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An a p p r o x i m a t e  me thod  fo r  f inding the p a r a m e t e r s  of the  shock  w a v e  which f o r m s  du r ing  mot ion  of a 
m e t e o r i c  body in the  a t m o s p h e r e  at  h igh s u p e r s o n i c  speed  is  d e s c r i b e d  v i a  the  conven t iona l  g a s d y n a m i c  
f o r m u l a s  a f t e r  p r e l i m i n a r y  d e t e r m i n a t i o n  of the e f f e c t i v e  ad iaba t i c  exponent .  The  e n e r g y  l o s s e s  in 
d i s s o c i a t i o n  and ion iza t ion  of the  a i r  a r e  accoun ted  fo r .  

The  b a s i c  equa t ion  [1] f o r  the  n o r m a l  c o m p r e s s i o n  shock ,  under  the  a s s u m p t i o n  that  the  e n e r g y  l o s s e s  have  a 
p u r e l y  t h e r m a l  na tu r e ,  in a s y s t e m  f ixed with  t he  t r a v e l i n g  body,  has  the  f o r m  

E* -- E~ = I/~ (Pz -}- pl) (VI -- V2) + Q. (1) 

H e r e  El ,  V l,  and Pl a r e ,  r e s p e c t i v e l y ,  the  i n t e r n a l  e n e r g y ,  s p e c i f i c  v o l u m e ,  and p r e s s u r e  ahead  of the  shock  
w a v e  f ron t ;  Ez, Vz, and Pz a r e  the  s a m e  quan t i t i e s  behind the  shock w a v e  f ron t ;  Q a r e  the e n e r g y  l o s s e s  in d i s s o c i a t i o n  
and ion iza t ion  of the a i r .  

F o r  high s u p e r s o n i c  v e l o c i t i e s  we can neg l e c t  the  quan t i t i e s  E 1 and Pl. A s s u m i n g  that  E~--  c~, T2 = P~V~, / (k - -  t), 
we obta in  an equa t ion  of the  f o r m  

p2V~ 
-~-  (V~ -- V2) + Q, (2) 

w h e r e  K = 1.41 is  t he  ad iaba t i c  exponent  fo r  the a i r  ahead  of  the shock  wave .  

We i n t r o d u c e  the d i m e n s i o n l e s s  quan t i ty  q = - 2 Q / p z V  2. Subs t i tu t ing  q into (2) and so lv ing  f o r  V1/V 2 * = P2/P l ,  we 
obta in  

p~* k 4- i 
p~ -- k- -  i + q" (3) 

H e r e  p~ is  the d e n s i t y  behind the shock w a v e  in the p r e s e n c e  of d i s s o c i a t i o n  and ion iza t ion .  The  quant i ty  (k + 
+ 1) / (k  - 1) i s  equal  to the  m a x i m u m  shock c o m p r e s s i o n  in the  a b s e n c e  of d i s s o c i a t i o n  and ion iza t ion  p r o c e s s e s  and 
fo r  M 1 ~ ~o; t h e r e f o r e  q deno t e s  the  i n c r e a s e  of the shock c o m p r e s s i o n  in c o m p a r i s o n  with  the  m a x i m u m  c o m p r e s s i o n  
r e s u l t i n g  f r o m  d i s s o c i a t i o n  and ion iza t ion  of the  a i r ,  i . e . ,  

p .  p max hp2* 

q : P1 Px -- pl 

We i n t r o d u c e  the  e f f e c t i v e  ad iaba t ic  exponent  k*. By ana logy  with  the known a e r o d y n a m i c  f o r m u l a  we take  

p2" (k* ~- 1) M1 ~ 
p1 - -  2 ~- (k* -- t) M1 ~ (4) 

It i s  not d i f f icu l t  to s e e  tha t  in this  c a s e  the  ad iaba t i c  exponent  i s  not  cons t an t ,  but depends  on M 1. R e p l a c i n g  
P2*/Pl in (3) by (4) and so lv ing  fo r  k*, we find 

k* = 2k + q (a -- i) (i --  2 / Mx:) 
2~-q (k-- t )  (5) 

In p r a c t i c e ,  f o r  d e t e r m i n i n g  the  e f f e c t i v e  ad iaba t i c  exponent  we can u s e  the R o z h d e s t v e n s k i i c u r v e s [ 2 ] ,  which  
, 

show the  v a r i a t i o n  of the  shock c o m p r e s s i o n  Pz /P l  as  a funct ion  of Mach  n u m b e r  fo r  d i f f e r e n t  p r e s s u r e s  Pl of the 
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unper turbed  flow. Substi tuting P2/Pl into (4) and solving for k*, we find 

1 ~'P~* (1 + 2 k.= ~)+i ] .  p~*/pl--I L'-~ \ (6) 

For  high supersonic  speeds (in pract ice  for M 1 > 30) we can neglect  the t e rm 2/M~. Then k* is found from the 
equation 

k* p~*/pl-F t (7) 
= p2* / p~-- I " 

It is usual  to consider  that shock wave formation ahead of a meteor ic  body begins at an alti tude of 80-100 km 
[3]. This alt i tude cor responds  to a p r e s s u r e  Pl ~ 10-4 arm abs.  We present  the resu l t s  of a calculat ion made for this 
p r e s s u r e  and four values  of the Mach number  us ing (6) and the curves  of [2] 

M1 = 25 30 35 40, 
P2*/Pl : 18.5 t7.8 t8.5 19.9, 

k* ~ 1.t30 t.t20 1.tt6 1.1tt, 

Bronshtdn [3,4] r ecommends  for such cases  values of k* lying in the range 1.11-1.29.  We note that aceount ingfor  
recombinat ion of the a i r  molecules  may inc rease  k* slightly. 
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