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The velocity of the leading edge of a thermal  (heat) wave increases  exponentially if the density 
of the gas in front of the leading edge of the wave falls in accordance  with a s imi lar  law. When 
the wave propagates in a nonuniform a tmosphere  the shape of the leading edge may deviate 
f rom spher ica l  and ultimately the thermal  wave may "break through" the atmosphere.  

The fact that the shock wave ar is ing from a s trong explosion might break through the a tmosphere  was 
predicted by Kompaneets  [1]; this effect is due to the exponential increase  in the veloci ty of the leading edge 
of the shock wave in traveling upward. By compar ison  with this increase ,  the slow (power-law) change in 
velocity,  associa tedwith  the reduction in the specific energy of the gas with increas ing volume of the shock 
wave, becomes  insignificant. An analogous effect may occur  in the development of the thermal  wave which 
in a severe  explosion precedes  the shock wave [2]. It follows from considerat ion of a spher ical  thermal  
wave that the velocity v of its leading edge is determined by the thermal  diffusivity )~ = aT n c lose  to the lead-  
ing edge (T is the v o l u m e - a v e r a g e g a s  temperature)  and the volume of the wave 

= zv-' i : ,  (1) 

If, following [3], wc regard  the specific heat of the gas C as constant  (this res t r ic t ion  is not funda- 
mental) the thermal  diffusivity X is determined in t e rms  of the density of the gas and the Rosseland range 
of light l in the following way: X=16crT3 l l3pC (or is the S te fan-Bol tzmann  constant), i.e., it var ies  inversely 
proport ionally to a cer ta in  power of the gas density. This also applies to the coefficient a in the expression 
approximating the dependence of X on T. In an exponential a tmosphere  in which p ~ exp [ - z /Z ]  the values of 
X and a inc rease  exponentially with the height z; however, the charac te r i s t i c  scale  of the changes in these 
quantities Z 0 is sma l l e r  than the scale of the changes in a i r  density Z. Hence, according to Eq. (1), in an 
inhomogeneous a tmosphere  the leading edge of the thermal  wave t ravels  upward more  rapidly than down- 
ward,  and its shape deviates f rom spherical .  

As in the case  of a shock wave, a "pulling-out" effect at the leading edge may occur  for  a thermal  
wave formed at a height at which its l imiting radius R* (corresponding to the transi t ion of a thermal  into a 
shock wave) is comparable  with the scale  of the change in the function a(z). The value of R* may be es t i -  
mated by equating the rate  of energy t rans fe r  through thermal  radiation aT~/P0CT (P0 is the density of the 
gas at the height of energy release)  to the velocity of hydrodynamic motion, which is proport ional  to the 
veloci ty  of sound, in o rder  of magnitude equal to v~-~. Since T ~ e/P0CV (E is the total energy released),  at 
the instant of the transit ion of the thermal  wave into a shock wave 

P* ~. v'/, ~ /~',o';*O0-"-c -t,. (2) 

If in accordance  with [2] we assume that for Po ~ 10-3 g/cm3 and E ~ 1 0  2i  erg the va lue  of R* is ap-  
proximately 14 m, it follows from Eq. (2) that for  the same value of E R ~ Z 0 ~ 3  km i f P 0 ~ 1 0  -8 g / c m  3, which 
occurs  at a height of about 70 kin. 

Let us cons ider  the shape of the leading edge of a thermal  wave, formed at a height at which R> Z 0, 
in cyl indrical  coordinates ,  having their  origin at the point of energy release.  We use R(z, t) to denote the 
coordinate of the leading edge, z 2 and z 1 the coordinates  of the upper and lower points of the leading edge 
respect ively .  The volume of the gas behind the leading edge of the thermal  wave is 
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The  m e a n  gas  t e m p e r a t u r e  m a y  be  d e t e r m i n e d  by u s i n g  the  law of c o n s e r v a t i o n  of t h e r m a l  e n e r g y  

E = CT l pdV 
v 

which  g i v e s  

zdO 
E { ~ t l ' (z , t )  expl - -z , 'Z idz}- '  

T (t) = ~ z,(t) (4) 

If a v a r i e s  wi th  he igh t  z a c c o r d i n g  to the  equa t ion  a = a 0 e x p [ - z / Z 0 ]  , the  equa t ion  f o r  R(z ,  t) c o i n c i d e s  
wi th  the  a n a l o g o u s  equa t ion  f o r  the  l e a d i n g  edge  of the  shock  w a v e  d e r i v e d  in [1] 

~' - ( a'~ f l  (5 )  

w h e r e  in c o n t r a s t  to [1] 

t 

a0 17'n z = ~ (t') l ,'-'~ (yj dr' 

o 

The  so lu t ion  of Eq. (5) h a s  the  s a m e  f o r m  a s  tha t  d e r i v e d  in [1] 

(6) 

f l - - ~  ( z '~ 1 ( z ',il 
n (.., 0 = zo ~ cos 1 . " - - 7 -  "-'<P ',, :-;-) -i- ~ ~:p t -  -E', j" (7) 

The  d i f f e r e n c e  be tween  the  l aws  of mo t ion  of the  l e a d i n g  edges  of the t h e r m a l  and s h o c k  w a v e s  i s  due  
to the  d i f f e r e n c e  in the  t = t(x) r e l a t i o n s h i p s .  F o r  the  t h e r m a l  w a v e  

Zo 2 t 
l -Y] \ 2I,,' ,) g~x'r ' , ;(~')o"(~,) 

--2 In (l-x) 
F ( z ) =  S duarccos ' [  t--x'~ [ u  \ t [ u \ ]  +~ln (l+x) - - - 7 " -  exp "~"2-]' -}- - ~  exp ~-- -~-j 

--2In(I-x) 
[ Zo \ o(~)= ~ ~ o ~ p i _ S _ _ ~ / a ,  ~ , ~  . , r ~ - ~  �9 ~ ; ,  ~ r ,,~1 cos L ~ - -  ~:<P t -  ~ )  "-z~ Y)l 

--2 la (l+x) 

(8) 

The  t i m e  r e q u i r e d  to b r e a k  th rough  the  a t m o s p h e r e  t t = t ( x = l )  d e p e n d s  m o r e  s t r o n g l y  on the p a r a m e -  
t e r s  of e n e r g y  r e l e a s e  than in the  c a s e  of the  shock  wave ;  with i n c r e a s i n g  e n e r g y  E it  f a l l s  in a c c o r d a n c e  
with the law t 1 ~ E -n ,  w h e r e a s  fo r  a shock  w a v e  t~ ~ E - I / 2 .  T h i s  a l s o  a p p l i e s  to the  d e p e n d e n c e  of t t on the  
a i r  d e n s i t y  P0. S ince  a c c o r d i n g  to  [1] t he  d e v i a t i o n  of the  shock  w a v e  f r o m  s p h e r i c a l  f o r m  b e c o m e s  a p p r e -  
c i a b l e  for  t ~ t j 6 ,  and  tha t  of the  t h e r m a l  w a v e  fo r  t ~ 10-2t l  (if n =3) ,  w e  m a y  r e a s o n a b l y  a s s e r t  tha t  the  
t h e r m a l  w a v e  d e p a r t s  f r o m  s p h e r i c a l  f o r m  m o r e  r a p i d l y  than  the  shock  wave .  

F i g u r e  1 ( cu rve s  1, 2, 3, 4) shows  the  p r o f i l e s  of the  l e a d i n g  edge  of the  t h e r m a l  w a v e  [ cu rves  R(z)]  
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at the instants corresponding to values of the dimensionless  pa r ame te r  x = 0.2, 0.5, 0.8, and 1. The de-  
pendence of x on t ime t differs for  different n. The x = x(t) curves  calculated with the help of Eq. (8) for  
n = 3, 5, 7 (curves 1, 2, 3 respectively)  a re  presented in :Fig. 2. The set of data presented in Figs.  1 and 2 
enable us to de te rmine  the prof i le  of the thermal  wave at var ious moments of time. 
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