
METHOD OF EFFECTIVE SECTIONS TO TAKE 

ACCOUNT OF SELECTIVITY OF RADIATION 

AND ABSORPTION IN A HOT GAS 

V. M. O v s y a n n i k o v  UDC 536.24 

A method, economical  in computing t ime, for solving radiation t r an s f e r  p roblems  by using 
the in tegra ted  cha rac t e r i s t i c s  of the absorption spectrum, the effective sect ions,  is  e luci-  
dated. The shock layer  ahead of a body around which a hypersonic  gas flows is analyzed in 
the p resence  of intensive mass  del ivery f rom the surface.  The machine t ime in the compu- 
tational examples  is  shor tened 120-fold as compared  with an exact  computation, and the e r -  
r o r  in calculating the radiation fluxes does not exceed  15-25~0. 

1. M e t h o d  o f  E f f e c t i v e  S e c t i o n s  

Let  us consider  radiat ion t r ans fe r  in a domain filled with a select ively radiat ing and absorbing hot 
gas. We do not take sca t te r ing  into acco~mt. Under the assumption of local thermodynamic  equilibrium, 
the emiss ion of radiat ion by a radiation flux and i ts  divergence at a point with coordinate r a re  

q(*)= f S (o) (~,x) r 

rzi~ f d%kx(r){! ~to B x ( T ( r ' ) ) e x p [ - - t x ( r , r ' ) ] N ( V ) ~ x ( r ' ) d r ' _ 4 u B x ( T ( r ) ) }  (i.i) div q (r) = (~[x) ( ) 

r r 

t~ (r, r') = f N (r") ax (r ~) dr"- 
r 

Here d r "  is  the differential  of the length along the ray  (r, r ' ) ,  X is  the wavelength, (AX) is  the wave-  
length band within which the radiat ion must  be taken into account, T is  the t empera tu re ,  N is  the number 
of par t ic les  pe r  unit volume, ~ is  a th ree-d imens iona l  angle m easu red  f rom the initial direct ion e (see 
Fig. la) ,  0 is  the angle between the ray  direct ion and the normal  e 1 to the a rea  under considerat ion,  rl(r 
is a point on the boundary of the radiating volume, k x is  the reduced volume coefficient  of absorpt ion taking 
forced emission-inte account, o- h is  the absorpt ion c ros s  section, Bx(T) is  the Planck function of equil ibrium 
radiation,  and 7r is  the rat io of the c i r cumfe rence  to the diameter .  

F o r  gas mix tures  heated to 2000-20,000~ t empera tu res ,  the absorpt ion section ~}, is  a complex func- 
tion of the wavelength containing the continuous spectrum, the molecular  bands, the atomic and ionic l ines.  
The absorption section of the mixture  depends on the component concentrat ion and is  a function of the t em-  
pera tu re  and other p a r a m e t e r s  for  each component. Integration over  the wavelength should be ca r r i ed  out 
with a fine spacing; hence, the use of (1.1) r esu l t s  in large machine- t ime expenditures.  

Integrat ion over  k in the method of effect ive sect ions is c a r r i e d  out beforehand, separa te ly  f rom the 
calculation of the field of radiat ion fluxes. Let  us introduce the effective sect ions s, ~, e : 

r '  

S (r, r') = s  (T (r'), N ( r -  r'), a~. (r---r'))~ = I d)~B~~ (T (r'))~. (r')~. (r)exp I "  I N (r')ax (r")dr" 1 
(Ax) r 
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r "  

(r, r') = ~  (T (r'), N ( r - - r ' ) ,  a~, ( r -  r ' ) ) -  I d)~ BI, ~ (T (r'))~>. (r ' )exp [ - -  f N ( r" )~  (r")dr ']  (1o2) 
(~).) r 

�9 r '  

: e ( T , N ( r - - r ' ) ,  ~ ( r - - r ' ) ) ' - - ~  f d~Bz~ i - e x p  [--SN(r")vx(r")dr"]} 
(a~) r 

Bx ~  B ( T ) = ( 6  ~ r a 

w h e r e  ~~ i s  the S t e f a n - B o l t z m a n n  cons tan t .  The  rad ia t ion  flux and i t s  d i v e r g e n c e  (1.1) a r e  e x p r e s s e d  in 
t e r m s  of the e f fec t ive  sec t ions :  

r ,  (~) 

q(r)---- f do)cosO ! B(T(r ' ) )~(r ,r ' )N(r ' )dr '  
(o) r 

div q (r) = N (r) i d(o I B ( r  (r')) s (r, r') N (r') dr' -- 4~B (T (r)) ap (r) N (r) 
(r r 

vp (r) = a~ (T (r), ~ (r)) = I d%Bx~ (T (r)) ~ (r) (1.3) 
(~) 

H e r e  ~p i s  the m e a n  P l a n c k  a b s o r p t i o n  sec t ion .  The  a b s o r p t i o n  sec t ion  e will  be i n t r o d u c e d  in the 
e x p r e s s i o n  fo r  the r ad i a t i on  flux in Sec t ion  2. T h e r e  i s  no i n t e g r a t i o n  o v e r  the wave leng th  in (1.3); hence  
t he i r  app l i ca t ion  y i e lds  a g r e a t  sav ing  in compu ta t i on  t i m e  as  c o m p a r e d  with the use  of  (1.1). I n f o r m a t i o n  
about  the  s p e c t r u m  c h a r a c t e r i s t i c s  of  the gas  i s  con ta ined  in the e f fec t ive  sec t ions ,  which  a r e  i n t e r c o n -  
n e c t e d  by the  r e l a t i o n s  

d~ (T, r -- r') N (r') ~ (T, r ---r ' ) ,  dz (r, r') _ N (r) s (r, r') 
dr' d ~  

(1.4) 
r '  r "  

e ( T , r - - r ' ) = i a ( T , r - - r " ) N ( r " ) d r " ,  ~(r, r') = ~p(r') - -  I s(r",r ')N(r")dr" 
r F 

In the g e n e r a l  c a s e  when the a b s o r p t i o n  sec t ion  a X v a r i e s  a r b i t r a r i l y  a long  the coo rd ina t e  r ,  the e f -  
f ec t ive  s e c t i o n s  s, or, s a r e  func t iona l s  dependent  on the  funct ions  N and ~X in the i n t e r v a l  (r ,  r ' )  and on the 
t e m p e r a t u r e  at  the  poin t  r ' .  The  e f fec t ive  s ec t i ons  a r e  funct ions  for  dependences  of  the  a b s o r p t i o n  sec t ion  
on a spec i f i c  k ind  of c o o r d i n a t e  and  can be c a l c u l a t e d  in advance .  

Le t  the  a b s o r p t i o n  sec t ion  be a funct ion of the wave leng th  and t e m p e r a t u r e  of  the f o r m  

~z (T) = ~, ~p~ (T) S~ (%) (1.5) 

F o r  i n s t a n c e ,  i f  the a b s o r p t i o n  sec t ion  zk i s  g iven fo r  the t e m p e r a t u r e s  T I , . . . ,  T n  and l i n e a r  i n t e r -  
po la t ion  in the  v a l u e s  ~x(Tk)  and a x ( T k + l )  i s  u sed  to obtain  the v a l u e s  of ~k a t  the i n t e r m e d i a t e  t e m p e r a -  
t u r e s  T k < T < T k + l ( k = l ,  . . . , % - l ) , t h e n  

S~ (%) = ~, (T~) (k = 1 . . . . .  • (1.6) 
~ =- (T~+I -- T) / (T~+I -- T~) for T~ ~ T ~ T~+I 

~p~=(T--T~_I)/(T~--T~_I) for T~_I<T<T ~ (1.7) 
9~ = 0 f o r  T < T~_I, T ~ ~4~+ I (k = 2 ...... s - - l )  

r = (T : - -  T)/(T~-- T~) f o r  T ~ < T < T 2 ,  
9~ = t f o r  T ~  T~,~I = 0 ,  f o r  T ~  T2 (1.8) 

~ = (T -- T~_I)/(T• -- Tx-1) f o r  T~-I < T, 
~ = 0  for T < T ~ _ I , , ~  = t for T / >  T• 

Le t  us  i n t roduce  the funct ions  n k ( r ,  r ' )  which equal  the n u m b e r  of  p a r t i c l e s  a l lo t t ed  to the  a b s o r p t i o n  
sec t ion  ~x(Tk)  on the  r a y  (r ,  r ' )  with unit  c r o s s  sec t ion:  

r '  

nk (r, r') = I N (r") ~ (T (r")) dr" 
r 

r "  

(r,, ,0 = I N ( ,0 r (,:")) e,.,,= Y, 4 (r. ,:') 
r R~I 
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The express ions  for  q(r),  div q(r) in (1-3) and the effect ive sect ions 
in (1.2) become 

r~ Ito) 
q (r) =: I d~ cos 0 ~/, B (T (r')) a~ (T (r'), ni (r, r '), .  .... nx (r, r'))dn~ (r') 

q 

(,~) ~=t r (1.9) 
• r , ~ )  

! do) ~ f dni(r')B(T(r'))X divq(r) ~-,~' N (r) ~p~ (T (r)) {( ) i=l , 

X sk~ i T (r'), r h (r, r') . . . . .  nx (r, r')) -- 4rrB (T (r)) z~ (T (r), 0 , . . . ,  0)} ,  

dnk @3 = N (r') $~ (T 0:3) dr' 
x 

(Ax) j=i 

v,(T.n~ . . . . .  nx)= I d)~Bx~ (-- ~ Sj(~,)nj) (1.10) 
(~z) j=i 

X~ 

~ ( r , , ~ l , . . . , n ~ ) ;  a e ~ ~  (r) [ i  -- ~xp ( - -  1 
( ) 

F o r  a homogeneous gas with ~X independent of the t empera tu re ,  
n 1 (r, r ' )  i s  the number  of pa r t i c les  in the segment (r ,  r q  of a r ay  with 
unit c ros s  section. If the t empera tu re  T is  constant in the domain under 
considerat ion,  then ~(T, n l) is  the degree  of blackness of a cone with 
unit solid angle for  which a r ay  with unit c ros s  section di rec ted  along 
the. altitude contains n t par t ic les .  In conformity  with the f i r s t  re la t ion 

(1.4), the effective section ff (T, n 1) equals the change in the degree of blackness of the mentioned cone as 
n 1 changes by one. F o r  nl=0 the value of ~(T,  0) equals the mean section of Planck absorption.  

It  i s  sufficient to know one of the th ree  functions s, ~, e fo r  the cha rac t e r i s t i c s  of the optical p rop-  
e r t i e s  of the gas and to obtain the r e s t  by using (1.4). However,  in o rde r  to avoid e r r o r s  associa ted  with 
t r ans fo rming  the function given at  d i sc re te  points, i t  is  neces sa ry  to calculate each effect ive section by 
means  of (1.10). 

The number  of functions of the wavelength Sk(h) to be used to cons t ruc t  the optical model (1.5) of a 
homogeneous gas will be called the o rde r  of the approximation ~ of the method of effective sections.  The 
f i r s t  approximation of the method was proposed in papers  of Thompson and Penner  elucidated in [1] and 
used in a number  of papers  to compute a plane radiating layer .  

2 �9 

layer  boundary (see Fig. lb). 
q+, q- 

P l a n e  L a y e r  

Let  u s  consider  a plane gas l ayer  with a uniform t empera tu re  distribution. The origin l ies on the 
The express ions  for the radiat ion flux q, i ts  divergence,  and one-s ided fluxes 

q (r) = q+ (r) - :  q- (r) 
r 

q+ (r) = ! dL I Bx (T (r')) 2Es [tx (r', r)] N (r') zx (r') dr' 
(AD o 

r i  

q-(r) = I dLIBx(T(r'))2Z~ [tx(r, r')] N(r')zx(r')dr' 
(Ax) r 

(a~) o 

become under the assumption (1.5) 

q- (r) = ~ B  ( r  (r)) ~* ( r  (r), n~ (r, r + 8) . . . . .  n~ (r, r + 8)) + 

-4- ~ i' uB (T (r'))Z~* (T (r'), nx (r, r') . . . . .  n, (r, r')) dn, (r') 

q+ (r) = ~tB ( r  (r)) 8* ( r  (r), nl (r - -  ~, r) . . . . .  n~ (r - -  6, r)) + 
x r - - ~  

-I- ~-a I ~tB (T (r')) z,~* (T (r'), nl (r, r'), . . ., n~ (r, r')) dn~ (r') 
k=l 0 

(2.1) 
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x 

div q (r) = - -  2gB (T (r)) N (r) ~ %~ (r (r)) zk* (T (r), nl (r, r~-6) ..... nx (r, r~-~)) 
k = l  

r - - 5  u 

-~ N (r) { I ~B (T (r')) ~ ~p~ (T(r)) ski*. (T (r'), n~ (r, r') . . . .  
O k=l i=l 

. . . .  n . ( r , r ' ) ) d n i ( r ' ) - + -  f n B ( T ( r ' ) )  ~p~(T(r)) ~ s , ~ * ( r ( r ' ) ,  n~(r, r') . . . .  
r-}-B k=i ~=i 

. . . ,  n~ (r, r')) dni (r ' )  

The effect ive sec t ions  in the plane case  a re  

z 

(n~) i=I 

ilk* (T, nl 
(A~) J=i 

(/,7,) i=i 

(2.2) 

42.3) 

Here  El, E2, E 3 a re  exponential  in tegra l  functions of the f i r s t ,  second and th i rd  o r d e r s .  

I t  was  a s s u m e d  in der iv ing (2.1), (2.2) that  the t e m p e r a t u r e  v a r i e s  sufficiently smoothly  over  the co-  
ordinate  r so that  a t  points  a distance ~ apa r t  the P lanck  function Bk (T) can be cons idered  independent of 
the coordinate  within the l imi t s  of admiss ib le  e r r o r .  The f i r s t  t e r m  on the r ight  side of the equali t ies  in 
the fo rmu la s  for q- ,  q+ (2.1) i s  the radia t ion f rom an i s o t h e r m a l  plane l aye r  of th ickness  ~. The use of ~* 
in (2.1) and Crk* (k= 1 , . . . ,  ~) in (2.2) p e r m i t s  shor tening the volume of the table  of effect ive sect ions needed 
to solve the p rob lem.  The effect ive sec t ions  in (1.9) mus t  be known for  ihe values  of n k cor responding  to 
in te rva l s  between 0 and the m a x i m u m  size  of the domain which we denote by d. The effect ive sect ions  for  
values  of n k co r respond ing  to s m a l l e r  in te rva l s  between 5 and d a re  used in (2~!), (2.2). The ra t io  d/5 i s  
usual ly  10-40 in radia t ion t r a n s f e r  p rob l ems ;  hence the effect ive sec t ions  mus t  be known as  n k va r i e s  ap-  
p r o x i m a t e l y  10-40-fold.  

For  a plane layer ,  the re la t ions  (1.4) become under the assumpt ion  (1.5) 

Oe* /On~ = %*, Oz~* / On~ = - -  s~i * 
x n l  • n k  

~=i 0 k~l 0 

3. Multicomponent Mixture 

Let the mixture contain ~ components with molar concentrations x k (k= 1,..., ",Q. The temperature 
dependence of the absorption section of each component ~Xk (k= 1,..., ~<) will be represented as 

~ (r) = ~ (T)S~ (~) 

i.e., we use the assumption of the first approximation of the method of effective sections for a homogeneous 
gas. Let the absorption section of the mixture be calculated by means of the formula 

• 

z~ (T, x~ . . . . .  x J  = ~ ,  x ~ z ~  (T) 

If  the n u m b e r  of pa r t i c l e s  a l lo t ted to the absorpt ion section S k (X) on a r ay  (r,  r ' )  with unit c ro s s  
section is  ca lcula ted  as  

r '  

n~ (r, r') = f N (r") x~ (r") q~h (T (r")) dr" (k = t . . . .  r:• 
r 

then the radia t ion flux and i ts  d ivergence in a mul t icomponent  mix tu re  can be ca lcula ted  by fo rmulas  of 
the ~ - t h  approximat ion  of the homogeneous gas  (1.9), (1.10) in the th ree -d imens iona l  and (2.1)-(2.3) in the 
plane ca se s  if  we put @k=Xkq~ (T) there in .  
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4 .  N u m e r i c a l  C o m p u t a t i o n s  

o f  t h e  S h o c k  L a y e r  

Effect ive sec t ions  were  ca lcu la ted  for  the continuous spec t rum of 
a i r  in the f i r s t  and second approximat ions .  The absorp t ion  coeff ic ients  
were  taken f rom the book [2]. 

P r e s e n t e d  in Table  1 a re  the effect ive sec t ions  of a i r  in a f i r s t  ap -  
p rox imat ion  for  a plane l aye r  in the form a �9 10 b. 

The absorp t ion  sect ion was cons ide red  t e m p e r a t u r e  independent  
and equal  to the absorpt ion  sect ion at  a 12,000~ t e m p e r a t u r e  and i arm 
p r e s s u r e .  

F o r  a sma l l  opt ical  th ickness  the effect ive sec t ions  s, ~, s*, o ~ 
tend to constant  va lues ,  and ~, ~* become l inea r  functions of nl: 

o ~ ( T , O ) ,  o*-~2(I(T, 0), s---4s(T,O), s * - - , 2 s ( T ,  0) 
8--~nla(T,O), e*--~nlo*(T,O)=2nlo(T,O)=2nl.%for n~--~O 

L i n e a r  interpolat ion.  (1.6), (1.8) with TI= 11,000~ T2= 12,000~ 
was used to ca lcu la te  the effect ive sec t ions  of a i r  in a second app rox i -  
mation.  

The p r ob l e m  of radia t ion  t r a n s f e r  in  the shock l aye r  of a sphere  
around which a hypersonic  a i r  s t r e a m  flowed was  so lved  by the method 
of effect ive sec t ions .  The computa t ions  were  c a r r i e d  out on the c r i t i c a l  
l ine under intense gas in jec t ion  through the body surface.  The p rof i l e  of 
the ve loc i ty  normal  to the body sur face  was a s s u m e d  l i nea r .  The o r d i -  
na ry  d i f fe ren t ia l  equation of heat  influx taking account  of heat  conduct iv-  
i ty ,  r ad ia t ion  and absorpt ion  was solved by the fae tor iza t ion  method in 
the one-d imens iona l  plane l a y e r  approximat ion.  

Let  us compa re  the rad ia t ion  flux ca lcu la ted  by the method of effect ive  sec t ions  with the flux ca l cu -  
l a ted  exac t ly  for  the t e m p e r a t u r e  p rof i l e  in the shock l a y e r  p i c tu red  in Fig.  2a. The coord ina te  at which the 
gas ve loc i ty  n o r m a l  to the body sur face  ~anishes  (v = 0) i s  denoted by the v e r t i c a l  dash-do t  line. A bound- 
a r y  l aye r  where  v i scos i ty ,  heat  conductivi ty,  and diffusion p r o c e s s e s  ex i s t  i s  in the neighborhood of th is  
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l ine.  Mixing of the in jec ted  gas with the a i r  f r om the e x t e r i o r  s t r e a m  
which has p a s s e d  through the shockwave o c c u r s  in the same  neighbor-  
hood, and the th ickness  of the diffusion l a y e r  a g r e e s  a pp r ox i m a t e ly  with 
the th ickness  of the heat  conduct ivi ty  l ayer .  Diffusion was  not taken into 
account in the model  under  cons idera t ion ,  and i t  was  a s s um e d  that the re  
i s  a i r  to the left  of the l ine v = 0 and in jec ted  gas to the r ight .  The p r e s -  
sure  a c r o s s  the shock l a y e r  was a s s u m e d  constant ,  equal to 1 arm. The 
in jec ted  gas has the opt ica l  c h a r a c t e r i s t i c s  of a i r  in the computat ions 
p r e s e n t e d  in F igs .  2-4.  

A dependence of the one - s ided  rad ia t ion  flux towards  the body q-(r )  
on the coordina te  i s  p r e s e n t e d  in Fig.  2b. The dashed line shows the r e -  
sult  of an exact  computat ion,  while the so l id  l ines  a r e  by the method of 
effect ive sec t ions .  The Roman numera l  ind ica tes  the number  of the ap -  
p rox imat ion  and the value of the 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  T 1 for  which 
the absorp t ion  sect ion was taken in computing the effect ive sect ions  in a 
f i r s t  approx imat ion .  In the second approx imat ion  T t = l l ,000~ T 2 = 
12,000~ The solution in the f i r s t  approx imat ion  with T t = 12,000~ i s  a 
be t t e r  approx imat ion  to the exact  computat ion than with T t = 11,000~ 
This  i s  expla ined  by the fact that  ~ 80% of the rad ia t ion  flux i s  produced 
by the outer  p a r t  of the shock l aye r  with the 11,500~ t e m p e r a t u r e .  The 
solution in the second approx imat ion  l ies  between the f i r s t  approximat ion  
solut ions with TI= l l ,000~ and T t=  12,000~ The a c c u r a c y  of the r a d i -  
ation flux ca lcu la t ion  in the f i r s t  approx imat ion  with T 1 = 12,000~ i s  14% 
and in the second approx imat ion  i s  20%. However,  a p i c tu re  of the change 

in q-  with r in the second approx imat ion  a g r e e s  be t te r  with the exact  p ic tu re ,  and the point  of reach ing  
max imum q-  in the second approx imat ion  l i es  c l o s e r  to the m a x i m um  of the exact  curve than in the f i r s t  
approximat ion .  The t ime  to compute one i t e r a t i on  of the t e m p e r a t u r e  p rof i l e  i s  25 rain when using a dif-  
f e rence  scheme with 26 poin ts  for  the exact  ca lcula t ion  and 13 sec when us ing the method of effect ive s e c -  
t ions ,  i . e . ,  a p p r o x i m a t e l y  1/120 of the t ime .  

The inves t iga t ion  of the influence of the spac ing  of the e f f ec t ive - sec t ion  t ab les  on the a c c u r a c y  of 
comput ing the r ad ia t ion  flux q -  a c r o s s  the shock l a y e r  i s  r e p r e s e n t e d  in Fig.  3. Effect ive sec t ions  in a 
f i r s t  approx imat ion  were  used for T 1 = l l ,000~ with the n 1 and T spacing  p r e s e n t e d  in Table  2. I n t e r m e -  
diate va lues  were  de t e rmined  by l inea r  in te rpo la t ion  of the l oga r i t hms  of the effect ive sec t ions  in the log-  
a r i t h m s  of T and n 1. The numbers  and l e t t e r s  on the cu rves  in F ig .  3 denote the ve r s ion  of the nodal point 
a r r a n g e m e n t  on the e f fec t ive-sec t ion  t ab les .  The nodal a r r a n g e m e n t  2 'b,  a s s u r i n g  an e r r o r  not g r e a t e r  
than 3% in com pa r i son  with the m o s t  exact  a r r a n g e m e n t  30, i s  opt imal .  The opt imal  mesh  has nodal va l -  
ues  in n 1 va ry ing  tenfold and in t e m p e r a t u r e  a t  T1-3000 , T1--2000 , T I - 1 0 0 0  , T1, TI+ 1000. The gas do- 
ma ins  with t e m p e r a t u r e  below T1-3000~ y ie ld  a negl igible  contr ibut ion to the rad ia t ion  and work main ly  
on absorpf ion.  The magni tude of the ef fec t ive  sec t ions  at  low t e m p e r a t u r e s  does not influence the rad ia t ion  
flux prof i le .  Table  1 has  the opt imal  spacing.  

Because  of the compa ra t i ve ly  low a i r  t e m p e r a t u r e  ~ 12,000~ and the low value of the emi t t ed  r a d i -  
ant energy  in compa r i son  with the s tagnat ion enthalpy,  the t e m p e r a t u r e  p r o f l e  depends weakly  on the spec -  
t r u m  model  used. P r e s e n t e d  in Fig .  4 a r e  t e m p e r a t u r e  p ro f i l e s  ca lcu la t ed  by using effect ive sec t ions  in 
f i r s t  and second approx ima t ions .  Values  of the 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 s  T 1 and T 2 used a r e  ind ica ted  
here .  The t e m p e r a t u r e  d i f fe rence  in the m a j o r  p a r t  of the shock l aye r  i s  not more  than 7% and exceeds  
th is  value in a na r row t h e r m a l  boundary l a y e r  zone. The computat ion t ime i s  N 1 min while the computa-  
t ion of the t e m p e r a t u r e  prof i le  by the exact  method r e q u i r e s  a 2 hr  machine  t ime  expendi ture .  There fo re ,  
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the method of effect ive sect ions  can be used to find the t e m p e r a t u r e  prof i le  in radia t ion gas dynamics  p r o b -  
l ems ,  and the final radiat ion flux dis tr ibut ion can be c a r r i e d  out e i ther  by the same  or  by the exac tmethod .  

P r e s e n t e d  in Fig. 5 i s  the radiat ion flux distr ibution q-(r )  in the shock l ayer  with the injection of a 
gas with optical p r o p e r t i e s  different  f rom a i r .  The dashed curve  shows the exact  profi le ,  and the solid 
line is  the prof i le  obtained by using the f i r s t  approximat ion  of the method of effect ive sect ions  for a binary 
mix tu re  of a i r  (T 1 = 12,000~ gas (T 2= 3000~ The difference in the radiat ion fluxes coming in to 
the wall  i s  25%. 

The author is  grateful  to G. A. T i r sk i i  for  superv is ing  the r e s e a r c h  and to 1~. S. Fi l ippov for aid in 
c a r r y i n g  out the computat ions.  
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