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S t e a d y - s t a t e  hea t  t r a n s f e r  i s  c o n s i d e r e d  in a b l ackbody  s p e c t r u m  for  l o c a l  t h e r m o d y n a m i c  e q u i l i b r i -  
u m  in a n o n s c a t t e r i n g  m e d i u m  wi th  an index  of r e f r a c t i o n  of un i ty .  The  a b s o r p t i o n  c o e f f i c i e n t s  of the  m e d i -  
u m  a r e  i n v e s t i g a t e d  fo r  i n c i d e n t  f luxes  wi th  two d i f f e r en t  s p e c t r a :  a b l a c k b o d y  s p e c t r u m  and one g iven  b y  
an e l e m e n t  of v o l u m e .  

S p e c t r a l  m e a n  a b s o r p t i o n  c o e f f i c i e n t s  a r e  of i n t e r e s t  in the  a p p r o x i m a t e  d e s c r i p t i o n  of  r a d i a t i v e  hea t  
exchange  in  an ac tua l  m e d i u m  by the g r a y - g a s  e qua t i ons .  The  P l a n c k  m e a n  a b s o r p t i o n  coe f f i c i en t  i s  u s e d  
in  the  w e l l - k n o w n  a p p r o x i m a t i o n  of  an o p t i c a l l y  th in  m e d i u m .  T h i s  a p p r o x i m a t i o n  c a n  be  m a d e  m o r e  p r e -  
c i s e  and w i d e l y  a p p l i c a b l e  by  t ak ing  account  of the  de pe nde nc e  of the  a b s o r p t i o n  c o e f f i c i e n t s  on the  pa th  
l eng th  and the  d i f f e r e n c e  in t e m p e r a t u r e s  of the  b o d i e s  of  the  s y s t e m .  O u r  p r e v i o u s  p a p e r  [1] i s  s u p p l e -  
m e n t e d  in the  fo l lowing  r e s p e c t s :  1) the  c o e f f i c i e n t s  a r e  r e l a t e d  to  the  e n e r g y  t r a n s p o r t  e qua t i ons ;  2) an 
e x a c t  r e l a t i o n  i s  found be tween  the  c o e f f i c i e n t s ;  3) the  e s t i m a t e s  of the  d e p e n d e n c e  of the  c o e f f i c i e n t s  on the 
pa th  l eng th  a r e  r e f i n e d ;  4) the  e s t i m a t e s  of the  d e p e n d e n c e  of the  c o e f f i c i e n t s  on the  t e m p e r a t u r e  of the  
s o u r c e  and of the  o b j e c t  be ing  i r r a d i a t e d  a r e  r e f i n e d .  

In  an i s o t h e r m a l  s y s t e m  of b o d i e s  the  e n e r g y  t r a n s p o r t  equa t ion  has  the  f o r m  

ds/dx = ct e -- ot's (1) 
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H e r e  I0w i s  the P l a n c k  funct ion ,  I w i s  the  s p e c t r a l  i n t e n s i t y  i n c m .  W / m  2 �9 s r ,  co i s  the  wave  n u m b e r  in 
c m - l ;  fo r  a s ing le  a b s o r b i n g  c o m p o n e n t  x = f p d l  in m - a tm ,  p i s  the  p a r t i a l  p r e s s u r e ,  a w  i s  the  s p e c t r a l  
a b s o r p t i o n  c o e f f i c i e n t  in  (m * arm) -1, and a c  i s  the  P l a n c k  m e a n  a b s o r p t i o n  c o e f f i c i e n t .  C on t r i bu t i ons  to  
the  d i m e n s i o n l e s s  f lux ~ a r e  m a d e  by  the b o u n d a r y  s u r f a c e  (el)  and the vo lume  of the  m e d i u m  (~2). In  a c -  
c o r d  wi th  the  e q u a l i t y  e = e 1 + e2,  Eq.  (1) i s  s e p a r a t e d  into 

ds~ de~ 
dx -- -- ael, d~ -- % -- r (2) 

The  s o l u t i o n s  of equa t ions  (2) r e l a t e  the  f luxes  e 1 and e2 to  the  c o r r e s p o n d i n g  t r a n s m i s s i b i l i t i e s  D 
and D* and the a b s o r p t i o n  c o e f f i c i e n t s  of the  m e d i u m :  a fo r  the  f lux wi th  the  i n i t i a l  b l a c k b o d y  s p e c t r u m ,  
and a *  f o r  the  f lux wi th  the  i n i t i a l  s p e c t r u m  of an e l e m e n t  of vo lume  

eI - -D = exp ( - - j  a(xl)dxl), 
0 
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F o r  an ac tua l  m e d i u m  the coef f ic ien t s  ~ and a *  can  d i f fe r  by m o r e  than  an o r d e r  of magn i tude .  T h e r e -  
fore ,  the s e p a r a t i o n  of Eq. (1) into two equa t ions  (2) is  expedien t .  

The f i r s t  p r o b l e m  is  to e s t i m a t e  the dependence  of a and a *  on the path length  when i t  is  s m a l l .  As 
x--~ 0, 

c~ 

0 

The coef f ic ien t s  a c and a ,  a re  the m a x i m u m  va lues  of a and a * .  In the gray--gas  app rox ima t ion  
a c a , .  F o r  CO 2 and H20 the d i f fe rence  is v e r y  l a r g e ,  n a m e l y  

uc ..~ 25 and 16 (3) 

F o r  an i s o t h e r m a l  s y s t e m  of bodies  the coef f ic ien ts  a re  r e l a t e d  by 

i [ a  (x 0 -- a* (zO] dxi  = In 
0 

By us ing  coef f ic ien ts  ave raged  ove r  a r ange  x 

9r X 

i S i S~*(xl)dxl <a> = ~ a (x 0 d z t ,  <a*> = -~- 
0 @ 

the r e l a t i ons  a re  s i m p l i f i e d  

D = e -<a>x, D* = e -<~*>x 

<;>: e*> ---- -~- In ~ "  c (4) 

F o r  th in  enough m e d i a  equa t ions  (4) a re  s a t i s f i ed  by the po lynomia l s  

~ -  ~ 1 - (~. - %) x + (~. - %)~-2- 

<a> z z ~ 
% ~ 1 -- (~. -- %) - ~  + (~. - %)' - C  

r c x 
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(5) 

I t  was e s t i m a t e d  in  [1] tha t  

Taking  account  of (3) the r e f i n e m e n t  obta ined  he re  is  s m a l l ,  but as the g r a y - g a s  condi t ion  is  approached  
a ,  --* a e and the r e f i n e m e n t  b e c o m e s  v e r y  i m p o r t a n t .  The l i m i t  of app l i cab i l i t y  of the e s t i m a t e s  in  t e r m s  of 
the va lue  of x i s  d e s c r i b e d  app rox ima te ly  by the inequa l i ty  

(~* -- %) X ~ O. 5 

It  i s  c l e a r  that ,  as the g r a y - g a s  condi t ion  i s  approached,  the " a p p r o x i m a t i o n  of an op t i ca l ly  th in  m e d i -  
um" b e c o m e s  va l id  for  a m e d i u m  of a r b i t r a r y  t h i c k n e s s .  Spec i f ica l ly  the va l id i ty  of the e s t i m a t e s  is  e s t a b -  
l i shed  by c o m p a r i n g  the degree  of b l a c k n e s s  of the m e d i u m  

e = t -- e -(a>~ 

with the e x p e r i m e n t a l  v a l u e s .  F o r  example ,  for  wa te r  vapor ,  a ,  = 10.8 (m �9 arm) -1 and ~ c / ~ ,  = 0.6 at 
2000~ 

E s t i m a t e  (5) g ives  good a c c u r a c y  up to x = 0.1 m �9 a tm .  The u s u a l  a pp r ox i ma t i on  e = 1 - exp (-acX) 
u n d e r  these  s ame  condi t ions  i s  m u c h  m o r e  c r u d e .  
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The coef f ic ien t s  (~ and ~* a re  given s u b s c r i p t s  i and k c o r r e s p o n d i n g  to the t e m p e r a t u r e  T i of the 
rad ia t ion  s o u r c e  and Tk of the object  being i r r a d i a t e d .  We cons ide r  below an e s t ima te  of the funct ion ~ik(X, 
Ti, Tk) f o r  a gas  with a v i b r a t i ona l - ro t a t i ona l  s p e c t r u m .  As a s ta r t ing  point we take the approx ima te  
f o r m u l a  fo r  the abso rp t iv i ty  or a gas  

ai~ = ~me (Ti ,  z ' ) ,  ~ = T~IT i ,  x' = x~ u 

Here  x '  is  the equivalent  i s o t h e r m a l  path length;  the exponents  m and u a re  found e i the r  e x p e r i m e n t a l -  
ly  o r  t h e o r e t i c a l l y  [1]. We obtain the equat ion  

Here 

d (<a~>z) d ((~> x') d ((~> x) 
c~ik - -  dx  , a ( x ' )  ~ dx' ~ dx  

t. x x" 
<aik> = ---~.. S aik (xl) dxl , (ff~> (x') ~ -~;- S a (Xl') dxl'  

o o 

If  the m e d i n m  is  thin enough, Eq. (6) is sa t i s f ied  app rox ima te ly  by 

~ = ~*~a c [t:-- x' (a. --%C~)I, 

<a~):= ~ % [1 -- V2x' (:~, -- %~")] 

The coef f ic ien t s  a c and a .  a r e  eva lua ted  at t e m p e r a t u r e  T i. The coeff ic ient  ( a i k )  is  d i s c u s s e d  in 
[1]. 
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