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ABSTRACT 

Supersonic flow of a dusty gas past a wedge has been studied theoretically. An oblique shock wave develops 

from the apex of the wedge at the same angle as in the case of pure gas, but bends back  

because of the pressure of the particles. Miura and Glass(1986) studied this problem and predicted several 

results. In the present problem, same problem has been studied including the particle volume effect which was 

absent in Miura and Glass(1986) problem.  
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I. INTRODUCTION  

Miura and Glass(1986) studied when an oblique shock wave develops at the apex of the wedge in a dusty gas. 

Dusty gas are gases which includes small solid particles and pure gas. They studied the relationship between the 

angle of oblique shock wave θs to the semi-vertex angle of the wedge θwin a dusty gas. Also they worked out the 

pressure ratio  where the subscripts 1 and 2 refer to the uniform flow regions in front of and behind the 

oblique shock wave respectively. These results were obtained for dusty gas. In the present paper when the 

particle volume effect (volume of particles in a unit volume of mixture) becomes significant, their effect has 

been brought out in relation to the results of Miura and Glass(1986). Earlier Srivastava(1984,1985,1985,1991) 

has studied the structure of shock waves in dusty gases including the particle volume effect both for 

conventional shock waves and dispersed shock wave.  

 

II. MATHEMATICAL FORMULATION  

 

It is assumed that the dusty gas consists of a perfect gas and large number of small particles. Flow properties of 

the gas depend on the dimensionless factors  
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Where σ is the mass concentration of the particle, ρ is the density of the gas, Cm is the specific heat of the 

particle material and Cp and Cv are the specific heats of the gas. The gas and the particles have a common 

velocity and temperature in the front of and behind the relaxation zone. The relation between the uniform f low 

conditions in these regions by considering the whole of the mixture effectively as a perfect gas. 

Rudinger(1964) gave the effective specific heat ratio and speed of sound as   

 

 

 

Where p is the pressure of the gas.  

From Liepmann and Roshko(1957) we obtain the relation between the angle of oblique shock wave θs to the 

semi-vertex angle of the wedge θwas   

 

Where is the free stream Mach number based on the effective speed of sound in front of the shock 

wave. For the mixture, we take for air (γ = 1.4) and for glass particles (β = 1). Further we take mass 

concentration ratio α = 1.  

Now we have  

 

Where is the frozen Mach number. 

Following Rudinger(1965,1969,1980) when the particle volume is included, then we have  

 

When the shock wave in dusty gas is not considered then we have   , γe γ and the relation (6) 

becomes  

 

When the shock wave in a dusty gas with the particle volume is considered, then we obtain the relation  
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When ∞, then we obtain the following table from (9) and (10).  

 

Table 1  

  ∞, Pure gas  

θs 0˚   20˚  40˚  60˚  

θw 0   16.9  31.94  44.03  

 

 

Table 2  

 ∞, ϵ1 = 0, Dusty gas  

 

θs 0˚   20˚  40˚  60˚  

θw 0   18.10  35.57  51.17  

 

Table 1 and Table 2 show, that for given θs, the value of θw is higher for dusty gas than for pure gas.  

From equation(10) we obtain the following tables  

Table 3  

 = 1.5, θw = 0  

ϵ1 0    0.05  0.1  

θs 25.87    27.35 27.01 

  

 

Table 4  

= 1.5, θs = 40˚  

  

ϵ1 0    0.05  0.1  

θw 20.59    18.18  15.64  

 

Table 5  

 = 1.5, θs = 60˚  

ϵ1 0    0.05  0.1  

θw 31.26    29.01  26.93  
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Table 6  = 

2, θw = 0˚  

  

ϵ1 0    0.05  0.1  

θw 19.10    20.15  21.32  

 

 

Table 7  = 

2, θs = 40˚  

 

 

ϵ1 0    0.05  0.1  

θw 30.47    29.04  27.41  

 

 

Table 8  = 

2, θs = 60˚  

  

ϵ1 0    0.05  0.1  

θw 39.07    37.87  36.48  

 

 

Table 9  = 

3, θw = 0˚    

ϵ1 0    0.05 0.1  

θs 12.60    13.27  14.03  

 

 

Table 10  = 

3, θs = 40˚  

  

ϵ1 0    0.05  0.1  

θw 30.67    30.14  29.53  

 

Table 11  

 = 3, θs = 60˚  
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ϵ1 0  0.05  0.1  

θw 45.56  44.92  44.31  

 

The shock pressure ratio for dusty gas is given by the relation 

 

Where the subscripts 1 and 2 refer to the uniform flow region in front of and behind the oblique shock 

wave respectively as indicated earlier.  

If the particle volume ϵ1 is included, then the relation (11) becomes   

 

From equation(12) for given θs and ϵ   is calculated. The relation between θsand θwis known from 

the relation(10). Therefore, a table of versus θwcan be made. We give the following tables showing 

the relationship between  verses θwfor various values of  

We obtain the following tables for  versus θw 

Table 12  

 = 1.5, θs = 40˚  

  ϵ1 = 0  ϵ= 0.5  ϵ= 0.1  

 

 

 

1  

 

2.27  

 

2.04  

 

1.82  

θw 0  20.59  18.18  15.64  

Table 13  

 = 1.5, θs = 60˚  

  ϵ1 = 0  ϵ= 0.5  ϵ= 0.1  

 

 

 

1  

 

4.19  

 

3.78  

 

3.39  

     

θw 0  31.26  18.18  26.93  

 

Table 14  

 = 2, θs = 40˚  

  ϵ1 = 0  ϵ= 0.5  ϵ= 0.1  
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1  

 

4.11  

 

3.70  

 

3.11  

θw 0  30.47  29.04  27.41  

 

 

 

Table 15  

 = 2, θs = 60˚  

  ϵ1 = 0  ϵ= 0.5  ϵ= 0.1  

 

 

 

1  

 

7.53  

 

6.79  

 

6.08  

θw 0  39.07  37.87  36.48  

 

Table 16  

 = 3, θs = 40˚  

  ϵ1 = 0  ϵ= 0.5  ϵ= 0.1  

 

 

 

1  

 

9.83  

 8.44  

 7.56 

θw 0  30.67  30.14  29.53  

 

Table 17  

 = 3, θs = 60˚  

  ϵ1 = 0  ϵ= 0.5  ϵ= 0.1  

 

 

 

1  

 

17.06  

 

15.39  

 

13.80  

     

θw 0  45.56  44.92  44.31  

 

III. DISCUSSION OF RESULTS  

 

From the table 3 for = 1.5, as the particle volume ϵ1 increases, the value of θw decreases. In tables 4 and 5 for 

  = 1.5, the same trend continues. For = 2, in tables 6,7,8 we also find here that θwdecreases as ϵ1 
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increases. For  = 3 in tables 9,10,11θwdecreases as ϵ1 increases. In table 12 for   = 1.5, the pressure 

ratio  decreases as θwdecreases. The same is true in table  

13. In tables 14 and 15, for decreases as θwdecreases. In tables 16 and 17 for   = 3,  

decreases as θwdecreases. In tables for versus θw, the effect of particle volume is clearly  

evident.   

 

IV. CONCLUSION  

 

In the analysis of two-phase flows in which gas include large number of particles, the volume of the particles of 

customarily assumed to be negligible. This assumption is well justified, but if either the mass fraction of the 

particles of the gas density is sufficiently high, the particle volume may become significant. One has to then 

include the particle volume effect. In this paper we have analyzed this effect for shock waves emanating at the 

corner of the wedge surface. The result could be useful in connection with the problems of vehicles moving at 

high speeds in rain or dust cloud and two phase exhaust of solid propellant rockets.   
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