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A solution is obtained of the f low-pas t  p rob l em for  an a x i s y m m e t r i c a l  body with s t eady - s t a t e  
hypersonic  nonviscous,  space - r ad i a t i ng  gas flow in a hypersonic  approximat ion .  It is shown 
as i l lus t ra ted  by the example  of f low-pas t  of a sphere  by an a i r  flow, that the re la t ive  d is t r ibu-  
tion of the rad iant  flux weakly depends on a calculat ion of sur face  r e - r ad i a t i on ,  while the 
s ize  of the radiant  flux substant ia l ly  depends o n b o d y t e m p e r a t u r e  T w at  a c r i t i ca l  point.  The 
dis t r ibut ions of rad iant  flux for  sphere  f low-pas t  by a CO 2-  N 2 gas mix tu re  (at T w = 0) a r e  
ca lcula ted  using a p rev ious ly  developed method.  It  is shown that  dif ferent  CO 2 contents in the 
initial  mix tu re  of the incident gas  flow weakly affect  this dis t r ibut ion.  The dependence of the 
dis tr ibut ion of the rad iant  flux and depar tu re  of the shock wave on the boundary condition for  
gas enthalpy in the p r e s s u r e  shock, taking into account  fo rward  radiat ion,  is invest igated.  
Asymptot ic  expres s ions  a re  obtained for  sphere  f low-pas t  for  the case  of a s t rongly  radia t ing 
gas .  Dis t r ibut ions  of the radiant  flux for  different  assumpt ions  for  the boundary conditions 
in shocks a re  calcula ted.  

1. The s y s t e m  of equations descr ib ing  a x i s y m m e t r i c a l  flow of a nonviscous non-heat -conduct ing,  
chemica l ly  balanced radia t ing gas  has the d imens ion less  fo rm [1, 2] 

uOu/Ox + e~vOv/Ox=--(e/p)Op/Ox; 
(8/H)Ov/Ox - -  u/ RtI=--rOp/Or 

Oy/O~=t/pur; Oy/Ox=Hv/h; 

(pulH) ~ (h + u S -~- 8~v ~) ~- - -  FQ,; 

Oe~/Ox =: 0, ] = t, 2 . . . . .  Ne; 
H = t + s y / R ,  s = pMP~o; 

r(x, y )=rw(x )+sy  sin ~(x); 
p=o(p,  r);  
h=h(p ,  T); 

r ~ 3 = 8Kp~oaT~oel/p~V~. 

(1.1) 

Here  lx and ely a re  coordinates  d i rec ted  along the sur face  of the body and along the normal  to it, 
uV~o and eV~ov a re  the veloci ty  components  in the di rect ion of these coordina tes ,  e - l o g o  is the density,  
o~oV~p is the p r e s s u r e ,  V~h/2  is the enthalpy, Ts0T is the gas t empe ra tu r e ,  c*j a re  the m a s s  concent ra -  
tions of the chemica l  e lements ,  Kps0K P is the Planck absorpt ion  coefficient  ave raged  over  the ent i re  f r e -  
quency spec t rum,  1 / R l  is the cu rva tu re  of the sur face  of the body, /r(x,  y) is the dis tance f rom the axis of 
s y m m e t r y  to a given point, l is the cha r ac t e r i s t i c  l inear  dimension,  Ne is the number  of independent 
chemica l  e lements ,  the subsc r ip t s  ~o, s, 0, and w denote the p a r a m e t e r s  of the incident flow, the p a r a m -  
e t e r s  immedia te ly  behind the shock wave, the c h a r a c t e r i s t i c  values of the p a r a m e t e r s ,  and the i r  magnitudes 
on the body surface ,  r e spec t ive ly ,  ~(x) is the angle between the tangent to the body and the d i rec t ion of 
undisturbed,  and F is the radia t ion p a r a m e t e r  and, 0~oV~o/2r is the s t r e a m  function de te rmined  by the ex-  
p r e s s ion  [1] 
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d ~ = o u r d y  - -  p v r H d x .  

L e t  us  f i r s t  c o n s i d e r  the  in f luence  of the  s e l f - r a d i a t i o n  of the  body  s u r f a c e  a t  a t e m p e r a t u r e  T w on 
the flow f i e ld  and r a d i a n t  hea t  f lux  to the body  I t  is  c l e a r  f r o m  s i m p l e  e s t i m a t e s  tha t  when T s ~ 1 0  "~'~K 

3 " 0 
and T w ~ 4 �9 10 ~ the  in f luence  of s e l f - r a d i a t i o n  of the  body  s u r f a c e  on the  f low p a r a m e t e r s  anal the  r a d i a n t  
f lux  to the  body  n e a r  the  c r i t i c a l  po in t  i s  low.  S ince  gas  t e m p e r a t u r e  and p r e s s u r e ,  a s  the  gas  m o v e s  a long  
the x ax i s  f r o m  the  c r i t i c a l  po in t  of  the  body ,  f a l l ,  the body  r a d i a t i o n  m a y  t u r n  out to be  c o m p a r a b l e  unde r  
t h e s e  flow c o n d i t i o n s  wi th  the  g a s  r a d i a t i o n ,  and  th i s  m a y  l e a d  to a v a r i a t i o n  in the r a d i a n t  f lux d i s t r i b u t i o n  
a long  the l a t e r a l  s u r f a c e  of the  body  in c o m p a r i s o n  wi th  the  c a s e  when the  s e l f - r a d i a t i o n  of  the body  s u r -  
f ace  can  be  neg l ec t ed~  A s i m i l a r  f o r m u l a t i o n  of the  p r o b l e m  a r i s e s  in a s e c o n d  case~  I t  i s  we l l  known tha t  
t h e r e  e x i s t s  a b o u n d a r y  l a y e r  n e a r  the  body .  T h i s  b o u n d a r y  l a y e r  m a y  tu rn  out in a n u m b e r  of c a s e s  to be 
o p t i c a l l y  t h i c k  (for  e x a m p l e ,  m o l e c u l e s  m a y  be  p r e s e n t  in i t  wi th  high a b s o r p t i o n  c r o s s  s e c t i o n s  fo r  MgO, 

SiO 2 C3, e tc~ In th is  c a s e  we m a y  d e m o n s t r a t e  tha t  i t  w i l l  r a d i a t e  a s  a body  s u r f a c e  wi th  e f f ec t ive  t e m -  
p e r a t u r e  T w equa l  to the  gas  t e m p e r a t u r e  a t  the e x t e r n a l  b o u n d a r y  of the  b o u n d a r y  l a y e r ,  which  i s  c o m -  
p a r a b l e  wi th  the gas  t e m p e r a t u r e  in the n o n v i s c o u s  p a r t  of the  s h o c k  l a y e r .  

Thus  we wi l l  a s s u m e  h e r e  tha t  the  s u r f a c e  (or  b o u n d a r y  l a y e r )  r a d i a t e s  a s  an a b s o l u t e l y  b l a c k  body 
at  a t e m p e r a t u r e  T w and tha t  the  r a d i a t i o n  of the  gas  f low a r r i v i n g  wi th  the  s h o c k  wave  m a y  be  n e g l e c t e d .  

The  b o u n d a r y  cond i t i ons  on the  shock  wave  have  the f o r m  

r~ (x) 
~ : :  % (x) 2 [r~ (x) ,'-- ey~ sin ~12/2; (1.2) 

ll~ (x) =: COS ~ COS (~ - -  a) e P,0 sin ~ sin (~ - -  a); 
P, 

" ] 6 ( x ) = ~ §  - - e  2 sin 2~; 

c*,. = c j ~ ,  ] - = t , 9  . . . .  Ve; t g ( ~ - - a )  ey: 

w h e r e  p i s  the ang le  b e t w e e n  the t angen t  to the shock  wave  and the d i r e c t i o n  of u n d i s t u r b e d  f low, Moo is  the 
Mach  n u m b e r ,  j ~  is  the r a t i o  of hea t  c a p a c i t i e s ,  and Ys = Ys (x) i s  an equa t ion  d e s c r i b i n g  the  f o r m  of the 
s h o c k  w a v e .  

On the s u r f a c e  of the body 

,~=0, v=0 .  

By a s s u m i n g  tha t  a l l  the  unknown func t ions  and t h e i r  f i r s t  d e r i v a t i v e s  have  o r d e r  of  m a g n i t u d e  one,  we 
f ind the  so lu t i on  of the s y s t e m  of equa t ions  (1~ with b o u n d a r y  cond i t i ons  (1.2} in the f o r m  of the d e c o m -  
p o s i t i o n  [1] 

](x, , ,  a)=/0(x, ~)+e/l(x, 4 ) §  .... (1o3) 

w h e r e  f is  any of the func t ions  u, v, p, o,  h, o r  T .  
tern of equa t i ons  (1.1), we ob ta in  fo r  the  p r i n c i p a l  t e r m s  (the s u b s c r i p t  0 i s  omi t t ed )  

du Op u Ocj 
-:--=0;o~ ~-~ =~-Fr; & = 0 ,  j = t , 2  . . . . .  he; 

8 pu-G~(h+u2)=-FQR; h=h(p,T); p = p ( p , T ) ;  @ v 
"~z = -d';  

8y 1 
o ,  - d ~ 7 '  r = r w  ( z ) .  

Subs t i t u t i ng  the d e c o m p o s i t i o n  of  Eq.  (1.3) in the  s y s -  

(1~ 

W e  m a y  p r o v e  f r o m  the r a d i a t i o n - t r a n s f e r  equa t ion  t ha t  the  s h o c k  l a y e r  to a f i r s t  a p p r o x i m a t i o n  in e can  
be  c o n s i d e r e d  fo r  c a l c u l a t i n g  the  r a d i a n t  f lux as  a l o c a l l y  o n e - d i m e n s i o n a l  p l a n e  l a y e r  [2]. 

To a f i r s t  a p p r o x i m a t i o n  in e the  b o u n d a r y  c ond i t i ons  t ake  the  f o r m  
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S o o u,=cos ~(X); p ~ =  m "  a(x); 

h,=sin" a(x); 

%b~ (x) = r~ (x)/2; cj~ = cj~, j = 1, 2 . . . . .  N~. 

(1.5) 

I n t eg ra t i ng  the s y s t e m  of  equa t ions  (1,4) with boundary  
condi t ions  (1.5), we obtain:  

u(x, t )=cos a(t); (1.6) 

gso/Yso(Tzv=O ~ 

"2i" ~ 
, ,o1,.~, , , , . 2  

0 0,2 0,4 0,6 0,8 :~/?'So 

Fig~ 2 

p (x, t) =s in"  c~ (x) t i 'cosa(t)sinc~(t)r~(t)dt;  (1.7) 
l~r w (x) "i 

cj =cyr ] = t, 2 . . . . .  Ne; (1.8) 

t r r~(t) tga(t)dt 
y (x, t) = ~, (~:~; b p (x, 0 ; (1.9) 

v=u(dy/dx), (1010) 

w h e r e  t is  a coo rd ina t e  d i r e c t e d  along the  s u r f a c e  of  the shock  wave and counted off  f r o m  the axis  of s y m -  
m e t r y  and m a r k i n g  the p lace  where  the s t r e a m l i n e  ,~ e n t e r s  the shock  wave .  

Thus  the d i s t r ibu t ion  of  p r e s s u r e  and of the tangent ia l  ve loc i ty  componen t  in (x, t) v a r i a b l e s  turns  
out  to be  the s a m e  as  in the c a s e  of  the f low of  a nonrad ia t ing  gas  [1]. Le t  us c o n s i d e r  the c a s e  of  a s p a c e -  
r ad ia t ing  gas .  Under  our  a s s u m p t i o n s  the e n e r g y  equa t ions  have the f o r m  

Oh [ ~ ~] pu ~ = - -  F Kp (T, p) T 4 ~ ~ K~ (T, T~) T~, , 

w h e r e  Kp(T) is the d i m e n s i o n l e s s  P l a n c k  abso rp t ion  coeff ic ient ,  Kp(T, T w) is the d i m e n s i o n l e s s  modif ied 
P l anck  abso rp t i on  coef f ic ien t  [3], g iven  by  

Kp (T,T~) Kp,o = K'v (T) B~ (rw) dv , Bv (T~) dr, 
0 

and B y ( T ) i s  the P l a n c k  r ad ia t ion  funct ion.  The fol lowing equat ion  holds  suf f ic ien t ly  exac t ly  fo r  a i r  at  T 
l l , 000~  

Tw) Tw ~--- K p  (T) T4 ( - T ) .  Kp (T, ~ Tw 

In v iew of  this  equat ion we obta in  

(I,II) 
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L e t  us  a p p r o x i m a t e  the  s e t  of e q u a t i o n s  (1.11) in the  f o r m  

K~ T4/pCpef=F(p)Cg( T). 

In t h i s  c a s e  the  s o l u t i o n  of Eq .  (1.11) wi th  b o u n d a r y  cond i t i on  (1.5) is  w r i t t e n  in q u a d r a t u r e s  
Ts(x) $ 

~' dT = __ F ~ F [p (x', t)] dx'. 

T(x,t) O(T) t - - ~  x 
In a s e c o n d  p a r t i c u l a r  c a s e  when F(p) = 1 and  ~(T) = T n (n is  the  d e g r e e  of a p p r o x i m a t i o n ) ,  we m a y  a p p r o x i -  

m a t e  the  r i g h t  s i de  of Eq.  (1.11) to the  f o r m  

T n (1 i Tw~ 
-- T - . T ) = ( T - -  Tc),~ \ 

w h e r e  

T~ = Tw/2,. 

In th i s  c a s e  the  t e m p e r a t u r e  d i s t r i b u t i o n  i s  found e x p l i c i t l y  

(x --  t)}llci-~) 
T(x, t) = Tc Jr {(T~(t) - -  To) 1-n + b u (t) j ' b = F (n - -  ~). (1.12) 

The  d i s t r i b u t i o n  of the  r a d i a n t  h e a t  f lux  i n c i d e n t  f r o m  the shock  l a y e r  a t  a po in t  wi th  c o o r d i n a t e  x on the 
body  is  found f r o m  the  equa t ion  

2q R (z) __ F i KpT~ tga  (t) r~ (t) dt (1.13) (z) qw 
0 

2.  L e t  us  c o n s i d e r  a s  a n u m e r i c a l  ex~/mple of our  so lu t i on  f l o w - p a s t  a s p h e r e  of  r a d i u s  R = 1 m by 
a h y p e r s o n i c  a i r  f low a t  V~  = 10 k m / s e c  a n d p ~  = 3 �9 10-  ? g / c m 3 ,  The  t h e r m o d y n a m i c  and o p t i c a l  p r o p e r t i e s  
of the b a l a n c e d  a i r  c o m p o s i t i o n  w e r e  t aken  f r o m  [4, 5]. T h e  r e l a t i v e  d i s t r i b u t i o n  of  the  r a d i a n t  f lux a long  
the s u r f a c e  of the  s p h e r e  q(0) = qR(0) /qR(0) ,  w h e r e  qR(0) i s  the  r a d i a n t  f lux a t  the  c r i t i c a l  po in t  0 = 0 i s  
p r e s e n t e d  in F i g .  1. The  s o l i d  c u r v e  1 in th is  f i g u r e  c o r r e s p o n d s  to a c a l c u l a t i o n  us ing  E q s .  (1.12) and 
(1.13) at  T w = 0; the b r o k e n  c u r v e  2 c o r r e s p o n d s  to a c a l c u l a t i o n  at  T w = 8000~ ( t e m p e r a t u r e  c o r r e s p o n d -  
ing to the e x t e r n a l  b o u n d a r y  of the b o u n d a r y  l a y e r ) .  The  c i r c l e s  3 i n d i c a t e  r e s u l t s  o b t a i n e d  p r e v i o u s l y  [6] 
u n d e r  t h e s e  cond i t i ons  and w h e r e  T w = 0~ The  r e l a t i v e  d i s t r i b u t i o n  of  the  r a d i a n t  f lux c a l c u l a t e d  us ing  
the  m e t h o d  p r e s e n t e d  above  fo r  f l o w - p a s t  of  a s p h e r e  of  r a d i u s  R = 0 . 4  m b y  a h y p e r s o n i c  gas  f low c o n s i s t i n g  
of a m i x t u r e  of CO 2 and N 2 at  T w = 0, V~  = 10 k m / s e c ,  and D~ = 0 .84"  10 -7 g / c m  '3 i s  p r e s e n t e d  in th i s  
f i g u r e .  The  t h e r m o d y n a m i c  and o p t i c a l  p r o p e r t i e s  of t h i s  m i x t u r e  w e r e ,  c o r r e s p o n d i n g l y ,  t a k e n  f r o m  p r e -  
v ious  w o r k s  [7-9] .  C u r v e  4 in Fig~ 1 c o r r e s p o n d s  to 100% CO 2 in the  i n i t i a l  gas  m i x t u r e ;  c u r v e  5, to 90% 
CO 2 + 10% N2; and c u r v e  6 to 16% CO 2 + 84% N 2. T h e s e  c u r v e s  i n d i c a t e  tha t  the  i n i t i a l  c o m p o s i t i o n  of the  
CO 2 -  N 2 m i x t u r e  of  the  i n c i d e n t  g a s  w e a k l y  a f fec t s  the  r e l a t i v e  d i s t r i b u t i o n  of  the  r a d i a n t  f lux.  I t  is  e v i -  
dent  f r o m  F i g .  1 tha t  the  r e l a t i v e  d i s t r i b u t i o n  of the  r a d i a n t  f lux t h roughou t  the  s p h e r e  in the  c a s e  of f low-  
p a s t  by  a CO 2 -  N 2 m i x t u r e  is  g r e a t e r  than in f l o w - p a s t  by  a i r  at  s i m i l a r  f low c o n d i t i o n s .  Th i s  is  due to the  
h i g h e r  r a d i a t i v i t y  of a C O 2 - N  2 m i x t u r e  in c o m p a r i s o n  wi th  a i r  in the  t e m p e r a t u r e  and p r e s s u r e  r a n g e  we 
i n v e s t i g a t e d .  T h i s  f ac t  ha s  b e e n  p r e v i o u s l y  no ted  [9] fo r  an i s o t h e r m a l  p l a n e  gas  l a y e r .  

A d e p e n d e n c e  of the  d i m e n s i o n l e s s  r a d i a n t  f lux  q0/q0 (Tw = 0) at a c r i t i c a l  p o i n t  on the  e f f ec t i ve  s u r -  
f a ce  t e m p e r a t u r e  T w ( c u r v e  1) fo r  s p h e r e  f l o w - p a s t  by  a i r  is  p r e s e n t e d  in F i g .  2.  

F i g u r e s  1 and 2 i m p l y  tha t  the  r e l a t i v e  d i s t r i b u t i o n  of t he  r a d i a n t  f lux q(0) w e a k l y  de pe nds  on t e m -  
p e r a t u r e  T w in a wide  r a n g e  of v a r i a t i o n ,  whi l e  the  m a g n i t u d e  of the r a d i a n t  f lux  a t  a c r i t i c a l  po in t  s u b -  
s t a n t i a l l y  d e p e n d s  on T w. C u r v e  2 in F i g .  2 d e m o n s t r a t e s  the in f luence  of T w on the  d i m e n s i o n l e s s  d e -  
p a r t u r e  of the  shock  wave  Ys at  a c r i t i c a l  po in t .  An i n c r e a s e  in T w f r o m  0 to 8,000~ l e a d s  to a v e r y  

0 
weak  i n c r e a s e  in s h o c k - w a v e  d e p a r t u r e .  

3.  R a d i a n t  h e a t  f luxes  d e p a r t i n g  f r o m  a s h o c k  l a y e r  a c r o s s  an i n c i d e n t  g a s  f low b e c o m e  s i g n i f i c a n t  
a t  c e r t a i n  e n t r y  c o n d i t i o n s  ( for  the  e a r t h  at  V ~  >16  k m / s e c ,  H = 61 km) and we canno t  i g n o r e  t h e i r  i n f l uence  
on the  p a r a m e t e r s  of the  i n c i d e n t  f low.  I t  has  b e e n  d e m o n s t r a t e d  fo r  a i r  f low in a n e i g h b o r h o o d  of a c r i t -  
i c a l  p o i n t  [10] that ,  though the r a d i a t i o n  f r o m  a s h o c k  l a y e r  does  not  p r a c t i c a l l y  i n f luence  the  m a s s  
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and momen tum flow into the incident gas,  i t  may  signif icantly v a r y  the s ize  of the energy  flux inflowing 
into the shock layer ,  so that  at high en t ry  ve loci t ies  prehea t ing  leads  to an i nc r ea se  in the radiant  heat  
flux at a c r i t i ca l  point by 25% (atVr = 16 k m / s e c ) .  Flow was cons idered  [10] only in a neighborhood of a 
c r i t i ca l  point, so tha t  the influence of fo rward  radia t ion on the va r i a t ion  of the field of gasdynamic  p a r a m -  
e t e r s  and the dis t r ibut ion of the rad iant  flux to the body was not taken into account.  A calculat ion of this 
influence was c a r r i e d  out he re .  If radia t ion absorpt ion  by the cold gas of the incident flow i n c r e a s e s  the 
energy  flux iuflowing into the gap by Aq, the boundary  Condition on the p r e s s u r e  shock for  enthalpy may  
be wri t ten in d imens ion less  f o r m  

92 2hq 
h~==---7~.3 -~ I -  

v = T =  .~; ] 

Basing our work  on prev ious  r e su l t s  [10, 11], we may  demons t r a t e  that the remain ing  boundary con-  
ditions (1.2) and s y s t e m  of equations (1.1) do not va ry .  We will fu r the r  ignore r e - r a d i a t i o n  of the body s u r -  
face and use the method of solution se t  for th  in the f i r s t  p a r t  of this pape r .  In this case  the solution for 
the functions u, v, p, and y is desc r ibed  by Eqs.  (1.6)-(1.10). It  is a s s u m e d  in solving the energy  equation 
that  gas  in  the shock l aye r  is s p a c e - r a d i a t i n g  and obeys  the equation of s ta te  

h=vl@ --  t ) ,p lo ,  

where  y is the effect ive ra t io  of heat  capac i t i es  in the shock l aye r ,  depending on the given t e m p e r a t u r e  and 
p r e s s u r e  in t e rva l s .  

The magnitude Aq iS de te rmined  by the in tensi ty  and spec t r a l  composi t ion of the radia t ion  f rom the 
shock l aye r  in the d i rec t ion  of the incident flow and is a coordinate  function, 

2A4/t,=v~ = ! (x). 

Under these assumpt ions  we obtain 

Oh r 4. 
pu 7z = - -  Kp,--"~ KpT , 

h ( , = , , ( x ) ) = l , ( x )  ~_ sin ~ a( z )+  l(x). 

We approx imate  in accordance  with [12], 

K p = A p T " ,  

(3.1) 

(3.2) 

where  A and n a re  cons tan ts .  In this case  the solution of Eq. (3.1) has the fo rm 

b(z - -  t) ) - t / (n+4)  
h (x, t) = {[/, (t)l -( '+a) + cos r (t) J 

where  b is the radia t ion p a r a m e t e r ,  given by 

= r ( n +  4 )  

The d imens ion less  rad iant  flux at the point x on the body sur face  is given by 

x 

2qR (x) b .!'r(t)h(x,t)n+Stga(t)dt" qw(X)=-'7--'GT-,~= 2 p~V~ (n + 4) r (x) 

4. Le t  us cons ider  f low-pas t  of a sphere  as an example .  In this case  the rad iant  flux to a point d e t e r -  
mined by the angle 0 on the su r face  of the sphere  has the fo rm 

t 

qw(O)-- 2(n+4) dt .b (O ~ are s in  (t s in  O)) + .  [ t  t~sin~O -t-](0)1 -~  "; 
t sin 0 (4.1t 

r ~- n+4 ,  m = - - ( n + 5 ) / ( n + 4 ) .  
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For  a s t rongly  rad ia t ing  gas  b >> 1, which is of i n t e r e s t  in invest igat ing fo rward  radiat ion,  the asympto t ic  
calculat ion of the in tegra l  in Eq. (4.1) leads to the fo rmula  

i (o) q= (0) = ~ ( 1  + ~o-~-f (4.2) 

Thus the second t e r m  in p a r e n t h e s e s  in Eq. (4.2) de sc r ibe s  the va r i a t ion  in the dis tr ibut ion of rad iant  flux 
to a body due to fo rward  radia t ion .  

F igure  1 p r e s e n t s  the dis t r ibut ion of r ad ian t  flux through a sphe re  ca lcula ted  using Eq. (4.2). Cal-  
culat ions were  c a r r i e d  out for  two dependences of frO). It has been  shown [12] that the d is t r ibut ion of r a -  
diant flux depar t ing f r o m  the shock l aye r  is near ly  cos30 for  f low-pas t  of a sphere  by a s t rongly  radia t ing gas .  
T h e r e f o r e  we may  take in the f i r s t  case  the dependence 

1(0)=8 cos s O, (4.3) 

where  6 is a constant  l e s s  than one. 

It  has  been  demons t r a t ed  [12] that 5 = 0.5 for space  luminescence  of a gas in a shock l aye r .  Equation 
(4.3) at 6 = 0.5 c o r r e s p o n d s  to the e n t i r e  radiant  flux depar t ing the shock l aye r  being absorbed  in the inci-  
dent gas flow and re turn ing  to the shock layer ,  vary ing  the gas enthalpy in the shock. 

P r e v i o u s  [10, 11] calcula t ions  nea r  the c r i t i ca l  line, taking into account radia t ion reabsorp t ion ,  have 
shown that 6 = 0.2 (at V~ = 16 km/sec). In the second case, by assuming that departing radiation is redis- 
tributed isotropically by angles, we have 

1(0)=8. (4.4) 

The re la t ive  dis t r ibut ion of the rad iant  flux through a sphere  qR(0)/qR(0) at a value of f(0) cor responding  
to Eq. (4.3) is p r e sen t ed  in Fig. 1 (curve 1' is for  ~ =0 ,  curve  2 ' ,  for  6 =0 .2 ,  and c u r v e 3  ~, for  5 =0 .5) .  
Curves  4' and 5' in this f igure c o r r e s p o n d  to calculat ion using Eq. (4.2) with fr0) se lec ted  f r o m  Eq. (4.4) 
(curve 4' is for  5 = 0.2 and 5 ' ,  for  5 = 0.5). The conclusion follows f r o m  Fig.  1 that the re la t ive  distr ibution 
of the rad iant  flux s c a r c e l y  v a r i e s  as a function of a var ia t ion in the boundary condition in the shock in- 
duced by the depa r tu re  of fo rward  radia t ion.  

The d imens ion les s  depar tu re  of the shock wave has the form,  taking into account  Eq. (3.2), 
i 

g~ ( 0 )  = - -  ' d t  cos 2 0 - -  sina 0 
3 § ~ J / (4.5) 

X (  b ( 0 -  arcsin (t sin 0)) • }--'/~, a--=(n~-4). 
tsinO "~ [ 1 -  t2sin20-r: 1(0)] -~  

The asympto t ic  calculat ion of the in tegra l  in Eq. (4.5) in the case  of a s t rongly  radia t ing gas b >> 1, 
leads to the equation 

@ i n + 4  1 [1 -~  n@3 cosO 1 
y~(0) = ~27 ~ 3  bqcos)-~0 n+---~ [/~(0)1~. Z -  

[/~ (o)] ~+~ b, ~ J 

(4.6) 

where q - 1/n + 4. 

Equation (4.6) implies that the second and third terms in brackets are smaller than the first term 
at high b, i.e, forward radiation weakly affects shock-wave departure. 

In conclusion, the authors wish to express their appreciation to G. A. Tirskii for discussion of this 
work. 
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