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ABSTRACT 

                       In this paper we   have  studied the  

“propagation of diverging spherical shock wave 

in a self gravitating gas”. The shock waves 

produced due to the explosion or implosion in 

the  presence of magnetic field have received 

much attention in the past decades. We have all 

ready derived the numerical estimate for shock 

velocity relation in analytical way. In this study 

we have derived the expressions representing 

the velocity of a spherical shock wave 

propagating through an exponential 

atmosphere due to its own gravitation for weak 

and strong cases. It is observed that, for the 

given initial condition, the shock velocity 

increases with propagation distance  in case of 

weak shock, whereas for strong shock it 

decreases. 

Keywords: Magnetogasdynamics, MHD ,shock waves   

,magnetic field,  Mach number, explosion, implosion. 

INTRODUCTION 

Introduction : 

  The study of shock waves is an 

important research field for the safety 

assessments and predictions of disasters due to 

explosions. Shock waves are produced due to 

the sudden release of enormous amount of 

energy from sources such as a nuclear 

explosion. Shock waves produced due to the 

explosion or implosion in presence of magnetic 

field has received much attention in the past 

decades and the mainstay of theoretical 

descriptions is still the Rankine – Hugoniot MHD 

boundary conditions derived by taking into 

account the equation of state for an ideal gas. 

Many theoretical and experimental studies 

were reported by various investigators on 

planer, cylindrical and spherical shock waves. A 

number of approaches, including the similarity 

method (Krehl [7]), power series solution 

method (Sakurai [12]), CCW method (Chester 

[3], Chisnell [4] and Whitham [13]) have been 

used for the theoretical investigation of MHD 

shock waves in homogeneous and 

unhomogeneous media. The Rankine – 

Hugoniot MHD shock condition play a 

fundamental role in all the above well known 

methods (viz. Boyd and Sunderson [2], Gardiner 

and Stone [5], Hosseini and Takayama [6] and 

Nath [11]). 

  CCW [1 – 3] method has been 

used to study the propagation of a diverging 

spherical shock wave in a self-gravitating gas, 

having an initial density distribution 
r

0
e  , where  is the density at the 

origin,  is a non-dimensional constant and r 

the propagation distance, for the two cases (i) 

when the shock is weak and (ii) when it is 

strong. Analytical relation for shock velocity 

have been derived and their numerical 

estimates have been computed. Using initial 

density distribution, Kumar et al. [8] and Kumar 

and Saxena [9, 10] have investigated the 

propagation of shock wave through self-

gravitating gas for plane, cylindrical and 

spherical symmetries of the shock. 

Simultaneously for both the cases, using CCW 

method and taking 
r

0
e   as the 

initial density distribution, the propagation of a 

spherical shock wave through a self-gravitating 

gas has been studied simultaneously for both 

weak and strong cases, in this chapter. 
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Basic Equations : 

  The equations governing the 

flow of the gas enclosed by the shock front 

under the influence of its own gravitation a
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(3.1) 

where, m (r, t), u(r, t), p(r, t) and (r, t) denote 

respectively the mass, velocity, pressure and 

density inside the sphere of radius r at time t. 

  Let p0 and 0 denote the 

undisturbed values of the pressure and density 

in front of the shock wave. u, p and  be the 

values of respective quantities at any point 

immediately after the passage of the shock, 

then the well known Rankine – Hugoniot 

conditions permit us to express u, p and , in 

terms of the undisturbed values of these 

quantities by means of the following equations :
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(3.2) 

 1M ,          (3.3)  

where U is the shock velocity and a0 is sound 

velocity in undisturbed medium and M the 

Mach number. 

Case – I For weak shock M is taken as 

where  is the parameter which is negligible in 

comparison to unity. 

Using this relation, the boundary conditions 

(3.2) become 
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Case – II 

For strong shock, U >> a0, then the boundary 

conditions (3.2) reduce to 
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 (3.5) 

And 
)1(

U2
u


 . 

  For diverging shocks the 

characteristic form of system of equations (1) is 

easily obtained by forming a linear combination 

of first and third equation of the system of 

equations (1) in only one direction in (r, t) plane 

is
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     The final step is to substitute the shock 

conditions (3.4) and (3.5) into this relation. A 

first order differential equation in (r) and U2 is 

obtained which determines the shock. For weak 

shock, substituting equation (3.4) into equation 

(3.6), we get 
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Now assuming the initial density distribution 
r

0
e  , the mass m can be written as 
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where K is a integration constant and is equal to 

(N + 8)  for    m = N, say (at r = 0 and  = 1) 

where N is a dimensional constant. 

  Also, the condition of 

hydrostatic equilibrium prevailing in front of 

shock is written by substituting 

f
0u




  in first equation of (3.1), 
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Integration of equation (3.9) yields : 
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Now, for the two case viz. (i) when shock is 

weak, i.e. r >> 1 the expression for the pressure 

in unperturbed state can be written as a series 

of increasing powers of 1/r. Therefore, for this 

situation which is true at distances, it can be 

written as 
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However, for strong case i.e., for smaller values 

of r (r << 1) expression (3.10) can be expanded, 

as 
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Thus, the expression for the pressure in 

unperturbed state for weak and strong cases 

will be given by (3.11) and (3.12), respectively. 

Consequently equation (3.7) reduces to 
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On integrating, it yields 
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where K1 is a constant of integration. 

And, a0 can be written as 
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Substituting p0, a0 in the equation (3.15), we get
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where 
2/1

4/3

1

GK
K 













 , and having 

etained terms upto 
2r

1
. 

Consequently U and 

0
a

U
 can be written as 

U=8G 
2/1

22

r

22 r2

1

r

1

2

1
e

4

r

1K

































 






















  22/r2/1

4/1

1
r

K

3
1er

8

1
K1

















22 r2

1

r

1

2

1
e r        (3.17) 

2/r2/1

4/1

1

0

er
8

1
K1

a

U








  



























 

22

r2

r2

1

r

1

2

1
er

K

3
.  

(3.18) 

For strong shock, substituting equation (3.5) 

into equation (3.6),  we get 
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Integration of equation (3.20) yields 
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where K is a constant of integration. 

Using equation (3.8), we get 
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(3.21)   and 

 
















 



 r

1

A

2

0

e4
A1

rK
BGKr

a

U

        



















)2(

2

)3()2()3( 2

223

A

r

AA

r

A

r


 

 




















3

2

)2A(

2

)3A()2A(
4

 

  

 

http://www.jetir.org/


© 2019 JETIR March 2019, Volume 6, Issue 3                                   www.jetir.org  (ISSN-2349-5162) 

JETIR1903278 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 158 
 































)2A(6

r

)1A(2

r

A1A

r 2321

  

 

 






 

2

r 4
rrlogeK

r

K
G

  

 

















 



)r2r(loge2
r

e2

2

e r

rr

.       

(3.22) 

Results and Discussion : 

  Expressions (3.18) and (3.22) 

represent, respectively, the shock velocity of a 

spherical shock wave propagating through an 

exponential atmosphere due to its own 

gravitation for weak and strong cases. 

Weak Shock –It is observed that for the present 

initial condition, the shock velocity increases 

with propagation distance r. 

Strong Shock –It is observed that for the 

present initial condition, the shock velocity 

decreases with propagation distance r. 
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