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Abstract: Self-similar solutions are obtained for unsteady, one-dimensional adiabatic (or isothermal) flow
behind a strong shock in a perfectly conducting dusty gas in presence of a magnetic field. The shock wave is
driven out by a piston moving with time according to power law. The initial magnetic field varies as some
power of distance and the initial density of the medium is constant. The dusty gas is taken as the mixture of a
perfect gas and small solid particles. It is assumed that the equilibrium flow condition is maintained in the flow
field, and that the viscous-stress and heat conduction of the mixture are negligible. Solutions are obtained, in
both cases, when the flow between the shock and the piston is isothermal or adiabatic. Effects of a change in the
mass concentration of the solid particles in the mixture k,, in the ratio of the density of solid particles to the

initial density of the gas G, and in the strength of initial magnetic field are also obtained. It is shown that the
presence of magnetic field has decaying effect on the shock wave, but this effect is decreased on increasing k,,

when G, = 1. Also, a comparison is made between adiabatic and isothermal cases.
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1. INTRODUCTION

The study of shock wave in a mixture of small
solid particles and perfect gas is of great interest in
several branches of engineering and science (Pai et
al. [20]). The dust phase constitutes the total
amount of solid particles which are continuously
distributed in perfect gas. The volumetric fraction
of the dust lowers the compressibility of the
mixture, and the mass of the dust load may increase
the total mass, and hence it may add to the inertia
of the mixture. Both effects due to addition of the
dust, the decrease of the mixture’s compressibility
and the increase of the mixture’s inertia may
markebly influence the shock wave.

Miura and Glass [16] obtained an analytic solution
for a planar dusty gas flow with constant velocities
of the shock and piston moving behind it. As they
neglected the volume occupied by the solid
particles mixed into the perfect gas, the dust
virtually has a mass fraction but no volume
fraction. Their results reflect the influence of the
additional inertia of the dust upon the shock
propagation. For plane, cylindrical and spherical
geometry Vishwakarma [28] computed a non-
similarity solution for the flow field behind a strong

shock propagating at non-constant velocity in a
dusty gas. He considered exponential time
dependence for the velocity of the shock. As he
considered the nonzero volume fraction of solid
particles in dusty gas, his results reflect the effect
of both the decrease of compressibility and the
increase of the inertia of the medium on the shock
propagation  (Steiner and  Hirschler  [26],
Vishwakarma and Pandey [30]).The similarity
method of Taylor[27] and Sedov [24] well known
for piston problems have been used by several
authors, e.g. Finkleman and Baron [6], Gretler and
Regenfelder [9], Helliwell [11], Wang [34], Singh
et al. [25], to discuss about the hyperbolic character
of the governing equations and to obtain solutions
in an ideal gas. Steiner and Hirschler [26] have
derived similarity solutions for the flow behind a
shock wave propagating in a dusty gas. The shock
wave is driven out by a moving piston with time
according to power law.

At high temperatures that prevail in the problems
associated with shock waves a gas is ionized and
electromagnetic effects may also be significant. A
complete analysis of such a problem should
therefore consist of the study of gas dynamic flow
and the electromagnetic field simultaneously. The

1789


mailto:padma2012gkp@gmail.com
mailto:jpv_univgkp@yahoo.com

International Journal of Research in Advent Technology, Vol.6, No.7, July 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org

study of propagation of cylindrical shock waves in
a conducting gas in the presence of an axial or
azimuthal magnetic field is relevant to the
experiments on pinch effect, exploding wires, and
so on. This problem both in uniform and non-
uniform ideal gas was under taken by many
investigators such as Pai [18], Sakurai [23],
Bhutani [2], Cole and Greifinger [4], Deb Ray [5],
Christer and Helliwell [3], Vishwakarma and
Yadav [33], Vishwakarma and patel [31].
Vishwakarma and Singh [32] have studied the
propagation of diverging shock waves in a low
conducting and uniform or non-uniform gas as a
result of time dependent energy input [31, 14]
under the influence of a spatially variable axial
magnetic induction. Vishwakarma et al. [7] have
extended the work of Vishwakarma and Singh [32]
to study the propagation of diverging cylindrical
shock waves in a weakly conducting dusty gas in
place of a perfect gas.

The magnetic fields have important roles in a
variety of astrophysical situations. Complex
filamentary structure in molecular clouds, shapes
and the shaping of planetary nebulae, synchrotron
radiation from supernova remnants, magnetized
stellar winds, galaxies, and galaxy clusters as well
as other interesting problems all involve magnetic
fields (see [17,10,1]).

In the present paper, we generalize the solution
given by Steiner and Hirschler [26] for the
propagation of a strong shock wave in a conducting
dusty gas in presence of a magnetic field driven out
by a piston moving according to a power law. The
initial magnetic field varies as some power of
distance and the initial density of the medium is
constant. In order to get some essential features of
shock propagation in the presence of a magnetic
field, the solid particles are considered as a pseudo-
fluid continuously distributed in the perfect gas and
the mixture as perfectly conducting fluid. It is also
assumed that the equilibrium flow condition is
maintained in the flow field, and that the viscous
stress and heat conduction of the mixture are
negligible (Pai et al. [20], Higashino and Suzuki
[12]). In this paper, both the adiabatic and
isothermal flows between the shock and the piston
are considered. The assumption of adiabaticity may
not be valid for the high temperature flow where
the intense heat transfer takes place such as behind

a strong shock. Therefore, an alternative
assumption  of  zero-temperature  gradient
throughout the flow (isothermal flow) may
approximately be taken (Korobeinikov [13],
Laumbach and Probstein [14], Sachdev and Ashraf
[22]). The effects of variation of mass
concentration of solid particles (k,), the ratio of
density of solid particles to the initial density of the
perfect gas in the mixture (G,) and the parameter
for strength of initial magnetic field (M%) are
obtained. A comparative study between the
solutions of isothermal and adiabatic flows is also
made.

2. FUNDAMENTAL EQUATIONS AND
BOUNDARY CONDITIONS: ADIABATIC
FLOW

The fundamental equations for one- dimensional,
unsteady and adiabatic flow of a perfectly
conducting mixture of a gas and small solid
particles in the presence of an azimuthal magnetic
field may be written as (c.f. Pai et al. [20],
Whitham [35])

% 9 u | Lup
6t+u6r+p6r o =0,
(2.1)

au oh  1dp 1 oh  uh?
—tu—+-—+-|gh—+—| =
at ar pdor p

2.2)

oh oh a . h
Zru=+h=+(-1)==0 :
at ar ar r

(2.3)
L N L) Y ,
at ar  p“ Lot ar

(2.4)

where p is the density, u is the flow velocity, p is
the pressure, h is the azimuthal magnetic field e is
the internal energy per unit mass, u is the magnetic
permeability, » and t are the space and the time
coordinates respectively and j = 1,2 correspond to
the cylindrical and the spherical symmetries.

The equation of state of the mixture of a perfect gas
and small solid particles can be written as (Pai

[19])
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— 1_kp *
P=7= PR,
(2.5)

where R* is the gas constant, kp, the mass
concentration of the solid particles, T the
temperature and Z the volume fraction of the solid
particles in the mixture.

The relation between k, and Z is given by

Zpg
kp = pp ’
(2.6)

where Py is species density of solid particles.

In the equilibrium flow, kp, is a constant in the
whole flow-field. Therefore

1IN

= constant
p
(2.7
Also we have the relation
_ kp
Z (1-kp)G+kp '
(2.8)

where G = ”% is the ratio of the density of the
solid particles to the density of the perfect gas in
the mixture.

The Internal energy per unit mass of the mixture
may be written as

e =[ky,Cop + (1 —kp)Co|T = ComT, (2.9)

where Cy, is the specific heat of solid particles, C,
the specific heat of the gas at constant volume and

C,m the specific heat of the mixture at constant
volume process.

The specific heat of the mixture at constant
pressure is

Com = k,Cop + (1—k,) C, (2.10)

where C, is a specific heat of the gas at constant
pressure.

The ratio of the specific heats of the mixture is
given by (Pai [19], Marble [15])

c i
— pm _
r= Com  1+8p' !
(2.11)
_% o_ b )
where y = c, 6= i and B = o

Now,

Com — Com = (1 —kp)(C, — Cy) = (1 — ky)R".
(2.12)

The internal energy per unit mass of the mixture is,
therefore, given by

_p(1-2)
p(r-1)
(2.13)

The equilibrium speed of sound in the mixture ‘a’
is given by
2 _ _Ir
p(1-2)
(2.14)

A strong cylindrical or spherical shock is supposed
to be propagating in the undisturbed electrically
conducting mixture of an ideal gas and small solid
particles with constant density.

The azimuthal magnetic field in undisturbed dusty
gas is assumed to vary as

A
h = ﬁ y

(2.15)

where ‘A’ and ‘I’ are constants. The flow variables
immediately ahead of the shock front are

u=uy=0 ,
(2.16)

p=py= constant ,
(2.17)

h = ho = Ars_l,

(2.18)

(1-1)uA?

p=p0=21—r§l,(0<l<1), (2.19)
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where r¢ is the shock radius and subscript ‘0’
denotes the conditions immediately ahead of the
shock.

The laws of conservation of mass, magnetic flux,
momentum and energy across the shock front
propagating with velocity U, (=%) into a medium
(mixture of an ideal gas and small solid particles)
of constant density p, at rest (u, = 0) and with
negligibly small counter pressure p, = 0 give the
following shock conditions:

pOUs = ,DS(US - us) )
(2.20)

hOUs = hs(Us - us) )
(2.21)

1 1
“HRG + poUS = p+p (Us — ) + - phg, (2.22)

2 2 2 2
U uhy p (Us—uyg) uh;
_5+_=es+_5+4+_5 ,
2 Po Ps 2 Ps

(2.23)

Zs _
Ps Po
(2.24)

where the subscript ‘s’ denotes conditions
immediately behind the shock front.

The shock conditions (2.20-2.23) reduce to

=P
ps - B 1
(2.25a)
ho
h, ==
s B )
(2.25h)
z, =2 (2.25¢)
B
u; = (1-p)U;, (2.25d)

po=|0-p+2(1-5)|p? @259

2M%

where 8 (0 < B < 1) is given by the relation

B(r+1)— M2+ D)r+2z,—1} +
B{Zy + T = 2IM* + ZM4* =0 ,
(2.26)

Zy being the initial volume fraction of the solid

particles in the mixture and M, the Alfven Mach
number.

The expression for the initial volume fraction of the
solid particles Z,, is given by

_ kp

" (1-ky)Gotky
(2.27)

Zy

i

where G, is the ratio of the density of solid
particles to the initial density of the perfect gas.
Also the Alfven Mach number M , is given by

Us
-

wif

Po

(2.28)

M =

3. SELF-SIMILARITY TRANSFORMATIONS

The flow field is bounded by a spherical (or

cylindrical) piston internally and a spherical (or

cylindrical) shock externally. In the framework of

self-similarity (Sedov [7]) the velocity U, of the

piston is assumed to follow a power law given by
drp

t.n
Up_E_UO(;) )

(3.1)

where ¢, is the time at a reference state, r,, denotes
the radius of the piston, U, is the piston velocity at
t=t, and n is a constant. The consideration of
ambient pressure p, and ambient magnetic field h,

. . 1
imposes restriction on ‘n’ (_E <n< 0) (see

equation (3.6)). Thus the piston velocity jumps,
almost instantaneously from zero to infinity leading
to the formation of a shock of high strength in the
initial phase. Referring the shock boundary
conditions, self-similarity requires that the velocity
of the shock Uis proportional to the velocity of the
piston, that is,
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drs

Us =
dt
(3.2)

t.n
= CUo(D) ’

where C is a constant. The time and space
coordinates can be transformed into a
dimensionless self -similarity variable as follows

2=2- e ]
(3.3)

Evidently, 1 =4, = :—” at the pistonand 1 =1 at
the shock.
To obtain the similarity solutions, we write the

unknown variables in the following form (c.f.
Steiner and Hirschler [4])

=¢W L, p=AWpe . p=YpD 5

1
weh = pj - (D) : Z=0MDZ, |
(3.4)

where ¢, A, Y and ¢ are functions of A only.

For existence of similarity solutions M, should be
a constant, therefore

n+1

(3.5)

Since 0<m<1, (—3<n<0).
(3.6)

The conservation equations (1.1) — (1.4) can be

transformed into the following system of ordinary
differential equations with respect to A:

_ Ap(+D)

[p— (n+ D] S +A% =220

@7

dp  1ap | ede _  2(p+e?)  (¢p?-¢)
-+ DI G a~""m 1
3.8)

[¢— (n+ 1)) 5 + £ 2% = =220D
(3.9)

dy dp _ _ 29(¢-1D(A-2) _
[¢ = (n+ DI~ ZoA) 2% + yr 9 = - 20DAD

¢1"1P;l'+1) ‘ (3.10)

By solving the above four equations, we get

a¢ _

=

G0 PPr—29(1-¢) A-ZoM+(+1) (1-ZoA) pe? —£2(1-ZoN) —{2(Y+£2) + (> =) A —(n+1)}(1-Zo )
AA1=ZoA) (- (n+1)) > —pr—e2(1-Zo )]

(3.11)

da _

“ -
[2(1-$)+e2~(+DAG(P~(n+ DI H2(+2) +H($? ~p)AHp—(n+ DIAIL~Zoh)
AAA-Zo ) ($-(n+1))° —pr—e2(1-ZoA)] (p—(n+1))

(3.12)

de _

i

-G+ o} o-(+DP (A-ZyMAe—pre+2ep(1-¢) A-ZoM)+{2(W+e%) +(@* =N {—(n+D}e(1-Zo )
AAA-Z0) (- (n+1))” ~pr—e2 (1-ZoM)|($—(n+1))

(313)

ap _

w-

(201-§)1=ZeN) =+ DI} d=(+ D2 Ap+e2pr—2e2p (1) (1-ZoA) +{2 (1h+€2) +( 2~ D) A} p—(n+ DY
AAQ-ZoW) ($—(n+D))*—pr—e2(1-ZoN)|($—(n+1))

. (314)

The piston’s path coincides at A,= ® with a

particle path. Using equations (3.1) and (3.4) the
relation

p(1,) = (n+1) ,
(3.15)

can be derived.

Using the self-similarity transformations (3.4) and
equation (3.2) the shock conditions (2.24) take the
form

p(D=A-pn+1) ,
(3.16a)

A1) = 2 ,
(3.16h)

(1) = (n;l) MXZ ,
(3.16¢)

p) = [a-p +3M:% (1-5) |+ D2
(3.16d)

Now the differential equations (3.11-3.14) may be
numerically integrated, with the boundary
conditions (3.16) to obtain the flow-field between
the shock front and the piston.

4, ISOTHERMAL FLOW
In this section, we present the similarity solution

for the isothermal flow behind a strong shock
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driven out by a spherical (or cylindrical) piston
moving according to the power law (3.1), in the
case of perfectly conducting dusty gas.

The strong shock conditions, which serve as the
boundary conditions for the problem will be same
as the shock conditions (2.20-2.23) in the case of
adiabatic flow.

For isothermal flow, equation (2.4) is replaced by

o _
ar
(4.2)

The equations (2.1), (2.2), and (2.3) can be
transformed using equation (3.4) into

_ dh | dg _ Ap(+D)
[® (n+1)]da+Aa/1_ A
4.2)

- d¢ | pdh  gds _ _2¢7  (¢7-9)
[® (n+1)]d/1+Hd/1+Ad/1_ AL P

“43)

[ — (n+ 1)]5-’-2%:%‘
(@.4)

where

1

vy |aprema(i-g)| 2 (-2
A2(1-AZg) 2A(1-AZg)? ’

H=HQ) =

(5)

Equation (4.1) together with equation of state (2.5)
gives

P _r (7%

ps  pg (1-2)

(4.6)

Equation (4.6) with the aid of equation (3.4) yields
a relation between (1) and A(A) in the form

_ [(1_3)+§M;2(1—%)](n+1)2(ﬁ—zo)/\(/1)

@) = A2(1-AZg)
4.7)

: : dp e g dh
Solving equations (4.2)-(4.4) for o and o
we have

dp  ((0-0) ) @-Gern)(n ) G-
a Al(G—(n+1)?)-HA-5] '
@8)

e s[(1—(j+1)¢)(¢—(n+1))2+(¢—(n+1))(#—w—w))—fm]

da &
Al(p-(n+1))?~HA-T]($p—(n+1))
4.9)

A ¢<i+1>(¢—(n+1))2+((¢—¢2)—%)(¢—(n+1>)—§]

ar A[(¢-(n+1))2—m\-§](¢-(n+1))
(4.10)

da _

[a-primz(1- )| s 22 0-20

where H=HQA) = TN GoAz?

(8.11)

The transformed shock conditions (3.16) and the
kinematic condition (3.15) at the piston will be
same as in the case of adiabatic flow.

The ordinary differential equations (4.8-4.11) with
boundary conditions (3.16) can now be numerically
integrated to obtain the solution for the isothermal
flow behind the shock surface.

Normalizing the variables u, p, p and h with their
respective values at the shock, we obtain

x__9 P A p Y 2 h_ e

us oM p, AL B

(4.12)
5. RESULTS AND DISCUSSION

Equations (3.11-3.14) for adiabatic flow and
equations (4.8-4.10) for isothermal flow with
boundary conditions (3.16) were integrated using
fourth-order Runge-kutta algorithm. The flow
variables ¢, A, € and ¥ as functions of A are
obtained from the shock front (A =1) until the
inner expanding surface (4 = A,) is reached. For
the purpose of numerical calculations, the values of
constant parameters are taken to be (Pai et al. [20]
Miura and Glass [16], Vishwakarma [28], Steiner
and Hirschler [26], Rosenau and Frankenthal [21])

j=2,y=2n=-015 f =025, k, = 0,02,

Gy = 1,100 and M,}z = 0,0.005,0.01. The value
J = 2 corresponds to spherical shock, k,, = 0 to the

dust-free case (perfect gas) and M, = 0 to a non-
magnetic case. Also, 0.25 may be taken as a typical
value of the ratio of specific heat of dust particles
and specific heat at constant volume of the perfect

gas (8).

The variation of the flow variables —, <, £ and

Us  Ps Ps

hi for adiabatic case are shown in figures (1) to (4)

S

and for isothermal case in figures (5) to (8). Table
(1) shows the values of g and 4, at various values
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of k, , G, and M2, The density ratio 8 remains
same in both the adiabatic and isothermal cases.
The ratio of the velocity of the inner surface
(piston) and the fluid velocity just behind the shock

sl 1 _ M
us  (1-F)C (1-B)
1 from table (1). Figure (2) shows that the reduced

density L at M7? = 0 is rapidly decreased near the

S

piston (inner contact surface) in the case of
adiabatic flow; whereas this effect is removed in
the case of isothermal flow (figure (6)).

which is always greater than

Figure (9) shows that variation of 1, with respect to
k, for different value of G, and M2 For G, = 1,
A, noticeably decreases by an increase in k. It
means that the strength of the shock is decreased
when k, is increased. For G, = 100, A, increases
with increase in k,,. It means that the strength of the
shock is increased by an increase in k. Physically
it means that when G, = 100 the density of the
perfect gas in mixture is highly decreased which
overcomes the effect of incompressibility of the
mixture and finally makes a small decrease in the
distance between the piston and shock front, and an
increase in the shock strength. Further when
magnetic field is applied on flow-field, the value of
A, is decreased which means that effect of
magnetic field is to decrease the shock strength.

It is found that an increase in the value of k,

i. increases the density ratio across the shock
B (= p—°) when G, = 1, but in case of
Ps

G, = 100 the density ratio decreases;

ii. increases the distance of piston from the
shock front when G, = 1, and decreases
it when G, = 100 (see table 1).

iii. increases the reduced fluid velocityul , the

reduced density £ and the reduced

N

pressure pﬂ at any point in the flow-field

N

behind the shock when G, =1 and
decreases these when G, = 100; and

iv. decreases the reduced magnetic field hi

S

when Gy, =1 and increases it when
G, = 100.

This shows that an increase in k,, decreases the
shock strength when G, = 1 and increases it when

G, = 100. Physical interpretations of these effects
are as follows:

In the mixture, small solid particles of density
equal to that of the perfect gas occupy a significant
part of the wvolume which lowers the
compressibility of the medium at G, = 1. Also, the
compressibility of the mixture is reduced by an
increase in k, which causes an increase in the

distance between the shock front and the piston, a
decrease in the shock strength, and the above
nature of the flow variables. In the mixture at
G, = 100, small solid particles of density equal to
100 times that of the perfect gas occupy a very
small portion of the volume, and therefore
compressibility is not lowered much; the inertia of
the medium is increased significantly due to dust
load. An increase in k,, from 0.1 to 0.4 in the

mixture for G, = 100 , means that the perfect gas
constituting 90% of the total mass and occupying
99.889% of the total volume now constitutes 60%
of the total mass and occupies 99.338% of the total
volume. Due to this reason, the density of the
perfect gas in mixture is highly decreased which
overcomes the effect of incompressibility of the
mixture and finally causes a small decrease in the
distance between piston and shock front, an
increase in the shock strength, and the above
behavior of flow variables.

Effects of an increase in the value of G, are

i. to decrease the value of g (i.e. to increase
the shock strength);

ii. to decrease the distance of piston from the
shock front; and

iii.  to decrease the flow variables —, £ and £

Us Pg Ps

. h
and to increase -

S

These effects may be physically interpreted as
follows:

Due to increase in G, (at constant k), there is high

decrease in Z,, i.e. the volume fraction of solid
particles in the mixture becomes comparatively
very small. This effect induces comparatively more
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compression of the mixture in the region between
shock and piston, which displays the above effect.

An increase in the value of the parameter for
strength of the magnetic field M;>

i. decreases A, i.e. increases the distance of
the piston from the shock front.
Physically it means that the gas behind
the shock front is less compressed and the
strength of the shock is decreased(see
table 1);

ii. increases the value of B (i.e. decreases
the shock strength), which is same as
given in (i)above (see table 1);

. h
iii. decreases the flow variables — and v at

Ug S
any point in the flow-field behind the
shock front (see figures 1 and 4 (for
adiabatic flow) and 5 and 8 (for
isothermal flow)); and

iv. increases the flow variable £ and =

Ps Ds
(see figures 2 and 3 (for adiabatic flow)
and 6 and 7 (for isothermal flow)).

Also, tablel shows that the effect of magnetic field
on shock strength, in both the cases (adiabatic and
isothermal flows), decreases significantly on
increasing the mass concentration of solid particles
k, at Go = 1; whereas at G, = 100 the effect of
magnetic field on the shock strength is almost not
influenced by increasing k,.Thus the presence of
magnetic field has decaying effect on the shock
wave, but this effect is decreased on increasing k,

when G, = 1.

6. COMPARISON BETWEEN ADIABATIC
AND ISOTHERMAL FLOWS

i. In isothermal flow at M,;* =0 (non-
magnetic case) the density is almost
constant in the flow-field behind the
shock; whereas at M2 = 0.005 and 0.01
(magnetic cases) the density decreases
very rapidly near the piston (see figure 6).
But in adiabatic flow in both the magnetic
and  non-magnetic  cases (M;% =
0,0.005,0.01) the density decreases very
rapidly near the piston (see figure 2).

ii. From tablel it is clear that A, (position of
the piston surface) in isothermal flow is
greater than that in the adiabatic flow.
Physically, it means that the gas is more
compressed in the isothermal flow in
comparison to that in adiabatic flow. Thus
the strength of the shock is higher in the
isothermal flow than that in the adiabatic
flow.

7. CONCLUSION

In this work, we have studied the self-similar
solution for the flow behind a strong shock wave
propagating in a perfectly conducting dusty gas in
the presence of an azimuthal magnetic field. The
shock is driven by a piston moving with velocity
obeying a power law. On the basis of this work,
one may draw the following conclusions:

An increase in the mass concentration of solid
particles (k,) decreases the shock strength at
lower values of G,, and increases it at its
higher values. Also for G, = 1, it increases the
reduced velocity, reduced density and reduced
pressure and decreases the reduced magnetic
field at any point in the flow-field behind
shock; whereas for G, = 100, it decreases the
reduced velocity, reduced density and reduced
pressure and increases the reduced magnetic
field.

An increase in the value of the ratio of the
density of solid particles and the initial density
of the perfect gas in the mixture (G,) increases
the shock strength and decreases the distance
of piston from the shock front. Also, it
decreases the reduced velocity, the reduced
density and the reduced pressure and increases
the reduced magnetic field at any point in the
flow field behind the shock. These effects are
more impressive at higher values of k, (=
0.4).

The presence of magnetic field decreases the
reduced fluid wvelocity but increases the
reduced pressure and reduced density at any
point in the flow-field behind the shock. Also,
the effect of magnetic field on shock strength,
in both the cases (adiabatic and isothermal
flow), decreases significantly by increasing k,
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at G, = 1; whereas at G, = 100 the effect of
magnetic field on the shock strength is almost
not influenced by increasing k,.
The value of 4, (piston position) in isothermal
flow is greater than that in the adiabatic flow
i.e. the strength of the shock is higher in the
isothermal flow than that in the adiabatic flow.

Table 1. Variation of the density ratio 8 (= f) across the shock front and the position of the piston surface 2, for

difforent valves of g, Gy and My? withy =2, n = ~015.

B
Go=1 Gy = 100
Ky M;Z=0 M;? = 0.005 M7 =001 MP=0 M;%Z = 0.005 M;Z =001
00 | 0250000 0255571 0261039 0250000 0265571 0.261039
01 | 0320108 0323181 0325991 0245736 0251445 0257042
02 | 0391045 0392508 0394002 0240704 0246579 0.252331
03 | 0461983 0462777 0463587 0234685 0240763 0246703
04 | 0533333 0533763 0534201 0227373 0233704 0239877
2y (Adiabatic Flow)
0.0 | 0902678 0.896105 0896105 0902676 0896105 0.890519
01 | 0.875007 0870632 0866715 0904397 0897713 0892047
0.2 | 0.84508% 0842048 0.839236 0.90642% 0899606 0.893846
03 | 0812399 | 0810235 0808165 | 0908845 0901866 | 0895992 |
04 | 0776228 0.774649 0773102 0511787 0904607 0.898592
7y UUsothermal Flow)
00 | 0912360 0902459 0895209 0912360 0902459 0.895209
01 | 0884890 0878382 0873099 0913830 0903869 0896585
02 | 0854980 0.850634 0846847 0915560 0905536 0.898203
03 | 0822000 0819150 0816443 0917650 0907535 0900148
04 | 0.785450 0.783153 0781514 0920190 0909969 0902518
14 |
-2
Ke Go A

©IPNO O RGN >

0.85

0.90

A—

0.95

1.00

Figure 1: Variation of reduced velocity in the region behind the
shock front for adiabatic flow.
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Figure 2: Variation of reduced density in the region behind the
shock front for adiabatic flow.
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Figure 3: Variation of reduced pressure in the region behind the

shock front for adiabatic flow.
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Figure 4: Variation of reduced magnetic field in the region behind
the shock front for adiabatic flow. Figure 6: Variation of reduced density in the region behind the
shock front for isothermal flow.
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Figure 5: Variation of reduced velocity in the region behind the A—>
shock front for isothermal flow.
Figure 7: Variation of reduced pressure in the region behind the

shock front for isothermal flow.
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Figure 8: Variation of reduced magnetic field in the region behind
the shock front for isothermal flow.
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Figure 9: Variation of Ag(piston position) with kr (mass concentration
of solid particles) for Go=1,100 and Mx=0,0.005,0.01 in the
case of adiabatic flow.
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