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An examina t ion  is  made  of the t h e r m a l  s t a t e  of a p lane  l a y e r  of g r a y  gas  in jec ted  into a tu rbu len t  s t r e a m  
of high t e m p e r a t u r e  gas  f lowing ove r  a p e r m e a b l e  f l a t  p la te .  

S i m i l a r i t y - t y p e  f o r m u l a t i o n s  of p r o b l e m s  a r e  encoun te red  both in examina t ion  of flow nea r  a s tagna t ion  
point ,  and a l so  in a n a l y s i s  of the l i f t ing  of the boundary  l a y e r  by in tense  in jec t ion  through a po rous  p la te  
[1]. The examina t i on  d e s c r i b e d  r e l a t e s  to the fol lowing idea l i zed  f o r m u l a t i o n  of the p r o b l e m  (Fig.  la ) .  

In a p lane  l a y e r  of g r a y  a b s o r b i n g  med ium,  f o r m e d  by p l a n e - p a r a l l e l  d i f fuse ly  r ad i a t i ng  s u r f a c e s  ( 1 -  
po rous  plate;  2 - - b o u n d a r y  of high t e m p e r a t u r e  tu rbu len t  gas  s t r e a m ) ,  hea t  t r a n s f e r  i s  a c c o m p l i s h e d  by 
r a d i a t i o n  and convec t ion  of the l a y e r  n o r m a l  to the s u r f a c e s  and by m o l e c u l a r  heat  conduction.  Al l  the 
p h y s i c a l  and op t ica l  p r o p e r t i e s  of the m e d i u m  and of the bounda ry  s u r f a c e s  a r e  a s s u m e d  to be cons tant ,  
independent  of t e m p e r a t u r e .  

The temperature of the wetted surface of the specimen and also that of the fictitious surface determining 

the upper bound of the lift-off region, are given. 

A l s o  a s s u m e d  given is  the ve loc i t y  of the in j ec t ed  medium,  which is  cons tan t  throughout  the e n t i r e  l i f t -o f f  
l a y e r .  This  i d e a l i z a t i o n  a p p r e c i a b l y  f a c i l i t a t e s  our  examina t ion  without in p r i n c i p l e  changing i ts  f ea tu re s .  

A very simplified examination of this problem was given in [2]. The special case of a medium with low 

optical thickness was examined in [3, 4]. 

The problem was examined in [5] under the assumption that molecular heat conduction in the medium is 
negligibly small. 

In the fo rmu la t i on  c o n s i d e r e d  the g e n e r a l i z e d  ene rgy  equat ion has  the fo rm 

div qT + d i v  qz ~ d i v  E~,~ ~ 0. (1) 

Here  q~. and qk a r e  the  v e c t o r s  of m o l e c u l a r  hea t  conduct ion and the convec t ive  heat  flux, and E47 r is  the 
s p h e r i c a l  v e c t o r  of the r a d i a t i v e  hea t  flux: 

div qr = --)~v2 T, div q~ = p c p ( W ,  grad T), div E~= = --11, 

w h e r e  77 is  the r e s u l t a n t  vo lume r ad i a t i on  dens i ty .  

have 
Taking  into account  the o n e - d i m e n s i o n a l  na tu r e  of the  hea t  t r a n s f e r  and a l so  that  - 7  = d E / d y  in this  case ,  we 

dT . d2T d~  (2) 
PlCP'Wl ~ = ~" d~- dy ' 

with the bounda ry  condi t ion  

T =  T~, g =  0; T =  T 2, g =  6. (3) 

He re  E i s  the r e s u l t a n t  h e m i s p h e r i c  r a d i a t i o n  dens i ty .  We note that  in Eq. (2) w 1 = cons t  i n s ide  the l i f t -o f f  l a y e r .  
This  a s s e r t i o n  i s  wel l  c o n f i r m e d  e x p e r i m e n t a l l y .  The boundary  p r o b l e m  thus f o r m u l a t e d  is  r e duc e d  to a complex  
funct ional  equat ion for  the d i m e n s i o n l e s s  t e m p e r a t u r e  f i e ld  0 = f (h)  with c h a r a c t e r i s t i c  p a r a m e t e r s  NB0 and NXz , 

dO ~r d20 l dO (4) 
N B o - ~  = z*~.x "dh ~ 4 dh. ' 
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0=0~,  h = O ;  0~-0~, h = h o  (h=uv, ho=u6), 
T E %lP~wl ~ _ h___~ 

O=O(h) ~**,  m = - -  NBo= , Nz~ ~ = - ~ - .  ho.] 
= ~ o T , ~ '  ~ = 4~- - -Y j '  " 

(5) 

Here  0 is  the d i m e n s i o n l e s s  t e m p e r a t u r e ;  r is  the  d i m e n s i o n l e s s  r e s u l t a n t  hea t  f lux densi ty ;  h and h 0 a r e  the 
op t ica l  t h i cknes s  and the l a y e r  t h i cknes s ,  r e s p e c t i v e l y ;  NB0 is  a d i m e n s i o n l e s s  p a r a m e t e r  d e s c r i b i n g  the r a d i a t i v e -  
convec t ive  r a t i o  in the to ta l  hea t  f lux (the Bo l t zmann  p a r a m e t e r ) ;  N h x  is  a d i m e n s i o n e s s  p a r a m e t e r  d e s c r i b i n g  the 
r a d i a t i v e - c o n d u c t i v e  r a t i o  in the to ta l  heat  flux; T .  i s  some  c h a r a c t e r i s t i c  t e m p e r a t u r e ;  x is  the r a d i a t i o n  abso rp t i on  
coeff ic ient ;  k i s  the t h e r m a l  conduct iv i ty  of the med ium.  

The h e m i s p h e r i c  r e s u l t a n t  r ad i a t i on  dens i t y  E(h) r e l a t i v e  to the l a y e r  of g r a y  n o n s c a t t e r i n g  m e d i u m  examined  
is  d e t e r m i n e d  by the i n t e g r a l  r e l a t i o n  [6] 

h ho 

E (h) = 2 Ai (h) E0.1 - -  2 As (h) E0.: + 2 S E0 (4) W (h, 4) d~ - -  2 1 E0 (~) ~F(~, h)d~, 
o h 

~F (h, ~) = / ( 2  (h - -  4) + 2A1 (h) - ~  K2 (4) - -  2A~ (h) AR-~ Ks (ho - -  ~), 

vF(~, h )=I~: s (~ - -h ) - -2A~(h )  -~al:t~ K~ (~) -4- 2A2,  (h) -~-~K~B~ (ho-- ~), 

A~ "Ko A~ (h) = .--ff ( . (h) - -  2R2K3 (ho) K~ (ho - -  h) ), 

A2 (h) = A2 (Ks (ho - -h )  ~ 2RiKa (ho) Ka (h)) 

I 

e x p ~ - [ l  -~-~-, D = t - -4 ,RiRsK~ ~ (h0), Eo~ = zoTi~). 
O 

(6) 

(7) 

(s) 

(9) 

Here  A i = 1 - R i is  the  a b s o r p t a n c e  (R i is  the r e f l ec tance )  of the boundary  s u r f a c e s  of the l a y e r  of in jec ted  gas;  
and E0, i is  the h e m i s p h e r i c  equ i l i b r ium (blackbody) r ad i a t i on  densi ty;  i = 1, 2. 

Under  ac tua l  condi t ions  su r f ace  2, an i m a g i n a r y  in t e r f ace  be tween some s e m i - i n f i n i t e  l a y e r  of high t e m p e r a t u r e  
gas  and the in j ec t ed  l a y e r  of op t i ca l ly  th ick gas ,  is  c lose ,  a s  r e g a r d s  i t s  op t i ca l  p r o p e r t i e s ,  to a non re f l ec t ing  su r f ace  
of an abso lu te  b lackbody  (the tu rbu len t  core) .  

These  c i r c u m s t a n c e s  wi l l  be taken into account  below in spec i f ic  a n a l y s e s ,  w h e r e  i t  i s  a s s u m e d  that  R 2 - 0, A 2 = 
= 1, or  A 2 = 82, w h e r e  e 2 i s  the emi t t ance  of the oncoming  gas  s t r e a m .  N e v e r t h e l e s s ,  fo r  the sake  of g e n e r a l i t y ,  we 
r e t a i n  the r ad i a t i ng  s y s t e m  a s s u m e d  above with g r a y  bounda ry  su r f ace s .  F o r  th is  r e a s o n  we take  into account  l a t e r  an 
e x p r e s s i o n  fo r  E(h), r e p r e s e n t e d  as  the i n t eg ra l  r e l a t i o n  of Eq. (6). 

F r o m  t e r m - b y - t e r m  in t eg ra t ion  of Eq. (4), and tak ing  into account  the s t a t i o n a r y  na tu re  of the hea t  t r a n s f e r  
p r o c e s s e s ,  we obta in  

H A  
q = 4NB00 - -  4N~ ~h § (I) (h) 

H e r e  q i s  the d i m e n s i o n l e s s  to ta l  hea t  flux. 

qo 
(10, 

In t eg ra t i ng  Eq. (10) with r e s p e c t  to h f r o m  0 to h, and a l so  tak ing  into account  the boundary  condi t ion of Eq. (5), 
we obtain an e x p r e s s i o n  d e t e r m i n i n g  the to ta l  d i m e n s i o n l e s s  hea t  flux: 

h~ hl 

i l | (h)dht. o:) + N.o Io(h)dh + T q = - K [  
0 0 

(ii) 

In comput ing  the second in t eg ra l  we mus t  t ake  into account  Eq. (6) and the a p p r o p r i a t e  ru l e  for  i n t eg ra t i on  of the 
in tegrand .  A f t e r  a s e r i e s  of t r a n s f o r m a t i o n s  Eq. (11) can be  wr i t t en  as  fol lows:  

ho 

q = b (ho) + 2 ho I (2NBo0 (h) + W (hoh) 04 (h)) dh 
0 

(12) 
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(b (ho) = 4ho -* (N),. (01 - -  02) + */~ (A, (ho) 0, ~ - -  A~ (ho) 0~a))) �9 

Here 

W (h~, h) = I(3 (h) - -  [i~ (ho - -  h) + 2 A ,  (hot ~ K~ (h) - -  2 A~ (ho) ~ K~ (ho - -h ) ,  (13) 

A1 \ 

~-A~ ( !  - -  (ho)) (l -- 2B~K3 (ho)) . (14) A~ (ho) = \ ~  K,  

Equat ion (12) a l lows us to compute  the to ta l  hea t  f lux ove r  the s u r f a c e  of the p e r m e a b l e  p la te  wet ted by the 
tu rbu len t  s t r e a m  of h i g h - t e m p e r a t u r e  r a d i a t i n g  gas ,  for  the c a s e  in which the t e m p e r a t u r e  d i s t r i bu t ion  in the l a y e r  of 
in jec ted  gas  i s  known. 

Determination of the latter is the main content of the boundary problem of Eqs. (4) and (5), whose solution 
reduces to the following formal integration of Eq. (i0) with respect to h, over the range 0 to h: 

h h 

4N,o f o (~t d { - -  4N,~ (0 (h) - -  01) + f r (~t ~ = qh. 
0 o 

(15) 

Using Eq. (12), and c a r r y i n g  out a s e r i e s  of s i m i l a r  t r a n s f o r m a t i o n s ,  we r educe  Eq. (15) to a complex  non l inea r  
i n t e g r a l  equat ion with r e s p e c t  to the d i m e n s i o n l e s s  t e m p e r a t u r e :  

h~ 

0 (h)  = a (h)  2N~,~r ~ (16) 

Here 

6=~ ( ~ h ) ,  6 = t  (~>h),  

02--01 ~ l ~__ / A ,  014%~ J ~ do (h) = 02 + h + (h) + 02 z~ (h);, 

(h, .~) = K~ (~) - -  K~ I h - -  ~ I + ~ (K~ (ho - -  ~) - -  K~ (~)) G 4- 

+ 2 ~ x~ (h) K~ (~) + 2 ~ z~ (h) K~ (t,o- ~), 
%, (h) = ~/3--  K~ (h ) - -ho - lh  (1/3 - -  Ka (ho) ) + 2B~K3 (ho) [h-~ (hot - -  

- - K I ~  (h 0 - -  h )  2 7 h o - l h  (1/3 - -  K~ (hot)], 

%2 (h) = K~ (ho) - -  K,~ (h o - h )  + ho-lh (1/3 - K ,  (h0) ) +2BIK s (ho ) / ,  
x [1/3 - -  K~ (h) - -  ho-*h (1/3 - -  K4 (ho))]. 

(17) 

(18) 

(19) 

(20) 

It is quite evident that an analytical examination of the integral equation (16), like the calculation of the 

corresponding quadratures in Eq. (12), is very difficult. For this reason the whole of the following analysis of the 
problem is presented with the numerical methods of solution included, as well as certain simplified methods, relevant 

to determination of the most conservative integral function of the total heat flux. 

The i n t e g r a l  equat ion  (16) i s  a p p r o x i m a t e d  by a s y s t e m  of non l inea r  a l g e b r a i c  equation,  which is  solved by 
Newton ' s  n u m e r i c a l  method.  The c o r r e s p o n d i n g  i n t e g r a l s  a r e  a p p r o x i m a t e d  us ing  the G a u s s  q u a d r a t u r e  fo rmula .  
B e c a u s e  of the c h a r a c t e r i s t i c s  of the in t eg rand  e x p r e s s i o n s  in Eq. (16), a p p e a r i n g  when they a r e  r e p r e s e n t e d  in 
d i s c r e t e  f o r m  in the bounda ry  r eg ion ,  i t  is  expedien t  to r e p r e s e n t  the i n t e g r a l  equat ion (16) in the fol lowing form:  

h~ 
 Voo r o (h) = {a (h) + N~. ; 

h~ 

NZ• / 
o 

(21) 

Some r e s u l t s  of so lu t ion  of Eq. (21) a r e  shown below,  r e l a t i n g  to d i v e r s e  v a r i a n t s  of the  va lues  of the 
p a r a m e t e r s  d e s c r i b i n g  the op t ica l  p r o p e r t i e s  of the po rous  p l a t e  R 1 {with R 2 = 0), the op t ica l  p r o p e r t i e s  of the med ium 
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h0, the in tens i ty  NB0 of b lowing of a d s o r b e n t  gas ,  and a l so  the r a d i a t i v e - c o n v e c t i v e  r a t i o  Nk~ 4 in the to ta l  hea t  t r a n s f e r .  

Figures 1 and 2 show dimensionless values of the temperature field in the blocking layer when the surface of the 

porous plate is absolutely black, 01 = 0.3, 0 2 = 1.0, and the radiative-conductive ratio parameter Nk~ 4 = 0.I is evidence 
that the role of molecular heat conduction in the heat transfer is not negligible. 

In the c a s e  of s m a l l  va lue s  of the  p a r a m e t e r  NB0 , r e p r e s e n t i n g  weak  in jec t ion ,  the na tu r e  of the t e m p e r a t u r e  
d i s t r i bu t i on  is in many  r e s p e c t s  r e m i n i s c e n t  of the t e m p e r a t u r e  f ie ld  in a l a y e r  of abso rben t  med ium,  p o s s e s s i n g  
m o l e c u l a r  hea t  conduction.  However ,  even in th is  c a s e ,  the effect  of weak  blowing in r educ ing  the t e m p e r a t u r e  l eve l  
of the b locking  l a y e r  i s  no t i ceab le .  

With increase of the optical thickness of the blocking layer we note some increase of the temperature in the main 

part of the layer adjacent to the cooled surface, and also a corresponding decrease in the layer adjacent to the hot 

surface (Fig. ib) in comparison with the distribution established in a layer of weakly absorbent gas. 

Here ,  with i n c r e a s e  of in jec t ion ,  the p i c t u r e  changes ,  the d i f f e rence  be ing  that  the r e g i o n  ad j acen t  to the hot gas  
i s  so much deve loped  that  the t e m p e r a t u r e  of the op t i ca l ly  th ick  gas  (Fig .  lb) i s  l o w e r  than that  in the l a y e r  of weak ly  
a b s o r b i n g  gas  ove r  the whole b lock ing  l a y e r .  A d i s t i n c t i v e  l umine sc e nc e  of the gas  i s  p r o d u c e d  in the cold l a y e r  reg ion .  
This  b e c o m e s  p a r t i c u l a r l y  no t i ceab le  in the gas  l a y e r  with op t ica l  t h i ckness  h 0 ~ 1.0, when the i n t e r a c t i o n  ef fec ts  in 
the med ium a r e  g r e a t e s t .  

F o r  the c a s e  in which the s u r f a c e  of the po rous  p la te  has  a high r e f l e c t a n c e  the g e n e r a l  p i c t u r e  of t e m p e r a t u r e  
d i s t r i bu t i on  i s  r e t a i n e d ,  but the t e m p e r a t u r e  l eve l  i s  i n c r e a s e d ,  due to bounda ry  r e f l ec t i on  effects .  He re  a p a r t i c u l a r  
r i s e  of t e m p e r a t u r e  is  no t i ceab l e  in the r eg ion  ad jacen t  to the r e f l e c t i n g  s u r f a c e  (Fig.  2). Thus,  r e p r e s e n t a t i o n  of the 
po rous  p la te  with a high s u r f a c e  r e f l e c t a n c e ,  b e s i d e s  the  effect  of d i r e c t  t h e r m a l  p ro t e c t i on  f r o m  rad i a t i on ,  i s  
a c c o m p a n i e d  by a c e r t a i n  i n c r e a s e  in t e m p e r a t u r e  of the op t i ca l ly  th ick  gas  blowing through the l a y e r .  

F i g u r e  3 shows d i m e n s i o n l e s s  to ta l  hea t  f lux as  a function of the op t ica l  t h i c k n e s s  of the l a y e r ,  fo r  v a r i o u s  
va lue s  of NB0. As  we would expect ,  with i n c r e a s e  of NB0 , which d e s c r i b e s  the in t ens i ty  of blowing,  the to ta l  
d i m e n s i o n l e s s  hea t  f lux changes  sign for  c e r t a i n  va lues  of h 0 and NB0. In o ther  words ,  the s u r f a c e  of the po rous  p la te  
changes  f rom a h e a t - r e c e i v i n g  to a h e a t - l i b e r a t i n g  su r face .  F o r  c e r t a i n  condi t ions  the  r e s u l t a n t  hea t  t r a n s f e r  to the  
l a y e r  i s  i den t i ca l ly  z e r o  (q = 0). F i g u r e  4 shows the r e l a t i o n  NB0 = f(h0) , d e s c r i b i n g  the a d s o r b e n t - g a s  in jec t ion  r a t e  
r e q u i r e d  to ma in ta in  the ind ica ted  t h e r m a l  insu la t ion  s t a te ,  a s  a funct ion of the opt ica l  t h i cknes s  of the gas. 

T h e r e  i s  a s h a r p l y  p ronounced  dependence  of NB0 on h 0 in the r eg ion  of r e l a t i v e l y  weak ly  a b s o r b i n g  gas ,  when the 
ins ign i f i can t  amount  of a b s o r b i n g  component  in the  gas  p e r m i t s  a v e r y  no t i ceab le  i n c r e a s e  in the flow r a t e  of in jec ted  
gas.  A highly r e f l e c t i n g  su r f ace  (Fig .  4), when the op t ica l  dens i ty  h of the blown gas  is  l e s s  than 1.0, i s  an ef fec t ive  
a r r a n g e m e n t .  

In p r a c t i c e  we a r e  i n t e r e s t e d  in s imp l i f i ed  t r e a t m e n t s  which a l low a p p r o x i m a t e  a n a l y s i s  of hea t  t r a n s f e r  in the  
r eg ion  of the l ine  of bounda ry  l a y e r  l i f t -o f f  f r o m  the su r f a c e  of the p e r m e a b l e  p la te .  The above  a p p r o a c h  is  b a s e d  on 
d e t e r m i n a t i o n  of the to ta l  r e s u l t a n t  hea t  f lux q, which,  being an i n t e g r a l  funct ion of the t e m p e r a t u r e  d i s t r i bu t i on ,  is  a 
c o n s e r v a t i v e  concept ,  so that ,  in d e t e r m i n i n g  it, we use  an a p p r o x i m a t e ,  but  qui te  r e a s o n a b l e ,  t e m p e r a t u r e  
d i s t r ibu t ion .  

S t r i c t l y  speaking ,  the  so lu t ion  of Eq. (12) d e t e r m i n e s  the to ta l  hea t  f lux q over  the porous  p la te  su r face .  Being  
cons tan t  in any sec t ion  of the l a y e r ,  the f lux q, composed  of conduct ive ,  convec t ive ,  and r a d i a t i v e  componen t s ,  is  
r e d i s t r i b u t e d  in comple t e  a c c o r d a n c e  with the t e m p e r a t u r e  d i s t r i b u t i o n  and the r o l e  of the v a r i o u s  k inds  of hea t  
t r a n s f e r .  At ten t ion  should be d rawn  to the add i t ive  f o r m  of Eq. (12) for  q, whe re ,  in c o n t r a s t  with the so lu t ion  for  
ca l cu l a t i ng  loca l  q, t he re  is  a t e r m  r e p r e s e n t i n g  m o l e c u l a r  hea t  conduct ion in f r e e  fo rm.  This  somewhat  r e d u c e s  the 
e r r o r  a s s o c i a t e d  with b r ing ing  in the a p p r o x i m a t e  t e m p e r a t u r e  d i s t r i bu t i ons .  

Using  a l i n e a r  d i s t r i b u t i o n  for  the equ i l i b r i um rad ia t ion :  

0 ~ (h)  : 014 -}- (0~ 4 - -  014) h / h  o (22) 

in d e t e r m i n i n g  the r a d i a t i v e  component  of the to ta l  hea t  flux, the e x p r e s s i o n  for  q can be  w r i t t e n  as  fol lows:  
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Fig. i. Dimensionless temperature distribution in the blocking layer 

for various values of NB0 with 0 i = 0.3, 02 = i~ NX~ 4= 0. i, A I =A 2= 

= Io0 and with optical thickness a) h 0 = 0~ (solid lines), h 0 = 1.0 (dashed 

lines); b) h 0 = 2.0 (solid lines), h 0 = 3.0 (dashed lines). 
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Fig. 2. Dimensionless temperature 

distribution in the blocking layer 

with 0 i= 0.3, s = io0, NX~ 4 = 0oi, 

A i = 0.2, A 2 = i~ and optical thick- 

ness h 0 = 0.5 (solid lines) and h 0 = 

= io0 (dashed lines)~ for various 

values of NB0 ~ 
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Fig. 4. NB0 as a function of the 

optical thickness h 0 of the layer, 

forq= 0, 01 = 0.3, O 2 = i~ NX~ 4 = 

= 0. i; A I =A 2 = 1.0 (solid line) and 

A I = 0.2, A 2 = io0 (dashed line), re- 

spectively. 
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Fig. 3. Dimensionless values of the 

total heat flux q as a function of the 

optical thickaess of the layer, for 

various values of NB0 (~71 = 0.3, O 2 = 

= Io0, NX~ 4 = 0.i, A i =A 2 = 1.0); 

points 1 were calculated with Eq. (27), 

and points 2 by Eq. (28). 
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4 N  ~<• 4N B~ i q -~o (0s - -  01) -{- ~ O(h)dh--Al~(ho)(024--Ol~). (23) 
,0 

Here  A12(h0) is  the  r e s o l v e n t  op t i ca l  and g e o m e t r i c a l  funct ional ,  which for  g r a y  boundary  s u r f a c e s  in g e n e r a l ,  
has  the f o r m  

A~ (ho) = 2ho -1 (2/~ _ ho-1 (1/2 _ 2 Ks (ho) -[- 

~- 2 (*/a - -  K4 (ho)) (A~ (ho) R1 + A2 (ho) R2))) �9 (24) 

D e t e r m i n a t i o n  of the convec t ive  f lux component  i s  dec ided  in many r e s p e c t s  by the a pp rox ima t ion  fo r  the t e m p e r a t u r e  
d i s t r i b u t i o n  in the  l aye r .  It t u rns  out to be of l i t t l e  use  to take the r e l a t i o n  

eNh--I (N = N~~ ~ (25) 0 (h) = O~ § (0~ - -  0~) o N h . _  i N ~  / 

a s  an a p p r o x i m a t e  solut ion of Eq. (21) in a d i a t h e r m a l  medium.  It i s  m o r e  e f f ic ien t  to cons t ruc t  a p p r o x i m a t e  so lu t ions  
va l id  in spec i f i c  r a n g e s  of NB0. 

F o r  NB0 _< 0.25, when the dynamic  effects  of convec t ive  t r a n s f e r  a r e  of the s a m e  o r d e r  as  the r a d i a t i v e  and 
conduct ive  ef fec ts  (N ~ 1.0), the t e m p e r a t u r e  d i s t r i b u t i o n  in the l a y e r  i s  d e t e r m i n e d  to a c o n s i d e r a b l e  d e g r e e  by  the 
r a d i a t i v e  hea t  t r a n s f e r ,  which i s  s t rong ly  coupled to the medium.  In this  ca se ,  in d e t e r m i n i n g  the convec t ive  
component  of q in Eq. (23) we can use  an a p p r o x i m a t e  t e m p e r a t u r e  d i s t r i bu t ion ,  d e t e r m i n e d  as  the  a r i t h m e t i c  mean  of 
the  d i s t r i b u t i o n s  in a f ixed,  i n t ense ly  a b s o r b i n g  m e d i u m  

, ,1 -- K~ (h) 
0 (h) ~ 01 + (02-- ol) ~ ,  (26) 

and in a moving,  weak ly  a b s o r b i n g  med ium,  Eq. (25). 

The f o r m u l a  then obta ined ,  r e p r e s e n t a b l e  in the fol lowing form:  

q = 4NBo{0~---~-I(eN"o-- 1)-1 + 

l (,I ,-K, - K~ (ho) ) j  (o~ - -  0 , ) }  - -  A~2 (ho) (024 - -  0~ 4) (27) 

i s  va l id  fo r  h 0 >_ 1.0 and NB0 _< 0.4. 

F o r  NB0 _> 0.4 and h 0 _< 1.0 i t  is  b e t t e r  to use  an a p p r o x i m a t e  e x p r e s s i o n  whose  convec t ive  component  i s  
d e t e r m i n e d  in the a p p r o x i m a t i o n  fo r  the t e m p e r a t u r e  d i s t r i bu t i on ,  which i s  taken  as  the a r i t h m e t i c  mean  of the 
d i s t r i b u t i o n s  of f ixed  and moving,  weak ly  abso rb ing  media :  

q = 4N~0 { +  (02 ~- 301)-- 

+ (0.- 01D- (h0)(02,- 0,.). (2S) 2 / J 

The r e s u l t s  of ca l cu l a t i ons  a c c o r d i n g  to Eqs.  (27) and (28) a r e  in good a g r e e m e n t  with r e s u l t s  of n u m e r i c a l  
solut ion of Eq~ (12) (the e r r o r  does  not  exceed  5%). In op t i ca l l y  thin m e d i a  the  l eve l  of a g r e e m e n t  of ca l cu la t ions  
a c c o r d i n g  to Eq. (28) i n c r e a s e s  (Fig~ 3). 

The similarity type of approximate solution, although trivial in concept is rather complex because the three 

components  of the  r e s u l t a n t  hea t  t r a n s f e r  a r e  c o n s i d e r e d  s imul t aneous ly .  
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