
 

5 VIII August 2017

http://doi.org/10.22214/ijraset.2017.8041



                           International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                                       ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor:6.887 

      Volume 5 Issue VIII, August 2017- Available at www.ijraset.com 
 

 
 

297 ©IJRASET (UGC Approved Journal): All Rights are Reserved 

Cylindrical Imploding Strong Shock Wave in 
Uniform Real Dusty Gas 

Jeet Prakash1, Mukesh Kumar2, R. K. Tyagi3, P.K. Gangwar4 
1,2,3Department of Physics, Dr. P. D. B. H. Govt. P.G. College, Kotdwar, Pauri Garhwal (Uttrakhand) 

4Department of Physics, Bareilly College, Bareilly-243001, U.P. 

Abstract: Chester-Chisnell-Whitham method has been used to study the behavior of dusty real gas on adiabatic propagation of 
cylindrical imploding strong shock waves.  It is assumed that the dusty gas is the mixture of a real gas and a large number of 
small spherical solid particles of uniform size. Neglecting the effect of overtaking disturbances, the analytical expressions for 
shock strength and shock velocity immediately behind the shock have been derived for uniform initial density distribution. The 
expressions for the pressure and particle velocity have also been obtained. The variation of the flow variables have been 
calculated numerically and discussed through graphs. Finally the results accomplished here are compared with earlier results as 
well as those for ideal dusty gas. 
Keywords: CCW, dusty, imploding, real gas, shock. 

I. INTRODUCTION 
The study of the shock wave propagation in a dusty gas has received considerable attention due to its application to space science, 
bomb blast, lunar ash flow, coal mine explosions, nozzle flow, missiles and other engineering problems. Many scientists (Sedov[1], 
Pai et al[2], Miura and Glass[3], Gretler and Regenfelder [4], Hirschler and Steiner [5], Igra et al[6]. Vishwakarma[7] generalized 
Ray and Bhowmik[8] solution in gas to the mixture of gas and small solid particles with exponentially varying density, using a non-
similarity method. He found that the presence of small dust particles in the gaseous medium has significant effects on the variation 
of flow variables. The problem of propagation of shock wave in dusty ideal gas have been tackled by Vishwakarma[9] using 
similarity method. Vishwakrma and Pandey[10] have studied one-dimensional unsteady self-similar adiabatic flow of a dusty ideal 
gas behind a spherical shock wave with time- dependent energy input. Motion of shock wave in a mixture of ideal gas and small 
dust particles with radiation heat flux and exponentially varying density has been studied by Vishwakarma et. al.[11]. Yadav et 
al.[12] studied the propagation of weak cylindrical shock in the mixture of ideal gas and dust particle in presence of constant axial 
magnetic field.   Singh and Gogoi [13] have found similarity solution for the propagation of spherical shock wave in the mixture of 
non-ideal gas and small solid dust particles. They use the equation of state for non-ideal gases simplified by Anisimov and 
Spiner[14], which describes the behavior of non-idealness of gas on the problem of strong shock explosion.  
The aim of the present study is to investigate the motion of cylindrical imploding shock in a real dusty gas having uniform initial 
density distribution by using CCW (Chester[15]-Chisnell[16]-Whitham[17]) method, without considering the effect of overtaking 
disturbances. It is assumed that the real (non-ideal) dusty gas is the mixture of real gas and a large number of small spherical solid 
particles of uniform size. The particles are inert and uniformly distributed in the gas. Initial volume fraction of the solid particles is 
also assumed constant in this particular study. The particles do not interact with each other therefore their thermal motion is 
nigligble. Initial density of the medium is taken to be constant and medium ahead of the shock front is at rest with small counter 
pressure. We also assumed that the particles behave like a pseudo-fluid. Maintaining the equilibrium flow condition in the flow 
field, the analytical expressions for the shock velocity, shock strength, pressure, and flow velocity have been derived. The variation 
of flow variables with propagation distance (r), mass concentration of solid particles in the mixture (kp) and the ratio of the density 
of solid particles to the initial density of gas (G) are obtained and discussed through figures. The results accomplished are compared 
with those for dusty ideal gas[13]. 

II. BASIC EQUATIONS 
The basic equations for one dimensional, unsteady, adiabatic and cylindrical symmetrical flow of a mixture of real (non-ideal) gas 
and small spherical solid particles can be written as[18]-[20]  
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u u 1 p+ u + = 0
t r r

  
   

     (1) 

u u+u + = 0
t r r r

   
 

  
                               (2)  

2

p+u + u = 0
t r t r
          

                                                  (3) 

where, u, p, �� and�� denote respectively, the flow velocity, the pressure and density at a distance ' 'r from the origin at time ' 't . 
It is assumed that the medium (dusty real gas) to be a mixture of a real (non-ideal) gas and small spherical solid particles. The 
equation of state of the pseudo-fluid of solid particles in the mixture is simply [14], [ 21] 

sp constant 
                                                                                 (4)           

where, �sp is the species density of solid particles. 

The equation of state of the non-ideal gas in the mixture is taken to be[14]and [21] 

 *
g g g gp R 1 b T   

                                                            (5) 

   *
g g gp R 1 Z T 1 Z P    

                                              (6) 
where R* denotes the gas constant, b is the internal volume of the molecule of gas, Tg is the temperature of the gas and of the solid 
particles as equilibrium flow condition is mentioned and , pg and �g are the partial pressure and the partial density of the gas in 
mixture. In this equation the deviation of a real gas from the ideal state are taken into account. The gas is assumed to be so rarefied 
that its molecules interact only through binary collisions, while triple, quadruple etc collisions are negligible. 
Therefore, the equation of state of the mixture of perfect gas and small solid particles is given by[13] and [ 22] 

 

   p *
p

1 k
p 1 b 1 k R T

1 Z


      
                                                           (7) 

where R is the gas constant, T the temperature,  Z is the volume fraction of solid particles in the mixture,  Kp is the mass 
concentration of solid particles in the mixture. 
The relation between kp and Z is as follows [18] 

sp
p

Z
k





                            (8) 

where �sp is the species density of solid particles. In equilibrium flow, Kp is a constant in the whole flow-field. Therefore from the 
equations (4) and (10)  

p
Zk constant 
              (9) 

we have the relation for Z is[18,23] 

 
p

p p

K
Z

1 k k

  

                                                                   
(10)
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where  sp    the ratio of density to solid particle to the specific density of a non-ideal gas(specific density or density ratio),  

Hence the fundamental parameters of the Pai model are Kp and   which describe the effects of the dust-loading. For the dust 
loading parameter , we have range of =1 to ∞.

  The internal energy of the mixture can be written as follows [18] 

 p sp p v vmK C 1 K C T C T                           
(11)

 

where Csp is the specific heat of solid particles, Cv the specific heat of the gas at constant volume process and Cvm the specific heat 
of the mixture at constant volume process. 
The specific heat of the mixture at constant pressure process is   

 pm p sp p pC K C 1 K C                      (12) 

where Cp is the specific heat of the gas at constant pressure process. 
The ratio of specific heat of the mixture is given by[18,24] 

pm

vm

C
C 1

  
  

 
                  (13) 

where       p

v

C
,

C
   p

p

K
1 K

 


 and sp

v

C
,

C
                  

The internal energy is therefore, given by 
 

   p

p 1 Z

1 1 b 1 k


 

       
                    

(14)
  

Let uo, po, �o, Fo and Zo denote the undisturbed values of particle velocity, pressure, density, heat flux and volume fraction of solid 
particles in the mixture just ahead of the shock and u, p,����F�and Z be the values of respective quantities at any point 
immediately after the passage of the shock (just behind the shock). It is assumed that a strong cylindrical shock is propagating into 
the medium (mixture of real gas and small solid particles) having constant initial density �o at rest (uo= 0) with negligible small 
counter pressure p≈0. The boundary conditions at the shock are given by 
  oU u U                    (15) 

 p u U u               (16) 

 2 2 o

o o

Fp 1 F 1U u U
2 U 2 U

      
            (17) 

o

o

ZZ


               (18) 

The initial volume fraction of the solid particles Zo is, in general not a constant, but the volume occupied by the solid particles is 
very small because the density of the solid particles is much larger than that of the gas [13], hence Zo may be assumed a small 
constant and is given by[18] 

 
p

o
p p

K
Z

G 1 k k


 
                            (19) 

where U=dR/dt denotes the shock velocity, R is the shock radius, U/ao=M  is the Mach number, the suffix “o”  refers to the values in 
front of the shock. 

The speed of sound ‘a’ in the equilibrium two phase flow for an isentropic change of state of the mixture of the real gas and small 
spherical solid particles may be calculated as [25] 

   
    

P2

Ps

2 Z b 1 k pdpa
d 1 Z 1 b 1 k

                 
             (20)  
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neglecting b22 and higher order terms[14], where the subscript ‘s’ is the process of constant entropy.  
On simplifying equation (22), we get  

     2
P

pa Z b 1 k
1 Z

         
                                                 

(21) 

The speed of sound in unperturbed medium ao’ is given by the relation 

                                                                   (22)  

 

To represent the quantities u, p,���and Z in terms of their undisturbed values, the jump conditions across the strong shock are 
given by[18], [13]and [26]   

u (1 )U                (23) 

o 


             (24) 

2 2
op (1 ) U               (25) 

0ZZ 
                                                                                             (26) 

The quantity    0 1   is obtained by the relation 

 
 

   
 2 1

P

2 Z 2 F F
1 0

pU1 b 1 k

    
                                                 

(27)
 

where ob b  (say)                                                                                        

As the shock is strong, we assume F1-F2 to be negligible in the comparison with the product of p and U [27], therefore above 
equation may be written as 

         2
P o P1 b 1 k 1 1 2Z 1 b 1 k 0                            

(28) 

where the quantity ��is the shock density ratio which is an unknown parameter to be determined. 

Using boundary conditions, the speed of sound is given by  

      
 

1
22

o P

o

1 Z b 1 k
a U

Z

      
 
  
 

           (29) 

For cylindrical imploding shock, the characteristic form of the system of equations (1)-(3), i.e. the form in which each equation 
contain derivatives in only one direction in (r, t) plane, is  

    
 

o o P
o

o o

p Z b 1 k
a

1 Z

    


 
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 
2a u drdp adu 0

u a r


   


          (30) 

Substituting the values from equations (23)-(26) and (30) in above equation, we have 

 
      

   

1
22

o P2 2 o
o o

o

1 Z b 1 k
1 dU U d U 1 dU

Z

                  
 

 

      
   

 
      

 

2
o P 2o

o

1
22

o P

o

1 Z b 1 k
U 1 U

Z dr 0
r1 Z b 1 k

1 U U
Z

         
    
  

      
  
   
 

 

At constant initial density distribution (�o= constant), we have 

  
 

    
   

      
2

o o
2 2

o P o P

dU 1 dr 0
U r2 Z 1 Z

1
Z b 1 k 1 Z b 1 k

 
       
          
 

    (31) 

On solving, we have 

  
      

 
    

2
o o

2 2
o P o P

1

Z 1 2 Z
1

1 Z b 1 k Z b 1 k

e e elog U log K log r

                    

where K is theconstant of integration.  

The expression for the shock velocity is given by     

  
      

 
    

2
o o

2 2
o P o P

1

Z 1 2 Z
1

1 Z b 1 k Z b 1 k
U Kr

                          (32)

 

Using equation (22) and (32), the expression for the propagating shock strength in the region behind the shock is given by
 

 
    

  
      

 
    

2
o o

2 2
o P o P

1

Z 1 2 Z
1

1 Z b 1 k Z b 1 ko*

o o P

1 ZU K r
a Z b 1 k

                 



    

     (33) 

III. RESULTS AND DISCUSSIONS 
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Expressions for non-dimensional pressure and particle velocity in the region behind the strong shock can be obtained by using (22), 
(23), (25) and (33), respectively    

 
  

      
 

    
2

o o
2 22 o P o P

2

Z 1 2 Z
1

1 Z b 1 k Z b 1 k*

o

p 1 K r
p

                  
       (34) 

   
    

  
      

 
    

2
o o

2 2
o oP Po*

o o P

Z 1 2 Z
1 1

1 Z b 1 k Z b 1 k1 Zu 1 K r
a Z b 1 k

  
  
  
      

   


        
 

    
    (35)  

  

*
o owhere K K p 

 
Initial volume fraction of solid particles in medium(Zo) depends on mass concentration of solid particles in the mixture(kp) and ratio 
of the density of solid particle to the density of gas. Values of initial volume fraction Zo for some values of kp and G are calculate 
from the equation(19). 
 Initially taking U/ao=15 at r=1.1 for kp=0.1, G=50, b̅=0.02, Zo=0.00222, �=0.16, ��������������the variation of shock 
velocity, shock strength, non-dimensional pressure and non-dimensional flow velocity with propagation distance have been 
calculated and displayed through figures(1-4). It is found from figure (1-4) hat all the flow variables increases as as imploding 
strong shock advances in dusty real gas. The dotted line(….) shows the variation of all flow variables for ideal (b̅=0) gas[12]. The 
similar variation of all flow variables with propagation distance have been reported by [13] by using similarity method. It is also 
observed from figure (2) that strength of the strong cylindrical shock is decreases as concentration of dust particles in the mixture 
(kp)is decreases. The effect of specific density of dust particles on shock velocity as well as other flow variables are also depicts in 
the figures and it is clear that all the parameters decreases as increase in G. Variation of shock strength as well as other flow 
variables at b=0 and 0.02 has been shown in the figures(1-4). The similar results have also been obtained by [13] by using similarity 
method.  It may be concluded from the general observation of these figures that the consideration of non-idealness (real) of the gas 
has significant role on the variation of all flow variables [cf Fig (1-4)].    
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Figure 1 Variation of shock velocity with propagation distance r 

 
Figure 2 Variation of shock strength U/a0 with propagation distance r. 
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Figure 3 Variation of non-dimensional pressure p/p0 with r 
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Figure 4 Variation of flow velocity u/a0 with propagation distance r. 
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