
RESPONSE 
TEMPERATURES 

OF GAS PAYLOAD (G345 AND G347) 
TO VARIOUS ORBITER FLIGHT ATTITUDES 

Werner M. Neupert 
Laboratory for Astronomy and Solar Physics 

NASA/GSFC, Greenbelt, Maryland 

Presented a t  Second GAS Experimenters Symposium 
October 8, 1985 

I. I?JTRODUCTION 

A t  t h e  beginning of  t h e  Get-Away S p e c i a l  (GAS) f l i g h t  program, t h e  GAS P r o j e c t  
f l e w  a F l i g h t  V e r i f i c a t i o n  Payload on STS-3 t o  make  measurements o f  t h e  
v i b r a t i o n s ,  acoustic and magnet ic  environments  of t h e  c a n i s t e r ,  and to  o b t a i n  
t h e r m a l  p r o f i l e s  o f  i n t e r n a l  and e x t e r n a l  canponents  of t h e  GAS system. These 
data were used t o  v e r i f y  p r e - f l i g h t  thermal  models o f  t h e  GAS system and 
r e s u l t s  have been p u b l i s h e d  i n  a GSFC Technica l  N o t e ,  X-732-83-8 ( B u t l e r ,  
1983) .  On somewhat l a t e r  f l i g h t s  o f  t h e  O r b i t e r ,  STS-7 and STS-8, t h e  Naval 
Research Laboratory and t h e  Goddard Space F l i g h t  Center  j o i n t l y  developed and 
f l e w  a GAS payload whose primary o b j e c t i v e  was t o  e v a l u a t e  t h e  performance o f  
u l t r a v i o l e t - s e n s i t i v e  (Schumann) photographic  emulsions i n  t h e  O r b i t e r  
environment,  i n c l u d i n g  pre-f l i g h t  i n t e g r a t i o n ,  on- o r b i t  exposure  t o  t h e  
ambient environment of t h e  O r b i t e r  bay and post-f  l i g h t  c o n d i t i o n s  b e f o r e  
removal o f  t h e  experiment fran t h e  v e h i c l e .  These emuls ions ,  used i n  
s p e c t r o g r a p h s  t o  r e c o r d  solar r a d i a t i o n s  w i t h  wavelengths between 100 A and 
2000 A,  have l o w  g e l a t i n  c o n t e n t  and no p r o t e c t i v e  g e l a t i n  o v e r c o a t i n g  i n  
o r d e r  to  maximize t h e i r  UV s e n s i t i v i t y .  Consequent ly ,  t h e y  are extremely 
s e n s i t i v e  to envi ronmenta l  c o n d i t i o n s .  Furthermore,  t h e y  a r e  exposed d i r e c t l y  
t o  space  d u r i n g  t h e  o b s e r v a t i o n s  because any i n t e r v e n i n g  p r o t e c t i v e  window or 
l e n s e  would comple te ly  absorb  t h e  r a d i a t i o n s  to be s t u d i e d .  
which was prepared  a t  t h e  Naval Research Laboratory under t h e  d i r e c t i o n  o f  
Robert  K r e p l i n  ( K r e p l i n  et a l . ,  1984 a )  a l s o  inc luded  t w o  t h e r m a l  s e n s o r s ,  
whose o u t p u t  was recorded once an hour w i t h  a p r e c i s i o n  of 0.7O C. The 
experiment  o p e r a t e d  nominal ly  on both m i s s i o n s  and provided important d a t a  
c o n f i r m i n g  t h a t  W - s e n s i t i v e  emulsions c o u l d  tolerate i n t e g r a t i o n  and f l i g h t  
on t h e  S h u t t l e  wi th  r e l a t i v e l y  l i t t l e  d e t e r i o r a t i o n .  The r e s u l t s  o f  t h e s e  
s t u d i e s  have a l r e a d y  been r e p o r t e d  ( K r e p l i n  et a l ,  1984 b ) .  The t e m p e r a t u r e  
measurements also were recorded  s u c c e s s f u l l y  and a r e  t h e  b a s i s  f o r  t h i s  
paper. They are a u s e f u l  complement to  t h e  t h e r m a l  o b s e r v a t i o n s  made on STS-3 
and provide additional i n s i g h t  i n t o  t h e  r e a c t i o n  o f  a payload to  t y p i c a l  
thermal  environments  t h a t  GAS exper iments  are s u b j e c t  to. 

Our i n s t r u m e n t ,  

Our GAS experiment and t h e  c i r c u m s t a n c e s  o f  i ts f l i g h t s  were p a r t i c u l a r l y  
u s e f u l  i n  terms of modeling t h e  t h e r m a l  response  of t h e  GAS canis ter  and o u r  
ins t rument .  The O r b i t e r  was h e l d  (except  for i n t e r u p t i o n s  f o r  s t a r  tracker 
a l ignment ,  sa te l l i te  deployments ,  etc., i n  s p e c i f i c  a t t i t u d e s  for s u f f i c i e n t l y  
long periods of t i m e  t h a t  t h e  t h e r m a l  response  of t h e  ins t rument  t o  each 
a t t i t u d e  was w e l l  measured. Two t y p e s  o f  GAS c a n i s t e r  end cap, one ,  t h e  
i n s u l a t e d  end c a p  and t h e  o t h e r  a s i l v e r i z e d  t e f l o n  covered  end-cap, were used 
on t h e  two f l i g h t s  so t h a t  a d i r e c t  compar is ion  o f  t h e  t h e r m a l  performance of 
t h e  t w o  t y p e s  was o b t a i n e d .  
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T h i s  r e p o r t  is an a t tempt  to compare t h e s e  o b s e r v a t i o n s  wi th  a simple t h e r m a l  
model of the ins t rument  i n  t h e  GAS c a n i s t e r  i n  o r d e r  to assess whether such 
s imple  models can be u s e f u l  t o  exper imenters  i n  p r e d i c t i n g  t h e  thermal  
response  o f  t h e i c  payloads.  

11. Ins t rumenta t ion .  and Observa t ions  

A c r o s s s e c t i o n a l  view o f  t h e  ins t rument  is shown i n  F i g u r e  1. The EMP is a t  
t h e  t o p  o f  t h e  diagram. The experiment was d i r e c t l y  mounted to  it us ing  t w o  
t h i c k  aluminum suppor t  r i n g s .  The major components o f  t h e  experiment ,  i n  
terms o f  t h e r m a l  mass, were t h e  doughnut - shaped b a t t e r y  c o n t a i n e r  mounted 
d i r e c t l y  to  t h e  suppor t  r i n g s ,  t h e  c y l i n d r i c a l  Main Experiment C o n t a i n e r ,  
c a r r y i n g  t h e  photographic  emulsion samples ,  and also mounted d i r e c t l y  to a 
s u p p o r t  r i n g ,  and t h e  c y l i n d r i c a l  e l e c t r o n i c s  box a t t a c h e d  t o  t h e  Main 
Experiment Conta iner .  

Temperatures were measured a t  t w o  l o c a t i o n s  u s i n g  t h e r m i s t o r  networks 
( t h e r m i l i n e a r  canponent Y S I  N o .  44203 i n c o r p o r a t i n g  a bead t h e r m i s t o r  (YSI 
44018)) .  These were s u p p l i e d  by t h e  Y e l l o w  S p r i n g s  Instrument  Co. One s e n s o r  
was located i n s i d e  t h e  Main Experiment c o n t a i n e r  on t h e  f l a n g e  s u p p o r t i n g  t h e  
i n n e r  f i l m  c y l i n d e r s .  The second w a s  l o c a t e d  on one o f  t h e  b r a c k e t s  
s u p p o r t i n g  a f i l m  c y l i n d e r  on t h e  o u t s i d e  o f  t h e  Main Experiment Conta iner .  
The l o c a t i o n  o f  t h e s e  two s e n s o r s ,  e f f e c t i v e l y  a t  each end o f  t h e  Main 
Experiment C o n t a i n e r ,  provided a means o f  measuring t e m p e r a t u r e s  and 
t e m p e r a t u r e  g r a d i e n t s  a long  t h e  Main Experiment Conta iner  and i n n e r  f i l m  
c y l i n d e r s .  

a 

The d a t a  o b t a i n e d  f o r  f l i g h t s  of t h i s  i n s t r u m e n t a t i o n  on STS-7 and STS-8 are 
shown i n  F i g u r e s  2 and 3 (See a l s o  K r e p l i n  et a l ,  (1984) .  Data from t h e  t w o  
s e n s o r s  (shown by s o l i d  and dashed l i n e s )  a r e  very  n e a r l y  t h e  same. The small 
d i f f e r e n c e s  are  not c o n s i s t e n t ,  and may be due t o  errors o f  roundoff i n  t h e  
d i g i t i z a t i o n ,  etc. On each f l i g h t  t h e  experiment  power w a s  t u r n e d  on 
i n t e r n a l l y  us ing  a l t i t u d e  s w i t c h e s  ( A l t i t u d e /  Absolu te  P r e s s u r e  Switch E45C-72 
(50,000 f t .  t u r n - i n )  backed-up w i t h  E45C-73 (70,000 f t  tu rn-on) .  These 
s w i t c h e s  were o b t a i n e d  from P r e c i s i o n  Sensors ,  Inc.  

The f i r s t  f l i g h t  of our i n s t r u m e n t ,  d e s i g n a t e d  G 345, began w i t h  an extended 
p e r i o d  of about 70 h o u r s  d u r i n g  which t h e  O r b i t e r  f lew wi th  its bay f a c i n g  t h e  
e a r t h  (-Z Local Vertical, a b b r e v i a t e d  t o  -Z LV). T h i s  o r i e n t a t i o n  w a s  h e l d  
for 70-75% o f  t h e  t i m e ,  be ing  i n t e r u p t e d  by scheduled  satel l i te  deployments,  
etc. 
b u t  s l i g h t l y  lower t h a n  t h e  nominal - 5OC e q u i v a l e n t  s i n k  t e m p e r a t u r e  
expec ted  for t h i s  o r b i t e r  o r i e n t a t i o n .  Fol lowing t h i s  p e r i o d ,  t h e  O r b i t e r  
a t t i t u d e  was changed so t h a t  t h e  bay faced  deep  space ( e q u i v a l e n t  s i n k  
t e m p e r a t u r e  o f  - 100°C), f o r  about  2.5 h r s  d u r i n g  deployment o f  t h e  European 
SPAS subsatel l i te  and t h e  payload tempera ture  dropped. A more s u b s t a n t i a l  
t e m p e r a t u r e  d r o p  was recorded between 92 and 100 hours  Mission Elapsed Time 
(MET) when t h e  O r b i t e r  bay a g a i n  f a c e d  deep  s p a c e  d u r i n g  t h e  SPAS operations 
and r e t r i e v a l .  The payload t e m p e r a t u r e  dropped f o r  about 4 h o u r s  a f t e r  t h e  
O r b i t e r  r e t u r n e d  to -Z Local  Vertical  a t t i t u d e ,  t h e n  began to  

I n  t h i s  a t t i t u d e  t h e  payload cooled r a p i d l y  -8.4OC, c o n s i s t e n t  w i t h  
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i n c r e a s e  a g a i n ,  approaching t h e  s t e a d y - s t a t e  t e m p e r a t u r e  o f  -8.4C recorded 
earlier i n  t h i s  f l i g h t .  

E v e n t u a l l y ,  a t  l a n d i n g ,  t h e  t e m p e r a t u r e  rose, w i t h  no overshoot ,  and showed a 
d a i l y  v a r i a t i o n  about 5O before t h e  tempera ture  r e c o r d i n g  was t e r m i n a t e d .  

The f l i g h t  o f  STS-8, c a r r y i n g  t h e  same experiment but  a d i f f e r e n t ,  i n s u l a t i n g ,  
GAS c a n i s t e r  end-cap and d e s i g n a t e d  G 347, also began w i t h  an extended p e r i o d  
o f  34 hrs .  o f  -2 Local  Vert ical  o r i e n t a t i o n .  The payload  tempera ture  dropped 
much more s lowly  t h a n  for G-345, a l though t h e  f l i g h t  began w i t h  t h e  same 
O r b i t e r  a t t i t u d e .  T h i s  was t h e  r e s u l t  of adding t h e  i n s u l a t i n g  end cap. 
A f t e r  34 hours  MET t h e  O r b i t e r  was r e - o r i e n t e d  t o  a t a i l  t o  sun a t t i t u d e  
d u r i n g  which t h e  bay o f  t h e  Orbiter always f a c e d  away from t h e  e a r t h ,  i.e. 
i n t o  deep  space .  T h i s  a t t i t u d e  is called - X S o l a r  I n e r t i a l ,  Orb Rate, 
a b b r e v i a t e d  to - X S I ,  O r b  R a t e ,  as t h e  Orbiter rotates once an o r b i t  about 
i t s  l o n g i t u d i n a l  ( X )  a x i s .  N e i t h e r  d i r e c t  nor e a r t h - r e f l e c t e d  s u n l i g h t  
i l lumined  t h e  Orbiter bay d u r i n g  t h i s  a t t i t u d e  f o r  which t h e  s i n k  tempera ture  
a g a i n  was - 100°C. 
do so f o r  about 20 h o u r s  a f te r  t h e  - 2 L o c a l  Vertical a t t i t u d e  was 
r e - e s t a b l i s h e d  a t  48 h o g r s  MET. The remainder o f  t h e  f l i g h t  was spent  f o r  t h e  
most part  a t  - 2 and + X Local Vertical ( O r b i t e r  nose (+XI or tail(-X) 
p o i n t i n g  toward t h e  e a r t h )  and t h e  payload e q u i l i b r a t e d  a t  about - 5 OC, t h e  
nominal s i n k  tempera ture  f o r  t h e  - 2 Local  Vertical a t t i t u d e .  

The payload tempera ture  dropped r a p i d l y ,  c o n t i n u i n g  t o  

111. Thermal M d e l i n q  o f  t h e  Payload 

Thermal modeling o f  t h e  payload,  f o r  purpose of o b t a i n i n g  a comparison w i t h  
t h e  i n - o r b i t  t empera ture  measurements, began by a d o p t i n g  a s i m p l i f i e d  thermal  
model, shown i n  F i g u r e  4. The major s t r u c t u r a l  componeqts of  t h e  ins t rument  
were i d e n t i f i e d  as: 

1. The b a t t e r y  pack b a s e p l a t e  of T6061 aluminum, and a t t a c h e d  t o  t h e  GAS 
Experiment Mounting P l a t e  (EMP) v i a  t w o  heavy aluminum (T6061) s p a c e r  r i n g s .  

2 .  The b a t t e r y  pack i t s e l f ,  t h e  housing o f  aluminum and c a r r y i n g  34 a l k a l i n e  
“D” cells h e l d  i n  a f i x e d  assembly by machined t e f l o n  r i n g s .  

3. The Main Experiment C o n t a i n e r ,  i n c l u d i n g  a l l  i n n e r  and outer f i l m  
c y l i n d e r s ,  a l l  c o n t r o l  v a l v e s ,  etc., made p r i m a r i l y  o f  s t a i n l e s s  steel. 

4. The e l e c t r o n i c s  box, t h e  housing o f  which was made of T6061 aluminum, 
t o g e t h e r  wi th  an e l e c t r o n i c s  module c o n t a i n i n g  canponents ,  mounting boards ,  
etc. For purpose of t h e  model, t h e  e l e c t r o n i c s  box was assumed to  be 50% 
aluminum and 50% f i b e r g l a s s .  

A l l  aluminum experiment  s u r f a c e s  were i r i d i t e d  ( f o r  which we  assumed an 
e m i t t a n c e  o f  0.09, t h e  mean o f  v a l u e s  g iven  by B u t l e r )  and t h e  s t a i n l e s s  s teel  
w a s  p a s s i v a t e d .  An e m i t t a n c e  of 0.17 , t y p i c a l  for mechanica l ly  p o l i s h e d  
s t a i n l e s s  steel ,  was used (Wolfe, 1965) .  
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As an i n i t i a l  s t e p ,  i n  an attempt to  s i m p l i f y  f u r t h e r  c a l c u l a t i o n s ,  t h e  h e a t  
loss o f  t h e  i n d i v i d u a l  major canponents  was e s t i m a t e d  using s tandard  e q u a t i o n s  
for c o n d u c t i v e  and radiat ive t r a n s f e r  g i v e n  by B u t l e r  (F igure  5 ) .  Modeling o f  
t h e  t h e r m a l  response  o f  t h e  ins t rument  was s i m p l i f i e d  because i n t e r n a l  power 
d i s s i p a t i o n  was extremely l o w  (12 - 13 m i l l i w a t t s )  and could  be n e g l e c t e d ,  and 
i n t e r n a l  c o n v e c t i o n  was not p r e s e n t ,  as t h e  experiment was exposed to  t h e  
vacuum o f  s p a c e  through a purge  port i n  t h e  Experiment Mounting P l a t e  (EMP). 
R a d i a t i v e  view f a c t o r s  f o r  i n f i n i t e  c o n c e n t r i c  c y l i n d e r s  were u s e d  as be ing  
most a p p r o p r i a t e  for t h i s  experiment  . For t h i s  geometry t h e  e f f e c t i v e  
emmittance is given  by: 

4,ef-t = E, h-, = 

re t h e  areas of t h e  t w o  where A, and A2 

I 

, 
o n c e n t r i c  s u r f a c e  and E, and 

are t h e i r  emi t fances .  (Wolfe, 1965) .  The es t imated  h e a t  loss and consequent  
t e m p e r a t u r e  d r o p  per hour f o r  two t y p i c a l  tempera ture  d i f f e r e n t i a l s  is shown 
i n  F i g u r e  6.  The very  good c o n d u c t i v e  c o u p l i n g  between t h e  GAS EMP and t h e  
base of t h e  b a t t e r y  pack b a s e p l a t e  v i a  t h e  very heavy aluminum s p a c e r  r i n g s  
means t h a t  t h e  b a s e p l a t e  tempera ture  w i l l  very c l o s e l y  t r a c k  t h e  EMP 
t e m p e r a t u r e .  For subsequent  c a l c u l a t i o n s  w e  t h e r e f o r e  assumed t h a t  t h i s  
b a s e p l a t e  was e f f e c t i v e l y  a p o r t i o n  of t h e  GAS c a n i s t e r  and increased  its 
e f f e c t i v e  mass accord ingly .  L i k e w i s e ,  t h e  b a t t e r y  pack tempera ture  i tself  
w i l l  a l s o  track t h e  EMP tempera ture  q u i t e  w e l l  and c a n  be assumed to  be 
t h e r m a l l y  a p a r t  o f  t h e  EMP. 

The remaining components o f  t h e  experiment  were less well t h e r m a l l y  coupled to 
t h e  EMP and it became clear from t h e  model t h a t  both c o n d u c t i v e  and r a d i a t i v e  
losses to t h e  GAS c a n i s t e r  had t o  be c o n s i d e r e d ,  R a d i a t i v e  losses by t h e  
e l e c t r o n i c s  box were p a r t i c u l a r l y  important  f o r  c o o l i n g  t h a t  module. 
Conduct ive c o u p l i n g  t o  t h e  EMP was l o w  because o f  t h e  l o w  conductance o f  t h e  
t h i n  w a l l e d  s t a i n l e s s  steel Main Experiment C o n t a i n e r .  The c o n d u c t i v e  losses 
g i v e n  i n  F i g u r e  6 are an upper l i m i t  a s  t h e  c o n t a c t  r e s i s t a n c e  o f  t h e  v a r i o u s  
mechanical  j o i n t s  h a s  not been inc luded  - N o t e  t h a t  t h e  temperature d r o p s  i n  
t h e  Main Experiment c o n t a i n e r  and e l e c t r o n i c  box are  p r e d i c t e d  t o  be w i t h i n  a 
d e g r e e  of one a n o t h e r  as  is confirmed by actual tempera ture  r e a d i n g s  of t h e  
two p r o b e s ,  so t h a t  ne t  h e a t  t r a n s p o r t  between t h e  Main Experiment C o n t a i n e r  
and e l e c t r o n i c s  box c o u l d  be c o n s i d e r e d  to  be n e g l i g i b l e .  

Using t h e s e  p r e l i m i n a r y  resul ts ,  w e  s i m p l i f i e d  our t h e r m a l  m o d e l ,  i . e  t h e  
b a t t e r y  pack and its b a s e p l a t e  became a part of t h e  GAS c a n i s t e r  and t h e  
t h e r m a l  c o n t r i b u t i o n  o f  t h e  e l e c t r o n i c s  box to  t h e  t e m p e r a t u r e  o f  t h e  Main 
Experiment Conta iner  was assumed to be n e g l i g i b l e .  Hence, a f i n a l  t h e r m a l  
m o d e l  of t h e  Main Experiment C o n t a i n e r  i n c l u d e d  o n l y  r a d i a t i v e  and c o n d u c t i v e  
i n t e r a c t i o n  with t h e  GAS c a n i s t e r .  
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I V .  R e s u l t s  

T h i s  simple model of t h e  experiment  was set up on  a d e s k  c a l c u l a t o r  u s i n g  
e x t e r n a l  boundary c o n d i t i o n s  for t h e  f l i g h t  of  G 347 (F igure  7 ) .  A s i n k  
t e m p e r a t u r e  of -5OC (268K) was used for t h e  -Z LV a t t i t u d e  and -1OOOC 
(173Io d u r i n g  - X S I  w i t h  bay f a c i n g  away from t h e  e a r t h .  Temperatures were 
calculated a t  h o u r l y  i n t e r v a l s  and s i n k  t e m p e r a t u r e s  changed i n  accordance 
w i t h  t h e  as-flown f l i g h t  p l a n  ( s h o r t  i n t e r v a l s  o f  o r b i t e r  maneuvering being 
d i s r e g a r d e d ) .  Cr i te r ia  used to e v a l u a t e  t h e  accuracy o f  t h e  model were 
agreements  between c a l c u l a t e d  and observed t e m p e r a t u r e s  a t  t h e  end of t h e  
-Z LV i n t e r v a l  a t  34 hr  MET, a t  t h e  end o f  t h e  -X S I  i n t e r v a l  at  48 h r  MET, 

and t h e  t i m i n g  and v a l u e  o f  t h e  minimum tempera ture  a f t e r  r e t u r n  to t h e  -2 LV 
a t t i t u d e .  

Using nominal t h e r m a l  properties of t h e  experiment  m a t e r i a l s  t h e  c a l c u l a t e d  
tempera ture  profile for t h e  G 347 f l i g h t  (F igure  8) w a s  s u b s t a n t i a l l y  below 
t h e  measured v a l u e s .  It a p p e a r s ,  f r m  F i g u r e  8 ,  t h a t  t h e  Main Experiment 
C o n t a i n e r  is not  a s  t i g h t l y  coupled to  t h e  GAS c a n i s t e r  as we  had calculated. 
If w e  decouple  it ( reduce  both  r a d i a t i v e  and c o n d u c t i v e  losses to t h e  c a n i s t e r  
by a factor of 3 . 3 )  we c a n  t h e n  match t h e  observed temperatures a t  t h e  end of 
-Z LV and -X S I ,  Orb Rate, but  not t h e  t i m i n g  o f  t h e  temperature minimum, 
which now occurs la ter  i n  t i m e  because o f  t h e  i n c r e a s e d  t h e r m a l  i s o l a t i o n  of 
t h e  experiment .  T h i s  case is shown i n  F i g u r e  9. 

W e  can  now use  t h i s  t h e r m a l  model, wi th  reduced experiment  conductance and 
e m i t t a n c e  to  t h e  GAS c a n i s t e r ,  to  p r e d i c t  t h e  thermal  behavior  of t h e  
experiment  dur ing  t h e  STS-7 f l i g h t .  The r e s u l t s  are shown i n  F i g u r e  10 .  The 
c a l c u l a t e d  temperatures are a p p r e c i a b l y  h i g h e r  t h a n  observed va lues .  Two 
cases a r e  shown i n  F i g u r e  10. Case A was o b t a i n e d  us ing  a nominal s i n k  
t e m p e r a t u r e  of -5OC. A more a p p r o p r i a t e  s i n k  temperature a p p e a r s  t o  be 
-8.4OC, t h e  v a l u e  used i n  c a l c u l a t i n g  case B. 
experiment  temperature does  not  d e c r e a s e  r a p i d l y  enough because o f  t h e  
d e c o u p l i n g  of t h e  experiment  f r a n  t h e  GAS c a n i s t e r  assumed ( i n  F i g u r e  9)  t o  
f o r c e  a match to  G 347 t empera tures .  

I n  e i t h e r  case, t h e  

W e  can  e x p l o r e  t h e  poss ib i l i t i es  of  a l t e r i n g  t h e  e m i t t a n c e  o f  t h e  GAS c a n i s t e r  
as a way o f  improving t h e  agreement between model and o b s e r v a t i o n s .  One such  
combinat ion of  reduced experiment  e m i t t a n c e  and conductance reduced by a 
f a c t o r  of 2.5) t o g e t h e r  wi th  s l i g h t l y  reduced c a n i s t e r  e m i t t a n c e  (from 0.065 
to  0.055) is shown i n  F i g u r e  11. The agreement w i t h  e x p e r i m e n t a l  data is not  
a p p r e c i a b l y  b e t t e r  t h a n  f o r  o u r  e a r l i e r  case (Figure  9 ) .  However, if t h i s  
second model is used f o r  t h e  G 345 f l i g h t ,  t h e  r e s u l t s ,  i n  F i g u r e  12, are 
a p p r e c i a b l y  closer to t h e  o b s e r v a t i o n s  t h a n  t h e  earlier c a l c u l a t i o n s  were. 

There  may be s e v e r a l  o t h e r  r e a s o n s  for t h e  d i s c r e p a n c y  between G 345 data and 
p r e d i c t i o n s .  For one,  t h e  O r b i t e r  w a s  f lown i n  t h e  t h e r m a l l y  benign -2 Local 
Vertical a t t i t u d e  o n l y  about 70-75% o f  t h e  t r a c k e r / n a v i g a t i o n a l  base 
r e - c a l i b r a t  i o n s ,  etc., c o u l d  have been a t  less benign,  i .e., c o l d e r  t h e r m a l  
o r i e n t a t i o n s ,  producing a f a s t e r  t h a n  expec ted  t e m p e r a t u r e  d r o p  on average .  
Y e t  a n o t h e r  reason  might be t h e  c r u d i t y  o f  t h e  t h e r m a l  model t h a t  we have used 
h e r e .  
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I n  c o n c l u s i o n ,  t h e  procedures o u t l i n e d  i n  t h e  GAS Thermal  Des ign  Summary 
appear to  give v a l i d  resul ts  when applied to an actual f l i g h t  experience. 
They w i l l  provide u s e f u l  p r e d i c t i o n s  and s h o u l d  be used  by any  GAS e x p e r i m e n t s  
w i t h  a c r i t i ca l  t h e r m a l  r e q u i r e m e n t  for h i s  or h e r  pay load .  I n  a d d i t i o n ,  we  
found some evidence t h a t  t h e  a v e r a g e  canister emittances may be s l i g h t l y  
d i f f e r e n t  f r a n  v a l u e s  g i v e n  i n  t h e  GAS Thermal  Des ign  Summary, bu t  more data 
m u s t  be t a k e n  and e v a l u a t e d  b e f o r e  t h i s  can be e s t a b l i s h e d  w i t h  c e r t a i n t y .  
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Figure 1. Cross-sectional view of the G.S.F.C./N.R.L. GAS Experiment for evaluating UV-sensitive 
photographic emulsions in the Orbiter environment. 
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Figure 4. Simplified model of GAS experiment showing lumped subsystem masses used in our analysis. 
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Figure 5. Equations and data used in estimating thermal losses of 
experiment subsystems. 
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Figure 6. Estimates of thermal losses and temperature changes of GAS Subsystems for two 
typical experimenthanister temperature differentials. 
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Figure 7. Equations used in modeling thermal performance of Main Experiment Container 
and GAS canister for G 345 and G 347. 
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Figure 8. Comparison of calculated experiment and canister temperatures with observed G 347 
experiment temperatures using nominal thermal properties for experiment and canister. 
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Figure 9. Comparison of G 347 calculated and observed temperatures using reduced experiment 
thermal conductance and emittance (0.3 of nominal values) but nominal canister emittance. 

Figure 10. Comparison of G 345 calculated and observed temperatures using reduced thermal 
conductance and emittance (0.3 of nominal values) and nominal canister emittance (0.1 6). 
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Figure 11. Comparison of G 347 calculated and observed temperatures using 
reduced experiment thermal conductance and emittance (0.4 of nominal values) 

and slightly reduced canister emittance (0.055 rather than 0.065). 

Figure 12. Comparison of G 345 calculated and observed temperatures using reduced experiment 
thermal conductance and emittance (0.4 of nominal values) and nominal canister emittance (0.1 6).  
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