International Journal of Scientific Research and Review

ISSN NO: 2279-543X

PROPAGATION OF BLAST WAVES PRODUCED BY
INTENSE SOLAR FLARES
S.K.SHARMA1, S.N.OJHA2 and NEERAJ KUMAR3*
1

Department of Physics, S.S.V. College, Hapur, UP, India
Department of Mathematics, S.C.College, Ballia, UP, India
3
Department of Physics, IFTM University, Moradabad, India
2

E-mail-subodhphysicsccs@gmail.com
ABSTRACT
Similarity solutions are obtained for the propagation of blast waves generated by intense flare in stellar
atmosphere which has an energy increasing with time including the effects due to heat conduction and heat
radiation flux along with self-gravitation. The medium of the solar wind is assumed to be inhomogeneous gas
of infinite electrically conducting with negligible dissipative effects and the flow is spherically symmetric
confined to the solar equatorial plane. The effects due to presence of magnetic field, self-gravitation, rotation
of the solar wind along with thermal conduction and heat radiation flux are taken into account. Results are
presented in graphical forms for special choices of the parameter. Qualitative variation in nature of the flow
due to density distribution in ambient solar atmosphere is discussed. It has been observed that the variation in
energy and velocity of propagation of the blast wave depend upon the distribution of density in the ambient
atmosphere. Finally, the time of transit of the disturbance at the earth’s surface has been obtained.
Keywords: blast waves, self-gravitation, ambient solar atmosphere.

1. INTRODUCTION
Some major flares and coronal mass ejections are characterized by large scale expulsion of
plasma from the corona into interplanetary space with speeds observed from 20-26 hundred km./sec.
and the kinetic energy of the order of 1031-32ergs. The most extreme coronal mass ejection yet
observed may contain up to 5×1016gm of plasma and 1033ergs of kinetic energy and travel to the earth
in less than a day. These disturbances are the primary cause of geomagnetic storms (Gosling(1993)).
Several coronal mass ejection simulation models have been designed to reproduce the Sun-Earth
transit time of the disturbances and to examine the solar wind parameters found at the earth surface.
Some of the global models are the models of Ameri et.al. (2000), Antiochos et.al.(1999), Forbes and
Priest(1995), Gibson and Low(1998), Manchestor (2003), Manchestor et.al.(2004,a,b) and Riley
et.al(2002) etc.
Some flares and coronal mass ejections are characterized by expulsion of plasma from the
corona into space moving over distances comparable to solar diameter. These disturbances include
Moreton waves, Coronal transients of low brightness called EIT waves (Thompson et.al.(1998)) and
extreme ultraviolet(EUV) emissions appear near the eruption centres and far from them
(Warmuth(2007), Wills davey and Attrill(2009), Gallaghar and Long(2010). They have been observed
with the EIT on SOHO (Delaboudine et.al.(1995), the Transition Region and Coronal Explorer
(Handy et.al.(1989) and other telescopes. Observations suggests that these waves are shock waves
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excited by impulsive drivers, freely propagate into corona. Neverthless, the nature of these
phenomena is still controversial.
Warmuth et.al.(2001), (2004,a,b) and Warmuth, Mann and Strass(2005) have found kinematic
closeness of the above waves and proposed that signatures of these waves could be created by a single
decelerating blast wave, Schomidt and Ofman (2010) have presented magnetohydrodynamic
modelling of an EUV wave as a disturbance produced by an eruption driven shock wave. Grechnev
et.al.(2008) have found that a formal usage of the expression for the propagation of a strong selfsimilar shock wave excited by a point like explosion in a gas allowed to fit the speeds and positions of
Moreton wave as well as EUV wave at the initial stage of the motion.
Hydro dynamical spherical blast waves have been studied extensively by using the method of
similarity analysis. A self-similar treatment of a spherical magnetohydrodynamic disturbance limited
to the vicinity of the equatorial plane of an axisymmetric geometry is presented by Lee and Chen
(1968) for special case where the upstream density behaves as r-2, where r is the spatial co-ordinate.
Rosenau and Frankenthal (1976,a,b) extended this treatment to case where the density distribution is
more general than that of Lee and Chen (1968). Coronal mass ejection problem was also explained by
Low (1982), (1984,a,b) by using the method of self-similar approximation. By using the simplified
analytical solutions of Gibson and Low (1998), Manchestor et.al.(2006) have developed a model to
simulate the time dependent behaviour of disturbance produced by coronal mass ejection propagated
from low corona through the solar wind including the effects of solar rotation, thermal conduction and
radiation loses.
In present study, we discuss the propagation of blast wave excited by solar eruption or
coronal mass ejection in solar atmosphere by using the method of similarity analysis including the
effects of solar wind rotation, thermal conduction and radiation losses. We assume that the explosion
be spherically symmetric flow of an electrically conducting gas across an azimuthal magnetic field in
presence of self-gravitation, The plasma is supposed to be a fluid of an ideal gas with an adiabatic
exponent γ. We assume also the radial fall off density pressure and magnetic field in solar atmosphere
from explosion centre. The variation of the flow variables within the shocked gas are presented in
graphical forms for specific values of the parameters. Solutions are obtained for the values of flow
variables at any point in space time. It has been observed that increase in energy, variation in the
velocity of the propagation of disturbance and time of transit at the earth surface depend upon the
distribution of density of the up-stream solar atmosphere.

2. FUNDAMENTAL EQUATIONS
The fundamental equations governing the motion of an unsteady spherically symmetric
inviscid electrically conducting self- gravitating gas alongwith heat conduction and heat radiation flux
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may be written as ( Lee and Chem (1968)), Tam and Yousofean (1972), Summers (1975), Rosenau
and Frankenthal (1976), Ghoniem et.al. (1982).
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where r and t are the independent space and time co-ordinates, ρ is the density, p the pressure, u and v
are the radial and azimuthal components of the particle velocity, B the azimuthal component of
magnetic field, m the mass of the gas contained in the sphere of radius r, G the gravitational constant,
e the internal energy per unit mass and q the total heat flux due to conduction and radiation.
Since the ejected plasma is assumed to be perfect , we have
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where T,  and γ are the temperature , the gas constant and the ratio of specific heats. The total heat
flux q is the sum of qC and qR where qC and qR are the heat conduction flux and radiative heat flux
defined as
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where K is the coefficient of thermal conductivity of the plasma, a the Stefan- Boltzmann constant
and αR the Roseland mean absorption coefficient. (Mihalas and Mihalas (1984), Zeldovich and
Raizer (1967), Ghoniem et.al.(1982)).
The thermal conductivity K and the absorption coefficient αR are assumed to vary with temperature
and density. These can be written in the form of power laws(Ghoniem et.al.(1982)).
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Where subscript ‘c’ denotes a reference state.
By sudden expansion of the corona, a shock wave is produced in the ambient solar wind in an
infinitesimal time interval. The shocked gas is separated from the expanding surface which is a
contact discontinuity. This contact surface acts as a piston for the shock wave in the ambient solar
wind.
The total energy due to solar flare or coronal mass ejection is assumed to be varying with time i.e.

E  E0 t s

 2.13

Where E0 and s are constants. This increase of energy may be achieved by the pressure exerted by
the surface of the stellar corona.
Following Summers (1975), Lee and Chen (1968) and Rosenau and Frankenthal (1976), let the shock
wave produced by solar flare be propagated in atmosphere defined as

 2.14 

ρ = ρcr-ω, p = pcr-ω and B=Bcr-m

Where ρc, pc, Bc ,ω and m are constants.
The flow variables immediately ahead of the shock front are
ρ0= ρcR-ω
(2.15)
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Where R is the shock radius and the subscript ‘0’ denotes the conditions immediately ahead of the
shock. Radial flow velocity and total heat flux ahead of the shock are assumed to be zero.

0

be the

rotation velocity just ahead of the shock front (c.f.Vishwakarma and Singh (2009)).
Assuming that the propagating shock be an isothermal shock across which the jump in temperature
may be neglected, the shock conditions may be written as
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where subscript ‘1’ denotes conditions immediately behind the shock front,

V

dR
, M=V2/ac2,
dt

ac2=γpc/ρc

denotes the velocity of the shock front and Mach number

respectively.
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3. SIMILARITY SOLUTIONS AND BOUNDARY CONDITIONS
By standard dimensional analysis, the non-dimensional variable η is defined as (Sedov, 1982).
1
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where R(t) has the dimension of length and will subsequently be seen to be the radius of the shock
front, α is the some constant.
To obtain the similarity solutions, write the flow variables in the following forms
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where 1, g1, φ1, f1, b1, W1 and Q1 are functions of η only.
Substituting (3.2) in equation (2.2), it is clear that the above forms of the flow variables are
compatible only when
(3.3)
and
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The equation (2.2) takes the form

(3.5)

  n1  1'  A  11' 

2

ac2 f1  f1'
1
2 b1




V

 H
   f1
 1  2 n


 b1'
 G0 A2W1 g12


(


2)

0


2 

 b1
 4

where

 3.6 

VH2 

Bc2

c

and

(3.7)
(3.8)

 1

(  2) VH2
1
G0  2(  1)(3   ) 


2
2
2 
2(  1) A
(  2) M R 
 M

 3.13

M R2 

V2
v02

From (3.1), (3.3) and (3.4)
2

(3.9)

 A   2 
R
 t
 2 

Comparing the values of R from (3.1) and (3.9) we get


 3.10 
 3.11

2   E0
A 
  c
2s 2

5 

 2(5 )


or  

10
s4

Thus,

Volume 7, Issue 5, 2018

209

http://dynamicpublisher.org/

International Journal of Scientific Research and Review

 3.12 
 3.13

1<s<6

ISSN NO: 2279-543X

when 1<ω<2

0≤s≤1 when 2≤ω≤2.5

We have the same conditions as obtained by Vishwakarma and Singh (2009).
By using (2.7), (2.10) and (2.13) we get,
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Writing (3.24) in non-dimensional form, we have
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Introducing the non-dimensional variables
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in equations (3.5) and (3.15) we have
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Where βc=1/2, βR=5/2, δc=1-1/ω and δR=-(1-1/ω)
Similarly putting non-dimensional forms in other fundamental equations we have a set of equations
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alongwith boundary conditions

 3.29   (1)  N ,  (1)  1 


VH
N
1
1
, g (1) 
,
 , f (1)  2 , b(1)  N
A
MR
M
N

2
H
2

V
1
 N  1 
Q(1)  ( N  1) 

, W(1) 
2 
3
 A  2 N 
Where N is obtained by

 3.30 

(


VH 2  M 2 2  VH 2  M 2
)
N  ( )
 1 N   M 2  0
A
2
2
 A


In absence of magnetic field, VH=0 and therefore
(3.31) N=γM2
Now problem is reduced to solving non-linear differential equations (3.21)-(3.27) with boundary
conditions(3.29). From equations (3.21) and (3.24) we may write that b∝φ which corresponds to the
solution B∝ρr of equations (2.1) and (2.3).

4. NUMERICAL INTEGRATION AND DISCUSSIONS
Equations (3.21) - (3.27) are integrated numerically with boundary conditions for the
values of ω = 1.9, 2.1 M = 10, μ = 10,

= 10, γ = 5/3, VH/A = 0, .05, .1 . The behaviour of

the variables within the shocked gas are presented graphically in Figs 1-7.
Fig. 1 shows the variation of flow velocity behind the shock , when ω<2, rotation of
the ambient atmosphere decreases the flow velocity behind the shock. When the effect of
presence of magnetic field alongwith rotation is taken into account, flow velocity increases
slightly behind the shock , we observe no change in flow velocity in absence of magnetic
field and rotation both.
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When ω > 2 and ambient atmosphere is rotating in absence of magnetic field, we find no
change in flow velocity behind the shock. When the effects of the presence of magnetic field
is included with the effects of rotation, the flow velocity rapidly decreases behind the shock.
Fig. 2 gives the variation of density behind the shock, we find sharp increase in
density just behind the shock when ω<2 and ambient atmosphere is neither rotating nor
affected by the presence of magnetic field. Again when ω<2 and only the effects of rotation
ahead of the shock is taken into account, we find decrease in density behind the shock but
when rotation and effects of magnetic field are taken together increase in density behind the
shock is observed. When ω>2 and ambient atmosphere is rotating, density increases abruptly
behind the shock, Again when ω>2 and only effects of magnetic field is taken into account,
we find slight increase in density behind the shock. The absence of magnetic field and
rotation both ahead of the shock, density decreases behind the shock.
Fig. 3 gives variation of magnetic field behind the shock, when ω<2 we find increase
or decrease in magnetic field behind the shock, in presence or absence of rotation
respectively ahead of the shock. But when ω > 2 we find decrease or increase in magnetic
field behind the shock in presence or absence of rotation respectively ahead of the shock.
Fig. 4 gives change in pressure behind the shock, when ω<2 no change in pressure is
observed in absence of magnetic field and rotation both but when rotation of magnetic field
are separately taken into account pressure decreases behind the shock. When magnetic field
along with rotation is taken into account we find slow decrease of the pressure.
When ω > 2 no variation in pressure behind the shock is observed when the effects of
presence of magnetic field and rotation are not taken into account. When the effects due to
rotation and presence of magnetic field are considered separately, we find increase in
pressure behind the shock in each case. When both of the above effects are taken together,
pressure decreases behind the shock.
Fig. 5 gives variation in heat flux behind the shock. When ω<2 heat flux reduces
behind the shock in absence of magnetic field and rotation both, Presence of rotation alone
reduces decrease in heat flux. Presence of magnetic field alone also reduces decrease in heat
flux. When effects due to rotation and presence of magnetic field are taken together we find
rapid decrease in heat flux.
When ω > 2 we find sharp decrease in heat flux in presence of rotation only. Presence of
magnetic field also decreases heat flux behind the shock but when rotation and magnetic field
are taken together we find slow decrease in heat flux.

Volume 7, Issue 5, 2018

212

http://dynamicpublisher.org/

International Journal of Scientific Research and Review

ISSN NO: 2279-543X

Fig. 6 gives variation in rotation behind the shock. When ω<2 the presence of
magnetic field reduces decrease in rotation behind the shock, For ω > 2 we find sharp
decrease in rotation in comparison of the case ω<2 when the effects due to magnetic field are
not taken into account Presence of magnetic field reduces the decrease sharply in comparison
of the case ω<2.
Fig. 7 gives variation of mass behind the shock. In absence of magnetic field and
rotation both with ω<2, we find sharp decrease in mass in comparison to the case when
rotation only is present. Thus, rotation reduces decrease in mass in absence of magnetic field.
In presence of magnetic field, rotation decreases mass more rapidly behind the shock. When
ω > 2 presence of rotation increases decrease in mass in absence of magnetic field. In
presence of magnetic field, rotation reduces decrease in mass behind the shock.
Thus it is possible to find similarity solutions of the point explosion problem
produced by solar flare under the influence of self-gravitation of the expanding gas including
the effects of magnetic field heat conduction and heat radiation and also due to rotation of the
ambient atmosphere.
The values of the particle velocity, density distribution, pressure distribution and
variation in magnetic field, mass, rotation and heat flux within the region of shocked gas at
any point (r,t) is given by
u(r, t) = σ∅(η), ρ(r, t) = ρ0φ, p(r,t) = ρ0V2f(η)/γ, B=B0b(η)
m(r, t) = (3-ω)m0W(η), v(r, t) = Vg(η), q(r, t) = ρ0V3Q(η)
It is clear from (3.1) that the increase in energy depends upon the distribution of density in
the ambient atmosphere.

From (3.3), (3.4) and (3.9) we have V = 2R/ωt
At the earth surface observed velocity V = VE = 5×107 cm./sec. and R=RE~1.4×1013 cm.
Thus, the time of transit to the earth surface is approximately equal to 6×105/ω seconds.
When ω = 2 velocity of propagation of the disturbance will become uniform and the time of
transit to the earth surface is approximately equal to 3 days.
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