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The se l f - s imi l a r  motion of a gas heated by an instantaneous point isotropic source  of monochromatic  
radiation was considered in [1] in an adiabatic approximation. However,  in the case  of s t rong heating of thegns  
the influence of the intrinsic radiation on the motion becomes substantial.  

The influence of radiation is taken into account in this paper  within the f ramework  of a homothermal  
model corresponding to large values of  the heat conduction coefficient [2]. 

At the initial t ime let the gas internal energy,  veloci ty,  and density sat isfy the relat ionships 

s(r ,  O) : A / F ' ,  v(r,  O) = O, p(r, O) = Po, (1) 

The initial state of the gas,  descr ibed by (1), can be obtained because of instantaneous l iberation of the 
energy E 0 in a cold gas with the density P0 by monochromat ic  radiation with the path length L [1]. In this case  
e ( r ,  0) = E o e - r / L / 4 ~ r p o L r 2  and agrees  with (1) (A = E o / 4 7 r p o L  ) i n  the limit r<<L. 

Gas motion s ta r t s  at t > 0. We assume that a s t rong shock whose front radiates  an energy flux equil ibrat-  
ing the t empera tu re  in the flow domain [3] is propagated f rom the center  of symmetry .  

The sys tem of equations descr ibing the one-dimensional  motion under considerat ion has the fo rm 

Ov , Ov , t O P _ _ o ,  OT 
at ' V~r ' p Or -dr = 0 '  

Using the equation of state of an ideal gas p = p R T ,  and eliminating the p re s su re ,  we obtain 

av V av , 8t ~ ~r ~- [IT~r (in p) = O, 

a ( l n p ) + v O ( l n p  ) , av, 9 ~ = 0 "  
Or -r-Or ~ " r 

(2) 

F rom the laws of conservat ion of momentum and mass  of the gas,  we have the following relat ionships on 
the discontinuity r =rl :  

pl(vl --  D) = --poD, pl(vl - -  D )  2 + R p l T  = 9oD 2, (3) 

where D is the velocity of the shock front. The magnitudes behind and in front of the shock, respect ively ,  are  
denoted by the subscr ipts  1 and 0. 

Let us note that the gas motion in front of the shock is not taken into account in this paper in contrast  to 
[1]. 

a) 

(5) 

The gas velocity is v(0, t) = 0 at the center  of symmet ry .  

For t > 0 the gas motion is se l f - s imi la r .  Let us introduce the se l f - s imi la r  var iable  

where r 1 = ~A1/4tl/2, ~, fl are  constants  to be determined.  

The formulas  

D DZ 
t, = -~-/, p = PoX, 1' 
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can be wri t ten for  the gas veloci ty ,  densi ty,  and t e m p e r a t u r e ,  where  D =drl/dt. 

Substituting (4) and (5) into (2), we obtain a sy s t em  of o rd inary  different ia l  equations 

<~,+ " < t ! = ( x _ l ) ~ ( l n g  ) ~S {x(lng) = ( x - - / ) ~  + / '  Tx z" (6) 

The f i r s t  equation in (6) has an integral ,  but by el iminating (d/dx)(In g) f r o m  the second, we find an equa- 
t ion to de te rmine  the gas veloci ty  f: 

d~ = ! x(x--/}--  2 g CeS~-s,/~, (7) 
dx X i - - (x - -  #)~' 

where  C is a constant of  integration.  

Going ove r  to d imens ionless  coordina tes  fo r  x = ~ in (3), we have re la t ionships  fo r  the functions f(x) and 
f(x) on the d i scon t inu i ty  

/, = (J~ -b V [~ - 4)/2, gl = J~/(J~ - ] 0 ,  (8) 

w h i l e  at t h e  c e n t e r  o f  s y m m e t r y  

](0) - -  0. (9) 

If the solution of (7) is de te rmined  which sa t i s f ies  (8) and (9), then the whole gas motion can be computed. 

Let  us analyze the f ie ld  of integral  curves  of (7) by using the resul ts  in [2]. The equation has s ingular i t ies  
(Fig. 1) in the domain (x, f). The point O(0,  0) is a saddle point. The integral  cu rves ,  the lines x =0  and f=0 ,  
en te r  it. The s ingular i ty  A(1, 0) is a node,  where  the integral  curve  f = 0  enters  the point A; the second integral  
cu rve  enter ing the point A has the slope k= l / 2 .  We have a saddle point at the s ingular i ty  B(2, 1) into which 
two integral  curves  with the s lopes k l=(1  + 4-~-)/4, k2= ( 1 -  1~fT3)/4 enter .  

The curves  f = x  - 1 and x = 0  (the line of the infinite derivative) a re  p resen ted  dashed in Fig. 1, while f= 0 
and f = x  - 2 /x  (the line of the ze ro  derivat ive)  sepai:ating the domains where  the der ivat ive  df/dx changes sign 
are  p resen ted  by d a s h - d o t  curves .  

It follows f r om an analysis  that the des i red  integral  curve  passes  through the s ingular i t ies  O, A, and B, 
where  it leaves f r om the point A with the slope k = 1/2 (curve 1 in Fig. 1). 

The location of the shock front  is de te rmined  by the in tersect ion with the curve  fl(x) = (x + ~ x 2 - 4 ) / 2  
(curve 2 in Fig. 1). The numer ica l  solution of (7) shows that the intersect ion has the coordinates  (2, 1), i .e . ,  
ag rees  with point B. 

Computed prof i les  of the gas veloci ty  and density a re  shown by the solid curve  in Figs. 2 and 3, and (for 
comparison)  analogous dependences for  the adiabatic case  with the adiabatic index T =1.1 by dashes.  Let us 
note that the gas density and veloci ty  prof i les  do not depend explicit ly on T for  the homothermal  case.  

The substant ial  influence of the int r ins ic  gas radiat ion on its motion is seen f ro m  the resu l t s  represen ted .  
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The constant ~ can a lso  be de te rmined  by using the energy  conserva t ion  law. Let us a s s u m e  that  the 
energy  of a gas heated by radia t ion in a domain bounded by r l is consumed by i ts  motion:  

rz r I 

pBT (t)~ f,,(,, (10) 
0 0 

Substituting the solution found into (10) and taking - /= 1.1 we obtain the value ~ =1.17. 

The author  is gra tefu l  to L. P. Gorbaehev  fo r  d i scuss ing  the r e s e a r c h .  
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