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Self- similar flow behind a radiative spherical shok wave
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ABSTRACT

Self similar solutions for the shock propagation in non uniform gas without self gravitation effects in the presence of
radiation and considered the problem of spherical shock waves in an exponentially increasing medium under the
material pressure.
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INTRODUCTION

Sakurai (1) has considered the problem of a shakevarriving at the edge of a gas in a medium ichkvithe
density varies as a power law — Wang (2), KochK@)|iwell (4), Rayand Banerjee (5) and others hawestigated
the propagation of spherical shock waves. Rays\(6jma and Vishwakarma (7), have already obtainegl&
similar solution for spherical shock waves in maggasdynamic. Singh and Srivastava (8) have coreidthe
problem of spherical shock waves in on exponentiattreasing medium under the material pressure.

In the present problem, we have discussed the isphathock waves in a medium of exponentially iasieg
density. The similarity solutions have been devetbprhen the radiation heat flux is more importéuat radiation
pressure and radiation energy. The total enerdglyeofvave varies as the cube of the shock radius.

The purposes of this study are, therefore, to nkgelf-similar solutions for the shock propagatiomon uniform
gas without self gravitational in the presenceadfiation. The propagation of spherical shock wanes dusty gas
with radiation heal — flux and exponentially vanyidensity is investigated by Singh (9). Singh ardia (10) have
found solutions for spherical shock with heat flux.

Equations of Motion and Boundary Conditions
The equations of behind a spherical shock are

4P P 0 2y =

dt +r2 ar (ur?) 0 1
du I 0 _

E*‘;;(P‘FP,.)—O 2
d _r(P+Py) dp | (r-1) ariF) _
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Where up, P, Rand T are the velocity, density, Pressure, mdtBriassure and temperature respectivElpeing
the gas constant and r the ratio of specific hwhtke F denotes the heat flux.

F=-% 2 (oT% 5

Where &C) is Stefan — Boltzmann constant C, the velocitligift, p, the mean free path of radiation is acfion of
density and temperature. Following Wang (1) we take

H=pop' T# 6
Where |4, a and B being constants

r= A exp (mt), (m>0) 7

and since we have assumed self-similarity, thelshalt also move with the time according to an erpatial law.
R=B exp (mt), 8
Wherer is the radius of inner expanding surface. R isstieck radius A, B and m are dimensional constants.

The disturbance is headed by an isothermal shbekefore, the boundary condition are

1

=[5V 9
p1=Y M?p, 10
Pi=po V? 11
Fi=3 [ -11 poV° 12
P, =poV? 13

Where subscripts 0 and 1 denote the regions imregiahead and behind the shock front, respectivaig v is
the shock velocity, M denotes the Mach number.

Similarity Solutions:-
The similarity transformation for the problem undensideration is

T

n= B exp (mt) 14
u=vV() 15
P= Po G (n) 16
P =po VZP (n) 17
P, =poV*P, (n) 18
F=p, V'Q (), 19

The variable) assumes the value 1 at the shock@ua the inner expanding surface. This enables egpoess the
radius of the inner expanding surface

Q=- NG (P+p,) ™ (T222 - ) 20
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With 8 = —3, a remaining arbitrary, @ a < 2), and
N =4 mquoP, “Y = adimensionless radiation parameter
arp+4

Solution of Equation of Motion
Now using the equations (14) — (20), the equat{@hs- (3) are transformed into the forms

- GT(‘::VZ)V] 21
[P () +P'(m] =G @[V’ ) (1-V(n)] 22
Q' = [n{P'+P',V (P'+P',) =Y (P+)/G (nG'+(V-n) +2(/-1)Q] 23

n(Y-1)
V= [2V (PR)Gnn-V) QG “IIN(P+R)] 24

n[(-V)* - (Ph) ]
G

Where primes denotes differentiation with respect, t
The appropriate transformed shock conditions are
V(1) = (1-1§M?)

G (1) =yM?,

P(1) =1,

P =1,

Fi=RV°Q (1),

Then

QW =;(5s—1),

YM?2
RESULTS AND DISCUSSION

For exhibiting the numerical solutions, it is conient — to write the flow variables in the non dims#@nal forms as,

u_ v
up V(@)

PT _ P
Pry  Pr(1)

F___ 0

-1 1
z Gz’

Fy
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The numerical integration is carried out by usiodtveare matlab for r =1.4, 20, M =10; the nature of flow
variables are illustrated through graph,
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Figure 3 Ressure Distribution
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Figure 4 Radiation Distribution
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