O.C.	 0 . 0.	 0.0,	 0.0, 0.0,	 0.0, 0.0,	 0.0,

ZO =	 .49E+03.	 .49E +03.	 0.0,	 0.0.0.0, 0.0,	 0.0, O.0,	 O.C.	 C.O.

GO =	 T,

52NO

1023E+02. .1024E+02. .1024E+02. .1024E+02, 	 }	 ?

l

i

r

t	 ,

s

l
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TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS

REPORT NO. 11	 r... arTURN FLUX ......

CONTENTS:	 PHYSICAL CHARACTERISTICS OF SURFACE SOURCES .T TI.1E

r.

L

12/06/77 23.56.57.

O-HRS 3.MINS O.SECS

f

SURFACE AREA S_CTICN MASS	 LOSS S=ECIES MASS	 LO S S RATES

NU%lOER (IN--2) (G'd/SEC) (CAA/Ci.1- -2/ SEC )
(Ch1-•2) M.ATER1AL TE'r:P OUTG1 OUT„2 H2O N2	 CO2 EARLY OUT

(DEG	 C) C2 CO H2 H	 R",f:HNO3 DESORPTION GASSING

---------

260
`v"---`----
" E+05

-------
FL,SLA'

-------- ---
•133C-C4

-
.11E-09

-	 -
0. 0. 0. 0. -

ISE-06 LF5I 54. 0. 0. 0. 0. 0. 0. .0CE-09

203 .33E+05 FUSLAG .123E-04 .59E-10 0. 0. 0. 0.

.2'E-O5 LRSI 37. 0. 0. 0. 0. 0. 0. 085E-10

202 .33E+05 FUGL:.S .123E-C4 .59E-10 0. 0. C. 0.

.2 1 E+06 LF"I 37. G. 0. 0. C. 0. 0. 535E-10

50 .25E+05 RA:^„JR 813E-05 .49E-10 0. G. 0. 0.

17E-OCR TEFLON 33. 0. 0. 0. 0. 0. 0. 492E-10
t

w	 40 .26C-05 RADCOR .313E-05 .49E-10 0. 0. 0. 0.
- 17E+OG TEFL:4 33. 0. 0. 0. 0. 0. 0. 492E-10 -^

32 .12E-05 RcC3JR .702E-05 .89E-10 0, 0. G. 0.

7__-0^i TEFL7'- 50• 0. 0. 0. 0. 0. ?. 892E-10 1

34 t_E-05 %,D^.GR .702E-05 .89E-10 0. C. 0. 0.

.75E+05 TEFLON 50. 0. 0. G. 0. 0. 0. .892E-1C

36 .12E-C:- PADCOR .702E-05 .89E-10 0. 0. 0. 0.

.73E+05 TEFLON 5;. 0. 0. 0. 0. 0. 0. 892E-1(

20 12=+05 R-DCCR 702c-c5 .89E-10 0. 0. 0. 0. i
.73E-05 TEFLC*4 SC. G. 0. 0. 0. C. 0. 892E-1(

t

22 t2c+05 R.IDOCR 702E-0S 33E-10 0. 0. 0. C.

7E+05 TEFLON 50• 0. G. U. 0. 0. 0. O C 892E-1(

24 .12E+05 3._ ,2R 702E-C.5 85E- 2. 0. 0. 0.
b73E+05 TEF_,	 . 5O. 0. G. G. 0. 0. 0. z 632E-1t

s
26 .12E-05 F DC.R 702E-05 .89E- 1C c. 0. 0. 0. >

79E+0 y TEFLC.v 5C• 0. 0. 0. 0. G. 0. (~ 892E-1'

^a
2

-	 ; ..;^^•^.^;^.:	 acs ,:^^	
,..	 ... , .
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TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued

30 .12E-05 Rc.'C7R .702E-05 .89E-10 0. 0• 0. 0.

73E+0'^ TEFLUti 50. 0. 0. 0. 0. 0.

110 .23E-05 k.%3 .69,E-05 .46E-10 0. 0. 0. 0.

. 15 E- 0  6 N0 MEA 3. G . 0. 0. 0. 0.

140 .23E+05 WING .691E-OS .46E-90 0. 0. 0. 0.

.15E+06 NO7EA 4. 0. 0. 0• 0. 0.

CQ .3EE+05 O"S .666E-05 .27E-10 0. 0. 0. 0.

.2-;E-CU LR3I 15. 0. 0. 0. 0. 0.

44 .26E+05 RADOCR 666E-05 .40E-10 0. 0. 0. 0.

.17E+05 TEr"LON 27. 0• 0. 0. 0. C.

84 .38E*05 C1l1S 662E-05 .27E-10 0. 0. 0. 0.

.2 4 E+06 LRSI 15. 0. 0. 0. 0. 0.

54 .26E+05 RADOCR 633E-05 .39E-10 0. 0. 0. 0.

.17E+06 TEFLCY 20. 0. O. 0. 0. 0.

161 .93E+04 C:--W .632E-05 .10E-09 C. 0. 0. 0.

w 6GE-05 LR51 54. C. 0. 0. 0. 0.N
316 .31E+p5 F;SLAG 601E-05 .30E-10 0. 0. 0. 0.

2CE-06 !.O';Ex -a. 0. 0. 0. 0. 0.

174 _-05 CR_'+r 537E-G5 .45E-10 0. C. 0. 0.
.73E+06 LRSI 29. 0. 0. 0. 0. 0.

306 .31E+05 FUSLAG .597E-05 •3CE-10 0. 0. 0. 0.

.20E+06 NQ.':X -3. 0. O. C. 0. 0.

112 .15E+0 w ",3 .574E - 05 .45E - 10 0. 0. 0. 0.

NO ! EX 4. 0. 0. 0. 0. 0.

142 .19E+05 WING .574E-05 .46E-10 0. 0• 0. 0.

13E+0 y N0'•'c A 4. 0. C. 0. 0. 0.

107 .17E+05 ELE.ON .561E-05 .51E-10 0. 0• C. 0.

. 1 1 E+O 6 N0'; : X 7. 0. 0. 0. 0. 0.

I E*0`+ ° GY 527EE-CE 25E-10 ^. C. 0. 0.

2 I E-C ti 6-K H_7 -7. 0. 0. C. O. G.

13 .33E+01^ B:. 3 527_-05 .25E-t0 0. 0. 0. 0.

.21E-06 BLK"ED -7. 0. 0. 0. 0. 0.

i'

'"' 0. .892E-10

0. .459E-10

0. .459E-10

0. .272E-10

0. 403E-10

0. 272E-10

0. 385E-10

0. .05E-09

0. .301E-10

0. .447E-10

0. .299E-10

0. .459E-10

0. .459E-10

0. .505E-10

0. .2^ 0E-10

0. .250L-10

lqlOstia+irbi+^^YA:^Fhlkt•^11^11ti^f^^Wiir ;rlyd•.•,;^,^• awe ws.- .w^+.r+a.	 -



TABLE VI SOL'R , ,E RATES USED IN RETURN FLUX PREDICTIONS - continued

..	 _ • 05 _	 .: Es. 0. r. G. G. G. G.

tJ5 r.•G4 [4EA 4e :E-G5 1:_-G9 G. G. C. 0.

: 7 E-J5 _	 r. 6a. .. ^. G. r. G. 0.

132 _ •... 431E-:S 2:--tG

1G2 _._	 - A 43	 _-.J Lr_- r . J.
G. G.

0. ^. 0.

311 .27_-G5 :;,5_.., 3i5_-.^ 2,.-t0 0. :. 0, G.

t.+
W	 ^,5 .•0: 377E-G. t^=-1G G. C.

0. G.4. G. G. -• J.

317 .25_	 - c,5_	 r 75E-:5 .24_-t0 G. 0. G.
0.

:: -• crS- .37,E-:5 •._- r. G. .. 0.
- J ... G . 0. 4. r J

._ 17. 0. 0.

3J [-_ G „	 - .177E-.5 l'_-
G.

_ 7. .. .. J.

.334=-.= _'
L G

30SE-1G

..7CE-09

7EE-G9

.227E-t

E,
I

.227 E -t 0

.229E-10

^	 -	 I

235E-10

.28E-10

28%:E-t0

•20cE-1G

5F,E-09

5.:-.3



.. l

G

305E-10

526E-10

505E-10

	

344E-10	 +

c-

344E-10

.85E-10

	

.459E-10	 J

.459E-10

	

.422E-10	 -^

422E-10

	

.98`-, E- 1 1	 E

.98E-11

272E-10

.272E-10

..61E-10

TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued

241 •t6E-05 FUS=AG .322E-05 .31E-10 0. 0. 0. 0.
.11E-06 LRSI 18. 0. 0. C. 0. 0. 0.

162 .?3E+04 CREW 317E-05 -53E-10 0. 0. 0. 0.
.60E+05 LRSI 34. 0. 0. 0. 0. 0. 0.

137 .91E-04 ELEVZ!: .29SE-CS .51E-10 0. 0. 0. 0.
.57E+0^ NC'E( 7. Q. 0. 0. 0. 0. 0.

134 .91E+04 WIN3 .202E-05 .34E-10 C. 0. 0. 0.
-9E+05 NC'•'EX -4. 0. 0. 0. 0. 0. 0.

104 .9!E+04 WINS .202E-05 .34E-10 0. 0. 0.
.5?E+05 NO Y EX -4. 0. 0. 0. 0. C. C.

240 .16E-05 FUSLAG 196E-05 .19E-10 0. 0. 0. C.
11 E+06 LRSI 4. 0. 0. C. C, 0. 0.

136 .65Z-04 ELEVCN .192E-05 .46E-10 0. 0. 0. 0.
.42E+05 NC% EX -.. 0. 0. 0. 0. 0. 0.

IC6 .65E-04 ELEvON .192E-05 .46E-10 0. C. 0. 0.
42E-05 N0."EX 0. 0. C. 0. 0. 0.

w
120 .6-=E-04 WING .173E-05 .42E-10 0. 0• 0. 0.

.4 1, E+O5 ti0 7 'EX 2. 0. 0. 0. 0. 0. 0.

100 .64E-04 WIN3 .173E-05 .42E-1) 0. 0. 0. C.
.41E+05 N0-'-X 2. Q. 0. 0. 0. 0. 0.

46 26_-0`_ RAG33k 163E-05 .95E-t1 0. 0. 0. 0.
17 E+OG .EF'- CN -14. 0. 0. 0. 0. 0. 0.

56 .25E+05 RADCCR 159E-05 .93E-11 0. 0. 0. 0.
16E,O6 TEFLCN -14. 0. 0. 0. 0. 0. 0.

62 .79E+04 C"IS 138E-05 .27E-10 0. 0. 0. 0.
.51E-05 LRLI 15. 0. 0. 0. 0. 0. 0.

82 .78E-04 C1.:5 .137E-05 .27E-10 0. 0. 0. C.
.5CE-O5 LRSI 15. Q- 0. 0. 0. 0. 0.

35 .12E+05 FUS,• 127E-05 .16E-10 0. 0. 0. 0.
.79E+05 LRSI -0. 0. 0. 0. 0. 0. 0.

no
"G rn

r.mb
^' a
r c^



TABLE VI SOURCE RATES iJSED IN RETURN FLUX PREDICTIONS - continued

27 .12E-05 F4S_-'! .10E",0	 0.
p.

0.
C.

0.
0. 0.

.73E- 0 `J -k,I -1• 0•

31 .12E-0: FUSLAG .107E -05 .14E-t0	 0. 0.
0.

0.
0.

0.
0 0.

.72E-0, Lk^. -5. 0.	 G.

23 12E+GS FUSL-' - tCE.--05 t4E-tG	 0.
C.

0.
C. 0.

V
360 .!7E-0: 7	 :^ _^35E a0E- 11 	0. ^.

0.
C.
0.

0.
0. 0.

.11E-C^, LF3I -17. 0.	 0.

331 .17c-G5 Ta:'_ ^35c-Co 9:E- tt	 G. 0.
C.

0.
0.

0.
o. C

Lr73i -17. G.	 0.

4 7 ._3E-04 E_E•=^+ .9:5E- 5 r. c-10	 0. 0.c
0.
0

0.
C. 0.0	 0

4;3 ESE•%'^ y4^_'0 .56E- ,0 	0. G.
0.

G.
G.

0.
G. 0..2.E-05

.x ,G. c.	 o.

CA .24E-04 E-E	 :% .34:E-05 .55E-;0	 0. 0' 0.
0.
G 0.

.15-E-05 '.^^"cA ; ^. 0
w

0.
t5 , -G5 '.^	 =x t^.

157 •3E+05 C^	 N C -Co 10E -10	 0. 0.
0.

C.0
C.
0 0. 

Q.	 0.

;6b t3^-OS C;_.. .812E-C6 c	 t0	 0.t	 _ 0.
0.

C.
0.

0•
0. 0.

0.

;f 6 4 4 E	 5 T^.^ 2=-.61	 _	 .; 9GE-it	 0.
0.

C ^. 0.

. 90E, 0 5 -^.,' - 17. G.

335 .14E-05 T	 :^ E12c-C6 9C.-11	 0.
G• 0. 0. 0.

_0	 +05 L -17. 0.	 v.

4.7 21E-04 -	 -' 0. 0, 0. O,

.x C.	 ^.

.57E-10

E

.36E-10 ^.
L_

.902E -it I:

.907E- 11 -

55'.	 -' 0

.557E-10

.^57Z-10

.557E-10

02E-10

.902E- tt I

902E- 1 1 i

.55 •_-10

_ = 557E-'0

Y

V

• .,,mow a,r.,. y+,^..,,^-.., 	 _..,^..



I^1

TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS -continued''
4

42 .2E10 727E- 06 .44_ -11 0. 0. C. C - -
17=-%ol 1cc'^_y -37. 0. 0, 0. C. 0. 0. 441E-11

52 .26C+05 R 	 __ .727E-06 .44E- 11 C. 0. 0. 0•
17E+C6 'EF __ -37. 0. 0. 0. 0. 0. 0. 441 E-11

1 1 .57E-04 d:'.; 715E-C6 .20E-t0 0. 0. 0. 0.
36E+05 H;SI 5. 0. 0. 0• 0. 0. 0. 9uE-10

147 .57E-04 W:V:; .710E-Co .20E-10 C. 0. 0. 0.
3 •:E+05 S. 5. 0. C. 0. 0. 0. 0. ..9%E-10

3 .27E+013 5A'+ CSlE-05 .3CE-11 0. 0. 0. 0.
t7E+0G LINER 12. Q. 0. 0. 0. 0. 0. 335E-11

4 .27E+05 BAY .661E-C6 .33E- 11 0. v. 0. 0•
17E+0 LI`•ER 12, 0. 0. 0. C. 0. 0. 335E-11 -1

5 .27_.05 SAY .661E-06 .36E- 11 0. D. 0. 0.
17E+0ED LINER 12. 0. 0. 0. 0. 0. 0. 337E-11 -^

6 2-E-0S 6AY .661E-05 .38E-11 0. 0. 0. 0.

17E+0 LI1JER 12• 0. 0. 0. 0. C. 0. 365E-11

w
Q	 7 2--+0 E:Y .L-C1E-05 26E -t1 0. C - 0. 0. -----

17E-06 LI'•== 12. Q. 0. C. 0. C. 0. .385E-11

8 .27E-05 sAr 651E-06 .38E-11 3, C. 0.
. 1.7E-OS LI'•ER 12 0. 0. C. 0. G. 0. 385E-11

1 .27E+05 BAY 631E-C6 .33E- 11 0. 0. 0. 0.

1,7E-)ii L 	 "•ER 12• 0. 0. C - 0. 0. 0. .335E-11

2 .2 c+GS 3AY E61E-C3 •3:.E-11 0 , 0. ,.. 0.

17E-0v LIFER 12• 0. 0. C,. C. U. 0. 335E-11 4

3;6 .1LE-v4 EL E	 ON 646E-C'6 S'3E-10 0. 0. 0, 0.

.12E-05 t, 0 ,! -;: t0• U. 0. G. C. Q. 0. •55-E-10 -

r	 4S6 12	 04 ELE C4-E-CG .50E-10 0. 0. C. 0. -
12E + p : NC' C. 0. C. C. 0. 0. 0. 557E-10

4:,5 .1_" -0: E_E-C % .547E-C6 .56E-10 0. C. 0. 0.

10• C. 0. C. 0. 0. 0. 557E-10
"Lf rn

417'5 .15E-	 1 E_E.:.% 5.17E-C6 .56E-10 0. 0. 0.
98E- _	 _< 10. 0. 0. 0. C. 0. 0. `_57E - 10

^ bca



TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued
L

52 _	 G4 7 4E- C6 9:E-11 0. "v. 0. 0•
-.7. C. C. G. 0. 0. 0. .902E-11

333 EEE-04 TA:_ 51:E-.6 .90E-11 0. 0. C. 0.

.57E+05 LRS: -17. 0. 0. 0. 0. 0. 0. .902E-11

464 .12E+04 ELECN 348E-C6 .56[-10 0. 0. 0. 0.
EG.+04 `.7:=R 14. J. 0. 0. 0. U. 0. .557E-10

4^A .12;-34 ELE.TJ .44EE-06 .7-6;-10 C. 0. 0. 0.

.60E-J4 hC	 EX 10. 0. 0. 0. 0. 0. U. 557E-10

1'9 .33E+04 N: :3 .432E-05 .19E-10 0. 0. 0. 0.
t
M

21E+05 LR31 4. 0. 0. 0. U. 0. 0. 8'jE-10

1:9 ":3-E-04 N:'•:, 397E-0v .19E-10 0. C. C. 0.

^E-C.) LFS: .1. C. 0. 0. C. 0.

3:5 .61_-04 TAIL .35E-06 90E-11 C. C. 0.

31--05 LRS: -17. 0. 0. 0. 0. C. 0. .902E-.1
,

3'-17 .61E	 4 TAIL .356E-0u .SCE-11 0. C. G. 0.

35E-05 Lr5l -17. 0. 0. 0. 0. 0. 0. .902E-11 -	 -w
L7 .22E-34 3••15 .356E-C6 .27E-10 J. 0. C. 0.

E .132-33 L4S: 15. 0. 0. C. C. 0. 0. 272E-10

17 .20E-03 'S .350E-C6 .27E- 1: 0. 0. 0. 0•

13E-05 LRS: 15. G. 0. C. C. 0. 0. 272E-10

25 12E-0, F.,SL:+G .354E-C6 E-1 0. 0. 0. 0.

79_+ LRS: -37. 0. C. U. 0. 0. 0. .445E-11

37 12E+05 FUSLA: .355E-G6 .45E-11 0. U. C. 0.
f 7--E LRSI -37. 0• 0. 0. 0. C. 0. 44^E-11

G6 .2.E-34 C':5 .349E-C6 .27E-10 C. C. C. 0.
1_x'05 L''	 ! _. 0. 0. 0. 27._-'0

13;-05 L 17. C. _. 0. C. 0. C. 272E-10 H*

4F,3 .97E+03 E-E	 _ . .343E-0. `__	 - 10 .. 0. 0. \^-.
:.._-0 10. G. C. 0. 0. 0. '7: ,: .57	 E-10

4:3 E-03 E=v-E .345E-C6 .5cE-10 .. J. T y•

; ti3"Ex 10. G. .. :. C. C. - .557--10
y

AA^

T

^^ r
:.>tiCJta ^i	 _•:`^	 •. .•. .^^.'.•tLYIM^_b.1.1LM4'ae^1'4W1^•^M A•YM•WWLIrM.danWr' '.+yltll^i^'^:^s*JIFw.wn-..._.rwr... .^. w••. s. +y,YYI^'^•^•1^•'v.1T L+^.



TABLE VI SOURCE RATES USED L ,, RETURN FLUX PREDICTIONS - continued

148 .25E-C4 wI^,3 .315E-C6 .2CE-10 0. G. 0. C•
F

16E-05 HRSI 5. C. 3. 0. 0. 0. 0. y6E-10 i

118 5E-04 Wi%3 .318E-06 .2CE-10 0. C. 0. 0. -
16E-05 HR3: S. G. 0. C C. 0. .96E-10

4;2 =9E*G3 EL E' CN .249E-C6 .5-_-10 0. C. 0. 0.
.^E+04 r:3 'EX IG. C 0. 0. 0. 0. 0. 557E-10

452 .6=E+03 ELE+'Z. .249E-06 -56E-10 0. 0. C. 0.
45 7--04 r,C'EX 10. 0. C. C. 0. 0. 0. 557E-10

72 14E - 04 C:'S .247E - C6 .27E - 10 S. 0. 0. 0.
L R S, 15. G. 0. 0. 0. 0. 0. 272E - 10

32 =-04 -':S .247E-C6 .27E-10 0. G. C. 0.
9'	 04 L;L: 15. 0. z. G. C. G. 0. 272E-10 f

41 26E-05 F,S-1AS .232E-G6 .14E-11 0. 0. 0. 3.
17E-06 LRS: -71. 0. 0. G. C. 0. C. 4'.E-11

45 .21E-05 FuSL.3
2 
321- 06 -il 0. 0. C. C.

L 4 S: -7t. G. 0. 0. C. G. 41E-t -	 -
x

74 3E-04 C:'S .230E-C6 .27E-10 0. 0. 0. 0.
f 55E-0a LRSI 15. Q. 0. C. 0. 0. 0. .272E-10

94 .13E -04 G:1S .230E-06 .27E-10 0. 0. 0. 0.
.65E-04 LRSI 15. 0. 0. 0. 0. 0. C. .272E-10

f	 359 .3^:E-04 T	 ._ .227E-C6 .92E- 11 0. C - 0. C.
z	 05 nRS. -1,. 0. 0. L- C. 0. 0. 92CE-1

55 .25E-05 FuS	 S .227E-C6 .14E-11 0. 0. 0. 0.
IEE +107 LPS: -11. 0. 0. 0. C. C. 0. 41E-11

51 .25E+ 0= FJSLA, .227E-C6 .14E-.t ^. 0. ?. 0.
tEE-06 LRSI -71. G- C. 0. C. 0. 0. .41E- 11

250 .2CE-05 F-S .206E-06 G- C.
t -2 E-C6 LR;,: -67. 0. 0. G. 0. G. 0. 63E-11

80 .11E -G4 E':3 .201--Ce .2-E-10 0. 0. 0. 0. .7
74E-. LRS: 15. 0. 0. 0. 0. G. 0. 272E-1G

'b 7
60 "- = 2G'.-06 7E-10 0. C- 0. 0.

- - 0. C . 272E -10xr
^ br^



_J

TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued
.i

43 .26E-05 FuSL»G .190;-T6 .12_-11 0. G. 0. C. ..
•1 7 E-06 L2SI -77. 0. G. 0. 0. 0. C. t5E-11	 -

47 .2ZE-05 Ft;SLAG 9"---05 .126-11 0. 0. C. 0.
.-OGE ^,SI -77. 0 . G. C. 0. 15E-1t

53 .25E-C; F,S'_AG .185_-06 .12E- 11 0. 0. 0. 0.
i

t Ec-0^ LKSI -77. G. G. 0. 0. 0. 0. 15E-it

57 .25E+05 FuSLAG .185E-06 .12E-11 0. 0. C. 0.

E-06 LRSI -77. 0. C. Q. 0. 0. 0. 15E-11

21 2E-G,^ F,;SL=3 .135E-06 .25E-11 0. 0. C..
7.5-.. LAS: -56. G. 0. 0. C. G. 0. 23.E-11 E

33 .1'E-T5 FuSL A G .131E-C6 .23=- 11 0. 0. 0. 0.

...E-05 LkSI -57. 0. 0. 0. 0. 0. 0. .230E-11

393 •31°--14 TAIL .179E-C6 .90E-11 0. 0. 0. 0.
.2T=-05 LnSi -17. C. C. 0. 0. 0. 0. .902E-11

392 .31E-0» TAIL .179E -36 -91.E-11 0. C. 0. 0.
20E-GS LK^I -17. 0. C. G- C. 0. C. .902E-11

389 ..	 _^04 T..iL 16C--06 .90E-•1 0. T'. 0. C.
• 1 = E-05 LkSI -17. C. C. G. 0. 0. 0. .902E-11 --

321 _- T.-._ 167E-C6 90E- 11 G. C. C. 0.
Se-0 Lam_. -17. 0. 0. 0. 0. 0. 902E-11

90 -:E-03 C".:S .157E- 06 .27E-10 G. C. C. 0.
E-04 -R51 15. G. 0. 0. 0. C. 0. 272E-10

i
70 .9.E-0S =".S .157E-Co .27E-iC 0. G. C. 0.

:"E-04 LR-1 15. 0. G. C. 0. 0. .272E-t0

4 .i! 2E-T3 E_E._ 4SE-C6 55E-10 C. C.

.27-: -0 .3 _.K 10. C. G. .. C. 0. .55-E-10

4;31 :2E-T3 E L E	 -. 7C3E-Oc ^^=-10 0. G.
2? c -0» t„C... 0. 0. 0. 0. .55%E-1C

175 CE-05 -.• 1»-_- :o .23E-11 0. 0. 0.
L am .. -	 7. G. C. 0. G. 0. C C 22'--11►^

'C
X 1
y^

Y ^.

Fi

-	
..	 ,T.



1r '

TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued

0. G. 0. 0.

72c-03 C 'S .12cc-._ .27E-10 0. 0.
--04 L 0. 0. 0

0. C. ^.

57 ::E-03 _ iGSE-06 •27_-tU 0. G. C.
15. C• 0. 0. C.

170 .3=E•0 C = n 1C5E-C6 t'.7 C. 0. :.
o^^ •0 : iii -63. 0. 0. 0. v.

77 ecE-o3 _:S I05E-C•3 -	 7E-1J 0. 0. 0.
3 =c-0 4 L^3I •5• C. 0. 0. 0.

1 1-19 ?6E+C4 C; Ee '.05=-C6 17E-11 0. C. 0.
C2E-C H-SI -66. 0. G. 0. C.

e25 - - -:4 F	 , 104E- .12::"- 10 0. 0. 0.
04 ^: -a. 0. 0. 0. Cl.

420 .13E-04 FUS_o', 1C4--06 .12C-10 0. 0. 0.
E_E: -.4 LF5I -8. 0. 0. 0. G.

440 .3-E+04 8c-5E-C7 .33E- 11 G. G. 0.
LI'.= t2. 0. C. 0. 0.

441 u55E-07 .3E7--11 0. G.
22E--0 L  12. 0. 0. 0. 0.

3.2 .3-E-0•. -.I 855E-07 .38=- tt 2. 0. 0.
22_-O5 L  12. G. 0. 0. C.

443 .3 4 --I. FA ES5-C 7
'

.39E-11 0. G. V .0
22=-05 LI'•_R 12. 0. 0. G. 0.

44 5 =-04 5AV c»x-07 „E-11 0. v• 0.
Lac -O= L 	 '.c a 12. 0. 0. V. 0.

446 .34--04 85=_-G7 .33E- 11 0. G• 0.
22c-0 L 	 '._t 12. 0. C. G. C.

0.
0 • G. .22•E-11

0.

C• 0. 272E-1v

c.
^• 0. 272E-10

0.

0• 0. .272E-10

0.
G• G. 7:.E- 11

G.

0• 0. 272E-10

0.

0. 0. 6yE- t1

0.
G. 0. 2	 E-t0

0.

0• 0. 23E-10

0.

0. 0. 38^E-tt

0.
0. 0. s3 E-t 1

0.

0. 0.

0.

0• 0. -33`_E-11

0.
0. C. 385E-tt

0.

0. 0. 385E-1t



TABLE VI SOURCE RATES USED IN RETURN FLUX PREDICTIONS - continued L

477 .3-:E-04 .855--07 .38= -11 G. 0. 0. 0.

t

-
t..22E-05 LI'.ER 12. 0. 0. 0. 0. 0. 0. .33`E-11

4.13 '4E+0.3 8AY .855E-07 .3Cc-11 0. 0.
22E-0 LIt.LR 12. 0. C. 0. 0. 0. 0. .385E-11 j

G8 .42E-03 C'.:S 7«E-07 .27E-10 0. 0. 0. 0.
27E-OJ L.S; .5. 0. 0. 0. 0. 0. 0. 272E-10

t
E'3 .42_-03 =:'S 722E-C7 .27E-10v. C. C. C. D -

27E+04 LR5I 15. 0. 0. 0. C. 0. 0. 272E-10

391 .12E-C4 TAIL 675	 -07 .90E - t1 0. G. 0. 0. [
=c+0. Ln^s; -17. Cl. 0. 0. 0. 0. 502E-11

-)0 ,2	 .1 T A 1 E7s=-07 -93E -11 0. 0. G. G.
- 75c+0 ' LRSI - 17. 0. C. C. 0. 0. 0. .902E-1 1

4.)0 .14E-03 E_EVC"i .49c=-C7 .56E-10 0. 0. 0. 0.
6'2E-03 n0'Ex 10. 0. 0. 0. 0. 0. 0. 557E-10 t

t
460 t4E+03 ELE':C': 495E-07 .56E - 1C 0. 0. C C.

.69E+03 1C-•cX 10. 0. 0. G. 0. 0. 0. 55"'E-10

172 -E-04 c 3175-:7 . G. C. C.

j-

---
24 H;sl -73. 0. 0. 0. 0.

171 .37_+04 C:cr; 355E-07 .13E - 11 ^, G. C. 0. }
.2 » E+O) HOST -73. 0. 0. 0. 0. 0. 0. .32E-11

1"i0 .72=-0.1 C:E:1 .315E-03 Ci:E-13 0. C. C. 0.
.46 7 +05 R_O 22. 0. 0. 0. 0. 0. 0. .679E-13

122 .31E+04 'id ,%, 761E-C9 .38E-13 0. 0. 0. 0.
2CE+05 ROC 5. 0. 0. 0. C. 0. 0. 37L!E-13

t6
Y

z

r^



G. .372E-13

0. 37EE-13

0. 37EE-13

U. 0.

0. 0.

0. C.

0. 0.

C. 0.

C. 0.

0.	 .262E-10

^	 ^	 1

4

1

t

1

TABLE VI	 SOURCE RATES USED IN RETURN FLUX PREDICTIONS - concluded

152 .3'E-0» W 761E-09 .32E `13 0. 0.
0.

2GE-05 S. 0. 0. G. 0.

1 5,1 .2 .J .543E-C3 36E-13 0. G. C. G.
0.

EE+GS 5. G. 0. G. 0.

121 .2 ^-=+ v im- N.	 ^^ .549E-03 .35E-13 C. C. C. C.

0. 0. G. 0. 0.

144 ;<=--04 C	 .d 0. 0. 0. 0.
0.

G.
0.

0.
C.

3:E+04 I1:'^	 ^+. 15. 0. 0.

185 .14E +04 CF. Eat 0. 0. 0. 0. 0.
C.

u.
0.

52E-04 WI *'ACA: 21. 0. 0. 0.

130 t4E+04 C	 E:J 0. 0. 0. 0.
G.

0.
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and -12 to -18°C receivers. This :approach for these Orbiter
sources is consistent with the SPACE program logic."`

i

In summary, the deposition rate is 2.49x10 11 g•cm -22-•s-I

for the IUS/DSP/radiator return flux and 3.9x10 -	g•cm •s

for the remainder of the Orbiter. The net degosiVon after

the two hour exposure time is 2.07x10 -7 g • cna • s	 or 21R

thickness for a unit density deposit. This is calculated from

D = M/V where

D = density,	 I

M = mass and

V = volume.

The above analysis corresponds to a first flight Orbiter.
i

Because the radiator surfaces will be warmer than most surfaces

daring a mission ,-}>( is cogcelyable that the mass loss rate

will be near 1x10 l g • cm -s	 after an initial mission and

will consist primarily of VC^l material. This behavior is indi-

cated in Figure 7 which shows the mass loss rate is greatly re-

duced after 24 hours at temperatures near 48°C which are the 	 1

temperatures anticipated for the radiators during oaa-orbit - yin-

ditioys. -1 This would reduce the de osition flux to 8.94x10

g • cm `• s	 or a total deposit of 6 after the 7200 second ex-

posure.

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

4.2.3 Engine Return Flux - The VCS engines are required

for attitude control.	 It teas established that the engines will

not be required to be fired during the deployaaaent maneuvers
since the drift rate of the Orbiter is within acceptable limits.

Therefore, the only time period during which the ;attitude con-
trt,l engines can contaminate the DSP surfaces is by the return

flux mechanism during the in bav-doors open period while main-

taining attitude control. figure 10 shows the engine location

and nomenc lcature. The engine, total firing time and return

flux  cent r ibut i L)n ;ire shoran in Tab I e \'111 It the f ixcd ;attitude

Users Manual, "Shuttle/Payload Coutanaination Ev.alu.ation Pro-

gram" MCR-77-106, April 1977.
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Figure 10	 VCS Engine Nomenclature
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the Source .uld receiver and tilt- condt' nsation coef f icit'nt . 	 flit'

resulting deposition oil 	 critical 11SP surfaces is shown in

Tl ible III.	 A basic S.'h,lr;ttiOil Ill: ult'uver is performed at the

last position by the Shuttle Orbiter forward facing nose loc;I-
tion attitUdt' controI ongities. Because of the relative locn-
tioil of the DSP surfaces and the engines, no net deposition re-
suIts. The return flux on surfaces during dt'plo yment can be

approximated by llm 1 t ipl\ • ing the ill 	 return f lux ratt' by the

exposure tinge at the dif lercnt deploymt'nt posit iollS. TItiS

would be a maximum case and results in onl y an angstrom or

less of deposit .

4.4 Off \oulin.I l - The off nonlin;I l periods cva l uatvd were

the 4.5 hours (nominal one holly) ill 	 closed and 24

flours (nominal 2 hours) 
ill 	 iv-doors open. For the in bay-

doors C I ost'd c;lst', the de'pOS it i 011 W011 1 d he	
p

18.: for tilt' base I ine

case assuming tilt' mass loss rates are I ine;tr with time. Tho in
bay-doors open va 1 u 's for a 24 hour exposure would he '1 nlaxt-

i
mum of 72\1 for sku- i :Ices facing out of the ha y normal to the

axis when referring to Table III and assuming tilt' rates ;Ire

linear. The additional off nominal condition that was invcsti-

gatt'd waS to vary tilt' VCIOCit y vector orientation of the atti-

tude and, therehv, eh;mge the return flux nlagnitudt's. The

nominal case and the v;lriations anal y :-ed are shown ill 	 11.

The results indicate that by changing tilt' Velocit y Vector 01-1e11-

tation so that it is 120 dogrees with respect to the Z axis, the

return flux cal) be reduced by a factor of three. 	 if this were

done for the 24 hour off nominal, in ba y -doors open cast' the
deposition could be reduced from 7A to approximatel y 24 .

4.5 ht'pre'SVllt;ItiVC Payload - A six sided box was used as

a reptrGentative pa y load to determine relativt' Clux lt'vt'ls

from the Shuttle Orbiter .Intl lUS during pt'riods in tilt' ha y and

during deplo yment. Those relative flux IcVeIS %,il l indicate tilt'
pot ell ti;lIIV most su::ccpt it, le SIIrfaCCS 011 a payload.

Figure 12 shows the position of the box (1.22 meters
square oil a side) rcl.ltive to the LUS, tilt' in bay position and

tilt' two deploymt'nt posit ions at 3.66 and 7.62 meters out of the
hay . The node numbers of the box are also designatcd in the
figure for corre I at ion to the results shown ill 	 1\.
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Figure 11 Velocity Vector Influence on ueturn Flux.
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TABLE IX DIRECT FLUXES, 9 • cm -2• s -1 1 ON REPRESENTATIVE PAYLOAD
SURFACES

Il

Surface In Bav 3.66 Meters
12	 feet

7.62 Meters
25 feet

1150	 (AFT) 0.5x10 0.95x10-12 0.97x10	 1

1151	 (DOWN) 0.65x10-12 0.32x10-11 0.34x10-10

1152	 (Y STARBOARD) 0.94x10 -12 0.24x10-11 0.98x10-12

-1153	 (UP) 0.19x10-13 0.0 0.0

1154	 (Y PORT) 0.94x10-I) 0.24x10-11 0.98x10-1?

1155	 (FWD) 0.55x10-12 0.37x10-11 0.18x10-11

Return flux could be as high as 3.6x10 -11 g-cm -2• s -1 
for the

upward facing surface while in the Day 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 altitude 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.

50



1

4 	 4r

I `^

-^,(^	 iZt' ill l (s ^IInilllar\' - l ah lt`	 silillinar l::t's Lhc bast' I i lit' dt-
positloll 11 re,ii:tion. itlr the titteen Critical I)SP surfaces. The
resu 1 L s in: I licit' tllt' rt'tlu: t i On ill VCM avai 1:111 10 h': the rnla 1
vat:uum testi lg of p;lvloatl components anti previous flight t'\-
11OSUrt' of Shuttle orbiter surfaces. The values in 'rahle X art`
coilsideretl is a reali.s tic prediction for the 11SP spacecraft.

5. o C. o 1' U S 1 O\ S

1ht` It1 1101Clllt, Conclusion s .irt' a result Of this study Oil the
tlehosition levels predicted for l l sl' critical surfaces.

• The total pressure Of ^,;JS 'S ill the p.i\'lo,id h:l\' durlllf'
-+the dOOrs C1Olt'd lleriOtl is S \1(1 	 101'r.

• The mass input ,'f VCM material intt' L11e payload ha\• dur-
ing the floor c 1t;scd cast` i-

	
1'\ 11 	 , -s	 of etlll iv.i-

Icntl\• 3.b 1)x10 - 1'orr-t'.	 .

• Provious t l i l:11t c\posure and thermal \'.1Cllllsll test ill;; ,11
nonmet,illiessi,_nific all t lc reduces V C X Coll tent alld \'C`
mass loss rite.

• ncpos i t ion Oil all DtSP dirt act's during ill h;t\'-door s
lose.; periods i8 :4: for tlit` one hotlr c\11 ,)silre time.

•	 .'AXilnlllll v.1111es of 1'etliril tlli\ 1 ruin. outgasslnl: sources1
Oil llp ,l17d ^.	 ftlCilli' ) S1lrt,lCes i^ 01 ;	 IOr the t\,:,' 11,1 111' ill
baV-11001_S 01 1 ell t'\POSUrt' tiint'.

•	 Pirt'CL l lil\ tr0l'..1 !)a\' S111'taces during the period ill b:i\'-
do0l's O11t'll is less 01,111 011e 311$Str,llll.

•	 Rt'tlll'll	 1111\ 11'.`111 attltll,ie C011trt 1 l	 i-^	 lt'ss til.iil
t e nt' .ingstrom durl.ill: the ill h:i\'-tiOOrs Opt`ll I'CriOd.

•	 Deposition ,!uri111: tleplOylwilt is it's,, tllall tilt` alll:Strom
,111 all Psl' critical slirtact's.

•	 Varvilll; the allgle 01 1 :ltt:lik (\'t 1, 1 : it V \'t': for ovit`llt.l-
Li011 chall:cs ) call Slgllit iCailt l\' rckillct' rctl:rll !111.\
Icvc1::.
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• Off nomin:il, 4.5 hour in hay-doors closed period, could
result in 18^ deposition on all DSP surfaces.

• Off nominal, 24 hour in bay-doors open, period could re-
sult in 72 deposition on DSP critical surfaces facing;

out of the payload bay.

• A first flight, virgin Orbiter would increase the depo-

sition by 41^ for the in bay-doors closed period.
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