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The effect of the magnetic field dependent (MFD) viscosity on the thermal convection in a ferro-
magnetic fluid in the presence of a uniform vertical magnetic field is considered for a fluid layer in
a porous medium, heated from below. For a ferromagnetic fluid layer between two free boundaries
an exact solution is obtained, using a linear stability analysis. For the case of stationary convection,
the medium permeability has a destabilizing effect, whereas the MFD viscosity has a stabilizing ef-
fect. In the absence of MFD viscosity, the destabilizing effect of magnetization is depicted, but in its
presence the magnetization may have a destabilizing or stabilizing effect. The critical wave number
and critical magnetic thermal Rayleigh number for the onset of instability is determined numerically
for sufficiently large values of the magnetic parameter M;. Graphs are plotted to depict the stability

characteristics. The principle of exchange of stabilities is valid for a ferromagnetic fluid heated from

below and saturating a porous medium.
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1. Introduction

Ferromagnetic fluids are obtained by suspending
submicron sized particles of magnetite in a carrier such
as kerosene, heptane or water. These fluids not found
in nature, behave as a homogeneous medium and ex-
hibit interesting phenomena. The method of forming
ferrofluids was developped in the 1960s. For there wide
ranges of application see [1-5].

An authoritative introduction to the research on
magnetic liquids has been given by Rosensweig [6].
This monograph reviews several applications of heat
transfer through ferrofluids. One such phenomenon is
enhanced convective cooling having a temperature-
dependent magnetic moment due to magnetization of
the fluid. This magnetization depends on the magnetic
field, temperature and density of the fluid. Any vari-
ation of these quantities can induce a change of the
body force distribution in the fluid. This leads to con-
vection in ferromagnetic fluids in the presence of mag-
netic field gradient. This mechanism is known as fer-
roconvection, which is similar to Bénard convection
(Chandrasekhar [7]). The convective instability of fer-
romagnetic fluids heated from below in the presence
of a uniform vertical magnetic field has been consid-

ered by Finlayson [8]. Thermoconvective stability of
ferrofluids without considering buoyancy effects has
been investigated by Lalas and Carmi [9], whereas
Shliomis [10] analyzed the linearized relation for mag-
netized perturbed quantities at the limit of instability.
The stability of a static ferrofluid under the action of
an external pressure drop has been studied by Pole-
vikov [11], whereas the thermal convection in a fer-
rofluid has been considered by Zebib [12]. The ther-
mal convection in a layer of magnetic fluid confined in
a two-dimensional cylindrical geometry has been stud-
ied by Lange [13]. A detailed account of magnetovis-
cous effects in ferrofluids has been given in a mono-
graph by Odenbach [14].

There has been a lot of interest, in recent years,
in the study of the breakdown of the stability of a
fluid layer subjected to a vertical temperature gradient
in a porous medium and the possibility of convective
flow. The stability of flow of a fluid through a porous
medium taking into account the Darcy resistance was
considered by Lapwood [15] and Wooding [16]. A
porous medium of very low permeability allows us to
use the Darcy model (Walker and Homsy [17]). This
is because for a medium of a very large stable particle
suspension, the permeability tends to be small, justify-
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ing the use of the Darcy model. This is also because
the viscous drag force is negligibly small in compari-
son with the Darcy resistance due to the presence of a
large particle suspension.

A layer of ferrofluid heated from below in a porous
medium has relevance and importance in chemical
technology, geophysics and bio-mechanics. In the
present analysis the effect of a magnetic field depen-
dent viscosity on the thermal convection in a ferromag-
netic fluid in a porous medium is studied.

2. Mathematical Formulation of the Problem

We consider an infinite, horizontal layer of thick-
ness d of an electrically non-conducting incompress-
ible ferromagnetic fluid in a porous medium, heated
from below. Its viscosity is u = p1(1+ 6.B), ug be-
ing the viscosity when the magnetic field is absent and
B the magnetic induction. The magnetic field depen-
dent viscosity appears in ferromagnetic fluids due to
the tendency of the magnetic particles to form chains
in the presence of an external field. & has been taken to
be isotropic, 6; = & = 8. Hence ux = u1(1+ 6B;y),
py = p1(146B3), uz = p1(1+ 6B3). A uniform mag-
netic field Hy acts along the vertical z-axis. The tem-
peratures at the bottom and top surfaces z= F %d are
To and Ty, and a uniform temperature gradient § =
|dT /dz| is maintained (see Fig. 1). The gravity field
9(0,0, —Qg) pervades the system. The fluid layer is as-
sumed to be flowing through an isotropic and homoge-
neous porous medium of porosity € and medium per-
meability ki, where the porosity is defined as

B volume of the voids

,(0<e
total volume (

<1).

Fig. 1. Geometrical Configura-
tion.

For very fluffy foam materials, € is nearly one, and in
beds of packed spheres ¢ is in the range of 0.25-0.50.
The equations governing the motion of ferromag-
netic fluids in a porous medium for the above model
are as follows:
Continuity equation for an incompressible fluid:

V.q=0. 1)
Momentum equation for a Darcy model:
Jd 1
% [§ + E(Q'V)] q
)
= —Vp+pg+V-(HB) - kﬂlq.

Temperature equation for an incompressible ferromag-
netic fluid:

oM dT JaT
[POCV,H — oH. <a_T>V,H] " (1- €)PsCsE
oM dH 2
+ uoT <ﬁ>V,H.E_KIV T+ Pr. 3)
Density equation:
p=po[l—a(T-Ta)], 4)

where p, po, 0, t, p, i, o, H, B, Gy, T, M, Ky, o,
and @t are the fluid density, reference density, filter,
velocity, time, pressure, magnetic viscosity, magnetic
permeability, magnetic field, magnetic induction, spe-
cific heat at constant volume and magnetic field, tem-
perature, magnetization (defined by (6) below), ther-
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mal conductivity (assumed constant), thermal expan-
sion coefficient and viscous dissipation function con-
taining second order terms in velocity gradient, respec-
tively. @7 is small and may be neglected. The partial
derivatives of M are material properties which can be
evaluated, once the magnetic equation of state, such
as (8) below, is known. T, is the average temperature,
givenby Ty = (To + T1)/2, where To and T; are the con-
stant average temperatures of the lower and upper sur-
faces of the layer. In writing (2), use has been made
of the Boussinesq approximation, and two additional
complications are assumed: the viscosity is anisotropic
and dependent on the magnetic field.

Maxwell’s equations, simplified for a non-
conducting fluid with no displacement currents,
become

V.B=0, VxH=0. (5a,b)

In the Chu formulation of electrodynamics (Pen-

field and Haus [18]), the magnetic field H, magnetiza-
tion M, and the magnetic induction B are related by

B =puo(H+M). (6)

We assume that the magnetization is aligned with
the magnetic field, but allow a dependence on the mag-
nitude of the magnetic field as well as the temperature:

M:ﬂwwﬂ. (1)
H
The magnetic equation of state, linearized about the
magnetic field Hg, and an average temperature Ty, be-
comes
M = Mo+ x(H —Ho) — Ko(T — Ta), (8)
where the susceptibility and the pyromagnetic coeffi-
cient are defined by

(8M> K (BM)
2 =
oH /1, o Jpor

where Hg is the uniform magnetic field of the fluid
layer when placed in an external magnetic field H =
kHEX, K is the unit vector in the z-direction, H the mag-
nitude of H and Mg = M(Ho, T). Thus the analysis is
restricted to physical situations in which the magneti-
zation induced by temperature variations is small com-
pared to that induced by the external magnetic field.

The basic state is assumed to be quiescent and is
given by

q=0a, = (0,0,0), p—pM) p—pM&
.
T=Th(2) = —Bz+Ta, ﬁ— 0
Kafz]| - Kzﬁz} ©)
Ho= |Ho— kK, Mo=|Mo+
P v
H0+M0=H8Xt.

Only the spatially varying parts of Hg and Mg con-
tribute to the analysis, so that the direction of the exter-
nal magnetic field is unimportant and the convection is
the same whether the external magnetic field is parallel
or antiparallel to the gravitational force.

3. The Perturbation Equations and Normal Mode
Analysis Method

We shall analyze the stability of the basic state by
introducing the following perturbations:

a=0+9, p=po+p, P=p(2+Pp,
T:Tb(z)+9, H:Hb(z)+H’, (10)
M = Mp(2) + M,

where g = (u,v,w), p/, p’, 6, H and M’ are perturba-
tions in velocity, pressure, density, temperature, mag-
netic field and magnetization. These perturbations are
assumed to be small. Then the linearized perturbation
equations become

po ou ap’ oH W
P _8_+HO(MO+HO)¥_k_ (11)
poov _ op oH;
e oy + Ho(Mo +Ho) == — K" 12)
poow _ P M i
g % +uo(Mo+H20) 2z K
HoK5B6
— oKy BH; 0 (13
HoKz2BH3 + 1+ 4 +9gaped (13)
— 1 8Ho(Mo + How
1
Jdu oJdv oIw
&4—@4’5:0, (14)
00 0 (0D
PGy — Mool (x)
HoToKZP =
=K, V7?6 C ———JL]7
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where

pCi = epoCyv.h+ (1 — €)psCs + epKoHo,

(16)
PCo = poCv H + HoKoHo.

Equations (7) and (8) yield

H;+ M3 = (1+ x)H; — ko0,
17
0

Here we have assumed K,;8d <« (1 + x)Ho. Equa-
tion (5b) suggests that we can write H' =V @', where
@' is the perturbed magnetic potential.

Eliminating u, v, p’ in (11), (12) and (13), us-
ing (14), we obtain

8 20D’
(ZO 5 )VZW__“OKZB (Vl 5 )
K
+poga(736) + H5E (rg6)
~ ¢ BHo(Mo-+ Ho) V3w

(18)

2
where 7 = 2 +§2 and V2 =73+ &
From (17), we have

PR

Mo 20
A+ =7 <1+ )V%@’ Kz =0. (19)

Ho

We perform a normal mode expansion of the depen-
dent variables in the form

(W, 0, 0") = [W(2),0(2), D(2)] expli(kex-+kyy)], (20)

where ky, ky are the wave numbers along the x- and

y-directions, respectively, and k = /(kZ +k?) is the
overall horizontal wave number. W(z), ©(2), ®(z) are,
respectively, the amplitude of z-component of the per-
turbation velocity, perturbation temperature and pertur-
bation magnetization.

Equations (18), (15), and (19), using (20), become

pod [
( etk ) 7z K
_ HoK2B

1+y
—pogok?O +

[(1+x)aai)—r< @} k?

k—k25uo(Mo+Ho)W7
1

(21)
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=K ﬁ—k2 e} (22)
0T0K2ﬁ>
W
(pC B- Tty :
82 Mo\ | » 00

Equations (21)— (23) give the following dimensionless
equations

1 a 1 2 2 *
(Eﬁ—’—k_I) (D —a)W (24)

= aRY2[M;D®* — (1+ M) T+ — i 2 5 MaW*,
oT* 0
/ . *

RS —ePM at*(D(D ) )
= (D? —&)T* +aRY?(1— Mp)W*,

D’d* — a’Ms®* —DT* =0, (26)

where the following non-dimensional parameters are
introduced:

v d
=t W'=-W
dz”’ v
. (14 x)KaRY? _ gopdpC,
N szCQﬂVdZ ’ N vK1 ’
KiaR!/2 z
pCoBvd ™’ a » 2 d’
d k1 v
D 82*7 kl d27 PT KlpCZa ( )
v HoK3B
P=—pC, My=—-——2C__
TR T W ) apog
. HoToK3
8 =8uoHo(L+y), Mp= -2
okl 1) e =53 500e;
~ 1+Mo/Ho
M3 = Try

4. Exact Solution for Free Boundaries

Consider the case where both boundaries are free
and perfect conductors of heat. The case of two free
boundaries is of little physical interest, but it is math-
ematically important because they permit to obtain an
exact solution, whose properties guide our analysis.
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The boundary conditions are
W* =D?W* =T*=D@* =0atz= i%. (28)

Following the analysis of Finlayson, the exact solu-
tions satisfying boundary conditions given by

W* = Aet coszt, T* = B1e°! cosnz",

D" = Ce° cosnz', F = (%) et sinnz", (29)

where A1, By, C; are constants and o is the growth rate,
which is, in general, a complex constant.

Substituting (29) in (24) - (26) and dropping the as-
terisks for convenience, we get the following three lin-
ear, homogeneous algebraic equations in the constants
A1, B1 and C;

2
[(O- +i) (n2+a2)+2—6M3 Aq
1

£k (30)
+(aRY?M;)Cy — aRY?(1+ M;)By =0,
(1—Mp)aRY2A) — (7% + a2+ Plo)By
(31)
+ (Sero')Cl = 07
—n?By + (7 +a®M3)Cy = 0. (32)

For the existence of non-trivial solutions of the
above equations, the determinant of the coefficients of
A1, By, C; in (30) - (32) must vanish. This determinant
on simplification yields

Vo? +iWa +X =0, (33)
where

V:—(ll_x) (R —eRMy)+xPMs},  (34)
W= %(1+x)2(1+x|v|3) (35)

1
+ E{l+x+x6M3} {(P/ —ePM) +xP/Ms}
”

1
X = 5/(1+X)(1+XM3)(1+X+X6M3) (36)

_JR1X(1_ M2) {1+ x(1+M1)Ms},

where Ry = R/n%, x = a?/n?, io; = o/n?, and P, =
2
T kl.
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5. The Case of Stationary Convection

When the instability sets in as stationary convection
(and M, =2 0), the marginal state will be characterized
by o; = 0. Putting o; = 0, the dispersion relation (33)
reduces

(1+X)(14xM3) {1+ X+ Xx6M3}
P[X{l + X(l + Ml)Mg} ’

which expresses the modified Rayleigh number Ry as a
function of the dimensionless wave number x, the mag-
netic parameters M; and M3, the medium permeability
parameter P, and the MFD viscosity 6.

To investigate the effects of the medium permeabil-
ity, the MFD viscosity and magnetic parameters, we
examine the behaviour of dR; /dP,, dR; /dd, dR; /dMs,
and dR; /dM; analytically.

From (37) follows that

R = (37)

%=—P%z[(1+X)2(1+XM3)+x(1+x)(1+x|v|3)

oM [x(L+x(1+MoMs)| L (@8)

dRy _ 1+Xx  (14xM3)Ms (39)
d5 ~ P {1+x(I+MyMs}

Thus for a stationary convection, the medium per-
meability has always destabilizing effect, whereas the
MFD viscosity has always stabilizing effect for ther-
mal convection in a ferromagnetic fluid saturating a
porous medium.

Equation (37) also yields

dRy _1-|-X

- = _ 2 2n 12
dM; P, (L+x)M1 —8[(1+xMg)“ +M1x"M3] }

AL+ x(1+MMs} 2,
dRt  (14X%) (14+XM3)(1+Xx+Xx5Ms) 1)
dm, P {1+x(1+Mp)M3}?

In the absence of MFD viscosity (6 = 0) (which
means u is constant), (40) yields that dR;/dMjz is
always negative implying the destabilizing effect of
magnetization. In the presence of a MFD viscosity,
nothing specific can be said, since the magnetization
has a dual role. In the presence of a MFD viscosity, the
magnetization M3 has a destabilizing (or stabilizing ef-
fect) if

(40)

My

o
< O M 2 + M2

(42)
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whereas the magnetic parameter M; has always a
destabilizing effect.

The role of the medium permeability, the MFD vis-
cosity and the magnetic parameters derived and dis-
cussed above can also be illustrated with the help of
Figures 2-6. In Fig. 2, Ry is plotted against the wave
number x for M; = 1000, M3 =1, 6 = 0.05; P, =0.001,
0.002, 0.003 and 0.004. In Fig. 3, R is plotted against
the wave number x for M; = 1000, M3 =1, P, = 0.001;
0 =0.01, 0.03, 0.05, 0.07. It is clear that the medium
permeability hastens the onset of convection, whereas
the MFD viscosity postpones the onset of convection
as the Rayleigh number decreases and increases with
the increase in the medium permeability parameter and
the MFD viscosity parameter, respectively. In Fig. 4,
R, is plotted against the wave number X in the absence
of MFD viscosity (6 = 0) for My = 1000, P, = 0.001;
Ms =1, 3,5, 7. In Fig. 5, Ry is plotted against the
wave number X in the presence of MFD viscosity for
M; = 1000, 6 = 0.05, P, = 0.001; M3 =1, 3, 5, 7.
It is clear that the magnetization hastens the onset of
convection in the absence of MFD viscosity as the
Rayleigh number decreases with the increase in the
magnetization parameter, whereas the magnetization
hastens (for smaller values of wave humbers) and post-
pones (for higher values of wave numbers) the onset
of convection in the presence of MFD viscosity. It is
also observed that, in the absence of MFD viscosity,
as the equation of state becomes more non-linear (M3
large) the fluid layer is destabilized slightly. In Fig. 6,
R; is plotted against the wave number x for M3 = 1,
6 =0.01, P, =0.001; My =0, 1, 5, 10. It is evident
from this figure that the Rayleigh number decreases
with increase in the magnetic parameter M1, thereby
showing its destabilizing effect on the system. Thus M1
hastens the onset of convection, and in its absence, i.e.
M; = 0, higher values of R; are needed for the onset of
convection.

For sufficiently large values of M; we obtain the re-
sults for the magnetic mechanism operating in a porous
medium

(1+X)(1+xM3)(1 4 x+ x6M3)
P4X2M3

where N is the magnetic thermal Rayleigh number.

In Table 1, the critical wave numbers and critical
magnetic thermal Rayleigh numbers for the onset of in-
stability are determined numerically using the Newton-
Raphson method for the condition dN /dx = 0. The crit-
ical magnetic thermal Rayleigh number (N¢), depends

N=RM; = , (43)
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Table 1. Critical magnetic thermal Rayleigh numbers and
wave numbers of the unstable modes at marginal stability for
the onset of stationary convection.

P, =0.001 P, =0.002 P,=0.003 P, =0.004

5 Mg X Ne Ne Ne Ne
001 1 199 6794.98 3397.49 2265.00 1698.74
3 144 5181.64 2590.82 1727.21 1295.41
5 128 4827.63 2413.82 1609.21 1206.90
7 120 4685.81 2342.91 1561.94 1171.46
003 1 198 6884.78 3442.39 2294.93 1721.20
3 141 536121 2680.60 1787.07 1340.30
5 124 5089.27 2544.64 1696.42 1272.32
7 114 5026.31 2513.16 1675.44 1256.58
005 1 197 6974.39 3487.20 2324.80 1743.60
3 138 5539.32 2769.66 1846.44 1384.83
5 119 5347.20 2673.60 1782.40 1336.80
7 1.09 5360.02 2680.01 1786.67 1340.01
007 1 196 7063.82 3531.91 2354.61 1765.96
3 136 5716.10 2858.05 1905.37 1429.03
5 116 5601.87 2800.94 1867.29 1400.47
7 1.05 5688.06 2844.03 1896.02 1422.02
009 1 194 7153.08 3576.54 2384.36 1788.27
3 133 5891.67 2945.83 1963.89 1472.92
5 113 5853.71 2926.85 1951.24 1463.43
7 101 6011.29 3005.65 2003.76 1502.82

on the magnetization M3, the medium permeability P,
and the MFD viscosity 6.

In Fig. 7, N¢ is plotted against the MFD viscosity 6
for M3 = 1; P, = 0.001, 0.002, 0.003 and 0.004. This
shows that, as the medium permeability P, increases,
the critical magnetic Rayleigh number (N¢) decreases.
Therefore, lower values of N are needed for the on-
set of convection with an increase in P, hence justify-
ing the destabilizing effect of the medium permeability
P,. In Fig. 8, N¢ is plotted against the MFD viscos-
ity 6 for P, = 0.001; M3 = 3, 5, 7. This shows that,
as the magnetization parameter M3 increases, the criti-
cal magnetic Rayleigh number N; decreases for lower
values of 6 and increases for higher values of &. There-
fore lower values of N are needed for the onset of con-
vection with an increase in M3 for lower values of 6,
whereas higher values of N are needed for the onset of
convection with an increase in M3 for higher values of
0, hence justifying the competition between the desta-
bilizing effect of the magnetization M3 and the stabi-
lizing effect of the MFD viscosity 6. This can also be
observed from the Table 1.

A suggestion of Finlayson [8] has also been taken
for the variation of these parametric values. In the
present analysis, the range of values pertaining to fer-
ric oxide, kerosene and other organic carriers are cho-
sen. With the same ferric oxide, different carriers like
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Fig. 6. The variation of Rayleigh number (R;) with wave number (x) for M3 = 1, P, = 0.001, 6 = 0.01; M; = 0 for curve 1,
M, = 1 for curve 2, M; =5 for curve 3 and M; = 10 for curve 4.
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Fig. 7. The variation of critical magnetic Rayleigh number (N¢) with MFD viscosity (6) for M3 = 1 for P, = 0.001 for curve 1,
P, = 0.002 for curve 2, P, = 0.003 for curve 3 and P, = 0.004 for curve 4.

alcohol, hydrocarbon, ester, halocarbon, silicon could
be chosen. Depending on this, the parametric values
of ferromagnetic fluids are found to vary within these
limits. For such fluids, M, is assumed to have a neg-
ligible value and hence is taken to be zero (Sekar and
Vaidyanathan [19]). The parameter M3 measures the
departure of linearity in the magnetic equation of state,
and values from one (Mo = xHp) to higher values are
possible for the usual equation of state, and more-
over the higher values of the magnetization parame-

ter M3 in ferromagnetic fluid has also been taken by
several authors (Finlayson [8], Gupta and Gupta [20],
Vaidyanathan et al. [21], Sekar and Vaidyanathan [19],
Shivakumara et al. [22]). The MFD viscosity 6 is in-
creased from 0.01 to 0.09.

6. Principle of Exchange of Stabilities

Here we examine the possibility of oscillatory
modes, if any, on the stability problem due to the
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Fig. 8. The variation of critical magnetic Rayleigh number (N:) with MFD viscosity (&) for P, = 0.001; M3 = 3 for curve 1,

M3z = 5 for curve 2 and M3 = 7 for curve 3.

presence of magnetization and medium permeability.
Equating the imaginary parts of (33), we obtain

1 1
m{—ﬂ+*yu+XM@+—%1+x+x6Mﬂ

‘ i (44)
{(F — ePMp) + XPIMg} | =o.

Here the quantity inside the brackets is positive definite
because the typical values of M, are +107° [9]. Hence

o = 0. (45)

This shows that, whenever o, = 0 implies that o; =
0, then the stationary (cellular) pattern of flow prevails
on the onset of instability. In other words, the principle
of exchange of stabilities is valid for the ferromagnetic
fluid heated from below in porous medium.

7. Conclusion and Discussion

In the last millennium, the investigation on the in-
teraction of electromagnetic fields with fluids attracted
researchers because of the increase of applications in
areas such as chemical reactor, engineering, medicine,
high-speed silent printers, etc. Ferrohydrodynamics
deals with the interaction of magnetic fields with non-
conducting ferromagnetic fluids, which has aroused a
lot interest [6]. A layer of a ferrofluid heated from be-
low has relevance and importance in bio-mechanics
(e.g. in physiotherapy and in the synthesis of silicone

magnetic fluids for use in eye surgery [23]). In arma-
tures of motors and transformers, the coil and core ro-
tates with a finite angular velocity. In this process the
viscosity of the ferromagnetic fluid contained in the ar-
matures changes. To compensate this, one has to use
ferromagnetic fluids of moderate viscosity ranges in
order to have efficient heat transfer. This greatly en-
ables one to choose a proper ferromagnetic fluid for
high speed applications. Recently, Jakabsky et al. [24]
have studied the utilization of ferromagnetic fluids in
mineral processing and water treatment. They consid-
ered the utilization of ferromagnetic fluids as a sepa-
rating and modifying medium affecting the magnetic
properties of the solid and liquid materials.

In this paper we studied effect of MFD viscosity on
the thermal convection in ferromagnetic fluids for fluid
layers heated from below saturating a porous medium
in the presence of an uniform vertical magnetic field.
Using the linearized stability theory and normal mode
analysis, an exact solution is obtained for the case
of two free boundaries. We have investigated the ef-
fects of medium permeability, MFD viscosity and non-
linearity of magnetization (i.e. M3) on the linear stabil-
ity. The principal conclusions from the analysis of this
paper are:

1. For the case of stationary convection, MFD vis-
cosity has always a stabilizing effect, whereas medium
permeability has always a destabilizing effect on the
onset of convection. In the absence of MFD viscos-
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ity (6 = 0) (which means the viscosity is constant),
magnetization has always a destabilizing effect. In the
presence of MFD viscosity, nothing specific can be
said, since there is competition between the destabi-
lizing role of the magnetization M3 and the stabiliz-
ing role of the MFD viscosity 6. This can also be
observed from Fig. 4 (in the absence of MFD vis-
cosity) and Fig. 5 (in the presence of MFD viscos-
ity). In the presence of MFD viscosity, the magneti-
zation M3 has destabilizing (or stabilizing) effect if

A .
0 < (or >)—((1+xM3)2+M1x2M§)’ whereas the magnetic

parameter My has always a destabilizing effect. For
sufficiently small values of magnetic parameter M4, the
effect of medium permeability, the MFD viscosity and
magnetization can also be illustrated with the help of
Figs. 2-6.

2. The critical wave number and critical magnetic
thermal Rayleigh number for the onset of instability
are determined numerically for sufficiently large val-
ues of the magnetic parameter M;. Graphs have been
plotted by giving numerical values to the parameters,
to depict the stability characteristics. It is clear from
Table 1 and Fig. 7 that lower values of N are needed
for the onset of convection with an increase in Py,
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hence justifying the destabilizing effect of the medium
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ids heated from below saturating a porous medium.
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