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The nature of the propagation of a thermal  wave produced by a powerful explosion was descr ibed 
in a number of papers ,  for example, [1-6]. It was shown by a numerica l  method [4] that a shock 
wave is p resen t  together  with the thermal  wave. In this paper,  the effect of a homothermal  
shock wave on heat propagation is evaluated by an approximate method. 

At some initial t ime let an energy E 0 be deposited and let spher ical  thermal  waves and spherical  
shock waves be propagated f rom the point of energy deposition. We consider  a time interval  such that one 
can neglect radiative energy and need not consider  the formation of an external shock wave at the thermal  
front.  The gas is assumed ideal, and the physical  proper t ies  of the heated a i r  are taken into account by the 
introduction of effective values for the adiabatic index y and the molecular  weight ~. 

The equation of heat t r anspor t  for  a thermal  wave including radiation is writ ten in the radiative the r -  
mal-conduct ivi ty  approximation as 

B 9 dT BT dp div S, (1) 

where S is the flux of radiant  energy.  

At high tempera ture ,  one can roughly assume the t empera tu re  to be constant over  the entire heated 
region: 

r(r, t ) = T ( t ) , ' r  ~ rT; 
T(r, t)=O, r ~ rw, 

where S T is the radius of the thermal -wave  front.  

On the shock front (r = r 1 < r T) being propagated in the heated gas, relat ions must  be satisfied which 
ref lect  conservat ion laws at the i sothermal  compress ion  discontinuity: 

r p l ( D  - -  v , )  = poD; 

Pl +Px (D -- vl) ~ = Po + poDS; (2) 
(D--v1) 2J_ So--S1 D 2 - - - - Y - - -  0-~ = ~ '  

where S O - S l is the radiat ion flux f rom the shock front.  We assume that it resul ts  f rom motion of the gas.  

We have f rom Eqs. (2) 

where D is the velocity of the shock front  and a = R(:R-T/# is the i so thermal  velocity of sound. 

Because of its motion, the gas pos se s se s  kinetic energy alongwith internal energy,  with the total energy 
E 0 being conserved,  
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E o = E T + E .  or 

4n  ' ORT r2dr + f ,o~.~ i_~ ~ ( ~ 1 )  6 ~ r 2 d r  = E~ 

(4) 

P r o p a g a t i o n  of the  t h e r m a l  wave  dep e nds  on the  d e n s i t y  and v e l o c i t y  d i s t r i b u t i o n  of the  gas  beh ind  the  
s h o c k  f r o n t .  

One can  r o u g h l y  a s s u m e  tha t  

v = D (1 - -  ~ ' t  --~. (6) 
\ 

E q u a t i o n  (5) was  p r o p o s e d  by  Ya .  B.  Z e l ' d o v i c h  and is  v a l i d  f o r  a s t r o n g  s h o c k  [7]. The  p r o b l e m  is  
s o l v e d  a p p r o x i m a t e l y ~  M u l t i p l y i n g  Eq.  (1) b y  47rr 2, i n t e g r a t i n g  f r o m  0 to r T ,  and  t a k i n g  E q s .  (3)-(6) into 
c o n s i d e r a t i o n ,  we ob t a in  

[ 1 MTR dT 4nr~poD~ (1 --  a4lD 4) (1 - -  aZlDZ) ~ - -  4z~r~ST, 
P, (I' - -  I) dt = '2 3 + r~ (7) 

w h e r e  S T i s  the  r a d i a t i o n  f lux  f r o m  the t h e r m a l - w a v e  f ron t ;  M T = 4 ~ p 0 r ~ / 3 .  With  the  equa t ion  of  m o t i o n  
t a k e n  into  c o n s i d e r a t i o n ,  Eq .  (1) r e d u c e s  to 

r" ot \~(1,-- t )  t- --  r ~ ~(V__t)  , ~ - v  P - - ~ t r  S). 
(s )  

I n t e g r a t i n g  Eq.  (8) wi th in  the  b o u n d a r i e s  of the r e g i o n  bounded  b y  the  s h o c k  wave ,  we ob ta in  

j dZH , M1B dT 471r2So; 
'~/  i- 9.(1,_1) dt 

] M1R dT - -  4~r l  S I T ~ PoD 3 (t  - -  a~/D 2) [~t(y--t) dt 

(9) 

w h e r e  M 1 = 47ro0r~/3. 

E l i m i n a t i n g  the gas  t e m p e r a t u r e  f r o m  E q s .  (9) and u s i n g  E q s .  (3) and  (4), we ob t a in  an  equa t ion  which  
d e s c r i b e s  the  v a r i a t i o n  of  the i n t e r n a l  e n e r g y  E T of the t h e r m a l  wave ,  

dE~T = 4~r~poD3 [(i --  ~4/D~) 3 (i --  ~/D2)] (10) 
dt 2 m + 3  J" 

S u b s t i t u t i n g  the  v a l u e  

in Eq.  (10) and us ing  Eq~ (7), we have  

4z~ 3 RT 
ET = ~- port t~ (1, --  t) 

dr..~ T _ STM (y - -  l) (11) 
dt paRT 

TO d e t e r m i n e  the p r o p a g a t i o n  l aw for  the  t h e r m a l - w a v e  f ron t  in a c c o r d a n c e  with  Eq.  ( I0) ,  i t  i s  n e c e s -  
s a r y  to s p e c i f y  the  r a d i a t i o n  f lux S T f r o m  the  f ron t .  

If  the  t e m p e r a t u r e  in  the  t h e r m a l  wave  i s  kep t  s t r i c t l y  c o n s t a n t  a long the r a d i u s ,  the r a d i a t i o n  f lux 
i s  then  

ST=  a T 4. (12) 
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As a m a t t e r  of  fact ,  the t e m p e r a t u r e  v a r i e s  along r ,  which leads  to a 
change  in the quant i ty  (12) by  a f a c t o r  } ( I R / r T )  w h e r e  l R is the Rosse land  
r a n g e .  

We choose  the n u m e r i c a l  coe f f i c i en t  } so  that  the law fo r  p ropaga t ion  
of  the t h e r m a l - w a v e  f ron t  wi thout  inc lus ion  of  gas  mot ion  a g r e e s  with 
tha t  known f r o m  the s e l f - s i m i l a r  so lu t ion  [1]. 

I f  one a s s u m e s  IR= (T~/106) 2 m, then 

7.52 T ~ 

We d e t e r m i n e  the p ropaga t i on  of  the s h o c k w a v e  us ing  Eqs .  (4)- (6) 
and the r e l a t ion  (2) at  the shock  f ront ,  

dr1 D =  [ 3 (E~  (m'-~-51]i/2[ t I (14) 

The gas  t e m p e r a t u r e  is ca l cu la t ed  f r o m  

T---- 
3ET (7 -- 1) 

4~poBr~ 
(15) 

F o r  a s t r ong  shock  wave,  where  the condi t ions  a2/D 2 << 1 and m >> 5 a r e  sa t i s f ied ,  we have f r o m  
Eqs .  (10)-(14) 

dE T dE n = 2~r2p0DZ; 
dt dt 

dr1 { 3E~ ~1/2. 
-~ --- D -  k2ar~po/ ' 

drT ~ (7 - -  1) 7.52. t0--i2(y [3~t (7 - -  i)/a EST 

(16) 

We have f r o m  the f i r s t  two equat ions  in (16) 

! d. ( D 2 r ~ ) = _  r2D a. 
3 dt 

Subst i tut ing d /d t  = D(d/dr l )  and in tegra t ing ,  we obtain 

r, =cl(t @c2) l/a, (17) 

where  Cl and c 2 a r e  cons tan t s  to be d e t e r m i n e d .  

Us ing  Eq. (17), the va lues  of E T and r T a r e  d e t e r m i n e d  f r o m  Eq.  (16): 

ET=Eo(I  - -  ev-3/9; 

rr =~oEo 5m {. [t - -  20ev-"/4 - -  2 0 ( , z - 3 / ' f +  
+8(eT-3/,) 3 _ 5/2(e.-S/~)4+4/tt(eT-3/,)~]+ 

. c3} 'r ~ ~oEo ~/lv [~(1 - -  20e~-~/4)+calln 7, 

whe re  r = t + c2; 
4~ Oo c5. 

[ , 7 ,  (7- ')752 ,o-'2a f3~ (7 - ,)~,],/,7 
}o - - -  i Bp; k 4-'T~-;~--0R / j �9 

( i s )  

The coef f ic ien t s  cl,  c2, and c 3 a r e  d e t e r m i n e d  by  the condi t ion that  the rad i i  of the shock  and t h e r m a l  
f ron t s  a re ,  r e s p e c t i v e l y ,  rl0 and rT0 at a g iven t ime t o and a (1 -k ) - th  por t ion  of the exp los ion  e n e r g y  is 
t r a n s f e r r e d  to the kinet ic  e n e r g y .  
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Note that for  r - -  ~, the value of r T f rom Eq. (18) t r ans fo rms  into the well-known solution of [1]. 

The sys tem of ord inary  differential equations (10)-(15) was integrated numerica l ly  on a computer  
by the R u n g e - K u t t a  method. The following values were used as input data: 

Eo=4.t8" i01~ I; to = 2. t0 ~5 sec; 
rT0-----35m; rio=8 m; 7=1,37; ~ = 2.07; 

E,ro = k E o .  

The calculations were  pe r fo rmed  for k = 0.3, 0.5, and 0.7. 

The resul ts  of numerica l  calculations of the time dependence of the radius of the the rma l  front are  
given in Figo 1. Curve I cor responds  to the se l f - s imi l a r  solution [1] (ET = E0 = 4.18 -10 i5 J, k = 1); curves  
2, 4, and 5 cor respond  to the values k = 0.7, 0.5, and 0.3, and curve 3 cor responds  qualitatively to the nu- 
mer ica l  calculat ions in [4]. Note that for k = 0.7 and 0.5, the numerical  solutions agree sa t i s fac tor i ly  with 
the solutions obtained f rom Eq. (18). 

The resul ts  indicate that the shock wave has a significant effect on the propagation of heat.  

Finally, we evaluate the accuracy  of the selected approximate method as exemplified by the propaga-  
tion of a homothermal  shock wave. According tothe exact s e l f - s imi l a r  solution of [3], the radius of the 
shock front, for  a density rat io k = 2 at the f ront ,  is 

(E01"' z-,, (19  rx = ~-1 \'P-oo) t2i5 -~ \ ~ o )  ~ ' 

where c~= 0.0643 +[0 .163 / (y -1 ) ]o  I f o n e a s s u m e s ' g =  1o37, }l = 1 . 1 2 .  In the approximate method, the radius 
r I is determined f rom Eq. (19) where 

if one assumes  as in the exact solution that ?, = 2, T = 1.37, then ~ = 1.11. Note that a value of 1.04 is ob- 
tained for ~1 f rom the th in- layer  method of Chernyi [8]. 

The compar isons  made demonstra te  the acceptabili ty of approximate methods for  describing the be-  
havior  of thermal  and shock-f ront  propagation.  
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