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SUMMARY 

The thermal a n a l y s i s  presented i n  t h i s  paper i s  a f i r s t  s t e p  i n  the  des ign  of  
thermal  c o n t a i n e r s  t o  house t h e  e l e c t r o n i c s  f o r  t he  1 2 2  m Hoop Column Antenna 
Radiometer concept .  The a n a l y s i s  accounts f o r  geometric p e c u l i a r i t i e s ,  o r b i t a l  
parameters ,  and thermal cons ide ra t ions .  The a n a l y s i s  used a computer a ided g raph ics  
package c a l l e d  ANVIL 4000 ( r e f .  9 )  t o  develop the  geometric conf igu ra t ion  of t h e  
rad iometer  con ta ine r s .  Also, two thermal models were developed t o  o b t a i n  the  
c o n t a i n e r  s u r f a c e  tempera tures .  The f irst  model was developed using a computer 
sof tware  system c a l l e d  TRASYS ( r e f .  10) which so lves  r a d i a t i o n  r e l a t i o n s h i p s  f o r  
thermal problems. Inc ident  and absorbed hea t  r a t e  d a t a  from environmental  r a d i a n t  
h e a t  sources  t o  nodes a r e  provided, i n  a d d i t i o n  t o  r a d i a t i o n  in te rchange  d a t a  between 
nodes. The TRASYS model which cons is ted  of 28 nodes provided o r b i t a l  hea t  i n p u t s  t o  
t h e  rad iometer  con ta ine r s  which were used by the second thermal model. 

rnL . 
lllr second model WSS developed using .3 f i n i t e  diffezreiice t h e r m a l  aiia:ysis 

computer code c a l l e d  MITAS I1 ( r e f .  11) .  The MITAS I1 model which cons i s t ed  of 
28 nodes and 94 conductors ,  accepted the environmental  hea t  loads generated by t h e  
TRASYS model and c a l c u l a t e d  the  su r face  temperatures  of each con ta ine r  f o r  s e l e c t e d  
emi t tance  (€1  and s o l a r  absorptance (a * r e f .  12) .  s' 

The r e su l t s  of the  thermal ana lys i s  provide r e l a t i o n s h i p s  between us/€ r a t i o s  
and the  "average" s u r f a c e  temperature  fo r  each o r b i t i n g  radiometer  c o n t a i n e r .  Using 
t h e s e  graphic  r e l a t i o n s h i p s  one can spec i fy  the  thermal s u r f a c e  p r o p e r t i e s  of t he  
c o n t a i n e r s  i n  terms of absorptance and emi t tance  or, an average s u r f a c e  temperature  
f o r  each con ta ine r  can be determined i f  su r f ace  m a t e r i a l  i s  known. F i n a l l y ,  the  
thermal models developed f o r  t h i s  a n a l y s i s  can be used t o  de f ine  the  t o t a l  thermal  
c o n t r o l  system requ i r ed  f o r  each conta iner  of the  radiometer  instrument .  This pape r  
makes an i n i t i a l  a t tempt  t o  look a t  the s u r f a c e  temperatures  of the c o n t a i n e r s  f o r  
s e l e c t e d  s o l a r  absorptance and e n i t t a n c e  r a t i o s .  The models can a l s o  be used t o  
determine t h e  i n s i d e  w a l l  temperatures  of the  c o n t a i n e r s ,  the  q u a n t i t y  of hea t  t o  be 
removed by an a c t i v e  thermal system, and u l t i m a t e l y  t o  o b t a i n  a hea t  balance f o r  t he  
c o n t a i n e r s  so t h a t  the  c r i t i c a l  e l e c t r o n i c  components can be thermal ly  s t a b i l i z e d .  
Furthermore,  the  thermal models could be used f o r  coinparison when a c t u a l  instrument  
t e s t i n g  i s  conducted. 

INTRODUCTION 

NASA Langley Research Center h a s  been i n t e r e s t e d  i n  demonstrat ing the  technology 
of ob ta in ing  geophysical  parameters  such as s o i i  mois ture ,  sea s u r f a c e  temperature ,  
wind speed,  and s a l i n i t y  f o r  s e v e r a l  years .  Severa l  a i r c r a f t  ins t ruments  nave been 
developed t o  o b t a i n  these  d a t a .  
Microwave Radiometer" ( r e f .  1 )  s e rves  as a b a s i s  f o r  the development of a s p a c e c r a f t  
radiometer  f o r  e a r t h  observa t ions .  

A r e c e n t l y  developed ins t rument ,  the "Pushbroom 



Reference 2 c i t e s  f o r e c a s t i n g s  of a g r i c u l t u r a l  p roduct ion ,  management of land 
use and water resources  as e f f o r t s  t h a t  should be pursued. The Global Environment 
Program ob jec t ives  ( r e f .  2) inc lude  monitor ing,  f o r e c a s t i n g ,  and a s s e s s i n g  g loba l  
weather ,  a i r ,  and water  q u a l i t y .  One method of g loba l  de t e rmina t ion  of t hese  n a t u r a l  
phenomena is  through t h e  usage of a Large Space Antenna (LSA) us ing  microwave 
measurements . 

One LSA concept be ing  considered f o r  development a t  Langley Research Center is  
t h e  122 m Hoop Column Antenna (HCA) shown i n  f i g u r e  1. This instrument  w i l l  be a 
radiometer  designed t o  d e t e c t  e lec t romagnet ic  r a d i a t i o n  from Ear th  sources- -so i l  and 
vege ta t ion ,  a t  1.4 GHz t o  i n f e r  t h e i r  geophysical  parameters .  E l e c t r o n i c  concepts  
f o r  t h e  a c q u i s i t i o n  and i n t e r p r e t a t i o n  of t h e s e  e lec t romagnet ic  s i g n a l s  f o r  t h e  
122m HCA have been d iscussed  i n  r e f e r e n c e s  3 ,  4,  and 5. 

The concepts and a n a l y s i s  presented here  provide information f o r  t he  f u t u r e  
development of the LSA radiometer  concept .  This paper w i l l  f i r s t  p resent  t h e  
geometric conf igu ra t ion  r equ i r ed  t o  house t h e  d e t e c t i n g  and process ing  e l ec t ron ic s - -  
t h e  antennae feed network, f o r  t he  122 m HCA i n  a space environment. The housing 
which thermal ly  i s o l a t e s  t hese  components from the  space environment,  w i l l  be c a l l e d  
the  "radiometer  conta iner"  f o r  s i m p l i c i t y .  Second, i t  w i l l  p resent  the  r e s u l t s  of 
t h e  thermal a n a l y s i s  of the  radiometer  c o n t a i n e r s  with r e spec t  t o  t h e i r  average 
s u r f a c e  temperature dur ing  four  Earth o r b i t s .  And t h i r d ,  i t  w i l l  provide 
recommendations for extending the  use of t he  a n a l y t i c a l  models f o r  f u t u r e  s t u d i e s .  

RADIOMETER CONTAINER CONCEPTUAL CONFIGURATION 

The opera t ion  of the  122 m Hoop Column Antenna (HCA) used a s  a radiometer  is  
shown i n  f i g u r e  2 .  In  t h i s  f i g u r e ,  e lec t romagnet ic  r a d i a t i o n  from Earth sou rces  
( s o i l  and vege ta t ion )  i s  rece ived  by the  antenna and converted i n t o  an e l e c t r i c a l  
s i g n a l .  This s igna l  is  then t r ansmi t t ed  back t o  an Ear th  s t a t i o n  f o r  in format ion  
process ing .  The b a s i c  concept f o r  t h i s  radiometer  w a s  the  Pushbroom Microwave 
Radiometer (PBMR) which was b u i l t  and a i r c r a f t - t e s t e d  a t  Langley Research Center .  
The thermal con t ro l  work done i n  housing the  radiometer  is  descr ibed  i n  r e fe rence  1 
and is  the  s t a r t i n g  point  fo r  t h i s  paper i n  developing a geometric c o n f i g u r a t i o n  f o r  
space app l i ca t ion .  

Three c r i t i c a l  requirements  had t o  be achieved with the  PBMR: (1) t he  s e n s i t i v e  
e l e c t r o n i c  components and the  feed network of the  radiometer  had t o  be s t a b l e  w i t h i n  
+,l.O°F of a set  temperature;  (2) s e v e r a l  i n t e g r a t e d  components of t he  e l e c t r o n i c  
c i r c u i t  had t o  be c o n t r o l l e d  wi th in  +O.l°F about a s e t  temperature;  and ( 3 )  t he  
a c t i v e  surface-- i .e .  the  s u r f a c e  r ece iv ing  the  e lec t romagnet ic  s i g n a l ,  had t o  be 

made of a ma te r i a l  which would t ransmi t  t he  1.4 GHz rad iomet r i c  s i g n a l  from Ear th  
sources  and r e f l e c t  o r  e m i t  l i t t l e  or  no r a d i a t i o n  a t  t h a t  frequency. 

r a d i o m e t r i c a l l y  t r a n s p a r e n t . "  This meant t h a t  t h e  a c t i v e  su r face  would have t o  be I 1  

These same requirements a r e  a p p l i c a b l e  t o  the  122 m HCA radiometer  concept and 
i n  a d d i t i o n ,  ( 4 )  t he  instrument  must  be S h u t t l e  compatible with r e spec t  t o  weight ,  
s t o w a b i l i t y  and d e p l o y a b i l i t y ;  and ( 5 )  t he  thermal  c o n t r o l  system m u s t  be a s  pass ive  
as p o s s i b l e  because of l imi t ed  s o l a r  b a t t e r y  power. Consider ing t h e s e  f i v e  c r i t i c a l  
requirements ,  a d a t a  shee t  was generated which d e f i n e s  the  o r b i t a l ,  geometr ic ,  and 
thermal envelopes needed t o  develop t h e  "radiometer  con ta ine r "  concept .  

Using c o n s t r a i n t s  Lis ted  i n  Table 1,  s e v e r a l  radiometer  c o n t a i n e r  conf igu ra t ions  
f o r  t he  e l e c t r o n i c  components were proposed i n  r e f e r e n c e s  3 and 6 .  Figure  3 shows 
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t h e  f i n a l  concept which inco rpora t e s  th ree  s e p a r a t e  radiometer  c o n t a i n e r s  t o  provide 
adequate  f i e l d  coverage.  

Thermal c o n t r o l  c o n s i d e r a t i o n s  for t h e  proposed geometric c o n f i g u r a t i o n  of t h e  
rad iometer  instrument  is t h e  goa l  of t h i s  p r o j e c t .  However, i n  t h i s  paper ,  t h e  
de t e rmina t ion  of t h e  s u r f a c e  temperature f o r  t h e  t h r e e  radiometer  c o n t a i n e r s  i n  a low 
Ear th  o r b i t  w i l l  be the  f i r s t  s t e p  i n  the development of t he  thermal  c o n t r o l  method. 

Based on previous  d a t a  ( r e f s .  13, 14, and 151, mu l t i l aye red  i n s u l a t i o n  (MLI) 
composed of Kapton and f i b e r g l a s s  would be a v i a b l e  concept f o r  t he  rad iometer  
c o n t a i n e r s  f o r  s t r u c t u r a l  and thermal p ro tec t ion .  Beneath the  MLI, a l t e r n a t i n g  
l a y e r s  of Styrofoam and honeycomb s e p a r a t o r s  thermal ly  i s o l a t e  t h e  i n t e r n a l  
e l e c t r i c a l  components ( f i g .  4 ) .  The loca t ion  of  t he  a c t i v e  thermal c o n t r o l  system 
which would provide set  poin t  c o n t r o l  of f l  .O°F and kO.l0F f o r  s e l e c t e d  e l e c t r o n i c  
components, is a l s o  shown i n  f i g u r e  4 .  In  add i t ion ,  t h e r e  are p rov i s ions  f o r  
r a d i a t o r s  i f  t he  c o n t a i n e r  s u r f a c e s  need t o  e l i m i n a t e  excess  h e a t .  Th i s  
c o n f i g u r a t i o n  would provide t h e  s t r u c t u r a l  i n t e g r i t y  needed f o r  s t r e n g t h  and 
f l e x i b i l i t y  and thermal  i s o l a t i o n  f o r  t h e  radiometer  components, while  s a t i s f y i n g  t h e  
r ad iomet r i c  t ransparency  requirement.  The radiometer  instrument  i s  t o  be equipped 
wi th  s o l a r  b a t t e r i e s ,  however, t h e  power a v a i l a b l e  t o  ope ra t e  a u x i l i a r y  systems, such 
as an a c t i v e  thermal  c o n t r o l  system, would be  small. For maximum pass ive  thermal  
c o n t r o l ,  a thermal c o n t r o l  c o a t i n g  could be app l i ed  t o  the  MLI s h e l l  of t h e  
rad iometer  con ta ine r s .  S ince  a s p e c i f i c  coa t ing  or r ad iomet r i c  proper t ies - -  
a b s o r p t i v i t y  (a ) and e m i s s i v i t y e  (€)--were not  des igna ted  f o r  t h e  c o n t a i n e r s ,  a 
range of (ac/€) r a t i o s  were s t u d i e d .  

o r b i t  and o g t a i n i n g  t h e i r  r a d i a n t  hea t  loads.  
c o n t a i n e r  s u r f a c e  tempera tures  which d i c t a t e d  d e s i r a b l e  
r a t i o s .  

S 

- 
The a / E  r a t i o s  were s t u d i e d  by modeling t h e  con ta ine r  s u r f a c e s  i n  an Ear th  

Those loads were then  converted i n t o  
as/& 

The d e s c r i p t i o n  and r e s u l t s  of t he  a n a l y s i s  comprise t h e  remainder of t h i s  
r e p o r t .  

THERMAL ANALY S I S  

S o l a r ,  Ea r th ,  and albedo rad;-at ion are  the  t h r e e  sources  which hea t  the  s u r f a c e s  
of  t h e  radiometer  c o n t a i n e r s  whi le  i n  o r b i t .  

Ear th  and albedo r a d i a t i o n  i n p u t s  vary p r imar i ly  because of t h e  c o n t a i n e r ' s  
o r i e n t a t i o n  i n  o r b i t  wi th  r e spec t  t o  the sun and weather p a t t e r n s  of t he  E a r t h ' s  
atmosphere ( f i g .  5 ) .  However, the  r a d i a t i o n  from the  sun seen by t h e  c o n t a i n e r s  i s  
approximately cons t an t .  Van V l i e t  ( r e f .  12) s t a t e s  t h a t  a s a t e l l i t e  i n  Ea r th  o r b i t  
absorbs  solar and albedo r a d i a t i o n  a t  wavelengths between 0 . 3  t o  2 microns.  The 
s a t e l l i t e  a l s o  absorbs Ear th  r a d i a t i o n  and emits i t s  absorbed energy a t  wavelengths 
between 0.5 t o  50 microns.  Wavelengths i n  the  reg ion  of maximum s o l a r  r ad iance  
account  for the  major hea t  i npu t s  t o  the s a t e l l i t e  whi le  r e r a d i a t i o n  a t  longer  
wavelengths are s i g n i f i c a n t  f o r  r a d i a t i v e  coo l ing .  The absorp tance  i n  t he  s o l a r  
r e g i o n  is des igna ted  by u whi le  E r e p r e s e n t s  t he  emi t tance  a t  longer  
wavelengths.  Pass ive  thermal  c o n t r o l  i s  c r i t i c a l l y  dependent on us/€ which s e r v e s  
t o  determine the  s u r f a c e  temperature .  

8 

Kirchhof f ' s  l a w  s ta tes  t h a t  t he  r a t i o  of emiss ive  power of a s u r f a c e  t o  i t s  
absorp tance ,  at thermal  equ i l ib r ium with i t s  sur roundings ,  i s  equa l  f o r  a l l  bodies  



which sugges ts  a /& = 1.0. Also,  K i rchhof f ' s  l a w  s ta tes  t h a t  at  a s p e c i f i c  
wavelength,  the  absorptance and emi t tance  are equal :  a = E X .  

+. 

For an o r b i t a l  a n a l y s i s ,  thermal e q u i l i b r i u m  between the  s a t e l l i t e  and the  space  
environment w i l l  not be achieved,  thus  aiTl f E T2. 
s a t e l l i t e  and i t s  emi t tance  are cons ide re  

Since s o l a r  absorp tance  of a 
a t  d i  5 f e r e n t  wavelengths ( r e f .  1 2 ) ,  

i n  essence ,  Ki rchhoff ' s  l a w  is  not  v i o l a t e d .  

F i n a l l y ,  t h e  as /€  r a t i o  f o r  a s u r f a c e  or body i n  o r b i t  can vary  from 0.1 t o  10 
or more, depending on i t s  thermal -opt ica l  p r o p e r t i e s .  

I n  the  a n a l y s i s  presented ,  t h e  s o l a r  absorp tance  ( a s ) ,  of t he  rad iometer  
c o n t a i n e r s ,  i n t e g r a t e d  over t he  s o l a r  wavelength spectrum i s  r a t i o e d  t o  t h e  
emi t tance  (€1  a t  d i f f e r e n t  wavelengths.  The r a t i o  w a s  v a r i e d ,  wi th  no s p e c i f i c  
c o a t i n g  ind ica t ed ,  and c o n t a i n e r  s u r f a c e  tempera tures  were determined. A l i m i t e d  
s u r f a c e  temperature  range w a s  then  used t o  determine accep tab le  
s e l e c t i o n  of thermal c o n t r o l  coa t ings .  

as /€  r a t i o s  f o r  t h e  

Determinat ion of t h e  s u r f a c e  tempera tures  and p r o p e r t i e s  f o r  t h e  t h r e e  
rad iometer  con ta ine r s  was done by implementing the  fo l lowing  s t e p s :  

1. Defining the o r b i t  f o r  122 m HCA. 

2. Defining the s p e c i f i c  geometry f o r  each radiometer  c o n t a i n e r  and i t s  o r b i t a l  
o r i e n t a t i o n  t o  Earth and the  sun. 

3 .  Calcu la t ing  the  inc iden t  hea t  f l uxes  on each rad iometer  c o n t a i n e r  f o r  
d i f f e r e n t  as /€  r a t i o s .  

4 .  Calcu la t ing  a l l  s u r f a c e  temperatures  f o r  each c o n t a i n e r .  

5. P l o t t i n g  "average" s u r f a c e  temperature  ve r sus  as /€  r a t i o s .  

F igure  6 shows the  a n a l y s i s  t o o l s  and methods used t o  accomplish t h e  f i v e  s t e p s .  

O r b i t  Def in i t i on . -  Numerous mission t r a d e o f f s  were made f o r  t h e  122 m HCA 
rad iometer  t o  determine o r b i t a l  parameters  f o r  optimum rad iomet r i c  performance. 
D e f i n i t i o n  of t h i s  optimum o r b i t  inc luded:  ( a >  a low Ear th  orbit--666 km a l t i t u d e ,  
f o r  optimum s i g n a l  t o  n o i s e  r a t i o ,  
p r e c i s i o n  maximization, ( c )  a sun angle ,  B,  of 90°, and ( d )  a cont inuous Ear th  f a c i n g  
o r b i t  t o  opt imize s u r f a c e  coverage. These parameters  were c a l c u l a t e d  us ing  a Langley 
Research Center-developed so f tware  package c a l l e d  "IDEAS"--Interactive Design and 
Analys is  of Future  Large Space Concepts ( r e f .  81, and they completely d e f i n e  t h e  
thermal  environment f o r  t h e  a n a l y s i s  of t h e  122 m HCA. 

(b)  an tenna  i n c l i n a t i o n  of  90-98' f o r  po in t ing  

Geometric Def in i t ions . -  Determinat ion of t h e  s u r f a c e  tempera ture  of t he  t h r e e  
rad iometer  c o n t a i n e r s  posed a s p e c i a l  problem. 
by c a l c u l a t i n g  the inc iden t  hea t  f l u x  on t h e  c o n t a i n e r s  from t h e i r  exposure t o  
p o t e n t i a l  r a d i a t i o n  sources  i n c l u d i n g  Ear th ,  deep space,  and sun. The q u a n t i t y  of 
h e a t  f o r  each su r face  i s  dependent upon t h e  thermal -opt ica l  p r o p e r t i e s  of t h e  
s u r f a c e ,  t he  source,  and i t s  p ro jec t ed  s u r f a c e  area. This  area i s  c a l c u l a t e d  by t h e  

The s u r f a c e  temperature  is  determined 
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product  of t he  t o t a l  s u r f a c e  area and the  cos ine  of t h e  angle  produced by the  l i ne -  
o f - s igh t  of  t he  source ,  and the  normal a x i s  of t h e  su r face .  I n  t h i s  ca se ,  t h e  
s u r f a c e s  of a l l  t h r e e  c o n t a i n e r s  are a t  skew and compound angles  t o  any l ine-of -s ight  
and t h e  most ca sua l  e f f o r t  t o  determine t h e s e  areas would be a formidable  t a s k  
( f i g s .  4 and 7) .  Therefore ,  a three-dimensional computer model us ing  ANVIL 5000, a 
computer aided-design (CAD) sof tware  package, w a s  developed ( r e f .  9 ) .  This  model 
shown i n  f i g u r e  7 d e p i c t s  exac t  dimensions, geometr ic  angles  from t h e  source  ( sun ) ,  
l i ne -o f - s igh t ,  and volumes f o r  t he  con ta ine r s .  F i n a l l y ,  us ing  t h i s  model, t h e  
c a l c u l a t i o n  of i nc iden t  hea t  f l uxes  could be managed and d i r e c t l y  r e l a t e d  t o  a l l  
s u r f a c e s  wi th  cons i s t ency  and accuracy. 

Heat Flux Model.- Using t h e  coord ina tes  f o r  t h e  t h r e e  rad iometer  c o n t a i n e r s  
genera ted  by ANVIL 4000, t he  hea t  f l u x  model w a s  developed us ing  Martin Marietta's 
Thermal Radia t ion  Analyzer System software--TRASYS. The TRASYS model shown i n  
f i g u r e  8, c o n s i s t i n g  of 28 nodes,  r ep resen t s  a l l  c o n t a i n e r  s u r f a c e s .  This  model w a s  
used t o  determine t h e  p r e c i s e  inc iden t  f l u x e s  genera ted  from o r b i t a l  sources--sun, 
Ea r th ,  and deep space .  Rad ia t ion  exchange between rad iometer  c o n t a i n e r s  w a s  inc luded  
i n  t h e  c a l c u l a t i o n  of hea t  f l u x e s ;  however, shadowing of c o n t a i n e r s  by each o the r  was 
cons idered  minimal and was not  included.  Represen ta t ive  hea t  f l uxes  f o r  t h e  o r b i t  
d e f i n i t i o n  and s e l e c t e d  s u r f a c e s  on the upper and lower l e f t  c o n t a i n e r s  are presented  
i n  f i g u r e s  9 through 15. It should be noted t h a t  t h e  hea t  f l u x e s  f o r  t he  bottom l e f t  
and r i g h t  c o n t a i n e r s  are s imi la r ;  t h e r e f o r e ,  only t h e  l e f t  is presented .  

Su r face  Temperature.- The hea t  f luxes  determined from t h e  TRASYS model were used 
as i n p u t s  t o  a f i n a l  computer model used t o  c a l c u l a t e  c o n t a i n e r  s u r f a c e  temperatures .  
This  model was developed using a f i n i t e  d i f f e r e n c i n g  program c a l l e d  MITAS--Martin 
Marietta Thermal Analys is  System. The hea t  f l u x e s  from TRASYS are converted by MITAS 
i n t o  input  h e a t i n g  ra tes  t o  the  con ta ine r  s u r f a c e s .  This  hea t  i npu t  i s  then  reso lved  
i n t o  s u r f a c e  tempera tures  based on the material  c o n d u c t i v i t i e s  and the  r a d i a t i o n  
f a c t o r s  between s u r f a c e  and sources .  The t o t a l  j o u l e  h a t i n g  genera ted  by t h e  

cons idered  a n e g l i b l e  i n t e r n a l  hea t  source.  The MITAS model shown i n  f i g u r e  16 
c o n s i s t s  of 28 d i f f u s i o n  nodes, 1 boundary node, 50 l i n e a r  conductors ,  and 
54 n o n l i n e a r  r a d i a t i o n  conductors .  

e l e c t r o n i c s  would be 500 wat t s  per container--3 w a t t s / m '  (0.09 w a t t s / f t  3 ) ,  and w a s  

Consider ing the  q u a n t i t y  of d a t a  t o  be collected--5000 s u r f a c e  tempera tures ,  and 
t h e  f a c t  t h a t  the  f l u x e s  (hea t  i n p u t )  experienced by the  bottom " l e f t "  and " r igh t "  
c o n t a i n e r s  are t h e  same, symmetry was employed t o  reduce t h e  q u a n t i t y  of d a t a  
needed. Therefore ,  t h e  "top" and "bottom l e f t "  rad iometer  c o n t a i n e r s  w i l l  be used 
f o r  t h e  s u r f  ace temperature  s tudy  . 

An i n i t i a l  s tudy  was made f o r  the rad iometer  c o n t a i n e r s  i n  o r b i t  t o  roughly 
estimate t h e  temperature  l e v e l s  they would exper ience .  This  s tudy  d id  not  i nc lude  
r a d i a t i o n  exchange between c o n t a i n e r s  and r a d i a t i o n  from sources  w a s  assumed t o  be 
maximum. The r e s u l t s  of t h i s  i n i t i a l  "look" i n d i c a t e d  t h a t  t he  c o n t a i n e r  s u r f a c e s  
wi th  an absorp tance  of 0.5 and an emit tance of 0.9,  t hus  
exceed t h e  -4OF t o  150°F range f o r  the enc losed  e l e c t r o n i c s .  
of t h e  sun f ac ing  s u r f a c e s ,  however, did exceed the  temperature  range and was 
a t t r i b u t e d  t o  t h e i r  f u l l  sun-to-ful l  shadow exposure du r ing  o r b i t .  F i n a l l y ,  an 
11 average" c o n t a i n e r  temperature  was ca l cu la t ed  f o r  each c o n t a i n e r  and t h i s  
tempera ture  was w i t h i n  t h e  temperature  l i m i t s  of t h e  e l e c t r o n i c  components. 

as/€ - 0.6, would not 
The s u r f a c e  tempera ture  

A t  t h i s  po in t  i n  t h e  a n a l y s i s ,  i t  was c lear  t h a t  a d e c i s i o n  would have t o  be 
made whether a l l  s u r f a c e  tempera tures  f o r  each c o n t a i n e r  be eva lua ted  i n d i v i d u a l l y  or  
an  "average" c o n t a i n e r  s u r f a c e  temperature be used. It w a s  decided i n  t h e  i n t e r e s t  
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of s i m p l i c i t y  and ease  of d i scuss ion ,  the  "average" con ta ine r  s u r f a c e  temperature  
concept would be used .  
r a t i o s  f o r  each radiometer .  S p e c i f i c  s u r f a c e  tempera tures  could then be examined f o r  
each radiometer  conta iner  t o  ensure  compliance with des ign  requirements .  Therefore ,  
a s tudy  of t he  
temperature  was conducted. 

T h i s  method would bracke t  t he  a v a i l a b l e  choices  of  us/& 

a s / €  r a t i o s  and i t s  e f f e c t  on the  "average" con ta ine r  s u r f a c e  

The radiometer containers--"top" and "bottom l e f t , "  were s imulated through four  
o r b i t s  around Earth using the  complete MITAS thermal model shown i n  f i g u r e  16. Four 
o r b i t s  were s e l e c t e d  t o  ensure t h a t  t h e  c o n t a i n e r s  would reach a s t a b l e  t h e r m a l  
l e v e l .  The as/€ r a t i o s  examined would range from 0.1 t o  5.0. Since e i t h e r  
a b s o r p t i v i t y  or e m i s s i v i t t y  can be v a r i e d ,  i t  w a s  decided t h a t  the  a b s o r p t i v i t y  would 
be changed from 0.1 t o  0.9 
ones s e l e c t e d  for  t h i s  s tudy.  

F igure  17 shows a l l  t h e  poss ib l e '  as/€ r a t i o s  and t h e  

The reasoning used f o r  s e l e c t i n g  the  i n d i c a t e d  / E  r a t i o s  shown i n  f i g u r e  1 7  
is  as fo l lows .  
absorp tance  of 0.5 and an 
of  t he  complete MITAS model. For t h i s  absorp tance ,  a = 0.5 o the r  as/€ 
ra t ios--0.7,  1.0, 2.0,  and 5.0 were explored.  F i n a l l y ,  i n  o rde r  t o  o b t a i n  a c l e a r e r  
p i c t u r e  of t he  con ta ine r s  s u r f a c e  temperatures  o t h e r  absorp tances  were examined f o r  
v a r i o u s  as/€ r a t i o s .  This examination covered absorp tances  from 0.1 t o  0.9 and 
inc luded  c i s / €  r a t i o s  from 0.1 t o  5.0. 

t h e  MITAS model. Then, an "average" su r face  temperature  f o r  each con ta ine r  was 
c a l c u l a t e d  t o  judge the v a l i d i t y  of t h e  s e l e c t e d  as/€ r a t i o .  A "weighted" average  
s u r f a c e  temperature was adopted and was def ined  as 

The i n i t i a l  s tudy conducted f o r  t h e  r a i i o m e t e r  c o n t a i n e r s  u s ing  an 
as/€ = 0.6 served as a s t a r t i n g  poin t  f o r  t he  examinat ion 

S 

For each as/€ r a t i o  s e l e c t e d ,  a l l  s u r f a c e  temperatures  were obta ined  through 

n 
c TiAi  

TAVG = i =  1 where n = 6; f o r  "top" con ta ine r  
n n = 7 ;  f o r  "bottom" con ta ine r  
C A .  

1 i l l  

T i  i s  a s u r f a c e  temperature a t  a s p e c i f i e d  t i m e  i n  each o r b i t ,  Ai is  the  a r e a  of t h a t  
s u r f a c e ,  i rep resen t s  the  s p e c i f i c  s u r f a c e  of a c o n t a i n e r ,  and n t he  number of 
s u r f a c e s  f o r  a s p e c i f i c  con ta ine r .  I n  each of t he  four  o r b i t s ,  a t  c o n s i s t e n t  times, 
the  maximum and minimum temperatures  were obta ined  f o r  each s u r f a c e  and put i n t o  
equa t ion  ( 1 ) .  
the as/€ 
radiometer .  Since the  temperature  envelop f o r  the  enclosed e l e c t r o n i c  equipment was 
-4'F t o  150°F, i t  was a r b i t r a r i l y  decided t h a t  t he  temperature  l i m i t s  used t o  
e v a l u a t e  the  as/€ 

These temperatures--TAVGMAX and TAVGMIN--were then p l o t t e d  a g a i n s t  
r a t i o s  t o  c r e a t e  a t o o l  f o r  s e l e c t i n g  su r face  p r o p e r t i e s  f o r  t he  

r a t i o s  would be O°F minimum and lOO0F maximum. 

RESULTS 

Graphic r e p r e s e n t a t i o n  of t he  "average" con ta ine r  s u r f a c e  temperatures  f o r  t h e  
"top" and "bot tom" rad iometers  are presented .  These temperatures  were c a l c u l a t e d  a t  
va r ious  a s / €  r a t i o s .  F i n a l l y ,  a summary is  p r e s e n t e d  demonstrat ing the  use of t h e  
s u r f a c e  temperature vs .  a s / &  r a t i o  curves .  

h 



Top Radiometer Container.-  I n  f igu re  18, we s e e  t h a t  fo r  absorp tances  of 
0.1 through 0.4, the  average s u r f a c e  temperature envelop f o r  t h e  top  rad iometer  
c o n t a i n e r  is from 20°F t o  -100°F and below. 
d e s i r a b l e  
above the  minimum e l e c t r o n i c  component temperature  l i m i t  of OOF. 
s u r f a c e  temperature  c r i t e r i a  i s  not met, t h e r e f o r e ,  no 
absorp tances  from 0.1 t o  0.4. 

The c r i t e r i a  used f o r  s e l e c t i n g  a 
as/€ r a t i o ,  i s  t h a t  both TAVGMAX and TAVGMIN su r face  temperatures  m u s t  be 

as/€ r a t i o  is  s e l e c t a b l e  f o r  
In f i g u r e  18, t h e  

I n  f i g u r e  19 f o r  absorp tances  of 0.5 through 0.9,  t he  su r face  temperature  
envelop is  from 80°F t o  -60°F. 
r a t i o s  from 1.0 t o  2.0 s t r a d d l e  the m i n i m u m  component temperature  l i m i t  and f o r  
r a t i o s  from 2.0 t o  5.0 are below the  minimum temperature  l i m i t .  Therefore ,  us/€ 
r a t i o s  from 1.0 t o  5.0 are unacceptable .  However, a / E :  r ' a t ios  from 0.6 t o  
1 .O produce average su r face  temperatures  t h a t  f a l l  w i th in  the  maximum and minimum 
component temperature  l i m i t s .  Therefore ,  absorptances of 0.5, 0 .6 ,  0.7,  0 .8 ,  and 0.9 
a r e  accep tab le  and can be cons idered  i n  d e f i n i n g  thermal p r o p e r t i e s  f o r  t he  "top" 
rad iometer  con ta ine r .  

TAVGMAX and TAVGMIN s u r f a c e  temperatures  f o r  as/€ 
as/€ 

Bottom L e f t  (Right )  Radiometer.- In f i g u r e  20 we see t h a t  t he  con ta ine r  average 
s u r f a c e  temperatures  f o r  a - / E  r a t i o s  1.0 through 5.0 do not meet t h e  c r i t e r i a  of  - S being  above the  minimum component temperature l i m i t ,  t h e r e f o r e ,  absorptances from 0.1 
t o  0.4 do not q u a l i f y  f o r  cons ide ra t ion .  

I n  f i g u r e  21, as/€ r a t i o s  from 0.6 t o  1 .0  produce average s u r f a c e  tempera tures  
t h a t  meet t he  c r i t e r i a  and absorptances of 0.5,  0 .6 ,  0 .7 ,  0.8, and 0.9 can  be 
cons idered  in d e f i n i n g  the  thermal p r o p e r t i e s  f o r  the "bottom:: i e f t  rad iometer  
con ta ine r .  Symmetry of t he  bottom l e f t  and r i g h t  radiometer  c o n t a i n e r s ,  e l i m i n a t e s  
t h e  need t o  analyze both c o n t a i n e r s .  The tempera tures ,  a / E  r a t i o s ,  and a c c e p t a b l e  
absorp tances  apply f o r  both c o n t a i n e r s .  

S 

CONCLUSION 

F igure  22 shows the  thermal regions where s e l e c t a b l e  absorp tances ,  fo r  maximum 
or minimum s u r f a c e  t empera tu res  of t h e  "top" radiometer  con ta ine r ,  can be found. 
These r eg ions  a r e  bound by the  minimum component temperature  l i m i t ,  the  
range--0.6 t o  1.0,  and t h e  maximum "average" s u r f a c e  temperature  f o r  each absorp tance  
value--0.5,  0 .6 ,  0.7,  and 0.9.  Using these  reg ions  and absorp tance  contour  l i n e s ,  
t he  s u r f a c e  p r o p e r t i e s  of the  "top" radiometer con ta ine r  can be determined.  For 
example, i f  an "average" su r face  temperature of 20'F was s e l e c t e d  f o r  t h i s  con ta ine r ,  
an a = 0.5 would be chosen f o r  the h ighes t  expected s u r f a c e  temperature .  An 
a = 0.9 would be a v a i l a b l e  f o r  the lowest expected s u r f a c e  temperature .  From the  
i n t e r s e c t i o n  of the  s e l e c t e d  temperature and t h e  a b s o r p t i v i t y  contour  l i n e ,  an a/€ 
r a t i o  is  def ined  and thus  emi t tance .  Figures  23A and 23B i n d i c a t e  the  thermal 
r eg ions  and absorptance contours  fo r  the ''bottom" radiometer  con ta ine r s .  Once t h e  
p r o p e r t i e s  are def ined  f o r  each con ta ine r ,  s e l e c t i o n  f o r  t h e  proper s u r f a c e  c o a t i n g  
or t e x t u r e  can be conducted. 

as/€ r a t i o  

s 
S 

Recommendations.- The i n v e s t i g a t i o n  undertaken i n  t h i s  paper provides  a s t a r t i n g  
poin t  f o r  f u t u r e ,  d e t a i l e d  a n a l y s i s  of t h e  122 m HCA radiometer  concept .  Once a 
d e s i r e d  o p e r a t i n g  temperature  f o r  the  enclosed e l e c t r o n i c s  i s  chosen, s e v e r a l  avenues 
should be explored:  

1. Examination of t he  s p e c i f i c  con ta ine r  su r faces . -  The average s u r f a c e  
temperature  obta ined  i n  this paper simply s p e c i f i e s  a l l  s u r f a c e  p r o p e r t i e s  as equa l .  



A s  seen i n  t h e  i n i t i a l  s tudy ,  t he  sun f a c i n g  s u r f a c e  exper iences  l a r g e r  temperature  
swings, t he re fo re ,  s p e c i a l  a t t e n t i o n  should be given t o  t h i s  s u r f a c e .  The o t h e r  
s u r f a c e s  should be wel l  w i th in  t h e  temperature  l i m i t s  us ing  t h e  technique  developed 
i n  t h i s  paper. 

2 .  I n s i d e  wall  su r f ace  temperature . -  Once the  o u t s i d e  s u r f a c e  tempera tures  a r e  
determined,  f u r t h e r  s tudy of t h e  i n s i d e  w a l l  t empera tures  w i l l  d e f i n e  the  th i ckness  
of t he  c o n t a i n e r  sk in  and the  th i ckness  of t he  honeycomb i s o l a t o r s .  I n  a d d i t i o n ,  the  
knowledge of t h e  i n s i d e  su r faces  w i l l  determine i f  r a d i a t o r s  or hea t  p ipes  a r e  needed 
f o r  thermal t r anspor t  of hea t  bui ldup.  

3. Comparison t e s t s . -  The r e su l t s  from these  d e t a i l e d  s t u d i e s  should then be 
compared wi th  thermal t e s t i n g  d a t a  t o  i n s u r e  s u r v i v a b i l i t y  of t he  thermal  c o a t i n g s  or  
t e x t u r e s  se l ec t ed .  

Execut ion of t he  above recommendations would complete the  work s t a r t e d  h e r e  i n  
des igning  the  122 m Hoop Column Antenna Radiometer c o n t a i n e r s .  

Langley Research Center  
Na t iona l  Aeronaut ics  and Space Adminis t ra t ion  
Hampton, V i rg in i a  
August 1986 
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Orbital, Geometric, and Thermal Data 
for the Radiometer Container 

Orbital Data+ 

- Altitude: 666 km; low Earth orbit 
- Orbit plan inclination: 90' - 98' 
- Antenna orientation: Earth oriented 
- Mission duration: 3 years 
- Orbit type: polar 
- Beta angle (sun angle): 90' [angle of sun line-of-sight to Earth's axis] 

Geometric Data 

- Radiometer container envelope*; 15.5 m x 3.5 m x 0.3 m 
- Container weight++: 977 kg; 244 kglcontainer 
- Internal electronics and thermal instruments*: 

0 receiver array and p. c. boards 
envelope: 
weight: 700 kg 

envelope: 
weight: 120 kg 

15.0 m x 3.0 m x 0.05 m 

0 electronic and thermal systems 
15.0 m x 3.0 m x 0.15 m 

Thermal Data 

- Electronic components: max 150°F 

- Dissipated power per container: 
- Container material: Kapton-fiberglass 

min -4OF 
500 watts 

multi-layered insulation; 
11 radiometrically transparent" 

- Container surface absorptance and emittance: TBD 

+ref. 2 
*ref. 6 
++ref. 7 

Table 1.- 122 rn radiometer container design data. 
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Figure 1. - 122m Hoop Column Concept. 
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T h i s  appendix c o n t a i n s  the  two thermal source  programs used by TRASYS and MITAS 
I1 t o  c a l c u l a t e  hea t  f i u x e s  and surface teiiipzratiiiss, respectix-rely. 

The source  program used f o r  TRASYS r e p r e s e n t s  t h e  geometric c o n f i g u r a t i o n  of t h e  
rad iometer  c o n t a i n e r s  i n  a 666 km Earth o r b i t .  Inpu t s  r equ i r ed  f o r  t h i s  program 
inc luded  geometric coord ina te s ,  su r f ace  p rope r t  ies--absorptance,  emi t tance ,  and 
o r i e n t a t i o n  of s u r f a c e s  wi th  r e s p e c t  t o  t h e  sun and Ear th .  The fo l lowing  are p a r t i a l  
s t a t e m e n t s  used i n  t h e  program: 

SURFN = 1 1 node number 
TYPE = RECTANGLE 1 su r face  shape 
PROP = as,&) s u r f a c e  p r o p e r t i e s  

P2 = x2, Y 2 ,  z2 

CALL ORBIT2 (. . . Ear th ,  . . . B = 90°, . . . 666 km)) o r b i t  d e f i n i t i o n  

P1 = xl,  Y l ,  z1 

P3 = x3, Y3, z3 
geometric coord ina te s  

F u r t h e r  d e t a i l s  and informat ion  about t h e  TRASYS program can be obta ined  from 
r e f e r e n c e  10 and t h e  Langley Research Center cus tod ian  of TRASYS. 

The MITAS 11 source  program rep resen t s  t h e  nodes ( capac i t ance )  and conductors  
( l i n e a r  and non l inea r )  f o r  t h e  su r faces  of t he  t h r e e  radiometer c o n t a i n e r s .  I n p u t s  
i n c l u d e  i n i t i a l  t empera tures  of s u r f a c e s ,  c o n s t a n t s  f o r  r e p e t i t i v e  c a l c u l a t i o n s ,  
r e l a x a t i o n  c r i t e r i a ,  a r r a y s  f o r  t h e  v a r i a b l e  hea t  f l u x e s  of o r b i t  f o r  each s u r f a c e ,  
o r b i t  t i m e  a r r a y ,  and v a r i a b l e  absorptance and emi t tance  l o c a t i o n s .  

Nodal va lues  f o r  each s u r f a c e  were c a l c u l a t e d  us ing  t h e  r e l a t i o n s h i p :  

NODE VALUE = (density)*(volume)*(specific h e a t )  

Conductor va lues  f o r  each node were c a l c u l a t e d  us ing  t h e  r e l a t i o n s h i p :  

Conductor va lue  = ( a rea )* (conduc t iv i ty )  
length 

comments i n  t h e  source  program i n d i c a t e  t h e  sun and Ea r th  f a c i n g  s u r f a c e s .  
Represen ta t ive  s t a t emen t s  f o r  nodes and conductors ,  r e s p e c t i v e l y .  

Node I n i t i a l  Temperature Node Value 

1, 75,  283.33 

Conduct or S t a r t ,  End Conductor Value 

F u r t h e r  in format ion  can be found i n  r e f e r e n c e  11 and t h e  Langley Research Center 
MITAS cus tod ian .  

37 



T R A S Y S  S O U R C E  C O D E  

38 



c 

39 



40 



41 



M I T A S  S O U R C E  C O D E  

42 



c 

I 

I 

i 
1 I 
I 

I 

I 

I 

I 

I 

I 
I 
I 

I 

I 
AI 

* * * *  
ffl * * * *  w * * * *  

ffl 
Z W  
L Z  
3 3  
J U  
O C  
U I  z 

C O - 1  

C I I  

a k o  
a o i  

n 

x + t * i  i * o *  

r~ a * * r r * * w  . 
w w * *  * * I -  

. u Z * * - * * P  
I o w u * *  - * *  

l t - * * k * * 3  w 
X I - * *  * * 7  . 

* 
* 
r. 
It 

z n 
a 

m 
t 
Y 
U 
0 
J 
Ul 

a 
I- a 
n w 

U z 
n 

b 
k 
a 
a 

a L t  

z 
W >  u o  

43 



* * 
* 

* * *  * *  c i t  

r r *  * * * * * * * * *  * *  
- * I -  
t-* o 

I * - a  
!5:g 

:; ,z a * n z  

3 * a 2  + * a 0  

c * a o  * 
a * n  t- 

z * x a  I 

* w a  \ 

a * a L  I- 

"ft;U N 
* z a  * 

Z * J Z  - 
L : w 6  
o * + w  a u *  I 
Z * K O  2 
E *  in 
r y * m f f l  
t - * I - w  .. 
J * Z X  w 

I * m u  
z * z  . m  
u * u z - -  

c n t m - 3  * w u  w 
W * I Z Z I  
I *  

W *  n * * * * *  
- a * * * * *  
h m  

o * a 3  u a t 1 - 1  a 

a*o t - I - I -  
W *  wiLg 
1 - 4 w n x ~  

m * t - a t -  

1 u * * *  * w * * *  * * *  
* * *  + * *  
* * *  * * *  

t * * *  * * *  
* * i  * * *  

* * *  
J * *  * * *  
0. * *  * * *  * * * *  
0 * * * *  
ln * * * *  
J * * * *  a m *  * * *  

w *  * * *  
x o o *  * * *  

* i** m m w +  * * *  
I- w e *  * * *  
I- J Z *  * * *  
ln L a *  * * *  
2 o *  * * *  
0 t - E *  * * *  u zu* * * *  

w u *  * * *  
in * * * *  
w u w *  * * *  

* * * *  * * * *  * * *  * * * *  * * *  

5 * * *  * * *  
n * * *  * * *  
a * * *  * * t  2 * * *  * * *  
g f t t  * * *  
a * * *  

w ~ n *  * * *  (. 

a L Z *  * * +  
z x a *  
a 3 - t  * + *  

w ? a *  * * *  
F E?: t : :  

* * * * k k  * * * Y  * *  - c r m w c r o u c  
Y I N M ~ ~ ~ Q Q W  P - - rr r, P Q m * G rr N rr rr P - o Y rr m m w F. m o 

(0 b ~ . r n m r n ~ . n n o ~ o  . . . . .t')m 
G q O  m e . .  . . - 0 . .  . G F . b F . F . F . .  . G a i  0 N - yl lo L17 - t'0 F. 
G C G N 4 117 ll3 lil - M F. U II H II /I U II 11 H I1 11 
II 11 II II II u n II u Y II CJ VJ P o - r i  M o e - *: P 
N VJ P G - ri VI Q G - rr - - - rr rr rq (i h t't t I t . ~  z - - - N rr CY N N r~ PI n N rr rr N rd N CJ rr N r.1 rr u 

. . 3  F. F. b b r\ - 

W 
U 

LL 

3 m 

a 
a 

* 
a 
0 t 

* 
* * 
* 
* >  
* t -  * -  * >  * -  " 
* t o  * I - m  

* -  
*t-z * u o  * a  * o >  
I(@ 

r ? Z  

*."L 
* a 2  
* a m  * a 2  

J 
* O T  
0 m w cr 
rtcu 
u7 0 3 . 0. n 
n . . 
I I1 u 4 F . m  

m o  i i 
t-t- I 
Z I  I 
W k  I 

I 

L * * n u *  
I I G - Q - ~  
t- rt m M m m 
.Gr.NbP 

I 
I 
I 
I 

I 

I 

U u 

I I C  
I 2 4  
I w *  
I I *  
I A *  
I w 4  
I + *  
1 ' " :  
1 :  I 
I *  
I w *  

' d l  3 *  
U I J *  

W L  I 2 *  u x  I - *  
U O I I - *  
ic I O *  
3 L  I z *  
m c l  * 

t - I K  at- w 
o o m o .  + m a n :  

0 .> 
3 0 + 2  t- 
t - t -=a-  
J J O :  
wwz 0 

a u  ZE: w w w  
X x d m :  
I-t-uul 
aaa.LLL 

w w  w 
* * O I L '  

I n 4  

a I u *  

a 3 1  * 

d, 3 u z  

z z o a f i  aau t -  

a a u j i o  

Q ~ W  - 
UJ n w m z . . c ~ a  
-F. or- 
tJ8 ?, 0 t- If, - -k L z 
N -  3 0  
ntqznu 

rt M c u . 
N ( 4  a z rr r. I n a - - n a x  
N - ~ E N  
w n a  I- 
N N  W J  
Q V ,  I I O  
N N  I t -m 
N rr I 

N.?Z g 

I:: 

W 
U 

w a w 
U J  

u z  
3 a  

ut- 
O Z  

W 

U 
J 

aw 
u a  

+ a  ... 

0 3. m 
li 
6Y 0 

I- 
O 
t- J 

W 
J Z 

a. 
Z 
3 w a  

W a 
T 
u 
2 
3 u m J a -  

E .̂  .. ... 
3 u  a i  
u o  
Ot- 
t- 

- N M 4LIl 9 - - -(f P 0. 
- - *  . * c r P c r c r c r c r  

0. @ 0 0 PO. (P 0 0- N l') P 
c r @ c r P c r P N m P - - -  
1 1 1 1 1 1 1 1 1 1 1 1  
- rr M P Y) Q - - - N N N 

i i+ 
I * *  + *  u u u  

ORlGMAL PAGE IS 
OF PO0R QUALITY 44 



ORIGINAL PAGE IS 
0): POOR QUAtnV 

f 
N 
M 

10 
m 

0 
IC 0 

r. 
0 

9 
3 

ri 

3 

3 

5 
m 
N 

IC 
hil 9 

3 

0 G G 
3, 

3, 
3 3, 

3 

.=. 
3 

f 
G 

3 
3 

" 
0 
0 

0 
3 
3 

9 

e 
3 

- 
9 

0 3 
3 

G 
G 

9 
i 

0 

3 

3 

3 

3 

3 
0 

0 
G 
3 
.. 
9 

9 
3 

3 
0 

, .  
G 
9 

0 
G 

n w q  w o  w -  w c 4  
r d  nly n M  n v ~  nw 
N O N  O N  O N  G N  

z z z z  

u u u u  u u u  u t i  u u u u u u u  

c 
0' 

3 - 
F i ?  
- 3  

G O  

a 
a k 

0 

u 
U m 

45 



iiiii x z  t t t t t n u w  
t t  t o a h  

t J a  t w a u  t m  + a 0 2  
t o n  t u  
t > z  . t o n u  t w  w t  a a  
t a u w t 0 - I  
t a I t L  a 
t x  w t w a ~ ~  

t o  t n o  
t z c a a t a I -  t o a  t c a o  

t a  - + S U I -  

t o a  t a : a e  
t a w t - t u u z  t n x - t z u . - .  
+ + a c t  i l r n  m t z w o t ~ - t - a o  

~t a z t m  - I L K  

a t - 3  t o a - a  
a t u A x t r - - + a  a t z a - t a a w  

t t t t t a a u x  
n t t t t t a : i c  -I- u t t t t t a i c - -  
i a , t ~ ~ : ~ a a o z  

t Q t " W W  t > z  t a :  a 

t 3 w  t LL 
t - 0  t z m x  

t ~ x L y t a : o w  

t w w  t I-0 

t + & Z t I W  
:lABop:;I=~ 
t u > w t - J w z  

t M O J t Z J +  
t C J J t W 3  

t J + 3  t k J 3  

- t u  m t u  

u t - +  t - w w -  
m t u J - t L L N I w  
- t J u w t I I  -u 

> t u u + t  
tq t t >.>NE 

;iii; 
t t  t.t 
t t t t t  
t t t t t  

u u u u u u u u u u u u  

4 

d 
h e 

e 
bcii 
r.2 . w  

. .  -- 

. .  
c o -  
I 

m -  0 
lYb z o w  

* * 
f 
.7 * 
* 
* * -  * n  
* - b -  * -  . -  
* 9 U l - o  * * * *  * - - -  
: 9 % ?  

* - - e  

* m m m  
* E a : <  * * * *  * ri r, e 
* - -  * t t +  
*r.alh 
* I L a : i c  
* - -  
* -e .+  

* E K 5  

* * * +  

t 

t ri w 
L-l w 
m a  t +  

LL 
- G  t 

" 
Z 

u 
w 

LL 

a 

2 

i 

- A  - -  
ri a - 
N U - -  

" 
z 
u 
w 

LL 

a 

G! 

i t t i t t i  n .. t 
t ZI t t t t t t t  u LLuuuuuuu LL u u u  u w 1  

ORfGlNAL PAGE I§ 
OF POOR QUALfTY 

L * * * * * * Z  
* r * * * * * *  * * * * * * * *  * * * * * * * *  

u u u  LL u u u u u u u u  
I 

46 



" A V  E R A G  E" S U R F A C E T E M P E R A T  U R E  

A P P E N D I X  B 

47 



This appendix presents the temperatures for the top and bottom radiometer 
containers for the absorptance and emittance values studied. Each surface was 
examined for its maximum and minimum temperatures for each orbit. Maximum and 
minimum temperatures for all surfaces were selected at the following orbit times: 

Orbit TAVGMAX TAVGMIN 

2 1.6 hrs. 2.8 hrs. 

3 3.6 hrs. 4.3 hrs. 

4 5 . 2  hrs. 5 . 9 -  hrs. 

Orbit 1 was not used because the containers had not been exposed to a complete 
thermal cycle--full sun-to-full shadow exposure. 

The calculated "average" surface temperatures for the top and bottom containers 
were determined by using equation 1. 
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Top Radiometer Container 

a E. as/€ TAVGMAX, (OF) TAVGMIN , (OF ) 
S . 

.1 

.1 

.1 

.4 

.4 

.4 

.5 

.5 

. 5  

. 5  

.5 

.6 

.6 

.6 

.6 

. 7  

.7  

.7  

.9 

.9 

.9 

.6 

.3 

.9 

.7  

.1 

.9 

.7  

.5 

.3 

.1 

.9 

.6 

.3 

.2 

.9 

.7  

.3 

.9 

.5 

.1 

.2 

.3 

.4 

.6 

4.0 

.6 

.7 

1 .o 
2.0 

5 .O 
.7  

1 .o 
2.0 

3 .O 
.8 

1 .o 
2.0 

1 .o 
2.0 

-2 1 

-45 

-77 

24 

12 

-48 

38 

24 

5 

-18 

-40 

50 

32 

6 

-4 

62 

52 

21 

82 

61 

-38 

-63 

-96 

-16 

-28 

-80 

2 

-14 

-13 

-52 

-77 

0 

-18 

-45 

-53 

2 

-7 

-40 

14 

-10 

Table B1.- Calculated "average" surface temperatures for 
the "top" radiometer container 
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Bottom Radiometer Container 

a E a s / €  TAVGMAX, ( O F )  TAVGMIN, (OF) s - 
.1 .9 .1 -16 8 

.1 .6 .2  -42 -1 5 

.1 .3 .3 -72 - -40 

.4 . 9  .4 30 -15 

.4 .7 .6 14 -24 

.4 .1 4.0 -4 2 -86 

.5  . 9  .6 41 13 

. 5  .7  .7 23 1 

. 5  . 5  1 .o 6 -13 

. 5  .3  2.0 -1 2 -31 

.5 .1 5 .O -26 -50 

.6 .9  .7 51 -3 

.6 .6 1 .o 34 -22 

.6 .3 2.0 7 -50 

.6 .2  3.0 -5 -59 

. 7  . 9  .8  60 2 

.7 .7  1 .o 46 -11 

. 7  .3 2.0 14 -43 

. 9  . 9  1 .o 79 9 

. 9  . 5  2.0 42 -17 

Table B2.-  Calculated "average" surface temperatures 
for the "bot tom" radiometer container. 
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