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Abstract: The influence of self gravity on ionizing shock front motion in a non-ideal gas in presence of a spatially
decreasing magnetic field is examined. The medium ahead of the shock is considered to possess a negligible
electrical conductivity and it is assumed that the initial density of the gas obeys a power law. The parametric
variations of the variables are observed in the area in the wake of the shock front along with the similarity solutions

are also derived and the influences of governing parameters are examined systematically.
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1. Introduction:

Shock waves often arise in the interstellar medium due to the presence of diverse supersonic flows and high energy
astrophysical events, such as intense mass loss from massive stars during their late evolutionary stages, super nova
explosions, etc. With the leading equations of motion and equilibrium in view of gravitational forces the
qualitative behavior of the gaseous mass may be investigated. Numerous studies have focused on homo-thermal
flow fields generated behind a spherical shock wave in self-gravitating gases. Shock waves moving through
variable density have likewise attracted considerable attention from many authors [1-7] where the gas was
modeled as perfect gas. However, at high temperature, the assumption for ideal gas is no longer valid. Therefore,
van der Waals model in simplified form is considered an alternative to the ideal gas. Considering the electrical
conductivity medium to be infinite several notable researchers [8-10] have investigated self similar flow behind a
strong shock determined by a cylindrical piston moving in a non ideal gas medium obeying simplified van der
Waals equation of state. But due to the passage of a shock, in many practical cases the medium may becomes
highly conductive. Such a shock is called an ionizing shock. Several works has been done in the propagation of
an ionizing shock in perfect or non-ideal gas[11-17]. In recent times Nath and Singh [18] have made the analytical
study on cylindrical shock wave in rotational axisymmetric non-ideal gas. Chauhan [19] and Singh also have

studied magnetogasdynamic shock wave propagation in a rotational axisymmetric self-gravitating non-ideal gas.

In this present study, self similar solution for the flow produced in the rear of an ionizing shock wave travelling

through a self gravitating non ideal gas influenced by a magnetic field have been investigated.

JAFSIISSN 2395-5554 (Print)[ISSN 2395-5562 (Online)[Vol 10|December 2025 71



Journal of Applied and Fundamental Sciences

2. Basic formulation and boundary constraints:

Under the influence of magnetic field with heat conduction and neglecting viscous stress the following equations

govern the motion of the unsteady, adiabatic, spherically symmetric flow of perfectly conducting and self-

gravitating gas
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A simplified van der Waals equation of state is assumed as follows
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The following assumptions are relevant to the current investigation

(i) Low conducting medium is considered which due to passage of a strong shock becomes highly conducting.

(i) The initial gas density and the initial magnetic field are considered to vary as some power-law variations with
respect to distance.

(iii) It is assumed that, as a result of the pressure applied by a piston, the entire energy of the flow field behind the
shock accelerated with time.

(iv) The gas is unspoken to be stationary ahead of the shock.

(v) A spherical shock is supposed to be moving through an undisturbed non-ideal gas with non-uniform density,

p=Ar", 0<®<3, where A and ® are constants.

(vi) The initial magnetic field in the medium is considered to vary as h =Br™, 0 <k <1.5, where B and k are

constants.
(vii) Due to the passage of the shock, the gas is highly ionized and the electrical conductivity is infinitely large.

The flow parameters in the region directly ahead of the shock front are:

u, =0, p,=AR™®, h,=BR™*
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At gas-ionizing shock wave, the jump conditions are given by:
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(The conditions immediately ahead and behind the shock front are implied by the subscripts ‘1’ and 2’

respectively)

From equation (8), we get

1 4nA 5.,
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The quantity B (0<B < 1) is obtained by the relation
(y-1)+2b+2M"~
p= : (10)
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In the flow field behind the shock the total energy is specified by
E=E;t’, s>0 (11)

where Eo and s are constants.

2.1. self-similar transformations:

We define the following characteristic parameters as

[a]=[A] (12)
E
dl=| =2 13
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The non-dimensional independent variable 1 in this is given by
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where 6 =
5-m
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In the explicit form the shock propagation law is as follows:
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The fluid variables are expressed as:
u=VU (1’]) s N
p=pD(n),
p=V’p,P(n), >
m=pR'N(n),
i, = Jp VH(n) J (18)

The shock-Mach number and the Alfven Mach number ought to be constants for the existence of similarity

solutions, hence

d=— and 0)=i (19)
® 4+s
where, 1<m<2(1<s<6) or 2<mw<2.5 (0<s<1).
The equations of motion from (1) to (5) can be transformed into a system of ordinary differential equations.
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Equations (20)-(24), yield
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Using the transformations (18), the shock conditions (9) are reduces to
1 4 1 4n
U)=(1-p), D)=—, HOH =M, P)=| —+(1-P) |, N(1) =
B ™ (3-0)
(31
Further the inner expanding surface obligatory to satisfy the following kinematic condition:
uln,)=n, (32)

2.2 Results and discussion:

In order to get physical insights into the problem the distributions of the variables in the flow-field behind the
shock front are yield by integrating the equations (26)-(30) numerically, employing the fourth order Runge-Kutta

method. The values of the parameters involved are chosen for implementing the numerical integration as such:
y= 53 ;M =5, 10, 15; M;? =0.005, 0.01; b=0, 0.05, 0.1; ®=1.1, 1.2, 1.3., b=0 (corresponds to the ideal
gas). The exponent in the shock propagation law is given by 6 =% and the exponent in the law of variation of

10—
®

the total energy behind the shock is specified by s = ®  where o tends for the exponent of law of variation

of the initial density

The density ratio and the position of the inner expanding surface in different cases are tabulated.

Due to the rise in the non-idealness parameter, the impact of can be summarized as:

(i) To increase the value of B, i.e. to decrease the shock strength.

(i) To increase the gap between the inner expanding surfaces from the shock front, this indicates that the gas

behind the shock is less condensed.

Because of the rise in the value of exponent of the density variation the impact is
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(1) To increase the gap the inner expanding surface from the shock front.

Table 1: Tabulated values of the density ratio 3 and position of the inner expanding surface n, for diverse

— 5
values of mand b andYZE, M? =5, M;z =0.01.

© b| B n,
0 0.4000 | 0.857427
1.1 0.05 0.4375 | 0.841868
0.1 0.4750 | 0.825170
0 0.4000 | 0.849694
1.2 0.05 0.4375 | 0.835003
0.1 0.4750 | 0.819260
0 0.4000 | 0.841013
1.3 0.05 0.4375 | 0.827580
0.1 0.4750 | 0.813081
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Fig 1(a), 1(b), 1(d) indicates that the non-dimensional velocity U, density D and mass N increases beside the path

of the shock front towards the inner expanding surface. Also fig 1(c) shows that the non-dimensional pressure P
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increases attains a maximum and then decreases rapidly near the inner surface. Fig 1(e) demonstrates that the non-

dimensional mass decreases as we proceed towards the inner expanding surface.

Due to the rise in the value of the non-idealness parameter that impacts:

(i) To retard the non-dimensional velocity U, density D, magnetic field H and pressure P.

(i) To increase the non-dimensional mass N.

The impact of rise in the value of exponent of the density variation ® is

(i) To retard the velocity, density, magnetic field, pressure and to boost the mass at any point in the flow-field

behind the shock.

Nomenclature:
r independent spatial coordinate,
t independent time variable,
u velocity of the fluid,
P density,
P pressure,
H magnetic field in the azimuthal direction,
e inner energy per unit mass,
9] magnetic permeability,
M mass inside the sphere,
G gravitational constant.
T gas constant,
r specific heat at constant volume,
C,T=—
y-1
Y proportion of specific heats,
b van der Waals excluded volume,
R shock radius,
v, velocity at the instant it is produced,
R radius of the shock at the instant it is produced,
0
M= [ ﬂ j% shock Mach number referred to frozen speed of sound
TP
PV )"
M, = [H_hlzJ Alfven Mach number,
L value of n at the inner expanding surface.
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