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Abs t rac t .  Molecular  contaminat ion l e v e l s  a r i s i n g  from t h e  ex te rna l  induced 
n e u t r a l  environment of t h e  Space S t a t i o n  (Phase I c o n f i g u r a t i o n )  have been 
c a l c u l  a ted us ing  t h e  MOLFLUX model . Pred ic ted  molecu la r  column d e n s i t i e s  and 
depos i t i on  r a t e s  g e n e r a l l y  meet t h e  Space S t a t i o n  contaminat ion requirements.  
I n  t h e  doub t fu l  cases o f  d e p o s i t i o n  due t o  m a t e r i a l  outgassing, proper  m a t e r i a l  
s e l e c t i o n ,  genera l l y  exc lud ing  o rgan ic  p roduc ts  exposed t o  t h e  ex te rna l  
env i  ronment , must be considered t o  meet Contaminat ion requ i  rements. It i s 
impor tan t  t h a t  t h e  Space S t a t i o n  con f igu ra t i on ,  once de f ined,  i s  n o t  
s i g n i f i c a n t l y  mod i f i ed  t o  avo id  i n t r o d u c i n g  new unacceptable contaminat ion 
sources i f  t h e  contaminat ion requirements a r e  t o  be met. 

I n t r o d u c t i o n  

Depos i t ion  of  harmfu l  molecular  l a y e r s  on Space S t a t i o n  elements and 
s c i e n t i f i c  ins t ruments  l ead ing  t o  performance degradat ion as we l l  as t h e  
d e t e r i o r a t i o n  o f  e lect romagnet ic  s i g n a l s  f rom s t e l l a r  o b j e c t s  due t o  induced 
contaminat ion o f  t h e  environment a r e  a ser ious  concern. 
as e a r l y  as poss ib le  as p a r t  o f  t he  Space S t a t i o n  design/development process. 
The on ly  means t o  accomplish t h i s  i s  through t h e  use o f  mathematical models 
t h a t  r e l a t e  c e r t a i n  Space S t a t i o n  c h a r a c t e r i s t i c s  such as m a t e r i a l  usage and 
presence o f  concentrated gas sources i n  a l l  l o c a t i o n s  t o  t h e i r  e f f e c t  on 
c r i t i c a l  instrument/equipment performance. The MOLFLUX program i s  such a 
model. If t h e  contaminat ion a n a l y s i s  i n d i c a t e s  t h a t  a p a r t i c u l a r  Space S t a t i o n  
c o n f i g u r a t i o n  and opera t i ng  mode leads t o  "excessive" contaminat ion l e v e l s ,  
then des ign changes must be made (where poss ib le  under g iven  circumstances) t o  
reduce t h i s  l e v e l .  On t h e  o the r  hand, once the  Space S t a t i o n  c o n f i g u r a t i o n  i s  
w e l l  def ined and i n  a l l  respects  acceptable,  i t  should no t  be s i g n i f i c a n t l y  
mod i f i ed  t o  avo id  i n t r o d u c t i o n  o f  new unacceptable contaminat ion sources. The 
model p r e d i c t i o n s  discussed i n  t h i s  paper have been produced t o  p rov ide  a 
p r e l i m i n a r y  understanding o f  t h e  e f f e c t s  which t h e  Space S t a t i o n  des ign may 
have on meet ing i t s  object ive:  The conclus ions reached should p lay  a 
s i g n i f i c a n t  p a r t  i n  t h e  development phase o f  t h e  Space Sta t ion .  

They must be assessed 

Space S t a t i o n  Con f igu ra t i on  

The bas i s  f o r  t h i s  assessment o f  t h e  n e u t r a l  e x t e r n a l  Space S t a t i o n  
For a n a l y s i s  purposes, environment i s  t h e  Space S t a t i o n  Phase I c o n f i g u r a t i o n .  

t h e  Space S t a t i o n  ( s o l a r  panels normal t o  f l i g h t  d i r e c t i o n )  i s  d i v i d e d  i n t o  
about 300 sur face  nodes (w i thou t  t h e  t r u s s )  and about 700 nodes i n c l u d i n g  t h e  
t russ .  
sources of contaminat ion such as module leakage, gas vents, t h r u s t e r s ,  o the r  
veh ic les  (e.g., t h e  Space S h u t t l e  o r b i t e r ) ,  outgassing, e tc . ,  and rece ive rs  o f  
contaminat ion.  This  system a l s o  a l l ows  f o r  an assessment o f  t h e  Space S t a t i o n  
i n t e r a c t i o n  w i t h  t h e  ambient atmosphere. 

These as w e l l  as a number o f  " p o i n t "  nodes represent  t h e  p o t e n t i a l  

Model D e s c r i p t i o n  

The MOLFLUX program was developed as an a n a l y t i c a l  t o o l  t o  p r e d i c t  t h e  f l o w  
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of molecules i n  t h e  v i c i n i t y  of v e h i c l e s  i n  t h e  space environment. Program 
outpu t  parameters were chosen t o  address t h e  requirements s e t  by va r ious  
NASA/contractor contaminat ion working groups i n c l u d i n g  t h e  Space S t a t i o n  
Ex terna l  Contami n a t i  on Working Group (CWG) . Program i n p u t  parameters were 
se lec ted  p r i m a r i l y  on t h e  b a s i s  t h a t  t h e y  a r e  f a i r l y  e a s i l y  measurable o r  a t  
l e a s t  reasonably p r e d i c t a b l e .  
s c i e n t i f i c  foundat ion.  It i s  based on a numerical  i n t e g r a t i o n  o f  t h e  
Bhatnagar, Gross, Krook (BGK) model approximat ion o f  t h e  Boltzmann k i n e t i c  
equat ion  f o r  a m i x t u r e  o f  gases (Robertson, 1976). 

shows t h a t  t h e  mean f r e e  p a t h  o f  molecules immediately i n  f r o n t  o f  t h e  surface 
o f  t h e  l a r g e  s o l a r  panels under ram c o n d i t i o n s  i s  on t h e  o rde r  o f  250 meters. 
Th is  value, which i s  bgsed on t h e  assymption o f  a cons tan t  ambient d e n s i t y  o f  
approximately 2.1 x 10 molecules cm- 
these panels (approx imate ly  10 meters).  
c o n d i t i o n  e x i s t s ,  w i t h  t h e  mean f r e e  pa th  i nc reas ing  r a p i d l y  w i t h  t h e  d i s tance  
from t h e  surface. M a t e r i a l  outgassing a l s o  leads  t o  f r e e  molecu la r  f low. A t  
Space S h u t t l e  o r b i t s ,  where t h e  ambient d e n s i t y  i s  about 10 t imes as high, t h e  
mean f r e e  path i s  about 25 meters, o r  comparable w i t h  t h e  mean o r b i t e r  c ross  
sec t ion ,  i n d i c a t i n g  near f r e e  molecu la r  f l o w  cond i t i ons .  Eva lua t ions  such as 
t h i s  one lead  t o  t h e  conc lus ion  t h a t ,  w i t h  few except ions,  e i t h e r  f r e e  o r  ' 'near 
f r e e "  mo lecu la r  f l o w  e x i s t s  aroirnd spacecra f t  such as t h e  Space S t a t i o n  i n  
E a r t h  o r b i t  and f a r t h e r  ou t  i n  space. Th is  conc lus ion  i s  v a l i d  a l s o  f o r  
t h r u s t e r  plumes w i t h  t h e  except ion  o f  a small  plume volume o f  v iscous and 
t r a n s i t i o n  f l o w  c lose  t o  t h e  nozzles o r  f o r  extremely l o n g  f i r i n g  t imes. 

deal w i t h  most space-related a p p l i c a t i o n s .  MOLFLUX has been developed w i t h  
these thoughts i n  mind. The d i s t r i b u t i o n  f u n c t i o n  f o r  a l l  species i s ,  
t he re fo re ,  a small  p e r t u r b a t i o n  (due t o  mo lecu la r  c o l l i s i o n s )  from t h e  f r e e  
molecu la r  f l o w  case and a l l ows  f o r  backsca t te r i ng  r e t u r n  f l u x  and a t t e n u a t i o n  
c a l c u l a t i o n s .  The r e s u l t  i s  a program o f  reasonable s i z e  and accuracy w i t h  
maximum f l e x i b i l i t y .  I n  general  t h e  t rea tment  of da ta  i s  kep t  i n  l i n e  w i t h  
t h e i r  accuracy, s ince  any model i s  o n l y  as good as t h e  i n p u t  da ta  used. The 
c a p a b i l i t y  t o  i n t r o d u c e  i n p u t  da ta  as w e l l  as t o  eva lua te  ou tpu t  data i s  l e f t  
very general and adaptable t o  t h e  needs o f  t h e  user.  The model descr ibes  t h e  
molecu la r  environment i n  terms o f  parameters such as l o c a l  dens i t y ,  column 
dens i t y ,  d i r e c t  f l u x ,  and r e t u r n  f l u x  ( i n c l u d i n g  d e p o s i t i o n ) .  
depend on geometr ic c o n f i g u r a t i o n ,  con taminat ion  source c h a r a c t e r i s t i c s ,  
t r a j e c t o r y / a t t i t u d e ,  ambient environment , ins t rument  f i e l d - o f - v i e w ,  e t c .  
P red ic ted  d i r e c t  f l u x e s  i n v o l v i n g  " p o i n t s  i n  space," as w e l l  as surfaces, a re  
based on l i n e - o f - s i g h t  (LOS) view f a c t o r ,  d is tance,  and d i r e c t i o n  c a l c u l a t i o n  
techniques. 
p r e d i c t i o n s .  
t h e  p r e d i c t e d  da ta  i n  t h i s  paper. 
accuracy s p e c i f i c a l l y  i n  areas where it counts most, i .e., da ta  regard ing  
i n s t  rument LOS and i nstrument f i  e l  d -o f  - v i  ew. The number and 1 ocat i on o f  
''space" p o i n t s  a r e  chosen accord ing ly .  Model accuracy i s  c o n s i s t e n t  w i t h  
a v a i l a b l e  i n p u t  da ta  accuracy as o u t l i n e d  i n  d e t a i l  below. 

P r e d i c t i o n  u n c e r t a i n t i e s  of  con taminat ion  models a r e  ma in l y  t h e  r e s u l t s  o f  
u n c e r t a i n t i e s  o f  i n p u t  data. 

P a r t  o f  t h e  molecu la r  d e p o s i t i o n  on sur faces  i s  caused by backsca t te r i ng  
r e t u r n  f l  ux r e s u l  t i  ng from c o l l  i s ions  o f  contami n a t i o n  molecules w i t h  ambient 
molecules. E l a s t i c  mo lecu la r  c o l l i s i o n  f requenc ies  and c ross  sec t i ons  s t r o n g l y  
depend on t h e  v e l o c i t y  d i s t r i b u t i o n  o f  t h e  va r ious  molecules involved. 
Molecular v e l o c i t i e s  range from thermal v e l o c i t i e s  a l l  t h e  way up t o  about 8 km 

The key t o  t h e  program i t s e l f  i s  a s o l i d  

An e v a l u a t i o n  o f  t h e  molecu la r  f l o w  c o n d i t i o n s  surrounding t h e  Space S t a t i o n  

i s  l a r g e  compared w i t h  t h e  w i d t h  o f  
There fore  a f r e e  molecu la r  f l o w  

Accordingly,  a model o f  n e a r l y  f r e e  molecu la r  f l o w  appears t o  be adequate t o  

The p r e d i c t i o n s  

Dens i t y  and column d e n s i t y  a r e  de r i ved  from d i r e c t  f l u x  
One su r face  r e f l e c t i o n  (no d e p o s i t i o n )  was pe rm i t ted  t o  d e r i v e  

The model i s  designed t o  maximize p r e d i c t i o n  
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-1 s and more. Present c ross  s e c t i o n  es t imates  a re  based on values determined 
from v i s c o s i t y  measurements s ince  no i n  s i t u  f l i g h t  measurements have been 
performed $0 date. The MOLFLUX program considers o n l y  c o l l i s i o n s  o f  high-speed 
(7.7 km s- ) ambient molecules w i t h  l o c a l  contaminat ion species due t o  t h e  f a c t  
t h a t  on l y  these c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  backscat te red  r e t u r n  f l u x  a t  
Space S t a t i o n  a l t i t u d e s .  Under these cond i t i ons ,  t h e  c ross  sec t i on  e r r o r  i s  
es t imated  t o  be on t h e  o rde r  o f  a f a c t o r  2. Cross s e c t i o n  e r t o r s  o f  molecules 
c o l l i d i n g  a t  v e l o c i t i e s  rang ing  from thermal t o  some 10 km s- , i f  considered, 
would be much l a r g e r ,  on t h e  order  o f  a f a c t o r  6, i n c r e a s i n g  t h e  e r r o r  o f  
r e t u r n  f l u x  p r e d i c t i o n s  accord ing ly .  Since r e t u r n  f l u x  r a t e s  a re  p r o p o r t i o n a l  
t o  c o l l i s i o n  f requencies,  t h e  c ross  s e c t i o n  e r r o r s  t r a n s l a t e  d i r e c t l y  i n t o  
r e t u r n  f l u x  e r r o r s  and corresponding d e p o s i t i o n  r a t e  e r ro rs .  

e x c i t e d  molecules, re lease  o f  d i f f e r e n t  k i n d  o f  molecules, etc., do t a k e  place, 
p a r t i c u l a r l y  d u r i n g  i n t e r a c t i o n  o f  ambient h i g h  v e l o c i t y  molecules such as 
atomic oxygen w i t h  sur faces  (ram cases), mod i fy ing  t h e  r e s u l t s  due t o  sur face  
r e f l e c t i o n s  and emissions s i g n i f i c a n t l y .  
exper imental  da ta  use fu l  f o r  model i n p u t s  a r e  a v a i l a b l e .  Therefore,  
cons iderab le  p r e d i c t i o n  e r r o r s  a r e  i n t roduced  a f f e c t i n g  column dens i t y ,  r e t u r n  
f l u x  depos i t i on ,  and ram cases. E r r o r s  due t o  undef ined chemical reac t i ons  can 
amount t o  some 25%; those due t o  c r e a t i o n  o f  e x c i t e d  molecules may be 
s i g n i f i c a n t l y  1 arger.  The molecu la r  composi t ion o f  t h e  atmosphere i s t ime-  and 
l o c a t i o n -  dependent causing an e r r o r  i n  r e t u r n  f l u x  and d e p o s i t i o n  p r e d i c t i o n s  
es t imated  t o  be about up t o  a f a c t o r  o f  10 depending on t h e  s p e c i f i c  s i t u a t i o n .  

Surface d e p o s i t i o n  o f  molecules i s  t h e  r e s u l t  o f  complex processes i n v o l v i n g  
t h e  fo rma t ion  o f  an e q u i l i b r i u m  between imp ing ing  molecules and ( r e - ) e m i t t e d  
molecules.  Th is  e q u i l i b r i u m  i s  a f f e c t e d  by parameters such as sur face  m a t e r i a l  
and temperature, v e l o c i t y  and k i n d  o f  imp ing ing  molecules, s o l a r  r a d i a t i o n ,  
atomic oxygen impact,  etc., and t h e r e f o r e ,  very  t i m e  dependent. No formula 
d e s c r i b i n g  adequately t h e  r e s u l t  as a f u n c t i o n  o f  a l l  these parameters e x i s t s .  
Accordingly,  each case must be analyzed i n  d e t a i l  and t h i s  has n o t  been done 
i n d i v i d u a l l y  f o r  t h e  Space S ta t i on .  
r e s u l t  o f  very  rough es t imates  based on impinging molecu la r  f l uxes .  
p r e d i c t i o n s  may have e r r o r s  o f  t h e  o r d e r ( s )  o f  magnitude(s).  

M a t e r i a l  outgassing r a t e s  depend on m a t e r i a l  c h a r a c t e r i s t i c s  and t h e  
environmental c o n d i t i o n s  t o  which t h e  m a t e r i a l  i s  exposed i n c l u d i n g  
temperature, ma te r i  a1 h i  s to ry ,  and exposure h i  s to ry .  
adequately formulated t o  date.  
basis.  
exper ience g e n e r a l l y  f e a t u r i n g  d i f f e r e n t  m a t e r i a l s  and may, t h e r e f o r e ,  vary by 
orders  o f  magnitude (depending on who i s  e s t i m a t i n g ) ,  impact ing  severe ly  
p r e d i c t i o n s  o f  column d e n s i t i e s  and molecu la r  d e p o s i t i o n  ra tes .  

p a r t i c u l a r l y  over l o n g  pe r iods  o f  t ime  i n  thermal and h i g h  vacuum environments. 
P o i n t  sources, r ing-shaped sources, and area sources have been modeled and 
b a s i c a l l y  a l l  l ead  t o  very  s i m i l a f  r e s u l t s .  P r e s e n t l y  t h e  Space S t a t i o n  module 
design l e a k  r a t e  t o t a l s  5 l h  day- f o r  p r a c t i c a l  reasons. There i s  no p r o o f  
t h a t  t h e  ac tua l  l e a k  r a t e  w i l l  be sma l le r  o r  l a r g e r  than t h i s ,  p a r t i c u l a r l y  
over a p e r i o d  o f  years.  An e r r o r  o f  a f a c t o r  2 may be a reasonable assumption. 

Labora tory  gas ven t ing  i s  a necess i t y  which can be i n  c o n f l i c t  w i t h  
requirements f o r  astronomical  observat ions.  The present  goal  i s  t o  design 
vents and ven t ing  procedures which meet bo th  t h e  requirements f o r  adequate 
ven t ing  and astronomy. P r e l i m i n a r y  assessments a r e  very  encouraging. However, 
i t  i s  t o o  e a r l y  f o r  a v a l i d  e r r o r  a n a l y s i s  except as discussed i n  o t h e r  
sec t  i ons . 

I n e l a s t i c  mo lecu la r  c o l l i s i o n s  i n v o l v i n g  chemical reac t i ons ,  c r e a t i o n  o f  

Un fo r tuna te l y  no q u a n t i t a t i v e  

A l l  o f  t h e  present  p r e d i c t i o n s  a re  t h e  
Such 

Such r a t e s  have no t  been 
Each case must be t r e a t e d  on an i n d i v i d u a l  

Cur ren t  p r e d i c t i o n s  a r e  based on shor t - te rm Skylab and Space S h u t t l e  

Module l e a k  l o c a t i o n s  and r a t e s  a r e  imposs ib le  t o  adequately d e f i n e ,  
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The Space S t a t i o n  t h r u s t e r  system design i s  n o t  w e l l  enough de f ined  a t  t h i s  
t ime t o  pe rm i t  an acceptable assessment and e r r o r  ana lys i s .  P r e d i c t i o n s  based 
on s u b s t i t u t e  designs may c a r r y  s i g n i f i c a n t  e r r o r s  (o rde r  o f  magnitudes). 

Since exact  s o l u t i o n s  t o  t h e  common gas f l o w  equat ions such as those named 
a f t e r  Boltzmann have n o t  been y e t  found f o r  general  a p p l i c a t i o n ,  ana lys ts  a r e  
fo rced t o  use approximat ions.  
being p e r f e c t ,  however, when app l i ed  c o r r e c t l y  produce approx imat ion e r r o r s  
which a r e  small compared w i t h  the  e r r o r s  in t roduced by  t h e  l a c k  o f  v a l i d  
exper imental  i n p u t  data.  

Today's p r e d i c t i o n  techniques, a1 though f a r  from 

Pred ic ted  Data 

Column-Density 

Module leakage a t  a t o t a l  r a t e  o f  5 l b  day" has been modeled us ing  severa l  
d i f f e r e n t  methods: p o i n t  sources, r i n g  sources, and area sources; The no t  so 
s u r p r i s i n g  r e s u l t  i s  t h a t ,  f o r  any o f  these, i n  t h e  worst  case, t h e  column 
d e n s i t y  a long the  module pe r iphe ry  ( a t  about 5 m diameter)  i s  about 3 x 10l1 
f o r  H20, 2 x 10l1 f o r  C O Z Y  and 1 t o  2 x 1013 f o r  a l l  gases combined. 
reasonable d is tance o f  payloads from the modules ( l eaks ) ,  such as 10 m (e.g., 
l o c a t i o n s  above t h e  boom) these column d e n s i t i e s  r a p i d l y  drop by a f a c t o r  10. 

c o n t r i b u t i o n s  from the  und is tu rbed atmosphere) i n c l u d i n g  t h e  e f f e c t s  o f  module 
leakage ( 5  l b  day - I ) ,  m a t e r i a l  outgass ing (1 x g s-I), and ambient 
gas impingement (ram a t  ambient o f  2 x lo8 anm3) have been c a l c u l a t e d  f o r  
var ious  LOS's o r i g i n a t i n g  from a prime measurement p o i n t  (PMP) l oca ted  
c e n t r a l l y  5 m above t h e  cen te r  l i n e  o f  t h e  t ransve rse  boom. A t y p i c a l  r e s u l t  
( f o r  t h e  LOS i n  +x d i r e c t i o n ,  d i r e c t i o n  o f  f l i  h t )  i s  t he  f o l l o w i n g :  
o u t  ass ing  (M = 1001: 0.7 x 1010 molecules an-!, H 0: 0.2 x 1011 molecules 

molecules cm-2. The docked Space S h u t t l e  adds approx imate ly  25% and the  t r u s s  
i t s e l f  l e s s  than 10% t o  the t o t a l  value. The column d e n s i t i e s  f o r  LOS's i n  the  
upper hemisphere are: outgassing: ~ 0 . 1  x 1011, H20: ~ 0 . 2  x l o l l ,  CO2: 
~ 0 . 2  x 1011, and t o t a l :  ~ 0 . 6  x 1013, a l l  i n  molecules cm-2, un less the  LOS 
passes near sur faces such as s o l a r  panels,  payloads, e t c .  

normals p o i n t i n g  i n t o  ram a t  ambient dens i t y  o f  2 x 108 cm-3 a re  between 1 and 
2 x 1013 molecules cm-2 ( induced atmosphere on ly ! ) .  

LOS's with p o i n t s  l oca ted  i n  t h e  immediate v i c i n i t y  o f  t h e  ven t (s ) .  

A t  

Column d e n s i t i e s  produced by t h e  whole Space S t a t i o n  (above t h e  

cm-2; C02: 0.1 x 10 1 molecules cm-2, and t o t a l  (a P 1 species) :  0.6 x 1013 

Column d e n s i t i e s  o f  LOS's passing d i r e c t l y  i n  f r o n t  o f  s o l a r  panels w i t h  

Column d e n s i t i e s  produced by smal l  gas vents can be acceptable except f o r  

Depos i t ion  

S t a t i o n  column d e n s i t i e s  de f i ned  above f o r  t he  +x d i r e c t i o n  a n 8 f o r  a 
f i e l d - o f - v i e w  o f  10' ( h a l f  angle 
H20: 0.4 x 
Return f luxes f o r  LOS's on the  wake s ide  o f  the  upper hemisphere have values 
which a re  two t o  t h r e e  decades lower.  

d i r e c t i o n  ( v e c t o r  away from t h  
fo l lows:  outgassing: 0.4 x H20: 0.8 x 602: 0.8 x and 
t o t a l :  0.1 x 10-l1, a l l  i n  g cm-2 s-1. 
m a t e r i a l  outgassing, module leakage and ram cond i t i on .  
due t o  t h e  f a c t  t ha t  few surfaces a re  i n  t h e  f i e l d - o f - v i e w .  

Return f l u x e s  due t o  ambient e l a s t i c  s c a t t e r i n g  correspondin t o  t h e  Space 

and t o t a l :  0.2 x 10-11, a l l  i n  g cm-2 s-1 .  
a r e  as fo l l ows :  outgass ing:  0.5 x 

CO2: 0.7 x 

D i r e c t  f l u x e s  from t h e  Space S t a t i o n  t o  a f l a t  su r face  w i t h  i t s  normal i n  +z 
center  o f  t he  Ear h ) ,  a t  the same PMP, a r e  as 

The sources considered here a r e  
These low  values a r e  

D i r e c t  f l u x e s  t o  
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t h e  surface w i t h  i t s  normal v e r t i c a l  t o  t h e  +z d i r e c t i o n  have values i n  t h e  low 
10-12 g cm-2 s-1 range fo r  each o f  the  fo l l ow ing  species:  outgassing, H20, CO2. 
D i r e c t  f l u x  from Space S t a t i o n  surfaces exposed t o  the  ambient atmosphere t o  a 
f l a t  p l a t e  w i t h  i t s  normal i n  the  - x  d i r e c t i o n  (same PMP) t o t a l s  0.4 x 10-9 g 
cm-2 s-1. 

Act i ia l  depos i t ion ,  based on these ra tes ,  depends on su r face  temperature,  
surface m a t e r i a l ,  e t c .  
sur face a t  ambient temperature. 

Molecular  depos i t i on  on var ious  Space S t a t i o n  elements d u r i n g  Space S h u t t l e  
approaches due t o  t h r u s t e r  f i r i n g s  have been c a l c u l a t e d  f o r  a g rea t  v a r i e t y  o f  
cases i n v o l v i n g  system eng ineer ing  s imu la to r  ( S E S )  approaches. 
be summarized as f o l l o w  : 
l e v e l s  as low as a few a i n  th ickness  on payloads mounted t o  t h e  t ransve rse  
boom. 
1% of t h e  impinging f l u x e s  remains on t h e  sur face  and forms a l a y e r  o f  1 g cm- 
dens i t y .  
a v a i l a b l e  techniques f o r  t h e  Space S h u t t l e  approach a r e  n o t  app l ied .  

Only a f r a c t i o n  o f  t h e  outgass ing molecules s t i c k s  t o  a 

The r e s u l t s  may 

The r e s u l t s  a re  very p r e l i m i n a r y  due t o  t h e  assumptions made t h a t  about3 

Some o f  these approaches have produced d e p o s i t i o n  

The d e p o s i t i o n  l e v e l s  can be s i g n i f i c a n t l y  h ighe r  i f  t h e  bes t  

Comparison With Requi rements 

This  comparison o f  p red ic ted  data and corresponding requirements i s  based on 
the  s p e c i f i c  assumptions made concerni  ng the  values o f  i n p u t  parameters and t h e  
requirements as de f ined a t  t h i s  t i m e  i n  JSC 30426. 
a re  b r i e f l y  summarized below. 

Some o f  these requirements 

J b L e d a L  + : For IR a c t i v e  s ecies,  such as H20, CO2, etc. ,  
1 x 10l1 m-each (max. 3 x lo1? t o t a l ) .  F r non-IR a c t i v e  
species, such as 02, N2, H2, noble gases, etc., 1 x l op3  molecules 
(max. 5 x 1013 t o t a l ) .  

JlQle.ubr&osj_tian: Fo r  300K sur face,  2.rr s r  f i e l d - o f - v i e w ,  1 x 10-14 g 
cm-2 s - l ;  f o r  300K surface, 0.1 s r  f i e ld -o f - v iew ,  1 x 
5 K  surface, 0.1 s r  f i e ld -o f - v iew ,  2 x 

each 

g cm-* s- l ;  f o r  
g cmm2 s-l .  

Comparison o f  molecular  column d e n s i t i e s  i n d i c a t e s  t h a t ,  i n  a l l  p r a c t i c a l  
s i t u a t i o n s ,  t h e  p red ic ted  values are  w e l l  w i t h i n  the  requirements.  I n  some 
extreme cases t h e  p red ic ted  values a r e  near t h e  requirement l i m i t .  
i n v o l v e  r a t h e r  u n r e a l i s t i c  extreme LOS l o c a t i o n s / d i r e c t i o n s  such as those 
d i r e c t l y  along " long"  sur faces (e.g., near modules and s o l a r  panels) .  
where a LOS passes through a l o c a l  h i g h  dens i t y  gas volume crea ted  by leaks  o r  
vents,  t h e  column d e n s i t y  may exceed requirements.  
e a s i l y  avoidable.  

fac to rs , "  show t h a t ,  f o r  t h e  most p a r t ,  t he  requirements a re  met. 
doub t fu l  cases o f  depos i t i on  due t o  m a t e r i a l  outgass ing r e s u l t i n g  f rom r e t u r n  
f l u x  as w e l l  as d i r e c t  s i r r face t o  surface f l u x ,  proper  m a t e r i a l  s e l e c t i o n ,  
genera l l y  exc lud ing  organ ic  products  which a re  exposed t o  t h e  ex te rna l  
environment, i s  necessary i n  o rder  t o  meet contaminat ion requ i  rements. I n  
a d d i t i o n ,  i t  appears poss ib le  t h a t  d e p o s i t i o n  requirements may be met f o r  t h e  
case o f  Space S h u t t l e  p r o x i m i t y  operat ions,  p rov ided t h a t  t h e  utmost care i s  
taken t o  min imize t h e  impingement o f  contaminat ion f l u x e s  on t h e  S t a t i o n  
elements from t h e  Space S h u t t l e  t h r u s t e r s  through o p t i m i z a t i o n  o f  maneuvering 
procedures. 

e f f e c t s ,  p a r t i c u l a r l y ,  due t o  m a t e r i a l  outgassing. The u n c e r t a i n t y  o f  source 

These cases 

I n  cases 

However, these cases a r e  

Comparison o f  molecular  d e p o s i t i o n  data,  assuming "reasonable s t i c k i n g  
I n  t h e  

Th is  data comparison r a i s e s  concern f o r  p o s s i b l e  unacceptable contaminat ion 
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r a t e s  and s t i c k i n g  f a c t o r s  as w e l l  as o f  t h e  e f f e c t s  o f  t h e  l a y e r s  themselves 
aggravates t h i s  p o i n t .  The o n l y  way t o  a r r i v e  a t  a f a i r  comparison of 
p r e d i c t i o n s  and requirements i n  these ques t ionab le  cases i s  t o  improve t h e  
q u a l i t y  o f  t h e  model i n p u t  da ta  as discussed l a t e r .  I n  a d d i t i o n ,  i t  i s  
adv isab le  t o  compare var ious  model p r e d i c t i o n s  i n  o rde r  t o  v e r i f y  s i g n i f i c a n t  
conc lus ions  and e l i m i n a t e  p o s s i b l e  p r e d i c t i o n  e r ro rs .  

Af fected Space S t a t i o n  Experiments 

Cer ta in  Space S t a t i o n  experiments may be a f f e c t e d  by t h e  induced environment 

These 

The quest ion,  

and/or by t h e  i n t e r a c t i o n  w i th  t h e  ambient environment. 
measurement of t h e  und is tu rbed n e u t r a l  and plasma environment i s  precluded. 
C e r t a i n  measurements may n o t  he p o s s i b l e  due t o  an excessive background. 
must be de f i ned  th rough a thorough a n a l y s i s  o f  s u f f i c i e n t  d e t a i l  and accuracy 
i n v o l v i n g  t h e  s p e c i f i c  ins t rument  and t h e  p r e d i c t e d  environment. 
"why and t o  what degree does t h e  p a r t i c u l a r  measurement d e t e r i o r a t e  w i t h  t h e  
presence o f  a s p e c i f i c  amount o f  a s p e c i f i c  species o f  molecule?" must be 
c l e a r l y  answered. A t  t h e  present  t i m e  o n l y  general ca tegor ies  o f  measurements 
may be f lagged f o r  p o t e n t i a l  impacts and f u r t h e r  d e t a i l  study. Operat ing t i m e  
of some ins t ruments  may he a f fec ted  by "nonquiescent" per iods .  
d i f f e r e n t  types  o f  s c i e n t i f i c  a c t i v i t y  may be i n  c o n f l i c t  w i t h  each o the r ,  
e.g., ven t i ng  o f  gases r e s u l t i n g  from processing o f  m a t e r i a l s  o r  stemming from 
Ye re lease by ins t ruments  themselves may l i m i t  t imes o f  astronomical  
observa t ions  and v i c e  versa. 

For  ins tance,  

Requirements by 

Q u a n t i f i c a t i o n  o f  I n p u t  Data 

P resen t l y  p r e d i c t i o n  accuracy l i m i t s  o f  contaminat ion models a re  s e t  by t h e  
i n p u t  data, n o t  t h e  modeling techniques. I n  o r d e r  t o  s i g n i f i c a n t l y  improve t h e  
accuracy o f  p r e d i c t i o n s  coming from t o d a y ' s  contaminat ion f l o w  models, a number 
o f  mo lecu la r  r e a c t i o n  processes and t h e i r  r e s u l t s  must be much b e t t e r  
understood. The f o l l o w i n g  a r e  examples o f  t h e  more impor tan t  areas: 

o Molecular c o l l i s i o n  frequencies ( p r  c ross  s e c t i o n s )  i n  t h e  molecu la r  
v e l o c i t y  range from thermal t o  10 km s- , p a r t i c u l a r l y  near 8 km s- , must be 
measured f o r  var ious  specie combinations and e x c i t e d  s ta tes .  
t o  do t h i s  a re  s l o w l y  becoming a v a i l a b l e .  

F a c i l i t i e s  needed 

o Emission and abso rp t i on  c ross  sec t i ons  o f  molecules must be b e t t e r  known 
t o  p r o p e r l y  c o r r e l a t e  o p t i c a l  e f f e c t s  and molecu la r  column d e n s i t i e s .  
Accommodation c o e f f i c i e n t s  f o r  gases and Space S t a t i o n  su r face  m a t e r i a l s  and 
d i s t r i b u t i o n  f u n c t i o n s  o f  e m i t t e d  and r e f l e c t e d  molecules must be b e t t e r  
de f i ned  th rough measurement. 

o Measurement o f  outgassing ra tes ,  p a r t i c u l a r l y  long-term, o f  m a t e r i a l s  
a c t u a l l y  used on t h e  Space S t a t i o n  i s  a necessary goal .  

o Knowledge o f  p r e c i s e  d e p o s i t i o n / r e - e v a p o r a t i o n  r a t e s  determined i n  t h e  
ac tua l  environment (sun1 i g h t  , atomic oxygen atoms, physical /chemical  changes) 
i s mandatory. 

o Measurement and d e f i n i t i o n  o f  processes l e a d i n g  t o  an accura te  
understanding o f  mo lecu la r  "glow" (ram e f f e c t ,  t h r u s t e r  plumes, etc.)  a re  
indispensable.  
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While a l l  these measurements a r e  necessary, one has t o  keep i n  mind, 
however, t h a t  even much improved and h i g h l y  accura te  model p r e d i c t i o n s  are  o f  
l i t t l e  value i f  t h e  ac tua l  s e n s i t i v i t y  and r e s u l t i n g  performance degradat ion  
due t o  t h e  presence o f  each s p e c i f i c  contaminat ion species i s  n o t  p r e c i s e l y  
known f o r  comparison. Th is  r e q u i r e s  a ve ry  a c t i v e  p a r t i c i p a t i o n  o f  p r i n c i p a l  
i n v e s t i g a t o r s  (PI'S) i n  t h e  Contamination assessment process. 

What can be done now? Most, i f  n o t  a l l ,  o f  these measurements can be 
performed now, e i t h e r  i n  t h e  l a b o r a t o r y  o r  on t h e  Space Shu t t l e .  

Concl u s i  on 

Molecular column d e n s i t i e s  and d e p o s i t i o n  r a t e s  p r e d i c t e d  by t h e  MOLFLUX 
model g e n e r a l l y  meet Space S t a t i o n  contaminat ion  requirements.  Proper 
m a t e r i  a1 s, g e n e r a l l y  exc lud ing  organ ic  p roduc ts  exposed t o  t h e  e x t e r n a l  
environment, must be se lec ted  i n  o rde r  t o  meet contaminat ion d e p o s i t i o n  
requirements. Special  s e a l i n g  cons ide ra t i ons  must be a p p l i e d  t o  assure 
acceptable leakage r a t e s  f o r  modules, pressure vessels,  f l u i d  con ta ine rs  and 
assoc ia ted  connect ions,  e t c .  Mo lecu la r  d e p o s i t i o n  due t o  Space S h u t t l e  
p r o x i m i t y  opera t ions  ( t h r u s t e r  f i r i n g s )  can be w i t h i n  requirement l i m i t s ,  
p rov ided t h e  maneuvering procedures a re  opt imized. 
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