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In this paper we investigate the effect of surface tension on hydromagnetic Rayleigh-Taylor (R-T) instability of two incompressible superimposed fluids in a porous medium with suspended dust particles immersed in a uniform horizontal magnetic field. The relevant linearized perturbation equations have been solved using
normal mode technique and the dispersion relation is derived analytically for the
considered system. The dispersion relation is influenced by the simultaneous presence of medium porosity, suspended dust particles, permeability, magnetic field
and surface tension. The onset criteria of R-T stability and instability are obtained
and discussed. The growth rate of R-T instability is calculated numerically and it is
affected by the simultaneous presence of surface tension and magnetic field. The effects of various parameters on the growth rate of the R-T instability are discussed.
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Introduction

The hydromagnetic Rayleigh-Taylor (R-T) instability occurs at the interface of two
fluids when a heavy fluid is supported by a lighter one. The problems of R-T instability are
widely discussed in astrophysics, experiments of thermonuclear fusion, inertial confinement fusion, geophysics, magnetohydrodynamic experiments, and space physics. It is also discussed in
astrophysical fluids and fusion pellet implosions [1, 2]. Chandrasekhar [3] has given a detail
study of R-T instability for the fully ionized incompressible medium under various assumptions.
Kull and Anisimov [4] discussed the ablative R-T instability in an incompressible fluid model.
Kalra [5] studied the effect of finite Larmor radius (FLR) corrections on the stability of
superposed fluids. Bhatia [6] discussed the R-T instability of two superposed conducting fluids
of uniform densities and suggested that viscous forces have stabilizing influence. Gupta and
Bhatia [7] discussed the R-T instability of two viscous superposed partially-ionized plasmas of
uniform densities and found that viscosity has a stabilizing influence.
The effect of suspended particles is important in the dynamics of Martian atmosphere
and astrophysical problems. It may also be important in the study of fluid stability problems and
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it is used in industrial and chemical engineering. Michael [8] has studied the Kelvin-Helmholtz
(K-H) instability of a dusty gas and found that dust reduces the growth rate of the disturbance.
Sharma and Sharma [9] have discussed the R-T instability of two superposed conducting fluids
in the presence of suspended particles. Chhajlani et al. [10] studied the R-T instability of a stratified magnetized medium in the presence of suspended particles. Sanghvi and Chhajlani [11]
have investigated the hydromagnetic K-H instability in the presence of suspended particles and
FLR effect. Sharma and Chhajlani [12] discussed the effect of rotation on the R-T instability of
two superposed magnetized conducting fluids in the presence of suspended dust particles.
Prajapati et al. [13] studied the K-H of two superposed magnetized fluids with suspended dust
particles.
In recent years, stability problems of two superposed fluids in porous medium became
an important field due to its several applications in geophysics and astrophysics. Porosity might
be useful for the study of physical properties of comets, meteorites, and interplanetary dust in astrophysical context McDonnel [14]. Sharma and Sunil [15] studied the R-T instability of ionized
plasma in a porous medium in the presence of variable magnetic field. Sharma and Kumar [16]
studied the effect of R-T instability of viscous-viscoelastic fluids through porous media. Sunil
and Chand [17] discussed the R-T instability of plasma in the presence of variable magnetic
field and suspended particles in porous media. Wurm et al. [18] discussed the importance of gas
flow through porous bodies for the formation of planetesimals. Kumar et al. [19] studied the R-T
instability of rotating viscoelastic fluids in porous media in the presence of variable magnetic
fields. Kumar [20] discussed the instability of streaming fluids in porous medium in
hydromagnetic fluid. Sharma et al. [21] have discussed the effect of surface tension and rotation
on R-T instability of two superposed fluids with suspended particles. Prajapati and Chhajlani
[22] investigated the combined K-H and R-T instability of two superposed streaming fluids with
suspended dust particles flowing through a porous medium. Singh and Dixit [23] discussed the
stability of rotating viscous viscoelastic superposed fluids in presence of suspended particles in
a porous medium.
The objective of the present paper is to study the effect of surface tension and suspended particles on the stability of two superposed incompressible conducting fluids, when the
whole system is porous and immersed in 2-D magnetic fields. In the previous discussed problems, Prajapati and Chhajlani [22] discussed the effect of surface tension in a non-conducting
medium without magnetic field. Sharma et al. [21] discussed the effect of surface tension and
rotation on R-T instability of two superposed fluids with suspended particles in non-conducting
and non-porous medium. In this paper, we extend the previous problems of R-T instability in the
presence of 2-D magnetic fields and find the stability conditions. We also study, the behaviour
of growth rate of R-T instability depending upon various physical parameters.
Model equations of the problem

Consider a Cartesian geometry with co-ordinates (x, y, z) having axes with the z-direction as vertical. Suppose that a plane interface of discontinuity exist at z = 0, separating the two
semi-infinite homogeneous incompressible conducting superposed fluids in a porous medium
of porosity e and medium permeability k1. Let the mixture of hydromagnetic fluid and non-conducting
suspended dust particles be superposed in the porous
medium under the actionrof gravr
r
ity g = (0, 0, g) and dimensional uniform magnetic field H = (Hx, Hy, 0). Let r, m, p, and u = (u, v,
w) denote the density, viscosity, pressure, and velocity of the fluid, respectively.
It is assumed that suspended dust particles are non-conducting, of spherical shape and
are uniform in size. Force exerted on the fluid by the dust is assumed proportional to the relative
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r r
velocity, and is given by KN ( v - u ), where N is the particle number density and K is Stokes coefficient of resistance, given by K = 6pam for spherical particles, where a is the particle radius.
The inter particle distance is assumed to be very large as compared to the diameter of the particle, so that particle interaction can be ignored. The linearized perturbation equations using the
MHD fluid model neglecting initial fluid velocity are written [9, 10, 12]:
r
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m r
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where h = (hx, hy, hz), dp, and dr are the perturbations in magnetic field, fluid pressure, and density of fluid, respectively, and t = m/6pam denotes the relaxation time for the suspended dust
particles. In eq. (1) d (z – zs) denotes Dirac's function and Ts is the surface tension of interfacial
surface.
We assume the perturbation in the physical variables to be dependent on spatial and
temporal co-ordinates (x, y, t), and of the form [9]:
f ( z ) ~ exp[ i( k x x + k y y + nt )]

(7)

where kx and ky are the horizontal wave numbers (k2 = k x2 + k y2 ) and n is the growth rate of the
harmonic perturbations.
Dispersion relation

r
In eq. (1) variable v is eliminated by using eq. (6) and then employing eq. (7) in eqs.
(1)-(6). The set of linearized perturbed equations can then be written in the component forms:
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( ein) dr = -wDr

(11)

ienh x = ( ik x H x + ik y H y ) u

(12)

ienh y = ( ik x H x + ik y H y ) v

(13)

ienhz = ( ik x H x + ik y H y ) w

(14)

ik x u + ik y v + Dw = 0

(15)

ik x h x + ik y h y + Dhz = 0

(16)

where D stands for the operator d/dz, a0 = mN/r, and n = m/r denotes the mass concentration of
the particles and kinematic viscosity of the fluid, respectively.
The dispersion relation governing the vertical component of velocity w, for the assumed configuration can be obtained by solving eqs. (8)-(10) with the help of eqs. (11)-(16) and
written:
éi
n æ a 0 ö ( in) ù
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ê e ( n) + k + ç e ÷ t( in) + 1ú[ D ( rDw) - k rw] è
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û
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Equation (17) represents the differential form of the general dispersion relation. It incorporates the effect of the surface tension, the 2-D uniform magnetic field, the suspended dust
particles, the kinetic viscosity (n) and the porosity of the medium (e). The dispersion relation
(17) is identical with eq. (6) obtained by Prajapati and Chhajlani [22] excluding the effect of
magnetic field in static R-T configuration (U0 = 0). Thus, the presence of magnetic field in both
x and y directions modifies the results of this problem, thus leading to a better explanation of the
static R-T configuration of two superposed magnetized fluids in the presence of suspended dust
particles flowing through a porous medium. This dispersion relation is solved employing the
boundary conditions for the considered interface, as discussed in continuation.
Boundary conditions at the interface

Consider two superposed fluids of uniform density r1 (lower fluid) and r2 (upper
fluid), uniform kinematic viscosities, in a constant porosity medium, in the presence of uniform
magnetic fields separated by a horizontal boundary at z = 0. We have assumed the number density of suspended particles in both the regions z < 0 and z > 0 to be the same. In case of constant
fluid density, eq. (17) reduces to:
(18)
(D 2 - k 2 )w = 0
The general solutions of eq. (18) for the lower and upper fluids can be written:
w1 = A1 ( en) e kz
w2 = A2

( en) e - kz

( z < 0)

(19)

( z > 0)

(20)

where A1 and A2 are arbitrary constants. Applying the boundary conditions, given by
Chandrasekhar [3] at the common interface of two magnetized fluids which are:
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(1) The velocity w should vanish when z ® 4 (for the upper fluid) and z ® –4 (for lower fluid).
(2) w(z) is continuous at z = 0, hence A1 = A2 = A.
(3) The jump condition at the interface z = 0 between the fluids is obtained by integrating
eq.i(17) over an infinitesimal element of z including 0, to get:
é
ì ni n
a 0 ( in) ü ù m0 i
D 0 ê rDwí +
+
{k x H x + k y H y }2 D 0 ( Dw) ýú î e k1 e[ t( in) + 1] þ û 4pen
ë
igk 2 é
k2 ù
D 0 ( r) Ts w z = 0 = 0
ê
ne ë
g úû

(21)

Using eqs. (19) and (20) in eq. (21) we obtain the following dispersion relation:
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where fs = 1/t, is the relaxation frequency, s = in, a1,2 = mN/r1,2, b1 = r1/(r1 + r2), b2 = r2/(r1 +
r2), n1 = m1/r1, and n2 = m2/r2. In the eq. (22) the Alfven velocity is defined:
m0 H x2, y
(23)
V A2, B =
4p( r1 + r 2 )
Equation (22) represents the effect of surface tension with combined influence of suspended particles, porosity, kinematic viscosity, and two directional magnetic fields on the R-T
instability of two superposed conducting incompressible fluids. If we ignore the effect of magnetic field in the dispersion relation (22), it reduces to what was obtained by Prajapati and
Chhajlani [22]. If we ignore the effects of surface tension and transverse magnetic field, VB = 0,
then this dispersion relation reduces to eq. (32) that was obtained by Sunil and Chand [17]. For
the infinite permeable medium along with e = 1, n1 = n2 = VA,B = 0, the above dispersion relation
reduces to the result obtained in Sharma et al. [21] excluding the effect of rotation. In the absence of porosity, kinetic viscosity and surface tension, the previous dispersion relation is similar to that obtained by Prajapati et al. [13]. It is clear that the combined effect of surface tension,
suspended dust particles, porosity, and 2-D magnetic fields modify the present dispersion relation of R-T instability of two superimposed magnetized fluids.
Discussion of dispersion relation
Stable configuration (b1 > b2) or (r1 > r2)

Equation (22) represents the dispersion relation of two superimposed magnetized partially ionized and conducting fluids with suspended particles flowing through a porous medium.
In this potentially stable arrangement, when the lower fluid is heavier than the upper fluid, it
clearly represents a stable configuration. We apply the necessary condition of the Hurwitz criterion [24] in eq. (22), according to which we find that all the coefficients of the polynomial equations are positive and real. In order to satisfy the sufficient condition the Hurwitz minors are calculated which are found to be positive. Hence the system is potentially stable for the above
considered configuration.
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Unstable configuration (b2 > b1) or (r2 > r1)

The system is stable or unstable depending on the following conditions:
(a) If 2(kxVA + kyVB)2 + k3T/(r1 + r2) > gk(b2 – b1), the system is stable because there is no
positive real root.
(b) If 2(kxVA + kyVB)2 + (k3T)/(r1 + r2) < gk(b2 – b1), the system is unstable because the constant
term is negative, therefore allowing at least one positive real root.
The occurrence of a positive root implies that the system is unstable. When we put kx =
= ksinq and ky = kcosq in the condition (b), then it may be written:
k 3T
(24)
< gk ( b2 - b1 )
r1 r 2
r
where q is the inclination of the wave vector k to the direction of the magnetic field H.
If we substitute Teff = 2(P2 + P1)(VAsinq + VBcosq)2/k then condition of instability (24)
becomes:
éæ r 2 - r1 ö k 2 (T + Teff ) ù
÷÷ (25)
êçç
ú>0
ëè r 2 + r1 ø g ( r 2 + r1 ) û
2k 2 (sin qVA + cos qVB ) 2 +

where Teff is the effective surface tension of magnetic field due to the tension along the lines of
force. Condition (25) represents the combined effect of surface tension and 2-D magnetic fields
and these results are very much similar to those given in Chandrasekhar [3].
The condition of instability (25) is satisfied for r2 > r1 when wave number k is taken to
be in range 0 < k < kc, where:
kc =

( r 2 - r1 ) g
2p
=
lc
T + Teff

(26)

The arrangement remains stable for all disturbances with k > kc, hence the system is
unstable for sufficiently long wavelengths. Since the value of critical wave number kc decreases
with an increase of magnetic field, the system is unstable for small magnetic fields. For large
magnetic fields the system tends to move towards stability. Similarly, surface tension also has a
stabilizing effect on the system. Thus both the magnetic field and surface tension succeed in stabilizing a potentially unstable arrangement.
Now, assuming that both fluids have different dynamic viscosities then from eq. (22)
we get:
é
é ef ( n¢ + n¢2 )
e( n1¢ + n¢2 ) ù
s 3 + s 2 ê f s (1 + 2a¢ ) +
+ sê s 1
+ 2(VA sin q + VB cos q) 2 k 2 ú
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k1
ë
û
ë
é
k 3T ù
k 3T ù
- gk ( b2 - b1 ) +
+ f s ê2(VA sin q + VB cos q) 2 k 2 - gk ( b2 - b1 ) +
=0
ú
r1 + r 2 û
r1 + r 2 úû
ë
(27)
where n1¢ = m1/(r1 + r2), n¢2 = m2/(r1 + r2), and a¢ = mN/(r1 + r2).
Under the consideration of equal dynamic viscosities, the condition of R-T instability
will not be changed and it is clear that the growth rate is a function of relaxation frequency and
mass concentration of suspended dust particles. Thus the growth rate will be affected by these
parameters but condition of instability remains unchanged.
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When we neglect the porosity of the medium, eq. (27) reduces to:
ì
k 3T ü
s 3 + s 2 [ f s (1 + 2a¢ )] + s í2(VA sin q + VB cos q) 2 k 2 - gk ( b2 - b1 ) +
ý+
r1 + r 2 þ
î
é
k 3T ù
=0
+ f s ê2(VA sin q + VB cos q) 2 k 2 - gk ( b2 - b1 ) +
(28)
r1 + r 2 úû
ë
In the absence of porosity or dynamic viscosity, condition of instability remains the
same. Hence, there is no effect of porosity and dynamic viscosity on the conditions of instability
in a magnetized system.
Now, we can write the dispersion relation (27) in dimensionless form and try to find
out the combined effect of magnetic field, surface tension, porosity, density difference of fluids,
and suspended dust particles on the growth rate of R-T instability. The dimensionless equation
can be obtained by using the substitutions:
s* =

s
gk

VA* =

,

f s* =

fs
gk

, v1* =

v1¢
gk

, v 2* =

v 2¢
gk

k
k
k 2T
VA , VB* =
VB , T * =
g
g
g ( r1 + r 2 )

,
(29)

Using eq. (29), eq. (27) can be written as:
é
é e( v * + v 2* ) f s*
e( v1* + v 2* ù
s *3 + s *2 ê f s* (1 + 2a¢ ) +
+ s* ê 1
+ 2(V A* sin q + VB* cos q) 2 ú
k1
k1
ë
û
ë
(30)
-( b2 - b1 ) + T * ] + f s* [2(V A* sin q + VB* sin q) 2 - ( b2 - b1 ) + T * ] = 0
Our interest is to investigate the effects of various physical parameters on the growth
rate of unstable magnetized system. To accomplish this, we have solved eq. (30) numerically to
determine the values of growth rate against the
relaxation frequency of suspended particles for
the various values of one parameter, taking
fixed values of other parameters of dynamic
viscosity, density of suspended particles, density difference of fluids, medium porosity, surface tension, and magnetic field.
In fig. 1, growth rate (s*) of unstable R-T instability is plotted against the relaxation frequency ( f s* ) of suspended particles for the different values of medium porosity e = 0.15, 0.25,
and 0.35 with and without uniform magnetic
field (VA* = VB* = 0.15 and VA* = VB* = 0) , represented by solid and dashed line, respectively,
taking arbitrary fixed values of surface tension Figure 1. The growth rate (s*) vs. relaxation
*
T*i= 0.3, and a' = 0.2, n1* = 0.3, n*2 = 0.4, k1 = frequency of suspended particles ( fs ) in
variation
of
medium
porosity
(e)
in
presence
and
=i0.1, (b2 – b1) = 0.5 and q = 45°. We notice that
absence of magnetic field for the fixed values of:
the growth rate decreases as the medium poros- a' = 0.2, n* = 0.3, n* = 0.4 , k1 = 0.1, T* = 0.3,
1
2
ity increases in the presence or absence of mag- b2 – b1 = 0.5, VA* = VB* = (0.15, 0), and q = 45°
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Figure 2. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of medium porosity (e) in presence and
absence of magnetic field for the fixed values of:
a' = 0.2, n*1 = 0.3, n*2 = 0.4 , k1 = 0.1, T* = (0.3, 0),
b2 – b1 = 0.5, VA* = VB* = 0.15, and q = 45°

Figure 3. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of surface tension (T*) for the fixed
values of: a' = 0.2, n*1 = 0.3, n*2 = 0.4, k1 = 0.1,
b2 – b1 = 0.5, e = 0.15, VA* =VB*= 0.15, and q = 45°

netic field. Thus the medium porosity influences the stability of the system. Similarly fig. 2 is
plotted for the different values of medium porosity e = 0.15, 0.25, and 0.35 with and without surface tension at fixed value of uniform magnetic field (VA* = VB* = 0.15), represented by solid and
dashed lines, respectively, taking arbitrary fixed values of other parameters as previusly. We
find that the growth rate decreases as the medium porosity increases, which shows the stabilizing behaviour of medium porosity in the absence or presence of surface tension.
In fig. 3 the growth rate is plotted against the relaxation frequency of suspended particles for different values of surface tension in the porous medium with the fixed values of other
parameters. Figure 3 demonstrates that the growth rate is suppressed as the surface tension increases, which shows the stabilizing behaviour of surface tension. We therefore, conclude with
the help of figs. 2 and 3 that the surface tension has stabilizing behaviour in the porous medium.

Figure 4. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of magnetic field (VA* = VB*) for the
fixed values of: a' = 0.2, n*1 = 0.3, v*2 = 0.4 , k1 = 0.1,
b2 – b1 =1.2, e = 0.15, T* = 0.2, and q = 45°

Figure 5. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of angle (q) for the fixed values of:
a' = 0.2, n*1 = 0.3, n*2 = 0.4, k1 = 0.1, b2 – b1 =1.2,
e = 0.15, T* = 0.2, and VA* = VB* = 0.15
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In fig. 4, the growth rate decreases with increasing uniform magnetic field in the presence of suspended particles and surface tension when the flow domain is porous. It indicates the stabilizing
behaviour of magnetic field. The same stabilizing behaviour of magnetic field is seen in fig. 1. In
fig. 5 it is seen that growth rate increases as the angle of inclination increases (q = 45°, 60°) in
the presence of uniform magnetic field (VA* = VB* = 0.15), which shows that stability of the system depends on the orientation of magnetic field.
In figs. 6-8 we emphasized the role of dynamic viscosity of the fluid in the porous
medium with suspended particles. In fig. 6, the growth rate of R-T instability is plotted against

Figure 6. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of dynamic viscosity of lower fluid (n*1)
for the fixed values of: a' = 0.2, n*2 = 0.3, k1 = 0.1,
b2 – b1 =1.2, e = 0.15, T* = 0.3, q = 45°, and
VA* = VB* = 0.15

Figure 8. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of dynamic viscosity of upper fluid (n*2)
in presence and absence of magnetic field for the
fixed values of: a' = 0.2, n*1 = 0.4, k1 = 0.1,
b2 – b1 = 1.2, e = 0.15, T* = 0.2, q = 45°,
and VA* = VB* = 0.25

Figure 7. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of dynamic viscosity of upper fluid (n*2)
in presence and absence of surface tension for
the fixed values of: a' = 0.2, , n*1 = 0.4 , k1 = 0.1,
b2 – b1 =1.2, e = 0.15, T* = 0.3, q = 45°, and
VA* = VB* = 0.25

the relaxation frequency of suspended particles
for the different values of dynamic viscosity of
the lower fluid v1* = 0.2, 0.4, and 0.6 , with fixed
dynamic viscosity of upper fluid, v 2* = 0.3, in
the presence of surface tension, magnetic field
and permeability. We find that the growth rate
decreases with increasing dynamic viscosity of
the lower fluid, considering the fixed values of
other parameters. In fig. 7, the growth rate is
plotted for different values of dynamic viscosity of the upper fluid, v 2* = 0.3, 0.8, and 1.3, with
fixed dynamic viscosity of lower fluid, v1* = 0.4,
in the absence and presence of surface tension
in the porous medium, represented by dashed
line and solid line, respectively. We find that
the growth rate decreases with increasing dynamic viscosity of upper fluid. Similarly, in fig.
8 we have plotted the growth rate of R-T instability for the same values of dynamic viscosity
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of the upper fluid, considered in fig. 7, in the absence and presence of uniform magnetic field
(VA* = VB* = 0.25) represented by dashed line and solid line, respectively. In all three cases discussed we find that dynamic viscosities of upper and lower fluids have stabilizing influences.
In figs. 9 and 10, the growth rate s* of unstable R-T instability is plotted against the relaxation frequency f s* of suspended particles for the different number densities of suspended
particles in the absence and presence of surface tension, respectively, and find that the growth
rate decreases with increasing number densities of suspended particles, which shows the stabilizing behaviour of suspended particles in the porous medium.
Therefore, from the previousgraphical representations we find that all the parameters,
surface tension, kinetic viscosity, porosity of the medium, number density of suspended particles, and magnetic field have stabilizing influence.

Figure 9. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of density of suspended particles (a') in
absence of surface tension for the fixed values of:
n*1 = 0.3, n*2 = 0.4, k1 = 0.1, b2 – b1 = 0.5, e = 0.15,
T* = 0, q = 45°, and VA* = VB* = 0.25

Figure 10. The growth rate (s*) vs. relaxation
frequency of suspended particles ( fs*) in
variation of density of suspended particles (a') in
presence of surface tension for the fixed values of
n*1 = 0.3, n*2 = 0.4, k1 = 0.1, b2 – b1 = 0.5, e = 0.15,
T* = 0.2, q = 45°, and VA* = VB* = 0.25

Conclusions

In the present work, we have investigated the combined effects of surface tension and
suspended dust particles on hydromagnetic R-T instability of two incompressible superimposed
magnetized fluids flowing through porous media. The MHD equations are modified and
linearized for the considered system and a general dispersion relation is obtained using the normal mode analysis. We found that the dispersion characteristics are strongly affected by the
presence of medium porosity, suspended dust particles, permeability, magnetic field, and surface tension. The onset criteria of R-T stability and instability are obtained, and shown to depend upon effective surface tension and two directional magnetic fields. The potential stable
and unstable configurations are also discussed and critical wave number for the stable and
unstable arrangements are calculated.
The numerical calculations and the graphs show that the growth rate of unstable R-T instability varies with respect to the relaxation frequency of suspended dust particles. We observe
that the growth rate decreases as the medium porosity increases in both the magnetized and
un-magnetized cases. Hence, the medium porosity has stabilizing influence on the growth rate
of the instability. Surface tension is also observed to have a similar effect on the growth rate of
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R-T instability, while the kinematic viscosity has its usual damping effect on the growth rate of
unstable R-T modes.
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Nomenclature
a
fs
r
gr
H
r
h
k1
kx , ky
m
N
p
T
tr
ur
v

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

suspended dust particle radius, [m]
relaxation frequency of suspended dust
particles, [s–1]
acceleration due to gravity, [ms –2]
magnetic field, (Hx, Hy), [Am–1]
perturbed magnetic field, (hx, hy, hz),
[Am–1]
permeability of porous medium, [m –2]
horizontal wave numbers, [m–1]
mass of suspended dust particles, [kg]
number density, [m–3]
fluid pressure, [Pa]
surface tension, [kgms–2]
time, [s]
fluid velocity, (u, v, w), [ms–1]
suspended dust particle velocity, [ms –1]

VA ,VB – Alfven velocity [ms–1]
Greek symbols
b
e
q
µ
µ0
n1
n2
r
s
t

–
–
–
–
–
–
–
–
–
–
–
–
–
–

density ratio
porosity of porous medium
inclination of the wave vector k to the
direction of the magnetic field
dynamic viscosity, [kgm–1s–1]
magnetic permeability, [Hm –1]
kinematic viscosity of lower fluid,
[m2s–1]
kinematic viscosity of upper fluid,
[m2s–1]
density, [kgm–3]
growth rate, [s–1]
relaxation time of suspended dust
particles, [s]

References
[1]

Allen, A. J., Hughes, P. A., The Rayleigh-Taylor Instability in Astrophysical Fluids, Monthly Notices of
the Royal Astronomical Society, 208 (1984), May, pp. 609-621
[2] Lindl, J. D., Mead, W.C ., Two-Dimensional Simulation of Fluid Instability in Laser-Fusion Pellets, Phys.
Rev., Lett., 34 (1975), 20, pp.1273-1276
[3] Chandrasekhar, S., Hydrodynamic and Hydromagnetic Stability, Clarendon Press, Oxford, UK, 1961
[4] Kull, H. J., Anisimov, S. I., Ablative Stabilization in the Incompressible Rayleigh-Taylor Instability, Phys.
Fluids, 29 (1986), 7, pp. 2067-2075
[5] Kalra, G. K., Effect of Finite Ion Larmor Radius on the Stability of Superposed Fluids, Can. J. Phys., 45
(1967), 4, pp.1579-1586
[6] Bhatia, P. K., Rayleigh Taylor Instability of Viscous Superposed Conducting Fluids, IL Nuovo Cimento,
19B (1974), 2 pp. 161-168
[7] Gupta, A., Bhatia, P. K., Instability of Partially-Ionized Superposed Plasmas, Astrophys, Space Sci., 181
(1991), 1, pp. 103-110
[8] Michael, D. H., Kelvin-Helmholtz Instability of a Dusty Gas, Proc. Comb. Phil. Soc., 61 (1965), 2, pp.
569-571
[9] Sharma, R. C., Sharma, K. C., Rayleigh-Taylor Instability of Two Superposed Conducing Fluids in the
Presence of Suspended Particles, Acta Phys. Acad. Sci. Hung., 43 (1977), 3-4, pp. 251-258
[10] Chhajlani, R. K., et al., Rayleigh Taylor Instability of a Stratified Magnetized Medium in the Presence of
Suspended Particles, Z. Naturforsch., 39a (1984), 10, pp. 939-944

130

Sharma, P. K., et al.: Rayleigh Taylor Instability in Dusty Magnetized Fluids with ...
THERMAL SCIENCE: Year 2016, Vol. 20, No. 1, pp. 119-130

[11] Sanghvi, R. K., Chhajlani, R. K., Hydromagnetic Kelvin-Helmholtz Instability in the Presence of Suspended Particles and Finite Larmor Radius Effect, Z. Naturforch., 49a (1994), 12, pp. 1102-1110
[12] Sharma, P. K., Chhajlani, R. K., Effect of Rotation on the Rayleigh-Taylor Instability of Two Superposed
Magnetized Conducting Plasma, Phys. Plasmas, 5 (1998), 6, pp. 2203-2209
[13] Prajapati, R. P., et al., Kelvin-Helmholtz and Rayleigh-Taylor Instability of Two Superimposed Magnetized Fluids with Suspended Dust Particles, Z. Naturforsch, 64a (2009), Aug., pp. 455-466
[14] McDonnel, J.A.M, Cosmic Dust, John Wiley and Sons, Toronto, Canada, 1978
[15] Sharma, R. C., Sunil, Rayleigh Taylor Instability of Partially Ionized Plasma in Porous Medium in Presence of Variable Magnetic Field, Z. Naturforsch., 47 (1992), 12, pp. 1227-1231
[16] Sharma, R. C., Kumar, P., Rayleigh-Taylor Instability of Viscous-Viscoelastic Fluids through Porous Medium, Indian J. Pure Applied Math., 24 (1993), 9, pp. 563-569
[17] Sunil, Chand, T., Rayleigh Taylor Instability of a Plasma in Presence of Variable Magnetic Field and Suspended Particles in Porous Medium, Indian J. Phys., 71B (1997), 1, pp. 95-105
[18] Wurm, G., et al., On the Importance of Gas Flow through Porous Bodies For the Formation of
Planetesimals, J. Astrophysical, 606 (2004), 2, pp. 983-987
[19] Kumar, P., et al., Rayleigh Taylor Instability of Rotating Magnetic Field, Transport in Porous Media, 56
(2004), 2, pp. 199-208
[20] Kumar, S., The Instability of Streaming Walters Fluids in Porous Medium in Hydromagnetics, Int. J. Appl.
Math and Mech., 7 (2011), 11, pp. 33-45
[21] Sharma, P. K., et al., Effect of Surface Tension and Rotation on Rayleigh-Taylor Instability of Two
Superposed Fluids with Suspended Particles, Acta Phys. Pol., A118 (2010), 4 pp. 576-584
[22] Prajapati, R. P., Chhajlani, R. K., Kelvin-Helmholtz and Rayleigh Taylor Instability of Streaming Fluids
with Suspended Particles Flowing through Porous Medium, J. Porous Media, 13 (2010), 9, pp. 765-777
[23] Singh, V., Dixit, S., Stability of Rotating Viscous Viscoelastic Superposed Fluids in Presence of Suspended Particles in Porous Medium, Inter. J. Fluids Engg., 3 (2011), 2, pp. 211-220
[24] William, S. L., Control System Fundamentals, CRC Press, Boca Raton, Fla., USA, 2011

Paper submitted: October 27, 2013
Paper revised: February 27, 2014
Paper accepted: March 22, 2014

