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A N D  I T S  D I V E R G E N C E  IN R E G I O N S  W I T H  S T E P P E D  
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D I S T R I B U T I O N  

V.  M.  O v s y a n n i k o v  a n d  G.  A .  T u r s k i i  

An approx imate  method is p roposed  which makes  it  poss ib le  to compute  the rad ia t ion  flux and 
its d ivergence  when the absorpt ion  c r o s s  sect ion depends in a complex  manner  on the wave-  
length. Radiat ion sca t t e r ing  is ignored. The method is descr ibed  for  the case  when the r e -  
gion occupied by the radia t ing and absorb ing  gas can be divided into finite number  of sub-  
reg ions  in which the t e m p e r a t u r e  and the chemica l  composi t ion a re  constant .  Examples  a r e  
given of the numer i ca l  calculat ions of the radia t ion flux. 

1. Radiat ion Heat Flux f r o m  a Two-Dimensional  Layer .  In p r o b l e m s  in radia t ion gas dynamics  we 
have to solve s imul taneous ly  the fundamental  sy s t em of equations of motion and the radia t ion  t r a n s p o r t  
equation, the integrat ion of which gives an expres s ion  for  the radia t ion heat  flux and its d ivergence .  For  a 
two-d imens iona l  radia t ing l ayer  of gas ,  a ssuming  the t e m p e r a t u r e  and chemica l  composi t ion dependent only 
on the t r a n s v e r s e  coordinate  y, we have the following express ion  [1, 2] for  the radia t ion heat  flux at the 
sur face  of the body (y = 0): 

�9 t ~ ( a )  y 

q~ = 2~ I d~, I B~ (y) E~ [tx (y)] dtx (y), tx (y) = I kx dy" (1.1) 
(~.~,) o o 

Here  it is a s s um ed  that rad ia t ion  does not fal l  on the l ayer  f r o m  the outside,  A is the th ickness  of the 
l aye r ,  th(y) is the optical  dis tance of the point with coordinate  y f r o m  the su r face  of the layer  taken as the 
or igin for  the coordinate ,  En(t) is the exponential  in tegral  function of the n- th  o rde r  (n = 1, 2, 3), B~, is 
P l anck ' s  equi l ibr ium rad ia t ion  function, (A~) is the wavelength band within which the radia t ion  fa l ls ,  k k is 
the reduced volume coeff icient  of absorp t ion  taking into account forced  emis s ion  depending on the t e m p e r -  
a ture ,  p r e s s u r e ,  and component  concentrat ion.  

Thus,  the optical  dis tance th can be computed only a f te r  we know the gas  dynamic field. In actual  
p rob l ems  kh is a rap id ly  osci l la t ing function of the wavelength X, and so the computat ion of the in tegral  with 
r e s p e c t  to X in (1.1) is difficult.  

The method we p ropose  is based  on the following two t r ans fo rma t ions :  

1. In the radia t ing l ayer  we rep lace  the continuous t e m p e r a t u r e ,  p r e s s u r e ,  and component  mola r  con-  
centra t ion dis t r ibut ions by s tepped concentra t ions  by dividing the radia t ing  l aye r  into ~ e l e m e n t a r y  l aye r s  
of th icknesses  (Ay)j (j = 1 . . . . .  ~) ,  inside which the t e m p e r a t u r e  T, the p r e s s u r e  p, and the concentra t ion x i 
a r e  constant  (Fig. 1). This t r an s fo rm a t i on  is pa r t ly  const ra ined and pa r t l y  na tura l  as  indicated by the fo l -  
lowing considerat ions:  

a) at  the p r e s e n t  t ime  there  a re  no detai led tab les  for  the functions kh (T, p, xi) of many v a r i a b l e s  
but there  is a se t  of functions k~(T, p) of ~ for  some  equi l ibr ium mix tu re s  when the t e m p e r a t u r e  and p r e s -  
sure  s teps  a r e  sufficiently coarse ;  
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b) m o r e o v e r ,  the so lu t ions  of many  p r o b l e m s  in gas  dy-  
n a m i c s  may Lndeed have p r o f i l e s  of T, p, and x i which a r e  n e a r l y  
s tepped.  

2. We a pp r ox i ma t e  the i n t e g r a l s  I n 

t 

I,,  (t) = n I En (t) dt = 1 - -  nEn+x (t) (n = l, 2) (1.2) 
o 

t 

I o =  I e - t d t =  l - e  -t 
o 

as  fol lows:  

In  (t) = S~, = al t  + a~t 2 + . .  �9 --}- a , t  ~ for t ~ t(,) 

�9 I , ( t ) = i  for t > t o )  
(1.3) 

To i l l u s t r a t e ,  we g ive  e x p r e s s i o n s  for the a p p r o x i m a t i n g  p o l y n o m i a l s  S0v , Sly , S2v c o r r e s p o n d i n g  to 
I0, I1, ~ having  v = 1,-2, 3 t e r m s .  

Sox = 0.69t 
So~ ---- 0.8696t - -  OA89t 2 
SO3 = 0 . 9 3 t -  0.29t ~ q- O.03P 

S~ = 3.3t 
$1~ = 3.3t - -  2.72t ~ 
$1~ = 3.3t - -  4.65t ~ + 2.25t 3 

S~ ----- i .22t 
$2~ ---- i.5Ct ~ 0.6084t 2 
S2s = 1.84t - -  i.376t 2 -s 0.368t 3 

(t(~) = t . 4 4 ,  8 = 0.31) 
(tc~) = 2.3, ~ = 0.14) 
(t(~) = 4, e = 0.097) 
(t(~) = 0.29, e ---- 0.92) 
(t(v) = 0.6, e = 0.45) 
(t(~) = l . l ,  8 = 0.18) 
(t(~) ---- 0.8i, e = 0.39) 
(t(~) = 1.3, e = 0.22) 
(t(~) = 1.8, ~ = 0 . i l3)  

He re  we ind ica te  the va lues  of t(v ) and of the r e l a t i v e  e r r o r  a in the a p p r o x i m a t i o n  in p a r e n t h e s e s .  

The coef f i c ien t s  a s of the func t ion  I 2 a r e  chosen  so that  the r e l a t i v e  e r r o r  in  the a p p r o x i m a t i o n  should 
be m i n i m a l  for  t -<- t(v ) . We note that  even  when the degree  of the p o l y n o m i a l  is  s m a l l  (v = 2 or  3) the a c -  
c u r a c y  of the a p p r o x i m a t i o n  is  qui te  s a t i s f a c t o r y ,  while  as  v i n c r e a s e s  the e r r o r  can  be made a r b i t r a r i l y  
s m a l l .  F i g u r e  2 shows the g r aph  of I2(t) (cont inuous  l ine)  and of i ts  a p p r o x i m a t i o n s  fo r  v = 1, 2, 3 (dotted 
l ines ) .  F o r  s i m p l i c i t y  in d e s c r i b i n g  the method we sha l l  c o n s i d e r  only the case  when  a b s o r p t i o n  is d e t e r -  

m ined  by bound-bound  and b o u n d - f r e e  t r a n s i t i o n s .  Then  kxj,  akj , and the n u m b e r  of p a r t i c l e s  in  un i t  vo lume  
Nj in l aye r  j a r e  l inked  by the equa t ion  

kxj = Ns ~xi 

F r e e - f r e e  t r a n s i t i o n s  con t r i bu t i ng  to k2~ p r o p o r t i o n a l l y  to the p roduc t  of the  ion and  the e l e c t r o n  c o n -  
c e n t r a t i o n s  can  e a s i l y  be t aken  into account  by a s m a l l  modi f ica t ion  of the method.  

Let  (Atx) j and t>d denote  r e s p e c t i v e l y  the opt ica l  t h i c k n e s s  of an e l e m e n t a r y  l a ye r  j and the s u m  of i 
e l e m e n t a r y  l a y e r s  f r o m  the f i r s t  th rough the i - t h ,  and le t  nj denote  the n u m b e r  of p a r t i c l e s  in  the j - t h  l aye r  
fa l l ing  on uni t  a r e a  of the su r f ace  y = 0 

i 

tx~ = ~ (a t~b,  (at , ) j  = nj~xj, nj = (Au) jN j  
i = 1  

(1.4) 

Taking  the f i r s t  t r a n s f o r m a t i o n  into account ,  we can  wr i t e  (1.1) as  

qw = ~ z~nB (r~) = z j~, r j4  
j= l  j= l  

(1.5) 
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z~---- (ax) I [Bx~2 ( ~av)iE,(tx) dtx]d%, L, zj ~ :---- B Bxi(Ti''---) ' B ( T i )  = ~* -J (1.6) 

Here  ~B (Tj) (j = 1, . . . ,  ~r is the rad ia t ion  heat  flux f r o m  an absolutely black radia t ing l aye r  a t  t e m -  
p e r a t u r e  Tj and the coefficient  zj -< 1 (j = 1 . . . .  , n)  t akes  into account  the di f ference between the l aye r  and 
an absolutely black one and the attenuation of this radia t ion in the l ayer  1, 2 . . . . .  j - l ;  o-* is the S t e f a n -  
Boltz rearm constant .  

For  the f i r s t  l ayer ,  zi indicates  the degree  of b lackness .  

Consider  the graph (Fig. 3) of the function y(v)(k), defined in impl ic i t  f o r m  in the ) ,y-plane by the equa-  
t ion 

~x (y) N (y) dy = t(o 
o 

where  t(v ) is fixed. The curve  y = Y(v)(M is the geome t r i ca l  locus of points  at the s ame  opt ical  dis tance t(v ) 
f r o m  the wall  (y = 0) and it divides the whole region [ ( ~ ) ,  0 -<y-< A] into two: in one p a r t  t)` --< t(v), while in 
the o ther  t)` > t(v ). To take into account the radia t ion which r eaches  the wall  f r o m  the l aye r  numbered  j, 
i l lus t ra ted  in Fig. 3, we divide the whole range  of wavelengths  ( ~ )  for  each  layer  j into three :  (Z~Xk)j, 
( ~ m ) j ,  6~.o)j such that  

% ~ (A%o) 5 if t~ i ~ t(o (1.7) 

The range  (~Ak)j of wavelengths  does not make any contr ibution to the radia t ion flux at the wall  f r o m  
layer  j s ince ,  in view of the approximat ion  of the in tegra ls  (1.3), the rad ia t ion  in these  wavelengths  is c o m -  
pletely absorbed  by the l aye r s  (i = 1 . . . . .  j - l )  n e a r e r  to the wall.  We note that  (~Ak)l = 0 s ince the whole 
graph of the function y = Y(v)()`) l ies  above the )` axis .  F r o m  the range (Akm)j of wavelengths  only the r a d i a -  
tion f r o m  that  p a r t  of the layer  (Ay)j for  which y < Y(v) r e aches  the wall.  Radiat ion f r o m  all  points of the 
l ayer  (Ay)j r eaches  the wall  f r o m  the range  (Z~0) j of wavelengths .  We note that if we take into account the 
actual  absorpt ion  spec t rum,  in genera l  we obtain a function )` = y(v) -1 (y) which is not s ingle-va lued  in the 
l ayer  (Ay)j. 

Hence,  some or all  of the ranges  ( ~ k ) j ,  (AXm)j, ( ~ 0 ) j o f w a v e l e n g  ths cons i s t  of a l a rge  number  of in-  
t e rva l s .  

Using the approximat ion  (1.3) and the subdivision (1.7) of (Ak), we obtain 
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~Pz = 2 I E~ltx (l = i . . . . .  z; i = 2 . . . . . .  z) 
(Ay)Z 

"0 

O i = ~ a,(Atx)l' for ~(A~o)i 

O i = l  for X E(AL~)I 
v s--1 S \ 

Oj = as k tx#_~(At~)j for L ~ (h~o)j 

O j =  l - -  ~ ast[j-1 for k~(ALm)j 

@~ = 0  for ~. ~ (A~.~)j 
((s] binomial ) 

- -  coefficiem 

(i.8) 

(i.8): 
Finally,  noting (1.8) and (1.4) we obtain the following equations for  the coeff icients  zj (j = 1 . . . . .  ~t) of 

~ 1  8 s-k 

Z i ~ ~ asniSM (is~ -~ M(lOO) 

11~i Sk=l S=l ii~I 7.S~1 
(j ~ 2) (1.9) 

M 9~) . ~ ~ s-~ d_ 
BJ 

(axo)j 

(a)'m) j (aXra) j 
(j=l, ... ~ x; i| =I, ... , j--l; s=l, ... ,v; a=O, ..: , s--l) 

(i.io) 

When k = 0 the product  aki 1 . . .  aXi k in the in tegra l s  for  M vanishes .  In a p rob l em with two radia t Ing 

l aye r s  (~= 2) the subsc r ip t s  i 1 . . . . .  ik can only take the single value unity. In such p r o b l e m s  the subsc r ip t s  
may  be dropped f r o m  M. 

In genera l  the in tegra ls  M(J sk) depend on the t e m p e r a t u r e ,  the number  of pa r t i c l e s ,  and the comp o s i -  
tion of the mixture  in the e l emen ta ry  l aye r s  (Ay). They a re  the analogs of the Planck mean absorp t ion  coef -  
f ic ient  kp 

k v =  I kxBx~  I Bx~ 

and contain informat ion  about the optical  p r o p e r t i e s  of the l aye r s  (Ay). 

When s = k = 1 and t x - t(u), for  all  • E ( ~ )  the in tegra l  M(J sk) has the value 
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which is p r o p o r t i o n a l  to kp. By in t roducing  the P lanck  mean  abso rp t i on  coef f i c i en t  we avoid  in t eg ra t ion  with 
r e s p e c t  to ~. when solving p r o b l e m s  in the l imi t ing  case  of  an  opt ica l ly  thin r ad ia t ing  r eg ion .  By in t roduc ing  
the in t eg ra l s  M(J sk) we can do  this  f o r  a r ad ia t ing  l a y e r  of any op t ica l  t h i ckness .  

If the i n t eg ra l s  M(jSk)(nt, . . : ,  nj) a r e  known fo r  t(v ) = T, then for  any o the r  value t(v ) = ** the c o r r e -  
sponding in teg ra l s ,  which we denote  by M(] sk) t~ . x,,1 . . . . .  nj), a r e  obta ined f r o m  the i n t eg ra l s  M(J sk) by changing 
the s ca l e  of  the v a r i a b l e s  n 1 . . . .  , nj 

M Us~) (n, . . . . .  n j) = M (jSl*) (nxv, ] "( . . . . .  n jv ,  / ~) (I. I I) 

2. D ive rgence  of the Rad ia t ion  Heat  Flux in a T w o - D i m e n s i o n a l  L a y e r .  The e x p r e s s i o n  fo r  the d i -  
v e r g e n c e  of  the rad ia t ion  flux at  an in te rna l  point  of  a t w o - d i m e n s i o n a l  l a y e r  has  the f o r m  [2] 

tx(A) 

d t v q ( v ) - - ( x )  
0 

2nBx (v) El I I tx (v) --  tx (V) I] dtx (v) --  4nBx (V)} (2.1) 

Here  we a s s u m e  that  no rad ia t ion  fal ls  on the l aye r  f r o m  outs ide .  

The d i f f e rence  f r o m  the c a s e  in which the r ad ia t ion  flux qw at  the wal l  is compu ted  is tha t  div q(y) has  
to  be computed  at points  in te rna l  to  the e l e m e n t a r y  l a y e r s  (Ay)j. 

We divide the r ad ia t ing  l a y e r  into e l e m e n t a r y  l a y e r s  (Ay)j (j = 1, . . . .  >t) in a c c o r d a n c e  with the f i r s t  
t r a n s f o r m a t i o n  of  w 1. 

We compute  the funct ion div q(y) at the point  y ~  (Ay}j a t  a d i s tance  (Ax) f r o m  the point  Yj-1. We in-  
t r oduce  new nota t ion for  the e l e m e n t a r y  l a y e r s ,  us ing G r e e k  l e t t e r s  to e n u m e r a t e  t h e m :  

(ay)j--(az) for a = t  
g~i . . . .  = (Ay)a+i_x for a = 2, , u - - ]  + l 

(ax) for ~ = i 
h~j = (ay)j_~+ x for ~ = 2 . . . . .  1" 

The new e n u m e r a t i o n  is shown in the lower  p a r t  of Fig .  1. F o r  y f f  (Ay)j, Eq.  (2.1) t akes  the f o r m  

x-j+x j 
div q (y) = 2~ ~ w~iB (T~) + 2g ~ w~B (T~) -- 4ujB (Tj) 

a = l  ~ = l  
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f ~ i w~i = d~ ,B~N ~ E~ [tx (g)l dtx (g) 
(Ak) gaj  

Here we have introduced new coordinates g and h to denote the distance of the cur ren t  point y '  f rom 
the point y at which div q(y) is computed 

g = y' -- y for y' ~> y; h = g -- y' for y > y' 

We denote the coefficients a s in the representa t ion  (1.3) f rom I1 by a~. The coefficients a~ are  chosen 
so that I l is approximated with minimal relat ive e r r o r  e by a polynomial in the interval  (t(m)) , (t(~)). The 
values of a~, e, t(p) are  given in w 1 for the s tar t  of the approximation interval t(m ) = 0.05. In Fig. 2 the 
continuous line is the exact  function I~(t) and the dotted lines are  approximations to it. 

Finally we have 

, s 
U)lJ 

v s --1 x--~ x--i  

$~1 k = O \  / a~=l cxk=l ' " ' '  k 
,, x--j x - - j  

� 9  )~(~ss~')  

~i ~-- ~'~ (A~), Wl] 

�9 ; s--i j--I 1--I 

w~; = E a /  Nin;  -~ ~ " "  E n o , . "  n ~  ...... ~ --[- N i M ( ~ )  
s= l  k=O \ / ~=1  ~k= l  

~--i ~--i 

- -  " . . . . .  n~slVl ~""" '~s 
s= l  ,81~1 ~s=l  

where 

M .(~s~j). B~zzi~.  �9 ~x~k~x ~ ~xid~ .... (~x) = zl'  "*' J k  ~ 

(~xo)ii (ax) 

(AXm) iJ  (Ahm)  i i  

(i l = a l  . . . . .  % - j + 1 ,  ~ . . . . .  ~J) 

The subscr ip t  i is computed f rom a or  ~ by means of the equations 

~ = ] + a - - l ,  ~ = j - - p + l  

The regions  of integration (~k0)ij and (~km)ij a re  defined by equations s imi lar  to (1.7) ,taking into ac-  
count the optical distance between Yi and y. 

3. Three-Dimensional  Radiation Transpor t .  The ideas behind the t ransformat ion  of Sec. 1 are  inde- 
pendent of the number of dimensions of the space filled with the radiating gas and so the method is appro-  
pr iate  for computing the radiation flux and its divergence in two- and three-d imens ional  radiat ion t r anspor t  
problems.  For  s implici ty we consider  the case of the computation of the radiation flux ac ros s  an a rea  at 
a point C f rom a region G containing a one-component  gas.  

For  simplici ty in exposition we shall assume that the tempera ture  distribution along each r ay  passing 
through the point C and intersect ing the region G (Fig. 4) is monotonic. The radiat ion heat flux ac ros s  unit 
a rea  in unit t ime is given by the following express ion [1]: 
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Here  w is the r a y  d i rec t ion ,  0 is the angle  between the r a y  d i r ec t ion  and 
the n o r m a l  to the a r e a a t  C, r is the d i s t ance  f r o m  C to the c u r r e n t  point  on 
the r ay ,  and r0(~0) and rl(w) a r e  the d i s t ances  f r o m  C a long the r a y  with d i r e c -  
t ion co to the n e a r e s t  and f u r t h e s t  bounda r i e s ,  r e s p e c t i v e l y .  

We divide the r eg ion  G by i s o t h e r m a l s  into ~ e l e m e n t a r y  l a y e r s  as  shown 
in F ig .  4, and in a c c o r d a n c e  with the f i r s t  t r a n s f o r m a t i o n  of  w 1 we r e p l a c e  
the cont inuous d i s t r ibu t ion  of T( r ,  co) by a s tepped one so tha t  in each  e l e m e n t a r y  
l a y e r  the t e m p e r a t u r e  can be c o n s i d e r e d  to be cons tan t .  Then  

g 

(co) J=l 

(~,~.) (ar)j 

A c c o r d i n g  to the second  t r a n s f o r m a t i o n  of w 1 we can put  I0(t) in the f o r m  (1.3). The coef f ic ien t s  a s 
of the po lynomia l ,  which  we denote by a~,  a r e  g iven in w 1. F igu re  2 shows I0(t) as  a cont inuous  l ine and 
app rox ima t ions  to it as  dot ted l ines.  Then we obtain equat ions  fo r  the zj(w) which  coInc ide  with (1.9) if in 
t hem we r e p l a c e  the cons tan t  coef f ic ien ts  a s by the a~ and cons ide r  the n u m b e r  n i of p a r t i c l e s  in the e l e -  
m e n t a r y  l a y e r s  to be a funct ion of the angle  co. The in t eg ra l s  M(J sk) a r e  computed  f r o m  (1.10) and depend 
on the va lues  of  nl(~) . . . . .  nj(~z) f o r  the chosen  d i r ec t ion  w and the value of  t(v ). 

4. E x a m p l e s  of N u m e r i c a l  Calcu la t ions .  Since the n u m b e r  n of  mo lecu l e s  in ac tua l  p r o b l e m s  is  v e r y  
l a rge ,  while the c r o s s  sec t ions  o k a r e  sma l l ,  to  use  equat ions  of the f o r m  (1.9) fo r  compu ta t ions  i t  is  c o n -  
venient  to n o r m a l i z e  the n i and the in t eg ra l s  M by in t roduc ing  the v a r i a b l e s  

n~ ~ = n~ / K, M~ = KSM(#rO (4 .1)  

In the n u m e r i c a l  ca lcu la t ions  we used  the fol lowing d imens ions :  c m  2 fo r  z ,  cm -2 fo r  n, K =1018. 

Example  1. We compute  the r ad ia t ion  flux incident  on a wal l  f r o m  t w o - d i m e n s i o n a l  l a y e r s  of a gas  
with th ickness  lying between 0.1 and 10 c m  at  the s ingle  t e m p e r a t u r e  13,000~ and p r e s s u r e  1 arm.  The 
r e l a t i on  between the c r o s s  sec t ion  ak of the gas  and the wave length  is  shown in Fig .  5 (a, cm2; k,/~).  In 
solving the p r o b l e m  I~(t) was  a p p r o x i m a t e d  by a s e c o n d - d e g r e e  po lynomia l ,  which e n s u r e d  an a c c u r a c y  of 
22%. 

When n = 0 . 0 5 7 . 1 0  i8 c m  -2, which  c o r r e s p o n d s  to A = 0.1 cm,  under  the g iven condi t ions  we obta ined 

M ~176 = 0.684, M ~176 = 1.48, M ~(i~176 ~ 0 

Since M~176176 v a n i s h e s ,  we conclude that  the range  of wave leng ths  (Ak m) in which the op t i ca l  t h i ckness  
of the l aye r  exceeds  t(v ) = 1.3 is v e r y  sma l l  and does  not  make  a s ign i f ican t  cont r ibu t ion  to the r ad i a t i on  
flux. Hence fo r  this and any s m a l l e r  th i ckness  of  the rad ia t ing  l a y e r  with n s 0.057.1018 (cm-2)A <---0.1 (cm) 
the rad ia t ion  flux can be computed  f r o m  (1.5) and (1.9),which in this  ca se  y ie ld  

qw = zt Bz = 4.14.t0 -i3 n -- 3.49.t0-aln 2 (kcal.m-2.sac-1) 

Here  n is e x p r e s s e d  in cm -2. 

As  n and A i n c r e a s e  by a f ac to r  of  100, the in t eg ra l s  M~176176 ~176 d e c r e a s e  monoton ica l ly  while M ~176176 
i n c r e a s e  monotonica l ly .  They  a r e  shown in Fig.  6a. 

The rad ia t ion  flux is computed  f r o m  (1.5) and (1.9), while the funct ions  M (ll~ M (12~ M Oo@ a r e  d e -  
t e r m i n e d  us ing Fig .  6a and (4.1). 

221 



For  va r ious  va lues  of the th ickness  A, F ig .  6a g ives  the r a t io  of the flux f rom the l aye r  under con-  
s i de ra t i on  to that  of an abso lu te ly  black body, z = qw/(~B). Fo r  sma l l  ~ ~ 0.5 cm, z i n c r e a s e s  in p ropo r t i on  
to A and for  l a r g e r  va lues  of A the r a t e  of i n c r e a s e  of z d iminishes ;  when 4 cm<_A_<10 em z tends a s y m p -  
to t i ca l ly  to 0.62. 

Example  2. We compute the rad ia t ion  flux at a wal l  f rom two two-d imens iona l  l a y e r s  of a gas:  one a t  
T 1 = 3000~ with c r o s s  sec t ion  ok,as shown in Fig .  5, and the other  a l a y e r  of a i r  a t  T 2 = 14,000~K. 

The p r e s s u r e s  a r e  Pl = P2 = 1 arm. When v = 2 we obtain f rom the equation of w 1: 

qw = :~B (T1) [ alnl~ M ~ ~ a~ (n1r ~ M ~ -~ M ~ ] ~- ~B  (T~) [ aln2~ M ~ 

~-  a~ (n~~176 -~ 2a2nl~ ~ -~ M "(~~ - -  alnl~ *(211) - -  a~ (nl~ ~ 

The computed va lues  of the in t eg ra l s  M ~ a r e  shown in Fig .  6b, e a s  functions of nl,  for  n 2 constant ,  
co r respond ing  to (Ay) 2 = 20 era.  F igu re  7 shows the at tenuat ion of the r ad ia t ion  flux f rom l a y e r  2 due to 
absorp t ion  by l a y e r  1: 

q '=  a,~/ q,~ [(~h =o] 

a s  a function of the th ickness  (AY)I. 

The author  wishes  to e x p r e s s  his  g ra t i t ude  to E. F i l ippova  for  help in the computa t ions .  
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