
. 

THERMAL CONTROL CHARACTERISTICS OF 
A DIFFUSE R L - E D ,  S?EC?!T_L?II EASE LOUVE?. SYSTEM 

by 

E .  A.  St ipand ic  
Graduate Student 

Mechanical Engineering 
West V i rg in i a  U n i v e r s i t y  

December 2 1 ,  1967 

~ ‘ C  

https://ntrs.nasa.gov/search.jsp?R=19680006580 2020-03-12T12:00:30+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/85245994?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


THERMAL CONTROL CHARACTERISTICS OF 
A DIFFUSE BLADED, SPECULAR BASE LOUVER SYSTEM 

Movable s h u t t e r s  o r  louvers  a r e  an  a c t i v e  means used f o r  spacec ra f t  

thermal c o n t r o l .  A louver  system c o n s i s t i n g  of  d i f f u s e ,  low-emissivi ty ,  

movable, p a r a l l e l  b lades  and a specular ,  h igh-emiss iv i ty  base i s  analyzed.  

The a n a l y s i s  cons iders  t he  s o l a r  r a d i o s i t y  t o  be d i f f e r e n t  f o r  d i s t i n c t  

b a s i c  areas on t h e  d i f f u s e  b lades .  

p a r t i a l  s o l a r  impingement o f  t h e  b lades .  

These b a s i c  a r e a s  a r e  due t o  only  

From t h e  a n a l y s i s  a l l  a p p l i -  

c a b l e  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  are  der ived  f o r  a l l  poss ib l e  s o l a r  

ang le s  and b lade  opening ang le s .  A comparison of t h e  r e s u l t s  of t h i s  

a n l a y s i s  wi th  t h a t  o f  t h e  p re sen t ly  used specu la r  b lade  d i f f u s e  base louver  

system shows t h a t  t h i s  new conf igu ra t ion  has  t h e  c a p a b i l i t y  of  d i s s i p a t i n g  

- e i g h t  t imes as much h e a t  as t h e  present  system i n  f u l l  sun l igh t  f o r  one 

p a r t i c u l a r  blade and s o l a r  angle( ') .  

be  about  200°R less f o r  t h e  d i f f u s e  bladed system because of t he  el imina-  

t i o n  of  t h e  m u l t i p l e  specular  r e f l e c t i o n s  o f  t h e  s u n ' s  energy by a 

specu la r  b lade .  The r e s u l t s  are presented g r a p h i c a l l y  f o r  a base tempera-  

t u r e  of 530°R (21OC) . 

The minimum blade  temperature  w i l l  

(l) Buskirk,  D .  L . ,  IIThermal C h a r a c t e r i s t i c s  of  Specular-Diffuse Temperature 
Control  Systems i n  a Solar  Space Environment," Ph.D. Thes is ,  October, 
1967, West V i r g i n i a  Univers i ty ,  Morgantown, West Vi rg in i a .  
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ASSUMPTIONS 

4 

I n  o rde r  t o  f a c i l i t a t e  t h e  mathematical a n a l y s i s  of t h e  d i f f u s e  

bladed specu la r  base louver  system t h e  fol lowing assumptions are  mads: 

1) The b lades  form an  i n f i n i t e  a r r a y  so  t h a t  edge 

e f f e c t s  may be neglec ted .  

2) Ki rchoffs  i d e n t i t y  a p p l i e s  i n  both t h e  s o l a r  and 

i n f r a r e d  wavelength reg ions  so t h a t  gs = 1 - 
f s  

and f t  = 1 - d t  = 1 - E t  . 
3) The r a d i o s i t y  of  the b lades  and base  are uniform 

w i t h i n  def ined  regions of i l l umina t ion .  

4 )  The i n t e r n a l  conductance of t h e  b lades  and base  i s  

i n f i n i t e  so  t h a t  they are i so thermal .  

5) 

6) The b lades  are  d i f f u s e .  

There is  no conduction o r  convect ion between s u r f a c e s .  

7) The base  i s  d i f f u s e  emi t t i ng  b u t  specu la r  r e f l e c t i n g .  



METHOD OF CALCULATION 

The i n c i d e n t  s o l a r  r a d i a t i o n  may i l l umina te  a louver  s e c t i o n  d i r e c t l y ,  

a f t e r  specu la r  r e f l e c t i o n ,  and a f t e r  d i f f u s e  r e f l e c t i o n  as i l l u s t r a t e d  

i n  F igure  1. 

by geometry. For example, i n  Figure 1, t h e  p o i n t s  a ,  b,  c ,  d ,  f and g 

are e a s i l y  loca t ed  as a func t ion  of 

through t h e s e  po in t s  wi th  t h e  y a x i s  i s  found from s i m p l e  a lgeb ra .  

images o f  po in t s  a ,  c ,  f ,  and g a r e  denoted by primes whi le  t h e  images 

of s u r f a c e s  1, l ' ,  l", and 2 a r e  denoted by t h e  a d d i t i o n  of 3 .  The 

d i r e c t  i l l umina t ion  of s u r f a c e  number one i s  caused by a r e f l e c t i o n  from 

s u r f a c e  number t h r e e .  

(A1',) and the  amount o f  energy s t r i k i n g  area A l l ,  is :  

The amount of  energy which s t r i k e s  a s u r f a c e  i s  determined 

and t h e  i n t e r c e p t  of t h e  suns r ays  

The 

The i l l umina t ion  band w i l l  be  from po in t  c t o  f 

GA = 3s(ya  - yd) s i n  \ @ \  , 

t h e  amount of energy s t r i k i n g  a rea  A2 d i r e c t l y  is: 

and t h e  amount of  energy s t r i k i n g  s u r f a c e  A 3  is: 

where: G =  

P =  
Y =  

S -  

e w  

t h e  i r r a d i a t i o n  of a su r face ,  wat t s  (BTU/hr) 

t h e  r e f l e c t a n c e  of  a su r face ,  dimensionless  

t h e  p o s i t i o n  on t h e  o r d i n a t e ,  meter ( f t )  

t h e  s o l a r  thermal r a d i a t i o n  cons t an t ,  1393.4 W/M3, 

(442 BTU/hr - f t 2, 

t he  s o l a r  polar  angle ,  degrees  
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Now t h a t  t he  d i r e c t  s o l a r  i l l umina t ion  of  t h e  s u r f a c e s  i s  known a 

system of  equat ions  may be w r i t t e n  f o r  the  r a d i o s i t i e s  o f  t h e  su r faces :  

Again wi th  r e fe rence  t o  F igure  1: 

caused by s o l a r  r zd ia t i c r !  i s  

t h e  r a d i o s i t y  of s u r f a c e  A 1  (b t o  g) 

for A2 (d t o  g) 

f o r  A I , ,  (c t o  f )  

f o r  AI,, (f t o  a) 

where: F = t h e  t o t a l  imaged view f a c t o r  from s u r f a c e  i t o  j ,  
d imens ion1 e s s ( i - j ) T s  

= t h e  r a d i o s i t y  of a su r face  caused by s o l a r  i l lumina-  JS 
t i o n  both d i r e c t  and i n d i r e c t ,  W/M2 (BTU/hr-ft2) 

2 2  A = t h e  a r e a  of t h e  su r face ,  M ( f t  ) 
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The areas, d i r e c t  i l l umina t ions ,  and view f a c t o r s  are  known func t ions  

of geometry and material  p r o p e r t i e s .  Equations 4 ,  5, 6 and 7 may be 

solved f o r  t h e  s o l a r  r a d i o s i t i e s  of each area. Once t h e  r a d i o s i t i e s  are 

known, t h e  amount of s o l a r  r a d i a t i o n  absorbed 5y each area caii be calcx- 

l a t e d  from t h e  fol lowing r e l a t i o n s :  

A S ;  L t  Qr;  = - 
p s  : 

where QSi  i s  t h e  s o l a r  r a d i a t i o n  absorbed by area i, W (BTlJ/Hr) 

The te r res t r ia l  emit tance c h a r a c t e r i s t i c  of t h e  system can be d e t e r -  

mined by so lv ing  t h e  h e a t  balance equat ions  f o r  each s u r f a c e  i n  the  system: 

f o r  b lade  2 ,  
9 

R a L  = f%kt3bT1 9, FC3-L)rt + 9, F C I - I \ T +  3 . t  i 

0 )  
Y 

4- %FU-At& S t a  + Q a p c & , - L  
Since  t h e  b lades  a r e  isothermal  TI = T2 and because t h e  b lades  are 

no t  a source  o r  sink f o r  h e a t ,  t h e  energy emit ted by them i s  equal  t o  

t h e  energy absorbed.  

- * Note t h e  b l ade  a r e a s  are  equal AI = A2 = ba (Figure 1) 



The equat ions  (9, 10 and 11) may be solved for J Jt2, and T , .  t 1 ' 
The amount of emi t ted  energy absorbed by each s u r f a c e  may then  be 

c a l c u l a t e d  by t h e  fol lowing r e l a t i o n s .  
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RESULTS 

The preceeding equations were solved by digital means for a louver 

system having blade properties = 0.80, = 0.10, and base pra- 

perties = 0.90, = 0.85. The base temperature was assumed to be 

constant at 530°R ( 2 1 O C ) .  The chosen base temperature is typical of a 

spacecraft requirement. 

of a combination which is obtainable. The maximum calculated blade 

temperature is 840°R (193OC). 

heat in full sunlight ( $  = 0)  at 530°R. 

the specular blade, diffuse base system which has maximum blade tempera- 

tures of 1040°R (304OC) and a very low heat dissipation capacity in full 

sunlight. 

The blade and base properties are representative 

The system also has the ability to reject 

This compared favorably to 

Notice that the blade temperature increased for solar angles from 

@ = 0' to 6 = 30° while the heat rejection capacity decreased in the 

same limit. However, due to the geometry of the system, the heat rejection 

capacity begins to increase for any solar angle greater than 300, while 

the blade temperature decreases. 
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FIGURE 1 SCHEMATIC DIAGRAM FOR ILLUMINATION OF LOUVERS 
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