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SPACECRAFT TEMPERATURE CONTROL 

BY THERMOSTATIC F INS - ANALY S IS 

By J. A. Wiebelt and 
J. F. Parmer 

A spacecraft temperature control system is proposed which consists of thermo- 
static fins, mounted in pairs. The operation of these fins in conjunction with a 
white base material is analyzed to determine the surface average temperature with 
various energy fluxes leaving the surface. 

As a result of the analysis work in this report, it is proposed that a space- 
craft surface system may be designed for given conditions such that the surface 
temperatures will remain within acceptable limits for electronic apparatus. Al- 
though the problem when manned space probes are considered is not examined in de- 

, tail, the system should be capable of maintaining inhabitable, although not com- 
fortable, environmental temperatures for these missions. 



INTRODUCTION 

Objective.  The objec t  of t h i s  i n v e s t i g a t i o n  was t o  determine a n a l y t i c a l l y  t h e  
c h a r a c t e r i s t i c s  of a p a r t i c u l a r  spacec ra f t  system. This  system (descr ibed i n  the  
approach following) b a s i c a l l y  was t o  be a system which could vary  t h e  r a t i o  
a s  a funct ion of t h e  sur face  temperature.  

/E  s 

General Approach. I n  the  space environment a spacec ra f t  system ga ins  or  l o s e s  
energy e n t i r e l y  by r ad ian t  exchange wi th  the  environment. 
( r e f .  1) t h e  parameter which i s  most important f o r  a system which must r a d i a t e  
energy away i s  t h e  r a t i o  q ' ' / e T  4 ,  where q" i s  t h e  energy r a d i a t e d  away from the  
sur face  p e r  u n i t  a r ea ,  Btu/hr-fg2;  G T s 4  i s  the  Plankian r a d i a t i o n  from a black 
sur face  which has a temperature ,  Ts. 

A s  poin ted  out Edwards 

T h i s  r a t i o  i s  given the symbol e '  , i . e .  , r 

4 e '  = q"/&Ts r 

A s  can be seen from the  d e f i n i t i o n ,  when e; has a p o s i t i v e  va lue ,  energy i s  r ad ia t ed  
away from the  spacec ra f t ,  o r  t he  spacec ra f t  i s  experiencing a ne t  energy l o s s  t o  
space from t h a t  po r t ion  of t he  sur face  fo r  which e: (a po in t  func t ion)  i s  p o s i t i v e .  
When e '  i s  negat ive  the  sur face  element under cons idera t ion  has a ne t  energy ga in  
from t i e  space environment. 

Since a l l  spacecraf t  w i l l  be d i s s i p a t i n g  heat  from i n t e r n a l  p a r t s  ( e l e c t r o n i c  
equipment, men, e t c . )  t he  usual  requirement f o r  e '  w i l l  be a p o s i t i v e  value.  How- 
eve r ,  i f  t h e  spacecraf t  i s  shaded from s o l a r  inpuf ,  t he  value of e: must  not change 
r ad ica l ly .  In  order  f o r  a su r face  t o  meet these  c r i t e r i a ,  t h e  sur face  mus t  change 
the  average value of e: w i th in  spec i f i ed  l i m i t s .  The va lue  of e: i s  a func t ion  of 
t h ree  va r i ab le s  fo r  the sur face  element;  , t he  emit tance a t  t h e  temperature of 
t h e  su r face ,& the  s o l a r  absorptance and T the  sur face  temperature.  The va lue  
of e: as  determined i n  ( r e f .  1)  i s :  s '  S' 

where Gs i s  the  s o l a r  i r r a d i a t i o n .  

The four th  va r i ab le  i n  the  equat ion,  G , is dependent upon t h e  su r face  element 
f i i t h  t he  complex t r a j e c t o r i e s  used today o r i e n t a t i o n  or shading by o ther  elements.  

and the complex geometry of spacec ra f t ,  Gs i s  a very  d i f f i c u l t  q u a n t i t y  t o  p r e d i c t  
(note  t h i s  mus t  include r e f l e c t i o n s  from other  po r t ions  of t he  spacec ra f t ) .  For 
t h i s  reason,  r e l i a b l e  simple con t ro l  of e: must depend on varying 6 and cy fo r  
t he  surface.  s 

Control of  and oCs f o r  i nd iv idua l  po in t s  on t h e  sur face  would r e q u i r e  a 
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l o c a l  surface wi th  v a r i a b l e  c h a r a c t e r i s t i c s .  Such a su r face  would have +he char-  
a c t e r i s t i c  of a p a i n t  or  coa t ing  which changed "color" wi th  temperature change. 
The cont ro l  of e; averaged over t he  e n t i r e  sur face  would e f f e c t i v e l y  accomplish 
the  same r e s u l t  i f  s u f f i c i e n t  i n t e r n a l  mass i s  present  t o  d i s t r i b u t e  the  r e s u l t i n g  
temperature v a r i a t i o n s .  For t h i s  reason a sur face  element having an average e; 
equal  t o  t h e  r equ i r ed  e; was considered t o  be the  proper design c r i t e r i a .  

Spec i f i c  Approach. 
and us for  the  sur face .  
assoc ia ted  with €1 and OCsl and A2 be t h e  po r t ion  of the  su r face  a rea  a s soc ia t ed  
with € 2  and uS2. 
s t a t i c  ma te r i a l ,  the  average va lues  of e a n d a s  can be con t ro l l ed .  The method 
used t o  con t ro l  a r eas  here in  i s  shown i n  Figure 1. The base ma te r i a l  is a good 
white pa in t  ( a s  = .1, 
spacing "b" and he ight  "a" a s  shown are mounted on the  base ma te r i a l .  These f i n s  
a r e  made of  0.003 inches th i ck  thermosta t ic  m a t e r i a l .  As t h e  temperature decreases ,  
the f i n s  a r e  mounted such t h a t  they warp inwards or  tend t o  shade the  base ma te r i a l .  
This  i s  accomplished by mounting each p a i r  of f i n s  with the  low expansion s i d e s  
adjacent .  When the  temperature inc reases ,  the  f i n s  tend t o  assume the  v e r t i c a l  
pos i t i on  s ince  the  high expansion s i d e  faces  the  base ma te r i a l  between t h e  f i n s .  
I n  order t o  ge t  t he  l a r g e s t  a r ea  change, a very a c t i v e  thermosta t ic  f i n  m a t e r i a l  
was chosen. This  ma te r i a l  i s  "Truflex P-675R". 
t h e  de f l ec t ion  of  the  t o p  a f  the f i n s  ( see  Figure 2 )  i s  given by  

The average va lue  of e; w i l l  depend on the  average va lue  of e 
For a su r face  a rea  A l e t  A 1  be a po r t ion  of t h e  a rea  

I f  t h e  a reas  A 1  and A2 can be c o n t r o l l e d  by means of a thermo- 

e = .8) as obtained from ( r e f .  2 ) .  P a i r s  of f i n s  wi th  

A s  descr ibed by Khe manufacturer 

2 (113 x (T2 - T1) a 

t d =  ( 3 )  

Figure 2 .  

i n  which d i s  t h e  d e f l e c t i o n  i n  inches ,  
T2 - T 

t i s  the  th ickness  i n  inches.  

i s  t h e  temperature change i n  degrees F ,  1 

As can be seen from equat ion ( 3 ) ,  l a rge  d e f l e c t i o n s  fo r  a given temperature 
d i f fe rence  r e q u i r e  small  th icknesses ,  t ,  o r  l a r g e  l eng ths ,  a .  For t h i s  a n a l y s i s ,  
t he  th innes t  m a t e r i a l  ava i l ab le  ( t  = 0.003 inches)  was chosen. Since the  amount 
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q b =  Reflectance of  the white  base sec t ion .  
x = Length of base s e c t i o n  which i s  i r r a d i a t e d  by the  

incoming r a d i a t i o n  a f t e r  being r e f l e c t e d  by t h e  w a l l s  
n t imes.  

incoming r a d i a t i o n  a f t e r  being r e f l e c t e d  by the  wa l l s  
n -t 1 times. 

or  Btu /hr - f t2  

y = Length of base s e c t i o n  which i s  i r r a d i a t e d  by the  

Gs or  Gs = I n t e n s i t y  of incoming hea t  r a d i a t i o n  f l u x  B tu /h r - f t  2 

S = Solar  cons tan t  442 Btu/hr - f t2 .  
a = Height of w a l l .  
b = Width of t he  base.  
0 = Angle of  i n c l i n a t i o n  of incoming r a d i a t i o n  o r  s o l a r  

J = Radios i ty  of sur face  base s e c t i o n  x or  y. 
I = I r r a d i a t i o n  of su r face  base s e c t i o n  x or  y. 

angle .  

= Tota l  f r a c t i o n  of energy which leaves su r face  a rea  x 
FXT and reaches opening 4 .  

A = Area of  base s e c t i o n  o t o  x. ye/yt  = Effec t ive  r e f l e c t a n c e  r a t i o .  

The method used here in  assumes t h a t  t h e  groove i s  being i r r a d i a t e d  by a source 
which i s  far enough from the  su r face  so t h a t  t he  incoming r ays  a r e  p a r a l l e l .  There- 
fo re ,  a c e r t a i n  f r a c t i o n  of the  incoming r a d i a t i o n  w i l l  be absorbed by i n t e r r e f l e c -  
t i o n s  between t h e  specular  wa l l s ,  t he  number of i n t e r r e f l e c t i o n s  being con t ro l l ed  
by the  r ad ia t ions '  angle  of i n c l i n a t i o n  (0 ) .  The i r r a d i a t i o n  of the  base su r face  
can be broken up i n t o  two p a r t s .  Figure 3 i l l u s t r a t e s  t he  mul t ip le  r e f l e c t i o n s  
which i r r a d i a t e  the  base sur face .  When t h e  angle  0 i s  between arctan(mb/a) and 
a rc t an (nb /a ) ,  where (m,n) = (O , l ) ,  (1 ,2) ,  ....., (m, m t l ) ,  ..... t h e  i r r a d i a t i o n  of 
4( and Ay is: 

I* - - s4; cos0 n I = s y w  cos0 . 
Y ( 4 )  

For example, t h e  i r r a d i a t i o n  of t he  su r face  from 0 t o  xo (Figure 3a) c o n s i s t s  of 
both r e f l e c t e d  and d i r e c t  i r r a d i a t i o n ,  t h e  su r face  from o t o  y only of r e f l e c t e d  
r ad ia t ion .  However, f o r  purposes of c a l c u l a t i o n ,  t h e  base s e c t i o n  i s  divided i n t o  
two areas; t h e  area from 0 t o  X (&) i s  assigned an i r r a d i a t i o n  of S cos@. The 
r a d i o s i t y  of  A, i s  the re fo re ,  

Jx = y b S  cos0 

and t h e  r a d i o s i t y  of  Ay i s ,  s i m i l a r l y ,  

J = y w y b  S cos0 . Y 
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of c o n t r o l  r e q u i r e d  may vary  from case t o  case "a" va lues  of 0.25 inch; 
inch, and 2.0 inches were used. Inasmuch as t h e  d e f l e c t i o n  "d" increases  as t h e  
square of t h e  "a" dimension, t h e  c o n t r o l  o r  a b i l i t y  t o  maintain a c o n t r o l l e d  t e m -  
p e r a t u r e  i n c r e a s e s  as "a'' increases .  

0.75 

Examination of equat ion (3) shows t h a t  t h e  d e f l e c t i o n  depends on t h e  tempera- 

Af te r  stress r e l i e f  

F i n s  

t u r e  change of t h e  thermostat ic  f i n s ,  i . e . ,  T2 - TI. The f i n  m a t e r i a l  can be formed 
i n t o  any d e s i r e d  shape by s t r e s s i n g  beyond the e l a s t i c  l i m i t .  
by hea t ing ,  t h e  f i n  m a t e r i a l  w i l l  assume a required shape a t  some given temperature,  
T i .  
were assumed t o  be v e r t i c a l  when t h e  average temperature was llO°F. 
be changed t o  meet any des i red  f i n  sur face  c h a r a c t e r i s t i c .  With t h e  assumed sur face  
temperature of llO°F, a n a l y s i s  ind ica ted  t h a t  37.5 Btu/hr-f tz  could be r a d i a t e d  away 
from t h e  s u r f a c e  when t h e  sur face  faced t h e  sun. I n  order  t o  o b t a i n  t h i s  va lue  of 
energy l o s s ,  t h e  f i n  sur faces  must be specular i n  t h e i r  r e f l e c t i o n .  

An a r b i t r a r y  choice of shape and temperature was used i n  t h i s  a n a l y s i s .  
This  value can 

The b a s i c  a c t i o n  of t h e  finned sur face  may be descr ibed by assuming t h e  f i n s  
a r e  not  i n  t h e  v e r t i c a l  p o s i t i o n .  
descr ibed : 

When t h e  f i n s  a r e  warped open, two a r e a s  may be 

A1 - t h e  a r e a  between f i n s  (near ly  equal  t o  t h e  dimension "b" i n  Figure 1 i f  
t h e  temperature i s  near 110'F.) 

A2 - t h e  a r e a  between adjacent  f i n  elements (equals  2d, darkened a r e a  i n  
Figure 1). 

These two a r e a s  have apparent emittance and r e f l e c t a n c e  values  which d i f f e r  
considerably.  a s 1 ,  which i s  very  
much lower than w s  . 
and t h e r e f o r e  w i l l  2e n e a r l y  black. S imi la r ly ,  t h e  emittance of t h e  two a r e a s  w i l l  
be d i f f e r e n t ,  al though t h e  emittance v a r i a t i o n  i s  not  as l a r g e  a s  t h e  s o l a r  absorp- 
tance v a r i a t i o n .  Both of t h e  above s ta tements  depend on the  s l i t  having a small  
angle.  As the  f i n s  cool t o  a temperature s i g n i f i c a n t l y  d i f f e r e n t  than llO°F t h e  
s l i t  angle becomes l a r g e r .  Considering la rge  s l i t  angles  a s  a case t o  be examined 
l a t e r ,  t h e  case of small  s l i t  angles  was examined. 

Area A 1  w i l l  have an apparent s o l a r  absorptance 
This  i s  because t h e  s l i t  formed by a f i n  has a small angle 

ANALY S I S 

Calcula t ion  of E f f e c t i v e  Reflectance t o  Solar  Radiat ion of a Groove with Specular 
S ides  and a Diffuse Bottom. 

As sump t ions  1) Specular V e r t i c a l  Walls 
2) Diffuse Horizontal  Base 
3)  I n f i n i t e l y  Long Grooves 

D e f i n i t i o n s  ?e = E f f e c t i v e  r e f l e c t a n c e ,  t h e  f r a c t i o n  of the  t o t a l  
incoming r a d i a t i o n  which leaves the  groove. 

?*A = Monochromatic e f f e c t i v e  r e f l e c t a n c e .  
V W  = Reflectance of the specular  wal l .  
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Illumination of base surface. 

Figure 4. Illustration of illurninstion of opening 4 by virtual images. 
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I n  general  

and (7 )  

Note t h a t  s ince  A and A overlap i n  r e a l i t y  Ax w i l l  have a t r u e  r a d i o s i t y  of 
JxT = J x +  Jy, but sinEe t h e  xa l cu la t ion  of e f f e c t i v e  r e f l e c t a n c e  w i l l  be based on 
the  f r a c t i o n s  of energy which leave  4( and Ay and even tua l ly  escape through the  
opening, t h e  following r e l a t i o n  i s  t r u e  

I n  which FxT, F 
being reflectedYTrom a r e a s ,  Ax, Ay, o r  Ay-,, reach the groove opening. 
"view" f ac to r s  include the  energy which t r a v e l s  d i r e c t l y  t o  t h e  opening from the  
base a s  wel l  as the  energy which f i r s t  undergoes one or  more r e f l e c t i o n s  from t h e  
wa l l s  before  reaching the  opening. 

, and F ( y - x ) ~  are t h e  t o t a l  f r a c t i o n s  of energy, which, a f t e r  
These 

The e f f e c t i v e  r e f l e c t a n c e  i s  def ined as the  t o t a l  outgoing energy divided by 
the  t o t a l  incoming energy. 

Ax FxT Jx + A F 

Ye = b S cos@ ( 9 )  

Calcula t ion  of F,T and F q .  

sur face  ho. 
This f r a c t i o n  i s  designated Fxo-4. 
specular  sur face  and the re fo re  the energy which i s  r e f l e c t e d  from A,, and s t r i k e s  
the  l e f t  wal l  between c and d i s  r e f l e c t e d  once from the wal l  and the  opening 4 
"sees" t h i s  energy a s  i f  t he  energy had come from the su r face  A , ~ L .  This  p a r t i c u l a r  
f r a c t i o n  of energy i s  designated F ,1~-4  and i s  numerically equal  t o  the  view f a c t o r  
from the v i r t u a l  image A,~L t o  the  opening -4 .  
t o  t he  l e f t  and undergoes 2 r e f l e c t i o n s  would appear t o  be coming from A,~R (A,~R 
being the v i r t u a l  image of A x l ~  i n  the  r i g h t  wal l )  t h i s  f r a c t i o n  i s  designated F,2~-4.  
The t o t a l  energy which f i n a l l y  reaches the  opening from A,, i s :  

Figure 4 i l l u s t r a t e s  how t h e  opening of  t h e  groove sees  

Pa r t  of the  energy r e f l e c t e d  from Ax, t r a v e l s  d i r e c t l y  t o  the  opening. 
Surface A,, has a v i r t u a l  image A , ~ L  i n  the  l e f t  

S imi l a r ly ,  energy which leaves A,, 

AxJx Fxo-4 ?: (FxnL-4 + FxnR-4 1 n= 1 

The t o t a l  energy which reaches t h e  opening from both t& and Ay i s  the re fo re ,  

M - 
+ A J F (11) Ax Jx FxT + Ay Jy Fyo-4 + n= 1 y w n  (FnyL-4 -t- Fynr-4 = *xJxFxT y y yT 
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Since t h e  sur faces  involved a r e  i n f i n i t e l y  long, McAdam's method of crossed 
s t r i n g s  i s  used t o  eva lua te  t h e  var ious  view f a c t o r s  involved. This  method y i e l d s :  

/ (nb  + . x ) ~  + a 2 k i(n-1)2b2 i- a 2 ' -  - {((n-1) b + x) 2 +a 2' 
2x 

...... n = 1,3 ,5  (12) 

2 2 '  (mb + b-x) + a , 
2x 

m = 2,4,6. .  ... (13) 

v(~-&l)~ b2 + a 
2x 

n = 1,3,5 ...... (14) 

- i ( ( m - 1 )  H x ) ~  + a 2' 

2x 

m = 2,4,6. .  ... (15) 

..... (16) - - 
px-4 2x 

f o r  F f a c t o r s  from sur face  y s u b s t i t u t e  t h e  subscr ip t  "y" f o r  "xl' i n  t h e  above 
equat ions.  

Now by using equat ions ( 4 )  and (7) i n  (9) and then d iv id ing  by $b one o b t a i n s  
the  e f f e c t i v e  r e f l e c t a n c e  r a t i o  

A F  ni n 
- y w  Ax FxT+?w y yT 

?e'yb - b 

i n  which t h e  va lues  of F,T and FP a r e  ca lcu la ted  f o r  a given a / b  r a t i o  and angle  
of i n c l i n a t i o n  0 by use of equations (12) t h r u  (16). 

The e f f e c t i v e  r e f l e c t a n c e  r a t i o s  f o r  a /b  = .667, 1, and 2 were c a l c u l a t e d  and 
These graphs enable one t o  c a l c u l a t e  t h e  r e s u l t s  are shown i n  Figures  5 ,6 ,  and 7. 

a monochromatic e f f e c t i v e  r e f l e c t a n c e  curve f o r  a p a r t i c u l a r  groove i f  t h e  mono- 
chromatic r e f l e c t a n c e  d a t a  for  t h e  wal l  and base material a r e  known. This  i s  ac- 
complished by f i r s t  looking up t h e  value which corresponds t o  t h e  wal l  re- 
f l e c t a n c e  a t  a p a r t i c u l a r  angle and then mult iplying t h i s  value of 

by t h e  r e f l e c t a n c e  of t h e  base m a t e r i a l  a t  t h e  same wavelength. By doing 
o r  a s  many d i f f e r e n t  wavelengths a s  needed t o  have a smooth curve,  one o b t a i n s  

t h e  monochromatic e f f e c t i v e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of t h e  sur face .  The 
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monochromatic e f f e c t i v e  r e f l e c t a n c e  curve f o r  wal ls  of evaporated aluminum and base 
of Corning a7941 white pa in t  i s  shown f o r  two d i f f e r e n t  angles of i n c l i n a t i o n  i n  
F igure  8. 
given i n  Table 1. 

A t abu la r  p re sen ta t ion  of monochromatic e f f e c t i v e  r e f l e c t a n c e  va lues  i s  

Once t h e  monochromatic curve i s  known f o r  each angle of i n c l i n a t i o n ,  the  t o t a l  
r e f l e c t a n c e  of t he  sur face  t o  s o l a r  i r r a d i a t i o n  can be ca l cu la t ed  ( r e f .  5). The 
r e s u l t s  are i l l u s t r a t e d  i n  Figure 9. 

Calcu la t ion  of &. 

Assumptions 1)  The f i n s  always remain v e r t i c a l .  
The f i n s  a r e  t h i n  enough so t h a t  they  don ' t  conduct 
any hea t  t o  o r  from t h e  sur face .  
The s l i t  between the  adjacent  thermosta t ic  s t r i p s  
which form a f i n  is black. 
The base sur face  emits energy d i f fuse ly .  

temperature.  

2) 

3) 

4) 
5) The f i n s  and base a r e  a l l  a t  t h e  same uniform 

The ne t  hea t  f l u x  from the  spacecraf t  w i l l  be given by a modified form of 
equat ion (5) which takes  i n t o  cons idera t ion  v a r i a t i o n s  of t h e  s o l a r  po la r  angle  0. 

Gs cos0 
q" (0) = € -as ( ) ..... 

8 
Q T  

i n  which oCs = f ( 0 ,  T,) i s  the  s o l a r  absorptance of the sur face  f o r  a given s o l a r  
po lar  angle  and su r face  temperature,  and E = f (T) ,  the  t o t a l  e f f e c t i v e  emit tance 
of the  sur face  a t  a spec i f i ed  temperature. Figure 1 i n d i c a t e s  t h a t  t h e  incoming 
energy from the  sun may s t r i k e  the sur face  and 1) e n t e r  the  groove between the  
f i n s ,  2)  en t e r  t h e  s l i t  formed by the  adjacent  thermostat  elements, or  3) s t r i k e  t h e  
top of the  f i n s .  
spacec ra f t  su r f ace  because of t h e  ac t ion  of t he  f i n ,  ( a s  explained i n  the  i n t r o -  
duct ion)  . 

The a reas  of t h e  f i r s t  two depend upon t h e  temperature of t h e  

The a,rea of t he  groove (k) w i l l  be equal  t o  t he  t o t a l  a r ea  minus t h e  a rea  of 
t he  s l i t  and f i n  top. 
which w i l l  al low the  incoming r a d i a t i o n  t o  s t r i k e  the  white base. 

The r a t i o  of  AT^ w i l l  be t h e  f r a c t i o n  of t he  sur face  

Because t h e  f i n s  a r e  assumed t o  be i n f i n i t e l y  long repea t ing  sec t ions :  

2 
2(113 x (T2 - T1) a ..... AG 2 t  

4roT 
- =I-.------ 

b + 2 t  t ( b  + 2 t )  

i n  which  AT^ = b + 2 t .  (The d i s t ance  between f in s  p lus  t h e  th ickness  of t h e  f i n s ) .  
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The a rea  of the s l i t   as^ is simpiy the  dis tance between the  ad jacent  thermo- 
s t a t i c  elements.  

2 2(113 x (T2 - T1) a SL 2d 

%OT %oT 

A- 
- = - =  

t ( b  + 2 t )  

The area of  t h e  top  AToT i s  equal t o  twice t h e  th ickness  of t h e  thermosta t ic  
element. 

+COP 2 t  

ATOT 
- = -  

b + 2 t  . 

Equations (19, 20, 21)  are the  f r a c t i o n s  of the  t o t a l  area which have the  
r a d i a n t  c h a r a c t e r i s t i c s  of the  s l i t ,  groove or  thermosta t ic  f i n  top. The e f f e c t i v e  
emis s iv i ty  of t h e  su r face  w i l l  t he re fo re  be equal t o  t h e  sum of t h e  e m i s s i v i t i e s  
of the  t h r e e  a r e a s  t imes t h e i r  a r ea  f r ac t ions .  

and s i m i l a r l y  f o r  absorptance 

- %OP A s L  
ac TOP -I- d, - - 

%OT 

I n  the  c a l c u l a t i o n s  which were made f o r  t h i s  r e p o r t ,  t h e  following assumptions 
were used i n  t h e  eva lua t ion  of f and xe (22 and 23). e 

3) = constant  
EG = 'basex FbT-4 

4 )  OCG = (1 - y e ( @ $  is  independent of  temperature 

The l a s t  t h r e e  assumptions a r e  q u i t e  good when the  temperature of t he  su r face  
dev ia t e s  only a few degrees from the  temperature (T2) a t  which t h e  f i n s  a r e  per-  
f e c t l y  v e r t i c a l  with r e spec t  t o  the  white  base sur face .  However, as the  sur face  
t u r n s  away from the  sun and g e t s  co lder ,  the  opening over t he  white groove becomes 
smal le r .  Therefore ,  t he  absorptance and emittance of  t he  groove both approach one. 
A t  the  same t i m e ,  t he  small  s l i t  between the  adjacent thermosta t ic  f i n s  i s  opening, 
decreasing both i t s  emittance and abso rp t iv i ty .  The n e t  hea t  f l u x  ca l cu la t ed  by 
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the use of equation ( 2 3 )  is shown in Figures 10 and 11. The equilibrium tempera- 
tures for surfaces with different size fins, but all with a/b ratios of one and 
net heat fluxes equal t o  37.5 Btulhr-ft2 are shown in Figures 12 and 13. 
dashed line in these figures represents an approximation to the correct equilibrium 
temperatures which will be obtained when the walls have deviated from their vertical 
position so that the emittance of the slit is low and the emittance of the groove is 
high. 

The 

RESULTS 

As a result of the analysis work preceding, the design of a thermostatic 
finned surface €or  radiant energy control appears entirely feasible. Examination 
of the two sample curves, Figures 12 and 13, indicates what may be possible. These 
curves were prepared for a particular combination of base paint (Corning !I7941 
(ref. 2)) and aluminized fin surfaces. Many different coatings could be used in 
place of the two chosen, resulting in a wide variation of characteristics. However, 
assuming a surface is used with these two coating materials, the degree of tempera- 
ture control is shown to be variable by variation of the fin length. As.was ex- 
pected, the longer (two inch) fin exhibits a more constant temperature characteristic. 
Actually, the temperature predicted for either fin length is essentially the same 
for solar polar angles from 0' to 45'. From 45' to 75', the longer fin maintains a 
more uniform temperature. In the region from 75' to 90' (or complete shade) the 
analysis is obviously very much in error. This error may be examined qualitatively 
to determine the effect. 

A s  an example, consider the two inch finned surface of Figure 13. The thermo- 
static material chosen will warp to a position in which the fin tops touch at 52'F. 
Under this condition, the average emittance of the surface will be the average for 
a V-groove surface with a surface material emittance equal to the emittance of the 
low expansion side of the fins. The fin material used in the analysis was "invar" 
on the low expansion side. Invar is approximately 36X nickle and 64% iron. It may 
be expected that the emittance of this material is near 0.1. With an emittance of 
0.1 for the material the grooves will have an emittance of about 0.18 (ref. 4). 
Examination of the Stephen-Boltzmann equation, q" =e  ,@T4 indicates that the surface 
temperature T, must be approximately 130'F if q" is 37.5 Btu/hr-ft2. 
this was based on a temperature of 5Z°F, the conclusion is that the surface will be 
warmer than 5Z°F, but less than 130"F, since the fins will open to cool at any tem- 
perature above 52OF. Analysis for the temperature under these conditions is more 
difficult than the analysis presented since the fins form V-grooves with varying 
groove angles and the base-fin-opening enclosure becomes more difficult to analyze. 
This analysis work is being examined and will be forthcoming at a later date. Present 
information indicates that the surface temperature from 75' to 90' will be higher 
than the extrapolated temperature (for the two inch fins) but not above 110°F. Of 
course this result is exactly what is required to improve the overall temperature 
control Characteristics for the finned surface. 

Recalling that 

CONCLUSIONS AND RECOMMENDATIONS 

The finned surface proposed can be expected to maintain a uniform temperature 
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on the surface of spacecraft within prescribed limits. 
inches long with the prescribed characterLstlcs are used, the surface temperature 
is expected to vary between 112.F and 90°F for solar polar angles from 0' to 70'. 
From angles of 70' to 90' (or shaded) the surface temperature should be between 
90°F and some temperature higher than 52'F. As an estimate 70°F may be the mini- 
mum temperature experienced. 

For example, if fins two 

It is recommended that finned surfaces of the type described be constructed 
and tested in a space simulator. 
ables which were not included in the analysis. Also, variables in construction 
may occur which would alter the results of the analysis work. Furthermore, it is 
recommended that a design procedure (possibly digital computer oriented) be developed 
for the design of surface systems to be used on specific missions. 
work from this report may be used in the design, however, design procedures will be 
lengthy . 

Such tests are required because of the many vari- 

The analysis 
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