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ABSTRACT

The solution of equations by seeking quasi-similar solution, in which the viscosity coefficient is taken to be at
most a function of time but independent of space co-ordinates. an attempt is made to account for the material
strength by including Newtonian- Viscosity term. In the present paper the characteristic method (Chester, Witham)
isapplied to obtain expressions of the density, the pressure, the particle velocity just behind the shock propagating
in a rotating atmosphere. The effect of cariolis force is taken into account. Since the velocity effect has a tendency
to smoothen out such discontinuities, the artificial viscosity coefficient suggested by Rithchmyer and Von Newmann
is introduced. The problem is discussed for two different cases (i) for weak shocks and (ii) for strong shocks

respectively.
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1. INTRODUCTION

The propagation of strong shock waves in space,
due to asurface explosion or impact has beentreated
in many levels of approximatio n in one of these, an
attempt is made to account for the material strength
by including Newtonian- Viscosity term. Yuan [1]
approximated the solution of equations by seeking
quasi-similar solution, inwhi ch the viscosity coefficient
in taken to be at most a funcion of time but
independent of space co-ordina tes. Pai [2] and Kumar
[3] discussed the propagation of hydromagnetic
cylindrical shock through a self- gravitating gas
showing itsvelocity only for strong shocks. Singhand
Mishra [4] obtained analytical relations for shock
velocity and shock strength and the expressions for
the pressure, the density and the particle velocity
immediately behind the shock, assuming the fact that
the initial density and azimuthal magnetic field are
distribution variables. Vishwa karma [5] has obtained
an exact analytic solution for self-similar flow behind

a magnetogasdynamic shock wave s in radiative and
self gravitating gas. Nath[6] has discussed similarity
solution for unsteady flow beh ind anexponential shock
in a dusty gas. Vishwakarma et al. [7] have been
discussed an analytical description of converging
shock waves ina gas with vari able density. Similarity
solution for a cylindrical sho ck wave ina rotational
axisymetric dusty gas with heat conduction and
radiation heat flux have also been studied by
Vishwakarmaand Nath [8]. Sing het al. [9] have been
studied the evolution ofweak discontinuities inanon-
ideal radiating gas. Recently Singh et al. [10] have
also been obtaining the evolution of weak shock
waves in perfectly conducting gases. Liangand Chen
[11] have discussed numerical study ofspherical blast
wave propagation and reaction. Srivastavand Yadav
[12] have studied propagation of plane shock
radiative shock wave in unstable homogeneaus
medium. the characteristic method (Chester [13],
Witham [14]) is applied to obt ain expressions of the
density, the pressure, the par ticle velocity just behind
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the shock propagating inarot ating atmosphere. The
effect of cariolisforce is ta ken into account. Since the
velocity effect has a tendency to smoothen out such
discontinuities, the artificial viscosity coefficient
suggested by Rithchmyer and Vo n Newmann [15] is
introduced. The problemis dis cussed for two different
cases.
2. BASIC EQUATIONS,
CONDITIONS AND ANALYTICAL
EXPRESSION FOR SHOCK VELOCITY

The equations governing the cy lindricallysymmetric
flow of gas under the influence of its own coriolis
forces in the presence of transverse magnetic field,
following Witham [14]
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whereu, p, p , H, p represent the velocity, pressu re,
material pressure, magnetic fi eld at distance r and time
tand thedensityand 'q" isthe artificial viscosity..

Since ahead the shock waveu=0 = _q =0,
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where 0 and 1 respectively stand for the states
just ahead and just behind the shock front, u is the
shock velocity, a, is the sound speed given by
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, Where p=1 is magnetic permeability..

0

2.1 Weak Shock

For a veryweak shock we take the parameter as

PoN=tt+e

Po
where € is another parameter which is negligible in
comparison with unity, now we consider two case of
weak and strong magnetic field .
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2

Case -1: For weak magnetic field a_oz <<1 ynder
0

this condition the boundary co ndition reduces to as
follows
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fore.
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Case - I1: For strong magnetic field Z(jz >> 1, then

the boundary conditions are re duces to
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2.2 Strong Shock

Jo)
In the limiting case of a stro ng shock p—l is large,
0

and in the presence of the mag netic case this can be
brought about in two ways

Case-l : The purely non-magnetic way when
N =2t is small.
y—1

Case-11 : When b >>a> orwhen yH;>>p,,
that is when the ambient magne tic pressure is large
compared with the ambient flui d pressure in terms of
N. The boundary condition are now becomes as
follow
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Since,
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3. CHARACTERISTIC EQUATION AND
SOLUTION OF EQUATIONS

For diverging shock the characteristic form of
system of equation (1) to (5) that is form in which
equation contains derivatives only in (r,t) is

2 p—
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is a characteristic form of equations (1) to (5)
[in positive direction],

y(p+p,), H’

P P
for final step we substitute t he shock condition (4) or
(5) or (6) in equation (7), first order differential
equation in e (r) or u? is obtained which determines

[46]

where ¢ =a’+b*= =1

the shock, for weak shocks in the presence of a weak
transverse magnetic field, on substituting the shock
condition (4) in(7), neglecti ng the higher-order terms
of €, since € is very less than unity.
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since in view of hydrostatic e quilibrium
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Since equation of mass for cyl indrical shock wave is
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a, = K, whichisconstant.

This impliesthat as pressure varies, in similar way
density varies positively and finiteness of the
equilibrium pressure as defined by equation (12)
requiresthat the constant « should obeythe inequality

om l<w<?2, (14)
EZZﬂ'RpO:Zﬂ'RpC R™ | s 1
€_1 _ 2
on integration, we get o _4[2(“’ 1)+ 8% (@+1)]
R*™ 2mp,r’ 15
m =2rx Jo s = 7 P ﬂ ( )[r-w aq —(u—l— ] ( )
2-w 2-w r 4 K,
7]

copyright © samriddhi, 2010-2014 S-JPSET : ISSN

1 2229-7111, Voll. 6, Issue 1



Effect Of Artificial Viscosity On The Expansion Of Dis-Conti nuities In A Rotating Interpla netary Medium With Material Pressure

now by integration, we get,
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Strong magnetic field:- For strong magnetic field,
we use shock conduction (5) in equation (7) and

hence obtain
_ V(DO + Py )}

de 1
halhap K |
€ 2{ 2H!

rd(p,+ pyo), ,dH,  db,

+
HO2 HO bO

(19)

r orH; HZ r

dr_ag dr  (y—1)gdr

pressure and density both are varying in similar
manner; this effect gives us b, as constant hence
by, o

by

I db,
by substituting the values of d(po + pro) dH, aﬂdf

0

in equation (19) and by integr ation, we get
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4. RESULT AND DISCUSSION

Finally the expression for the pressure and particle
velocity just behind the shock for above can be
expressed as
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The expression (23) and (28) epresent the
propagation ofweak diverging cylindrical shock wave
througha rotating gas with ef fect of artificial viscosity
in the presence of transverse weak and strong
magnetic field respectively.

Inabove relations first term representsthe solution
obtained by the Witham, showin g the effect of density
distribution. The second term arises obviously on
account ofthe coriolis force and the magnetic field.
The velocity of magnetogasdyna mics shock wave is
determined by first term only when magnetic field is
strong, for the large values o fr, the first termis very
small in comparison to the sec ond term.

Table:1
Weak Shock, Weak Magnetic Field
N=05 4 =32 =05

B2 =1.2 B2 =24

u/K;
12450.92
16776.68
23850.72
30185.50
39896.19

r u/K;
0.1 | 10357.24
0.2 | 13249.83
0.3 | 17361.19
0.4 | 21782.37
0.5 | 35970.96

u/ag
12450.92
14227.91
22776.37
31980.03
34530.60

u/ag r
10357.24 | 0.1
15463.14 | 0.2
21802.29 | 0.3
38153.14 | 0.4
44093.76 | 0.5

FromTable :1 givesthe varia tionof shock velocity
and shock strength with propagation distance for
different values of parameters for weak shock with
weak magnetic field. The natur e ofshock velocity of
shock strength can be read thr oughtables, fromtable
we observed that shock velocity and shock strength
are increasing.

Table : 2 Weak Shock, Strong Magnetic Field

N=757 =32 0 =05
B =12 p* =24
u/Kz
11688.80
13324.01
17160.47
18932.53
19817.60

r u/K;
0.1 | 11789.49
0.2 | 13805.33
0.3 | 14539.93
0.4 | 15104.31
0.5 | 18509.91

u/ay
11688.80
15693.13
18112.92
20932.19
22761.45

u/ag r
11789.49 | 0.1
24026.60 | 0.2
30798.32 | 0.3
34770.16 | 0.4
48565.21 | 0.5

Table : 2, gives the variation ofshock velocity and
shock strength with propagatio ndistance for different
values of parameters for weak shock with strong
magnetic field from table we observed that shock
velocity and shock strength ar e increasing.

Table : 4
Strong Shock, Strong Magnetic Field

N=75 =32 » =05
p?=1.2 p? =24
r u/K; u/ag r u/K; u/ag
0.1 | 3684.33 | 3684.33 | 0.1 | 3896.35 | 3896.35
0.2 | 2965.72 | 1542.90 | 0.2 | 2916.53 | 1000.19
0.3 | 2726.59 | 988.24 | 0.3 | 2801.87 | 466.92
0.4 | 2659.52 | 461.41 | 0.4 | 2763.52 | 340.92
0.5 | 2373.29 | 336.34 | 0.5 | 2529.97 | 247.16

Table : 3, gives the variation ofshock velocity and
shock strength with propagation distance having
different values of parameters , for strong shock with
strong magnetic field, from table we observed that
shock velocity and shock strength are decreasing.

5. CONCLUSION

From our results we find that the applications of
coriolisis forces changes in s hock velocity and shock
strengthare veryslow in comp arisionto the results of
given by Singhand Mishra [4].
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