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An approximate analytical solution, which gives the distribution of flow variatles in terms of 
optical thickness from the embedded shock when P < has been obtained. The jump in the 
flow variables across the embedded shock has also been obtained. Numerioal results are given 
for six sets of values of dl and F. 

Recently a great deal of attention has been focussed on the problem of determining 
shock-structure in Radiaton-Gas-Dynamics (RGD) based on the continuum equations of 
gas dynamics, including energy transport by radiation and neglecting viscosity and heat- 
conduction. In a previous paper1 we have discussed steady atate flows in RGD when 
radiation pressure is negligible compared with the gas pressure and we have shown that 
the flow through the shock structure is just one particular steady flow which . joins two 
uniform st,ates, one at x = + co and another at x = - CO. We have also discussed the 
results of Zel'dovich~ and Heaslet & Baldwin3 on shock structure with a few new 
results. The steady state flows in RGD can be studied with the help of a first order 
ordinary differential equation in particle velocity and radiation pressure with 
two independent parameters M and p . For the shock structure, M represents the 
ratio of the shock speed to the sound velocity in the front of t,he stationary 
shock a t  x = + co. The second parameter p depends only on the thermodynamic 
state of the fluid a t  x r + co . I, is monotonically increasing function of temperature 
but monotonically decreasing function of the mass density. When is less than a certain 
critical value (fi*), depending on M, a continuous flow through shock structure is not 
possible, i.e. an embedded shock appears and particle velocity, gas pressure, temperature 
and mass density are discontinuous across it, whereas radiation flux and radiation energy 
density are continuous across it. Again if the shock is sufficiently strong, i.e. the shock 
strengkh M is greater than a- certain critical value (M*) a sontinuous flow through the 
shock is not possible and an embedded shock appears in th.e flow. In any case, the 
variation of flow variables through the shock structure is obtained by numerical integra- 
tion of the differential equations. 

In this paper, we have obtained very simple expressions for flow variables in terms of 
the optical thickness from the shock in the case p < fi*, by approximating the integral 
curves by straight lines on the two sides of the-shock. We mention here that a simibr 
approximate solution is also given by Headet& Baldwin3 and Lick4 and Vincenti & Krugers. 
In physical situations, which we come across most frequently, we find that p < p* and 
hence we feel that it is worth obtaining thesolution presented here from our phase plane 
analysis of steady state flows1 and present some numerical results. 
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B A S I C  E Q U A T I O N &  

In the frame of reference moving with the shock in an infinite medium, the motion is 
steady and the one-dimensional equations of mass, momeaturn and: energy give us 

w = m ,  > (1) 
mu + p ~  = mcl (2) 

and i 

PO 1  ~d P 
( y -1 )  P 

+ i j u 2 + & p a  + ,=m2 (3)  

where u  is particlo velocity, p mass density, pa gas pressure, P radiation flux in positive 
x-direction and m, q, ca are constants. 

As shown by Prasadl, m d ~ r  MiInelEddin@n approximation, the radiative transfer 
equation and the expression for the radiation pressure give us 

* 
dB' 
- = 4oT4 - 3cpB 
d7 (41 

and \ 

~ P R  
C- 

d~ + P = O  ( 5 )  

where c is the Gelocity of light, p~ radiation pressure, T temper@twe, u Steftxi &&tat 
and T the optical thickness measured from the shook. Dwoting tfie flow variables in the 
uniform state a t  z = + oo by suflix 1, we introduce the following non-dimensional 
quantities : 

1  - 0 ( l'l'*)"'" & = I +  - Y M ~  , P =  plRSIa I J 
YPU where a2 = - , %< 0, R is the gas constant appearing in the equation of state : 

P 

pa = RpT (7) 

and Y is the ratio of specific heats. 

From the above equations we can easily derive 

jiu = 9-6 
( (8) - d T = B I -  y + - 1  ( l - G ) ( % - a a )  

2 ( Y - 1 )  (9) 
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where 

G2 = 
( r - l y a ~ - 5 2  - rldfa +- 1 

( Y + I ) H ~  4 = ( ~ + l j ~ a .  
(22) - 
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SO that 8 

% * I - %  == 4- a,. (13) 
i l Differential equation (11) has three singular points GI, Gs, G, where 
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and 

If suffixes 3 and 4 to the flow variables refer to the 

, 

and 
* 

4 - - 
( ) h, = h4 he 121) . 

From (9) and (20) we-have - , . 
1-..ii,=ii4-ii2 . (22) 

, 
From (18) and (19) the expressioas for $ akd a*, when substituted in (22) give 

(2) ' (2) - 
8 A i  A1 3. Xe h2 

L C  = (2) (2) (23) 

\. A1 + 4% 
The jump in particle velocity across the embedded shook is given bg! 

- - 
.ii3--'Li4=-2X ( h l -  h 2 )  + (1-c2) (24) 

ALso we have . 
- - 
E",=- 2 ( y -  ("+.',)I A - ~ [ - ~ ~ - A ~ - ~ ]  (26) 
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where 
0) (2) 
A1 44 A = r+ P' 

To determine the flow variables in terms of the optical thickness from the shook, we 
substitute .li from (18) and (19) in (9) so that B 

dh 
d; =-- 

-- h )  ,for Y > 0 ,  
2 ( Y - 1 )  (28) 

(29) 

1 - a 2  
f )  = Xi - 3 6, > (30) 

(2) 
A1 

- - and - -  - 

- - &tB! "s &-.a2 <-& - - % + 4 2 )  ' (31) 
Aa 

The solutions of equations (28) and (29) witb the condition 
h e  &t 6 5 0  

are 

b+ P " f 1 ( r )  ; for T >  0 \ 
i= 

1 + f l ( 4  (32) 

and 
- 1 2 ) + 1 2 f . ( ~ ) ,  for 1 < 0  
h =  l + f i ( . )  (33) 

where 
4 

" 

h e  - ill 
fl ( r )  = #1,-le- exP (34) , 

and 
(2) 

2 ( Y  - 1 )  (35) 

Thus we have obtained complete solution, of ,$he problem (32) and (33) give jl in 
terms of T, (18) and (19) give 6, (8) givmya (9) gives and 

- I = u ( Q - G )  (36) A- 

gives the noQ-dime~&onfb1 temperature. 
4 
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Fig. l-Shook Structure in RGD[ 1 : = 0.01; 2 : P= 0.06; 3 : F =  0.1 ] 

R E S U L T S  A N D  D I S C U S S I O N  

The numerical work has been done for the following six sets of values ~f M and 9 with 
Y =E 513 and mean moleeuhr weight as in the ease of fully bnised hydrogen gag. 

I - Table 1 gives the values of various flow variables at  T = + GO, T = - rn and at fhe 
enibedded shock. Pigs. 1-4 give the v ~ r i a t b a  of variom Bow variables with the , optical 
thickness from the shook. The values o£. p* for M = 1.1 and 1.8 (both < W )  are 
0.46 a ~ d  0.80 and we find from the general theoryE that the shook stiructkre should 
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contab an embedded shock in each of the six oases ex~ept  the h s t  one where M = 1.8 
and i3 = 1. However, the last cwe was taken in order to estimate the error ia the 
present solution, which will show maximum error in this case. We h d  here that 
instead of getting a continuous profil5 an embedded shock sppears in between but the 
jumps in flow variable across it are very small. 

No. 1 2 3 4 ,  6 6 .- - 
Bf 1.1 1.1 1.1 1.8 1.8 1.8 

We note the following facts from Bigs. 1-4 : 

(i) In all the three cases for the weak shock, the two uniform states 1 and 2 are 
attained at almost equal optical depths from the-embedded shook. This is true even when 
M = 1.8 with ij = 0.1, i.e. when the radiatiort is weak. However, in the last two case8 
the flow variables attain their asymptotic values over an optical depth which is yory small 
for the back as codpared to that for the front of the sllock. 
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