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The effect of Hall currents and suspended dusty particles on the hydromagnetic stability of a compressible,
electrically conducting Rivlin-Ericksen elastico viscous fluid in a porous medium is considered. Following the
linearized stability theory and normal mode analysis the dispersion relation is obtained. For the case of stationary
convection, Hall currents and suspended particles are found to have destabilizing effects whereas compressibility
and magnetic field have stabilizing effects on the system. The medium permeability, however, has stabilizing and
destabilizing effects on thermal instability in contrast to its destabilizing effect in the absence of the magnetic
field. The critical Rayleigh numbers and the wave numbers of the associated disturbances for the onset of
instability as stationary convection are obtained and the behavior of various parameters on critical thermal
Rayleigh numbers are depicted graphically. The magnetic field, Hall currents and viscoelasticity parameter are
found to introduce oscillatory modes in the systems, which did not exist in the absence of these parameters.
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1. Introduction

The theoretical and experimental results of the onset of thermal instability (Benard convection),
under varying assumptions of hydrodynamics and hydromagnetics, have been discussed by Chandrasekhar
(1981) in his celebrated monograph. If an electric field is applied at right angles to the magnetic field, the
whole current will not flow along the electric field. This tendency of the electric current is called the Hall
current effect. The Hall effect is likely to be important in many geophysical and astrophysical situations as
well as in flows of laboratory plasma. Sherman and Sutton (1962) considered the effect of Hall currents on
the efficiency of a magneto-fluid-dynamic generator. Gupta (1967) studied the problem of thermal instability
in the presence of Hall currents and found that Hall currents have a destabilizing effect on the thermal
instability of a horizontal layer of a conducting fluid in the presence of a uniform vertical magnetic field. The
use of the Boussinesq approximation has been made throughout, which states that the variations of density in
the equations of motion can safely be ignored everywhere except in association with the external force. The
approximation is well justified in the case of incompressible fluids.

When the fluids are compressible, the equations governing the system become quite complicated. To
simplify them, Boussinesq tried to justify the approximation for compressible fluids when the density
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variations arise principally from thermal effects. Spiegel and Veronis’ (1960) simplified the set of equations
governing the flow of compressible fluids under the following assumptions:

(a) The depth of the fluid layer is much less than the scale height, as defined by them; and (b) The
fluctuations in temperature, density and pressure, introduced due to motion, do not exceed their total static
variations.

Under the above approximations, the flow equations are the same as those for incompressible fluids,
except that the static temperature gradient is replaced by its excess over the adiabatic one and C, is replaced
by C,.

In geophysical situations, the fluid is often not pure but contains suspended particles. Scanlon and
Segel (1973) considered the effects of suspended particles on the onset of Be’nard convection and found
that the critical Rayleigh number is reduced because of the heat capacity of the particles. The suspended
particles were thus found to destabilize the layer. Palaniswamy and Purushotham (1981) studied the
stability of shear flow of stratified fluids with fine dust and found the fine dust to increase the region of
instability. The fluids were considered to be Newtonian and the medium was considered to be non-porous
in all the above studies.

There is growing importance of non-Newtonian fluids in geophysical fluid dynamics, chemical
technology and petroleum industry. Bhatia and Steiner (1972) studied the problem of thermal instability of a
Maxwellian viscoelastic fluid in the presence of rotation and found that rotation has a destabilizing influence
in contrast to the stabilizing effect on an ordinary viscous (Newtonian) fluid. The thermal instability of an
Oldroydian viscoelastic fluid acted on by a uniform rotation was studied by Sharma (1976). There are many
elastico-viscous fluids that cannot be characterized by Maxwell’s or Oldroyd’s constitutive relations. The
Rivlin-Ericksen elastico-viscous fluid is one such fluid. Rivlin and Ericksen (1955) studied the stress-
deformation relaxations for isotropic materials. Thermal instability in Rivlin-Ericksen elastico-viscous fluids
in the presence of rotation and magnetic field, separately, was investigated by Sharma and Kumar (1996;
1997a). Sharma and Kumar (1997b) studied the hydromagnetic stability of two Rivlin-Ericksen elastico-
viscous superposed conducting fluids. Kumar and Singh (2006) studied the stability of two superposed
Rivlin-Ericksen viscoelastic fluids in the presence of suspended particles. In another study, Kumar et al.
(2007) studied the hydrodynamic and hydromagnetic stability of two stratified Rivlin-Ericksen elastico-
viscous superposed fluids.

The flow through porous media is of considerable interest for petroleum engineers and geophysical
fluid dynamicists. A great number of applications in geophysics may be found in the books by Phillips
(1991), Ingham and Pop (1998), and Nield and Bejan (1999). When the fluid slowly percolates through the
pores of a macroscopically homogeneous and isotropic porous medium, the gross effect is represented by
Darcy’s law. As a result of this macroscopic law, the usual viscous term in the equations of fluid motion is

replaced by the resistance term _ki( n+ u'%jq , where p and p' are the viscosity and viscoelasticity of the
1

Rivlin-Ericksen fluid, k; is the medium permeability and ¢ is the Darcian (filter) velocity of the fluid.

Lapwood (1948) studied the stability of a convective flow in hydromagnetics in a porous medium using
Rayleigh’s procedure. The Rayleigh instability of a thermal boundary layer in flow through a porous medium
was considered by Wooding (1960). The stability of superposed Rivlin-Ericksen elastico-viscous fluids
permeated with suspended particles in a porous medium was considered by Kumar (2000). Kumar et al.
(2004) studied the instability of two rotating viscoelastic (Rivlin-Ericksen) superposed fluids with suspended
particles in a porous medium. In another study, Kumar ef al. (2005) considered the MHD instability of
rotating superposed Rivlin-Ericksen viscoelastic fluids through a porous medium.

Our interest, in the present paper is to bring out the suspended particles effect on thermal instability
of a compressible viscoelastic (Rivlin-Ericksen) fluid in a porous medium including the effect of Hall
currents.
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2. Formulation of the problem and perturbation equations

Consider an infinite horizontal, compressible viscoelastic (Rivlin-Ericksen) fluid-particle layer of
thickness d confined between the planes z = 0 and z = d in the presence of a uniform vertical magnetic field

H (0, 0,H ) in a porous medium. This layer is heated from below such that a steady adverse temperature

gradient B(z ‘d%z‘) is maintained. The equations of motion and continuity for the fluid are

%[%+é(v-v)v}:—Vp—pg)\,—k—[](pwu'%)v+%(u—v)+u—;(VxH)xH, (2.1)

p
—+V- =0 2.2
et (pv) (2.2)

where p,pu, ', pand v(u, v, w) denote, respectively, the density, viscosity, viscoelasticity, pressure and the
velocity of the pure fluid. Here u(/,r,s), N(X,1) denote the velocity and number density of the suspended
particles, € is medium porosity, k; is medium permeability, L, is magnetic permeability, g is acceleration
due to gravity, X = (x, ¥, z), A= (0, 0, ]) and K =6mun’,n’ being the particle radius, is the Stokes’ drag
coefficient. Assuming a uniform particle size, spherical shape and small relative velocities between the fluid
and particles, the presence of particles adds an extra force term, in the equations of motion Eq.(2.1),
proportional to the velocity difference between the particles and the fluid. The force exerted by the fluid on
the particles is equal and opposite to that exerted by the particles on the fluid. The buoyancy force on the
particles is negligibly small. Interparticles reactions are ignored; we assume that the distances between

particles are quite large compared with their diameters. If mN is the mass of particles per unit volume, then
the equations of motion and continuity for the particles are

)i
mN{a—;’+—(u-V)u}=KN(v—u), (2.3)
IS
sa—N+V-(Nu)=0. 2.4)
ot
Let C,,C 5> Cot T and g denote, respectively, the heat capacity of the fluid at constant volume, the

heat capacity of the fluid at constant pressure, the heat capacity of particles, the temperature and the
“effective thermal conductivity” of the pure fluid. Assuming that the fluid particles are in thermal
equilibrium, the equation of heat conduction gives

oT 0
[pCye+p,C,(1- 8)]5+ pC,(v-V)T +mNC,, (85+ u- VJT =qV°T (2.5)

where p,, C are the density and the heat capacity of the solid matrix, respectively.
Maxwell’s equations in the presence of Hall currents give

V.-H =0, (2.6)
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86—H=Vx(v><H)+gnV2H—
Ot 4nN' e

ce

Vx[(VxH)xH] 2.7

where M, ¢, N'and e denote, respectively, the resistivity, the speed of light, the electron number density and

the charge of an electron.
The initial state of the system is taken to be a quiescent layer (no settling) with a uniform particle

distribution N, and is given by

v=(0,0,0), H=(0,0,H), u=(0,0,0),

(2.8)
T=T(z), p=p(z), p=p(z) and N=N,=const.,
following Spiegel and Veronis’ (1960), we have
T(Z):—BZ'FT}), p(Z):pm_g_LZ(pm+p0)dZ=
p(z):pm[]_am(T_Tm)+Km(p_pm):|’
(2.9)
o = (i@j .k, :(ia_pj |
por ), pop),
Spiegel and Veronis’ (1960) expressed any state variable say X, in the form
X=X, +X,(2)+X'(x,y,2,1) (2.10)

where X, stands for the constant space distribution of X, X, is the variation in X in the absence of
motion and X '(x, ¥, z, t) stands for the fluctuations in X due to the motion of the fluid. Also, p,, and p,,

stand for the constant space distribution of p and p and p, and 7;, stand for the density and temperature of

the fluid at the lower boundary. Again following Spiegel and Veronis’ (1960) assumptions and results for
compressible fluids, the flow equations are found to be the same as those of incompressible fluids except that

the static temperature gradient 3 is replaced by its excess over the adiabatic (B - %p) .

Let 8p,8p,0,v(u,v,w), u(l,r,s), h(hx, hy,h, ) and N denote the perturbations in fluid pressure,

density, temperature, velocity, particle velocity, magnetic field H and particle number density N,

respectively. Then the linearized hydromagnetic perturbation equations of the viscoelastic fluid-particle layer
are

1ov_ —LVSp—g(@]X —i(v +v’%)v +@(u—v)+ He (Vxh)xH, (2.11)
ep

Vov=0, (2.12)
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ou
mN()E:KNO(v—u), (2.13)
s@K+V(NMO:0, (2.14)
ot
(E+he) P =] B |(whs)+ V70, (2.15)
ot C,
V-h=0, (2.16)
86_h=Vx(v><H)+£nV2h— ce Vx[(Vxh)xH] (2.17)
ot 4nN'e
where o, = TL =o (say),v= o= qC cand-5—,vand k stand for the adiabatic gradient, kinematic
m m PmCy P

viscosity and thermal diffusivity, respectively. Also,

_ fcpt
C

h

, fszo and E=¢4+—~>———
)y P PmCy

The linearized dimensionless perturbation equations relevant to the problem are

Jou 9 i d oh, Oh,
N ——:———&%"—1+A5;u+mU—u)+NQ )

PI o Oox P 0z Ox
Oh

N;]@z—iép—i(l+Agjv+m(lf—V)+NQ on, oh, ’
Lot oy P ot 0z Oy
_; Ow 0 1 0
p]Ez—gsp—ﬁ(l'f‘/lajw-i‘NRe+OJ(S—W),

ou Ov ow

—+—+—=0,

ox 0Oy Oz

(rﬁ+1)1=u, (rﬁ+1jr=v, (r£+ljs=w,
ot ot ot

oM ol or Os
L 95

—F—+—+—=0,
o oOx 0oy Oz

oh
%+_y+%:0

ox oy 0Oz

b

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)
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oh

N, N, 6h)f::»;*’@Jrvzhx—Mli oh: T | (2.25)
2P ot 0z oz\ oy Oz
oh v o (0oh, oOh

N, N L= =4v?h -M —( X——ZJ, 2.26

P2PL gy oz Yol ez or o ex (2.26)

oh

N, N;1%=8*1@+v2hz—M,ﬁ Sy _Ohy | (2.27)

20 o 0z oz\ ox oy
0 (G-1 5
E+he +hs)+V-“0O 2.28
(1) 5~ St 228)

where N, =%V is the modified Prandtl number, N, =& s the modified magnetic Prandtl number,

K n
d . wH’d>
Np :& is the Rayleigh number, N,==“—— is the Chandrasekhar number,
VK 4npmvn
2

N,
Mzﬂ, M, = CH, is the Hall parameter, o = KNyd , T= mKZ ,Az(l,j%, f=— "% —m)N is

Ny 4nN'en p,,VE Kd v )d o

. CPB kI . . .
the mass fraction, G=—— and P =?. Here physical variables have been scaled using
g

d’ K pVK

b 2

R 72 ,Bd a d—K as the length, time, velocity, pressure, temperature and magnetic field scale
n

factors, respectively.
Now we consider the case of two free boundaries and the medium adjoining the fluid as non-
conducting. The boundary conditions appropriate for the problem are

2
W:‘a_;@e:o, ey, at z=0 and z=1, (2.29)
oz oz
and
h . h, , h, are continuous with an external vacuum field. (2.30)
Oh, o
Here (= v _ou and &= ——=| are the z-components of vorticity and current density,
ox 0Oy ox Oy
respectively.

Equations (2.18)-(2.28), after eliminating «, v and 8p , can be expressed as

L, +ﬁ(l+ Ag
P ot

oh
V’w=L,N,V° =%
ﬂ W=Rte Oz

V7o, (2.31)
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L 0 o
Li+=21+A=||(=L,N,—=, 2.32
_1 P( atﬂc 770 o, (2.32)
i 10 o2, —10C 0 (o2
NN, 5 }é—e a—Z+M]£(V h), (2.33)
I 30 2|, gow o&
_NPZNPI E—V :|hz—€ E—Mlg, (234)
LZ[(E+he)3—v2}e=(ﬁj{rﬁ+ﬁ}w (2.35)
ot G ot
where
L=N, l1=—+F=|, F=f+1, L,=t1—+1, Vie v
o ( or’ atj / 2o R
2 2
,2=a—2+a—2, H=h+1
ox° 0Oy

3. The dispersion relation

Analyzing the disturbances in terms of normal modes by seeking solutions whose dependence on x, y
and 7 is given by

[W, 0,h.,C, F,] = [W(z), ®(z), K(z), Z(z ), X(z):lexp(ikxx+ikyy+nt) (3.1

where k, and k,, are the wave numbers along x- and y- directions and the resultant wave number is given by

1/2
k= (kf + kﬁ) and 7 is the growth rate, Eqs (2.31)-(2.35), with the help of expression (3.1) become

:LJ +L—;{I+An}}(D2 ~ o JW = L,Ng (D7 —o? ) DK ~ L,Nga’®, (3.2)
_LJ +L—2{]+An}}Z =L,NyDX, (3.3)
TP

: N, N, n=(D?-a?) J X =c'Dpz+M,(D?-0?)DK, (3.4)
NN, = (D7 =a?) [ K =< DW - M,DX (3.5)
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2 2 G-1 =
Ly|(E+he)n-(D?~a )J@z(Tj[rn+H}W (3.6)
where
D—i L, =N _](Tn2+Fn) and Ly=tn+1
4 =P 2 ’

Eliminating Z, X, K and ® between Eqs (3.2)-(3.6), we obtain

" +L—;(1+An)}[(D2 ~o?)=(E+he) |(D? =a? )W + LNg | (D7~ o)~ (E+ he)n |

-1
L
2 2 -1 -1 _—1 2 -1_-2n12 2
{(D ~a?)-N,,N, n}M, 6 +L2NQ[L,+?(]+An)} M, e2D }D 3.7)

-1

M, (DZ _az)Dz + M, {(Dz _a2)_Np2Np]—1n}2 +L,N, [LI +L—;(1+ An)}
Iy - - - G-1 _
&M, 1{(D2—0L2)—NP2NPJ In}DZ} (Dz—az)W:[TjNRaz(rnJrH).

Using the boundary conditions Eqs (2.29) and (2.30), it can be shown that all the even order
derivatives of W vanish at the boundaries. Hence the proper solution of Eq.(3.7) characterizing the lowest
mode is

W=Wysinr z, where Z) is constant. (3.8)
On substituting the solution (3.8) in Eq.(3.7), we get the dispersion relation as

NR:( G )(n%az)[(nz+a2)+(E+h8)nJHL]+L?2{1+An}ﬂ+

G-1 (xz(rn+l-_])

-1
L
2 2 2 -1 ~1_~1 -1 -2 2
+LyNym “:{(n +a )+Np2Np1 n}M, £ +L2NQ[L,+?2{I+An}j M e7n }(3 0

2 2, 2 “If( 2, 2 R L -
[M,n (n?+o?)+ M, {(n +a?)+ N, N, n} +L2NQ(L1+?2(]+An)j
-1
S_JMI_I{(TEZ+OL2)+NP2NPI_1?Z} n} }

4. Stationary convection

When the instability sets in as stationary convection, the marginal state will be characterized by n =
0 and the dispersion relation Eq.(3.9) reduces to
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N, :( G j(nz +oiz)2 1, Non’e™ {(n2 +oc2)+NQPg’1n2} | )
G-1 o’H P (nz +oc2){M127t2 +(TC2 +a2)+NQP871n2}

Thus for stationary convection, the viscoelastic parameter 4 vanishes with »n, and the Rivlin-
Ericksen viscoelastic fluid behaves like a Newtonian fluid. Also, for fixed values of P, Ny, M, and H, let

the non-dimensional number G accounting for the compressibility effects be also kept as fixed, then we
have

N_[%jzv (42)

where N Rcand N RC denote, respectively, the critical Rayleigh numbers in the absence and presence of

compressibility. Since the critical Rayleigh number is positive and finite, so G>/ and we obtain a
stabilizing effect of compressibility, i.e. its effect is to postpone the onset of thermal convection in fluid-
particle layer.

To study the effects of suspended particles, medium permeability, magnetic field and Hall currents,
dNp dNp dNg . dN

we examine the natures of , , nd , respectively.
dH =~ dP dN, dM,
From Eq.(4.1), we have
202 Nyn’e™ (n2+a2)+N Peln?
dNR__( G j(“ ta ) 1 0 0 @3)
dH G-1) o’H? |P (n2+oc2){M12n2+(n2+a2)+NQPs_1n2} ,

which is negative. The effect of suspended particles is, thus, destabilizing the thermal instability of the
compressible fluid-particle layer in the presence of Hall currents through a porous medium.
It is evident from Eq.(4.1) that

(4.4)

dNR G (TEZ + 0,2 )2 1 (NQTEZS_I)MIZth
() :

i -1 o’ H _? (TEZ +0L2){M127t2 +(n2 +OL2)+NQP8_1752}2 ’

1
1 (n2 +oc2)2 [Mlznz +(n2 +a2)}
which is positive if P| M,n—(n’ +a?)? |> — ,
Noe 'm

1

1 (71:2 +0L2)E [M,zrc2 +(Tc2 +a2)}
and is negative if P| M;n— (1’ +a’)? |< — )
Noe '
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Thus, the medium permeability has both a stabilizing and destabilizing effect depending upon the
values of various parameters. In the absence of the magnetic field, the medium permeability has a
destabilizing effect, since for the case

2
2 2
dNR__( G )(TC +OL) (45)
dP G-1) o’HP? ’

which is always negative. The medium permeability, thus, succeeds in stabilizing the thermal instability of
the compressible fluid-particle layer for certain wave numbers in the presence of the magnetic field, which
was unstable in the absence of the magnetic field.

Now from Eq.(4.1), we get

2, 2\ 2.-1
T +A” |t e -1
dNp :( G j( 22 [M12n2+(n2+oc2)+NQPs_ln2}
dN, \G-1I o’

-1
[{(nz +a’ ) + NQPS_]TEZ} + M]2n4NQP8_] {M12n2 + (n2 +o ) + NQPS_ITEZ} } > (4.6)

which is always positive. This shows that the magnetic field has a stabilizing effect on the system. To find
the effect of Hall currents, from Eq.(4.1), we have

dN, :_2( G j(nz +oc2)NQ871M1n4 {(nz +(12)+NQP87ITEZ} | 47

_ _ 2
M, G-1 OtzH{MJZTEZ +(TC2 +(12)+NQP8_17T,2}

which is always negative. Therefore, the effect of Hall currents is destabilizing on the thermal convection in
the compressible fluid-particle layer in a porous medium.

When we analyze graphically all the four effects, we find from Fig.1, when the value of the medium
permeability (P), increased then the value of Njyis increased. From Fig.2, similarly to the medium

permeability, the value of the magnetic field (N Q) increased, and the value of N is increased, showing the

case of stabilizing effect. In Fig.3, as the value of suspended particle(l-_l ), increased, the value of Ny

decreased in the presence of Hall currents through the porous medium, showing the case of destabilizing
effect on the system.
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Fig.1. Variation of Ny with o for a fixed H=1000, G=9.8, n=23.14, NQ =20, M; =10, €¢=0.5 and
for different values of P (2,4,6).

7000 —
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5000 —m— N, =10
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4000 - —A— N_ =30
7 ®

Fig.2. Variation of Ny with a for a fixed H=1000, G=9.8, n=3.14, P=4, M,;=10,e=0.5 and for
different values of N, (10,20,30).
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Fig.3. Variation of Njpwith afor a different value of H (= 500,1000,1 500) for fixed values of
G=98,P=2,n=314, Ny =20,M,;=10,e=0.5.
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Fig.4. Variation of Ny with o for a fixed values H=1000, G=9.8, n=3.14,P=2,NO®=20,c=0.5, for
different value of M, =(10,20,30).
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5. Existence of oscillatory modes

Multiplying Eq.(3.2) by W*, the complex conjugate of I, integrating over the range of z and using
Egs (3.3)-(4.3) together with the boundary conditions (2.29) and (2.30), we obtain

L2 _1 *
{LJ + 2+ An)}l, +LyNgeN, N, ™ (nly + 1" )+ LyNge (15 + 1) +

Ly| + L ; ‘ G 1 .
+L*2 {L1+?2]+(An )}[4 =L2L2NR0LZ( )( _j{[7+(E+he)n 18} (5.1)

? G-I)\tn +H
! 1
T TR P
0 0
! 1
15 = [(Ipxf +a?|x[’) . 1,= [z &,
? 0, -
15 = f(loKl” + o |KT ) . s = j(\Dsz + 202 | DK +a* IKlzj &,
0 0
! 1
I, = I(|D®|2 +a2|®|2)dz, Iy = J'|®|2 &,
0 0

which all are positive definite. Putting n = in,, where 7, is real, in Eq.(5.1) and equating imaginary parts on
both sides, we obtain either

ny =0, (5.3)
or
2_ =2 -1 T T
ny =-—1 |:(ij HF—F—FAJII +

+Nge N, N, ""H(I,~15)~Nyet(I; +16)—[NI,I"FIF+%+%A]14 T

G o
+NR0L2(HJ{TI7+(E+h8)18}}HNpl 1(H+1—F)—%—%A}I,+ (5.4)
+NgeN, N, TH(I, ~15)~Nyet(I3 +15)+ N, (1~ H~F)——~— At +
0% 2" p; 245 0 3746 PI P p 4

+Npa’ (%}{r L +(E +he) I }T .

In the absence of the magnetic field
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KNPIJHF —;—;A)], + Npa’ (GG]]{T I, +(E+hs)18}}

7 HNPI"(I?H—F)—;—;A}I, + Npot? [GG]){T I +(E+h8)]8}}

2
ny =

(5.5)

6. Conclusion

The combined effect of various parameters that is the magnetic field, compressibility, medium
permeability, Hall currents and suspended particles on thermal instability of a Rivlin-Ericksen fluid has been
investigated. The principal conclusions are the following.

(I)  The stationary convection Rivlin-Ericksen fluid behaves like an ordinary Newtonian fluid due to the
vanishing of the viscoelastic parameter.

(II) The presence of the magnetic field (and therefore Hall currents), suspended particles and medium
permeability effects introduce oscillatory modes in the system, in the absence of these effects the
principle of exchange of stabilities is found to hold good.

(IIT) In the absence of the magnetic field, the expression for nO2 given by Eq.(5.5), is negative if

eEm

C,>C, |1+
m f kKd’

{v d’ +v' k} : (6.1)

for all positive Ny, since 7, is real and ng is negative, therefore, we must have n,= 0. This shows

that » is real for positive NV, in the absence of the magnetic field if Eq.(5.6) holds true and that the

principle of exchange of stabilities is valid for this case, however, if Eq.(5.6) is violated, then the
oscillatory modes may come into play even in the absence of the magnetic field.
(IV) From Eq.(4.2), it is clear that the effect of compressibility is to postpone the onset of instability.
(V) To investigate the effects of suspended particles, medium permeability, magnetic filed, and Hall
currents in a compressible Rivlin-Ericksen viscoelastic fluid, we examined the expressions

dNy/dH ,dNpy [dP, dN g /dNgand dNy /dM, analytically. The magnetic field postpones the onset of

instability, suspended particles and Hall currents both hasten the onset of convection, which is in
contrast with the result of Gupta ez al. (2012).

Nomenclature

e; —rate of strain tensor

£(0,0,—~g) — gravity force
H(0,0,H) —magnetic field

h(hx,hy,hz) — perturbation in magnetic field

5 2
k= (kx +k, ) — resultant wave number

k; — permeability of the medium

2

H . . .

M= (4 CN j — non-dimensional number according to the Hall currents
Nen

P —pressure
R~ gopd’
VX

— thermal Rayleigh number
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n' 4
S= M — analogous solute Rayleigh number
v
T - temperature
22
Q= MeHTd™ _ pandrasekhar number
4npyvn

q; — velocity vector

X —external force
— the position vector

[3(: ‘dt / dz\) — uniform temperature gradient

B(=|de/ dz\) — uniform solute gradient
I - stress tensor
8;; — Kroneckor delta

8p — perturbation in pressure
8p — perturbation in density

) —the stress relaxation time
Ly — the strain retardation time

p  — viscosity
p, —magnetic permeability
(u/k;)v  —resistance term
p —density
— shearing stress tensor

v —kinematic viscosity
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