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Abstract: Neglecting the eftect of overtaking disturbances, study of propagation of
cylindrical converging shock wave has been carried out by C.C.W. method, for two
cases viz (1) when shock waves isothermally and (2) when they move adiabatically.
Assuming the medium to be uniform, the expressions for flow variables are derived for
both the cases. All the flow variables are numerically computed and discussed through
figures. It is found that flow variables increase gradually for both isothermal and
adiabatic processes. while they increase rapidally for large values of 1. in case of
adiabatic process.

1. Introduction

The study of propagation of converging shock waves is of immense importance in
astrophysics and nuclear physics, specially for the production of high temperature and
pressure. The analysis of converging shock waves has been given by Guderley', Butler?
Stanyukovich3 , Zeldovich and Raizer”, Lazarus’, Chisnell®, Mishkin and Fujimoto7 etc. Most
of them excercised shockwaves under adiabatic conditions. Propagation of converging and
diverging shock waves under isothermal conditions in case of spherical and cylindrical
symmetry are examined by Levin and Zhurav skaya®. The case of adiabatic spherical converging
shock waves in uniform and non uniform media has been discussed by Gangwar(" Since real
processes neither follow adiabatic nor isothermal conditions, but lie between these two,
therefore, the study of shock propagation in the two extreme cases are important to study
simultaneously.

The aim of the present paper is to study the propagation of converging cylindrical
shock wave in uniform medium, simultaneously for isothermal and adiabatic conditions.
Neglecting the effect of overtaking disturbances on the motion of shockwaves, the analytical
relations for flow variables have been obtained by C.C.W. method. All the flow variables are
numerically computed and discussed through figures. The results obtained in both the
cases are compared. It is found that flow variables increase with distances gradually for
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isothermal and adiabatic conditions, while they increase drastically for large values of distance,
in case of adiabatic processes.

2. Basic Eqauations

The equations governing the cylindrical symmetrical flow enclosed by the shock front
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where, u(r.t) , p(r.t) and P (r,t) denote respectively the particle velocity, the pressure and
density at a distance from the origin at time t.

3. Boundary Conditions

(A) Adiabatic Shock: Let P, and Po denote the unperturbed value of pressure and
density in front of shock and p, P and u be the values of respective quantities at any point
immediately after passage of shock, then the Rankine. Hugoniot conditions for adiabatic
shock will permit us to express p, P and u in terms of unperturbed value of these quantities
by means of the following equations.
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where 7is adiabatic index, M = U/ay, is Mach number, U is the shock velocity, a and a, are the
sound velocities in perturbed and unperturbed media respectively.

For Strong Shock i.e. M>>1 conditions (3),(4) and (5) reduce to
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(B) Isothermal Shock : In case of isothermal shock, the boundary conditions are
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4. Theory

For cylindrical converging shocks, the characteristic form of the system of equations
(1) & (2) i.e. the form in which each equation contains derivatives in only one direction in (r,t)
plane, is
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substituting equations (3) - (5) in equation (12), we get
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The equation (13) gives
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where A is constant involved due to integration. This expression represents the velocity of
the shock propagating adiabatically.

Similarly, on substituting shock conditions (9) to (11) in equation (12) and simplifying
we get, the expression for velocity of shock propagating isothermally.

(15) U=cy(logr -4)

The expressions for shock strength for both the case can be written as
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respectively, for adiabatic and isothermal shocks.

5. Results and Discussion

The expressions (14) & (16) and (15) & (17) for shock velocity and shock strength
respectively for adiabatic and isothermal shock are used for computation. Initially taking U/
¢y =10atr=2.5, variation of shock velocity with propagation distance has been shown in fig
(1) . From the graph, it is obvious that adiabatic shock velocity increases asymptotically with
propagation distance r, where as isothermal shock strengthened logarithmically. Similiar
variations in shock strength is also observed. [(c.f fig. ()]
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Fig. 1: Variation of Shock velocity with distance(r). Fig. 2: Variation of Shock Strength with distance(r).

Finally, the expressions for pressure, particle velocity and the density can be written as

p= 2p, A2r~253(y~l)(2-5){2‘5(%])}
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respectively for adiabatic and isothermal shocks.
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Fig. 3: Variation of Pressure with distance(r). Fig. 4: Variation of Particle velocity with distance (r).
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Fig. 5: Variation of Pressure with adiabatic index(Y). Fig. 6: Variation of Shock velocity with adiabatic index(y)
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Fig. 7: Variation of Pressure with distance adiabaticindex(y).  Fig. §: Variation of Particle velocity with distance adiabatic index(y)

The variation of these variables with propagation distance and adiabatic index yare
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Fig. 9: Variation of density with adiabatic index (y).

shown in figures (3)- (9). From these figures it may be conclued that flow variables increase
gradually for both adiabatic and isothermal processes, while they increase drastically for
large values of distance in the case of adiabatic process.
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