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Abstract: This paper deals with the theoretical investigation of the thermal convection on a layer of
ferromagnetic fluid heated from below saturating a porous medium subjected to a transverse uniform
magnetic field. For a flat fluid layer contained between two free boundaries, an exact solution is ob-
tained using a linear stability analysis theory and normal mode analysis method. In the case of sta-
tionary convection, the medium permeability and non-buoyancy magnetization both have a destabi-
lizing effect on the system. The critical wave number and the critical magnetic thermal Rayleigh
number for the onset of instability are also determined numerically for sufficiently large values of
buoyancy magnetization parameter M, and the results are depicted graphically. The principle of the
exchange of stabilities is found to hold true for the ferromagnetic fluid heated from below saturating
a porous medium.

Streszczenie: Teoretycznie badano konwekcje termiczng w warstwie cieczy ferromagnetycznej
ogrzewanej od dotu i wysycajacej osrodek porowaty poddany dziataniu poprzecznego, jednorodnego
pola magnetycznego. Otrzymano doktadne rozwiazanie dla ptaskiej warstwy cieczy zawartej migdzy
dwoma swobodnymi brzegami, wykorzystujac teori¢ liniowe] statecznosci i metodg trybu zwyktego.
W przypadku ustalonej konwekcji zarowno przepuszczalno$é osrodka, jak i niepowietrzna magnety-
zacja wptywaja destabilizujaco na uktad. Krytyczna liczba falowa i krytyczna magnetyczno-termiczna
liczba Rayleigha na poczatku utraty stabilnosci sa wyznaczone numerycznie dla wystarczajaco du-
zych wartosci parametru powietrznej magnetyzacji, a otrzymane wyniki zostaly przedstawione gra-
ficznie. Stwierdzono, ze zasada wymiany stabilno$ci moze by¢ stosowana do cieczy ferromagnetycz-
nej ogrzewanej od spodu i wysycajacej osrodek porowaty.

Pe3tome: TeopeTHyecku HCIBITAHA TEPMUYECKass KOHBEKIUSA B cIo¢ (PepPOMArHUTHOM KHKOCTH,
HAarpeBacMoi CHU3Y W HACHIIIAIONICH TMOPUCTYIO CPENy, MOJBEPKCHHYIO JCUCTBHIO IMOMEPEYHOTO,
TOMOTEHHOTO MAarHUTHOTO ToJisA. Mcronb3yst TEOpHIO JTHHEHHOW YCTOWYHMBOCTH M METOJ OOBIKHOB-
EHHOTO TOPS/IKA, MOJYYCHO TOYHOE PENICHUE JUIS IIOCKOTO CIIOS YKUIKOCTH, COJCPIKAIICHC MEXKITy
JIBYMsI IPOU3BOJIBHBIMU O€peraMu. B CIydac YCTAaHOBJICHHOI KOHBEKIIMU KaK MPOHHUIIAEMOCTh CPE/Ibl,
TaK ¥ BO3/AYIIHAS MarHETH3aIUs JCCTaOWIM3UPYIOIUM 00pa3oM BIHsET Ha cucTeMy. Kputnueckoe
BOJTHOBOE YHCIIO ¥ KPUTUYECKOE MAarHUTHO-TEPMHUUECKOE YKCIIO Pelines B Haualle MOTEPU YCTOIYH-
BOCTH YHCIICHHO OTIPEICNICHBI JIISl TOCTATOYHO OONBIIMX 3HAYCHUI MapaMeTpa BO3AYIIHONH MarHeTH-
3alliH, a TIOJyYCHHBIC Pe3yIbTaThl OBUTH MPECTABICHBI IpapHuecK. Bbulo yCTaHOBICHO, YTO MpPHU-
HIMIT OOMEHA YCTOWYMBOCTH MOXKHO MPHUMEHSTH i (epPPOMATHUTHON KHJKOCTH HarpeBaeMoro
CHH3Y M HACBIIIAIONICH MTOPUCTYIO CPEy.

* To whom correspondence should be addressed.
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1. INTRODUCTION

In the last millennium, the investigation on ferrofluids attracted attention of re-
searchers because of their wider applications in area such as instrumentation, lubrica-
tion, vacuum technology, vibration damping, metals recovery, acoustics; their com-
mercial usage includes vacuum feed-throughs for semiconductor manufacturing and
related uses, pressure seals for compressors and blowers, engineering, medicine,
chemical reactor and high-speed silent printers, etc. During the last half century, re-
search on magnetic liquids has been very productive in many fields. The major per-
spectives are connected with a massive shocks and oscillation damping (earthquake,
airbags), but the contemporary application concerned mostly seals and cooling of
loudspeakers. Big efforts have been made to synthesize stable suspensions of mag-
netic particles with different performances in magnetism, fluid mechanics or physical
chemistry. Many research workers have paid their attention towards the study of the
applications of ferrofluid; see, for example, the investigations of MOSKOWITZ [1],
HATHAWAY [2], BARCLAY [3], MORIMOTO et al. [4] and BAILEY [5]. Traditional fer-
rofluid products such as multistage rotary seals, exclusion seals, inertia dampers and
loudspeakers allow now a well-established industry to be developed. Additionally, in
the last few years, a number of new applications have emerged such as ferrofluid
steppers, gauges and sensors (RAJ et al. [6]).

The monograph by ROSENWEIG [7] gives a detailed introduction to ferrohydrody-
namics. FINLAYSON [8] has studied the convective instability of ferromagnetic fluids,
whereas thermoconvective stability of ferrofluids without considering buoyancy ef-
fects has been investigated by LALAS and CARMI [9]. SCHWAB et al. [10] have inves-
tigated experimentally the Finlayson’s problem in the case of a strong magnetic field
and detected the onset of convection by plotting the Nusselt number versus the Ray-
leigh number. Then, the critical Rayleigh number corresponds to a discontinuity in the
slop. Later, STILES and KAGAN [11] have examined the experimental problem re-
ported by SCHWAB et al. [10] and generalized the Finlayson’s model assuming that
under a strong magnetic field, the rotational viscosity augments the shear viscosity.
The theory of thermal convection of a non-magnetic fluid layer heated from below
under varying assumptions of hydromagnetics has been treated in detail by
CHANDRASEKHAR [12]. The Bénard convection in ferromagnetic fluids has been con-
sidered by many authors (RUDRAIAH and SHEKAR [13], ANISS et al. [14],
SIDDHESHWAR [15], QIN and KALONI [16], SIDDHESHWAR [17], ZEBIB [18], SOUHAR
et al. [19], ANISS et al. [20], SIDDHESHWAR and ABRAHAM [21]). More recently,
SUNIL et al. [22]-[24] have studied the effect of dust particles and rotation on thermal
convection in a ferromagnetic fluid. In all the above studies, the medium has been
considered to be non-porous. A good formalism of the basic equations of a layer of
fluid heated from below in porous medium has been provided by JOSEPH [25].
A comprehensive review of the literature concerning thermal convection in a fluid-
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saturated porous medium may be found in the book by NIELD and BEJAN [26] and
references therein.

The thermoconvective instability in a ferromagnetic fluid saturating a porous me-
dium of very large permeability subjected to a vertical magnetic field has been dis-
cussed by VAIDYANATHAN et al. [27] who using the Brinkman model have indicated
that only stationary convection can exist. A porous medium of very low permeability
allows us to use the Darcy’s model. This is because for a medium of very large stable
particle suspension, the permeability tends to be small justifying the use of Darcy’s
model. This is because in a medium of very large stable particle suspension, the per-
meability tends to be small justifying the use of Darcy’s model. This is because the
viscous drag force is neglibility small in comparison with the Darcy’s resistance due
to the large particle suspension. Darcy’s law governs the flow of ferromagnetic fluid
through an isotropic and homogeneous porous medium. However, to be mathemati-
cally compatible and physically consistent with Navier—Stokes equations, BRINKMAN

[28], [29] heuristically proposed the introduction of the term (u/c)V>q (now known as
the Brinkman term) in addition to the Darcian term —(u/k,)q . But the main effect is

through the Darcian term; the Brinkman term contributes a very little effect for flow
through a porous medium. Therefore, Darcy’s law is proposed heuristically to govern
the flow of this ferromagnetic fluid saturating a porous medium.

The results of the paper, therefore, might become potentially interesting in metallurgy,
semiconductor industry and geophysics. A layer of ferromagnetic fluid heated from below
saturating a porous medium has relevance and importance in chemical technology, geo-
physics and bio-mechanics. The present paper, therefore, deals with the thermal convection
in a ferromagnetic fluid in homogeneous and isotropic porous medium of very low perme-
ability, allowing the use of Darcy’s model, subjected to a vertical magnetic field. This
problem, to the best of our knowledge, has not been investigated yet and we believe that
the present study can serve as a theoretical support for an experimental investigation.

2. MATHEMATICAL FORMULATION OF THE PROBLEM

Here we consider an infinite, horizontal layer of the thickness d of an electrically non-
conducting incompressible ferromagnetic fluid in porous medium, heated from below
and that a uniform temperature gradient

dT ]

ﬁ(= 3
is maintained (see figure 1). A uniform magnetic field H, acts along the vertical di-

rection which is taken as the z-axis. The temperatures at the bottom and top surfaces
z=7%0.5d are T, and T}, respectively. Both the boundaries are taken to be free and
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perfect conductors of heat. The gravity field g = (0, 0, —g) pervades the system. This
ferromagnetic fluid layer is assumed to be flowing through an isotropic and homoge-
neous porous medium of the porosity ¢ and the medium permeability k;, where the
porosity is defined by

o volume of the voids

, (O<e<]).
total volume

z-axis

Incompressible

ferromagnetic fluid

saturating a porous  ———P> === tm-mmssss-sssssssosooooo- oo oooo-

medium

y-axis Z=——

T AT

Heated from below

Fig. 1. Geometrical configuration

For very fluffy foam materials, ¢ is nearly one, and in beds of packed spheres ¢ is
in the range of 0.25-0.50.

The mathematical equations governing the motion of a ferromagnetic fluid satu-
rating a porous medium for the above model are as follows:

e The continuity equation for an incompressible fluid is

Vq=0. (1)
e The momentum equation for Darcy’s model is
0
PN _ vy pg+V.(HB)-Lq. ©)
g Ot k,

e The temperature equation for an incompressible ferromagnetic fluid is

oM dT oT oM dH )
C,, —uH| — —+(1-8&)p.C.—+ u,T| — — =KV T+®d.(3
{po v.H —Ho (GT jV’H} i ( )P C, or Ho (6T jV’H di 1 (3)
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e The density equation of state is
p=pll-a(T-T,), )

where p, po, Q, ¢, p, 1, to, H, B, Cyy, T, M, K, @ and @ are the fluid density, refer-
ence density, Darcian (filter) velocity, time, pressure, dynamic viscosity (constant),
permeability of free space, magnetic field intensity, magnetic induction, heat capacity
at constant volume and magnetic field, temperature, magnetization, thermal conduc-
tivity, thermal expansion coefficient and viscous dissipation factor containing the
second-order terms in velocity, respectively. @ being second order small may be ne-
glected. 7, is the average temperature given by

T = (T +T)
a 2 ’
where Ty and 7 are the constant average temperatures of the lower and upper surfaces
of the layer. The partial derivatives of M are material properties, which can be evaluated
once the magnetic equation of state, such as (8), is known. Two additional complications
are assumed negligible in equation (2): we assume that the viscosity is isotropic and
independent of magnetic field intensity. We also employ the Boussinesq approximation
by allowing the density to change only in the gravitational body force term.
Maxwell’s equations, simplified for a non-conducting fluid with no displacement
currents, become
VB=0, VxH=0. (5a, b)
In the Chu formulation of electrodynamics (PENFIELD & HAUS [30]), the magnetic
field, magnetization and the magnetic induction are related by
B = s, (H+M). (©)

We assume that the magnetization is aligned with the magnetic field, but allows
a dependence on the magnitude of the magnetic field as well as the temperature
H
M=—MH,T). 7
I (H,T) (7
The magnetic equation of state is linearized about the magnetic field H, and an av-
erage temperature 7, to become
M=M,+y(H-H))-K,(T-T,), (8)
where: H, is the uniform magnetic field intensity of the fluid layer when placed in an
external magnetic field intensity H = H, g“f( » ¥=(0M/0H),,  is the magnetic sus-
ceptibility, K,=-(0M /0T),, r is the pyromagnetic coefficient and H =|H],

M=M|, My=M(H,,T,) and K is unit vector in the z-direction.
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The basic state is assumed to be quiescent state and is given by

T,-T,
9=9,=0, p=p,(2), p=py(2), T=T,(2)=-pz+T,, ﬂ=%,

©)

Hbz[Ho—KzﬁZ}}, Mb{MﬁKzﬂZ}}, Hy+My,=H,
I+y I+y

where the subscript b denotes the basic state.

3. THE PERTURBATION EQUATIONS

We shall analyze the stability of the basic state by introducing the following per-
turbations:

q=q,+q, p=p,(2)+p, T=T,(2)+0 , H=H, (2)+H', M=M,(z)+M’, (10)

where q'=(u,v,w), dp, 0, H' =(H|,H,,H};) and M’ are perturbations in velocity,
pressure, temperature, magnetic field intensity and magnetization, respectively. These
perturbations are assumed to be small and then the linearized perturbation equations
become

6_u+@+6_w=0, 1D
ox Oy 0Oz
P Ou 0 OH| wu
=P+ uMy+H))———u, 12
PPy ﬁxép Ho(M 0) Py kl“ (12)
&Qz_ié‘ +u(M.+H OH, _H 13
c o Y P+ o (M 0) Py klv, (13)
ow 0 OH, , K3 po
Lo OO sk My + HY S E ity + 25550 cap,  (14)
& Ot 0z 0z Kk I+y
06 o (o9 2 K> B
Ci— -y K,e—| — |=K\VEO+| pC, f——""——|w , 15
P Py Hololo Gt(ﬁzj 1 {P B 1+ 2) w (15)

where pC, = &p\Cy ; +(1-8)psCs + ey Ky Hy, pCy = poCy yy + 110K H,y
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H + M = (1+ 1) H} - K0,

16

v =140 |y i=1,2), (16)
HO

where we have assumed K, (T, —T,)<<(1+ y)H,. Thus the analysis is restricted to

physical situation in which the magnetization induced by temperature variation is

small compared to that induced by the external magnetic field. Equation (5b) means
we can write H'=V @' where @' is the perturbed magnetic potential.
Eliminating u, v, dp from equations (12)—(14), using (11), we obtain

Py O LA 2 09 2 K3
(8 N kJV — m(v 2 )+pog Vi) + B0 )

From (16), we have

2 '
(1+;()a (1+%}v2q§' K%:O. (18)

0 zZ

Analyzing the disturbances in normal modes, we assume that the perturbation
quantities are of the form

(w, g, QD') =[W(z,t),0(z,t), D(z,t)]expi(k, x + kyy) , (19)

where k., k, are the wave numbers along the x- and y-directions, respectively, and

k= ,/(kf + k; ) is the resultant wave number.
Equations (17), (15) and (18), using equation (19), become

Po O L H 0 2 ﬂoKzﬂ[ oP }2 2
kT W="——l+y)—-K,0 | k" - ak®, (20
[5 or kJ(@z j iy 1P o8 20

2 2
rC a_@_ﬂoToKzgé(a—@) =K [ Ok J@{p@ﬁ—wj W, @h

ot ot\ Oz oz* I+y
0°d M 00
1+ 7)——| 1+—2 K’Pp-K,—=0. 22
( Z)ﬁzz [ HOJ 2 0z (22)

Equations (20)—(22) give the following dimensionless equations

L8 LD W =aR D8 (4 MT, (23)
got  k
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*

P ‘ZT ——&P.M, %(ch*) =(D*=a )T +aR"*(1-M )W, (24)
t t

4 4

D*®" —a’M,®" -DT" =0, (25)

where the following non-dimensional parameters are introduced:

; vt « Wd . _ (1+ y)K,aR"* & Ro gapdtpC, T = K,aR"?

wr =" @

VRN 1% K,pC,pvd* VK, pC,pvd
«  Z 0 « Kk v v
a=kd, z =—, D=—, =L P=—pC,, P= C,
d 82 1 d2 7 K]p 2 r Klp 1

MO
5 5 1+—
__ KB whKy L He)

(+papg’ > A+ ppC,°~ 7 (+y)

4. EXACT SOLUTION FOR FREE BOUNDARIES

Here the simplest boundary conditions chosen, namely free-free, no-spin, isothermal
with infinite magnetic susceptibility y in the perturbed field, keep the problem analyti-
cally tractable and serve the purpose of providing a qualitative insight into the problem.
The case of two free boundaries is of little physical interest, but it is mathematically
important because one can derive an exact solution, whose properties guide our analysis.
Thus the exact solution of the system (23)—(25) subject to the boundary conditions

W =DW =T =D® =0 at z=i% (26)
is written in the form

* * * * * *
W' =A4e’" cosnz , T =B’ cosnz ,
(27)
* ot * * Cl ot’ . N
D® =Ce’ cosnz, @ =|—|¢° sinnz,
T
where A,, By, C; are constants and o is the growth rate which is, in general, a com-
plex constant.

Substituting equations (27) in equations (23)—(25) and dropping asterisks for con-
venience, we arrive at the following equations
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(g+kLJ(n2 +a*)4, +(aR"*M,)C, - aR"*(1+ M,)B, =0, (28)
& 1
(1-M,)aR"* 4, — (n* + a* + P/o)B, + (sP.M,o)C, =0, (29)
2 2 2 _
- B +(n"+a"M;)C, =0. (30)

For existence of non-trivial solutions of the above equations, the determinant of
the coefficients of 4;, By, C; in equations (28)—(30) must vanish. This determinant on
simplification yields

Vol +iWo,+X =0, (31)
where:
p =5 pr—ap )+ xPM),
&
1 1, 1
W=Q1+x)1+xM;)—(A+x)+—P }——A+x)eP.M,,
& F, F,
X:%(l+x)2(l+xM3)—R1x(1—M2){1+x(1+M1)M3},
/
where
R Clz 2
R=—, x=—, io,=— and P, =7%,.
! Tl',4 7'172 7'l',2 ' !

5. DISCUSSION OF RESULTS

5.1. THE CASE OF STATIONARY CONVECTION

When the instability sets in as stationary convection in the case M, = 0, the mar-
ginal state will be characterized by o, =0 (CHANDRASEKHAR [12]), then the Ray-

leigh number is given by

(14 x) (14 xM)
C xP[1+xM,(1+ M)’

(32)

1
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which expresses the modified Rayleigh number R, as a function of the dimensionless
wave number x, buoyancy magnetization parameter M;, non-buoyancy magnetization
parameter M5 and medium permeability parameter P, (the Darcy number).
The classical result in respect of Newtonian fluids can be obtained as the limiting
case of the present study.
Setting M; = 0 in equation (32), we get
_(1+x)’

R : 33
(> (33)

the classical Rayleigh—Bénard result in porous medium for the Newtonian fluid case.
To investigate the effects of medium permeability and non-buoyancy magnetization,
we examine the behaviour of dR,/dP,and dR,/dM; analytically. Equation (32) yields
dR, 1 (1+x)’(1+xM,)

e , (34)
dP, B x{1+x(1+M,)M,}

dR, M (1+x)’ 35)
aM,  P{l+xM (1+M,)}*

This shows that, for a stationary convection, the medium permeability and non-
buoyancy magnetization are found to have destabilizing effect on the system.
The critical Rayleigh number for the onset of instability is determined by the con-
dition dR;/dx = 0. When M, = 0, then from equation (32), we have
a’=n’ with R, =L4n2.
4
For M, sufficiently large, we obtain the results for the magnetic mechanism oper-
ating in porous medium
C(1+x)°(1+xMy)

N=RM, = IS, , (36)
14 3

where N is the magnetic thermal Rayleigh number.
The critical magnetic Rayleigh number for the onset of instability is determined by
the condition dN/dx = 0; we get

2 M, ++M?+8M
N, = (I+x.) (21 X M) , where x, =—2 : > (37)
Px .M, 2M,

The critical wave-number and critical magnetic number N, depend on the non-buoyancy
magnetization parameter M3 and medium permeability parameter P,, taking the values
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a’l=2n", N, =i£n2 for M;=1
P 4

c
(

and

a’=n", N :i4n2 for M, — o,

c c
(

and intermediate values for intermediate M;.
The dispersion relation (32) is analyzed numerically. In figure 2, R, is plotted
against wave number x for M; = 1000, M; = 1; P, = 0.001, 0.002, 0.003 and 0.004. In

figure 3, R, is plotted against wave number x for M; = 1000, P,= 0.001; M5 =1, 3, 5, 7.

It is clear that the medium permeability and non-buoyancy magnetization have desta-
bilizing effect as the Rayleigh number decreases with the increase in medium perme-
ability parameter and non-buoyancy magnetization parameter. In figure 4, the critical
magnetic thermal Rayleigh number N. is plotted against the non-buoyancy magnetiza-
tion M; for P, = 0.001, 0.002, 0.003 and 0.004. This shows that as the non-buoyancy

magnetization parameter M; and the Darcy number P, increase, the critical magnetic

Rayleigh number N, decreases. Therefore, lower values of N, are needed for the onset
of convection with an increase in M3 and P,, hence justifying the destabilizing effect

of non-buoyancy magnetization M; and medium permeability P, (table).

1 2 3 4 5 6 7 8 9 10

Fig. 2. The variation of the Rayleigh number (R,) with the wave number (x) for
M, =1000, M; =1; 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
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15

—a— Curve 1

Fig. 3. The variation of the Rayleigh number (R,) with the wave number (x) for M; = 1000,
P,=0.001; M; =1 for curve 1, M5 =3 for curve 2, M3 =5 for curve 3 and M; = 7 for curve 4

8000
—o— Curve 1
—a— Curve 2
6000 - —a—Curve 3
—»— Curve 4
N,
4000 A

2000 \ﬁ\g °
.

M;
Fig. 4. The variation of the critical magnetic Rayleigh number (V) with
non-buoyancy magnetization (M) 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

Suggestion from FINLAYSON [8] has also been taken for a variation of these
parametric values. In the present analysis, the range of values pertaining to ferric
oxide, kerosene and other organic carriers are chosen. With the same ferric oxide,
the different carriers like alcohol, hydrocarbon, ester, halocarbon, silicon could be
chosen. Depending on this, the parametric values of ferromagnetic fluid are found
to vary within these limits. For such fluids, the typical values of M, are +10° and
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so is assumed to have a negligible value and hence it is taken to be zero
(FINLAYSON [8]). The non-buoyancy magnetization parameter M; measures the
departure of linearity in the magnetic equation of state and the values from one
(M, = yH,) to higher values are possible for the usual equation of state. Thus M5 is

varied from 1 to 25.

Table

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)
N, N, N, N,
1 2 6750 3375 2250 1687.5
3 1.457427 5091.258 2545.629 1697.086 1272.814
5 1.306226 4695.234 2347.617 1565.078 1173.808
7 1.231925 4512.576 2256.288 1504.192 1128.144
9 1.187184 4406.644 2203.322 1468.881 1101.661
11 1.157129 4337.271 2168.635 1445.757 1084.318
13 1.135489 4288.24 2144.12 1429.413 1072.06
15 1.119139 4251.717 2125.858 1417.239 1062.929
17 1.106339 4223.443 2111.721 1407.814 1055.861

5.2. PRINCIPLE OF EXCHANGE OF STABILITIES

Here we examine the possibility of the effect of oscillatory modes, if any, on sta-
bility problem due to the presence of magnetization parameters and medium perme-
ability. Equating the imaginary parts of equation (31), we obtain

o{lﬂ+xfﬂ+mMQ+;}G+xHUT—dMLQ+ﬁ%M§}:0. (38)
&

l

Here the quantity inside the brackets has a positive definite form because the typi-
cal values of M, are +10°° (FINLAYSON, [8]). Hence

o, =0. (39)

This shows that whenever o, =0 impliesthat o, =0, then the stationary (cellu-
lar) pattern of flow prevails upon the onset of instability. In other words, the principle
of exchange of stabilities is valid for the ferromagnetic fluid heated from below satu-
rating a porous medium.
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6. CONCLUSIONS

In this paper, we studied the thermal instability of a ferromagnetic fluid saturating
a porous medium in the presence of uniform vertical magnetic field. We have investi-
gated the effects of medium permeability and non-buoyancy magnetization on the
onset of convection. The principal conclusions from the analysis of this paper are as
follows:

(i) For stationary convection, the medium permeability and non-buoyancy mag-
netization are found to have a destabilizing effect on the system which has been dem-
onstrated both analytically and numerically. It is clear from figures 2 and 3 that the
medium permeability and non-buoyancy magnetization have a destabilizing effect as
the Rayleigh number decreases with the increase in the Darcy number and non-
buoyancy magnetization parameter.

(i1) The critical wave numbers and critical magnetic thermal Rayleigh numbers for
the onset of instability are also determined numerically for sufficiently large values of
buoyancy magnetization M, and the results are depicted graphically. For sufficiently
large values of buoyancy magnetization M,, figure 4 and table show that as non-
buoyancy magnetization parameter M; and Darcy number P, increase, the critical

magnetic Rayleigh number N, decreases. Therefore, lower values of N, are needed for
the onset of convection with an increase in M; and P,, hence justifying the destabiliz-

ing effect of non-buoyancy magnetization M; and medium permeability P,. In order to

investigate our results, we must review the results and their physical explanations. It
is well known that the when fluid layer is assumed to be flowing through an isotropic
and homogeneous porous medium, then the medium permeability has a destabilizing
effect. As medium permeability increases, the void space increases and as a result of
this, the flow quantities perpendicular to the planes will clearly be increased. Thus an
increase in heat transfer is responsible for the early onset of convection. Thus in-
creasing P, leads to a decrease in N.. The increase in non-buoyancy magnetization as

well as in medium permeability is found to cause large destabilization, because me-
dium permeability, magnetic and thermal mechanisms favour destabilization.

(ii1) The principle of exchange of stabilities is found to hold true for the ferromag-
netic fluid saturating a porous medium heated from below.

Thus from the above analysis, we conclude that the medium permeability has a pro-
found influence on the onset of convection. It is hoped that the present work will serve
as a vehicle for understanding more complex problems investigated in the present paper.
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