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The present work deals with the theoretical investigation of the effect of Magnetic Field
Dependent (MFD) viscosity of Soret-driven thermohaline convection of ferrofluid layer
heated from below and salted from above saturating densely packed porous medium subject
to a transverse uniform magnetic field. For a fluid layer contained between two free
boundaries, an exact solution is obtained using a linear stability analysis. The normal mode
method and Darcy model are used in the system. It has been observed that stationary mode
is favorable for Darcy model. The critical magnetic thermal Rayleigh number Nc for the
onset of instability is also determined for sufficient large values of non-buoyancy
magnetization parameter M1 and results are analyzed graphically. The MFD viscosity
parameter is analyzed. The stabilizing behavior for various values of permeability of the
porous medium, buoyancy magnetization parameter, ratio of mass transport to heat transport,
thermal Rayleigh number and salinity Rayleigh number is studied. The salinity Rayleigh
number has a destabilizing behavior for different values of non-buoyancy magnetization
parameter, Soret parameter and MFD viscosity. It is also found that the MFD viscosity
delays the onset of convection and MFD viscosity effect dominated the convective system.

1. INTRODUCTION

The magnetization of ferromagnetic fluids depends on the
magnetic field, the temperature and the density of the fluid.
Any variation of these quantities can induce a change in body
force distribution in the fluid. These leads to convection in
ferrofluids in the presence of magnetic field gradient, known
as ferroconvection, which is similar to buoyancy driven
convection. Ferroconvection studies were initiated by Cowley
and Rosensweig [1]. When a salty fluid gets heated up two
types of inter-diffusive phenomena occur. They are known as
(a) the Soret effect, (b) Dufour effect. Thermo diffusion, also

called the Soret effect, is characterized by the Soret coefficient.

Thermo diffusion in a ferrofluid in the presence of a magnetic
field was investigated by Voelker and Odenbach [2]. The
theory of convective instability of ferrofluid began with
Finlayson [3] and extensively continued by Stiles and Kagan
[4] and Siddheshwar [5]. Nanjundappa and Shivakumara [6]
have investigated a variety of velocity and temperature
boundary conditions on the onset of ferroconvection
convective instability in an initially quiescent ferrofluid layer
in the presence of a uniform magnetic field.

Ferroconvective instability in an anisotropic densely packed
magnetic particle, treated as porous medium was studied by
Vaidyanathan et al. [7]. Hurle and Jakeman [8] analyzed the
Soret driven thermosolutal convection. Shevtsova et al. [9]
carried out a study on the onset of convection in Soret driven
instability. Soret driven ferrothermohaline convection in the
presence and absence of a porous medium was investigated by
Vaidyanathan et al. [10-11]. A linear stability analysis on the
onset of Soret driven motion in nanoparticles suspension was
made by Kim [12]. Hemalatha et al. [13-14] discussed the
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effect of rotation on Soret driven ferro thermohaline
convection of dust particles with and without porous medium.
The convection in ferromagnetic fluids is gaining much
importance due to astounding physical properities. One such
property is viscosity of the ferromagnetic fluid. Fluids with
ferromagnetic properties may be formed by colloidal
suspension of solid magnetic particles such as magnetite in a
parent liquid. Viscosity of the fluid in a magnetic field is
predicted by dimensional analysis to be a function of the ratio
of hydrodynamic stress to magnetic stress in Rosenswig et al.
[15]. The effect of uniform distribution of heat source on the
onset of stationary ferroconvection was investigated by
Rudraiah et al. [16]. The onset of convection in a sparsely
packed porous layer with throughflow was studied by
Shivakumara et al. [17]. The onset of surface tension driven
convection in a superposed layers of fluid and saturated porous
medium was studied by Shivakumara et al. [18]. The boundary
and thermal non-equilibrium effects on the onset of Darcy-
Brinkman convection in a porous layer was investigated by
Shivakumara et al. [19].

The effect of rotation on double diffusive convection in a
magnetized ferrofluid with internal angular momentum was
studied by Sunil et al. [20]. The effect of a homogeneous
magnetic field on the viscosity of a fluid with solid particles
possessing intrinsic magnetic moments was investigated by
Shliomis [21]. Kaloni and Lou [22] have investigated
theoretically the convective instability problem in a thin
horizontal layer of magnetic fluid heated from below under
alternating magnetic field by considering the quasi stationary
model with internal rotation and vortex viscosity. Thermal
convection in a ferromagnetic fluid in the presence of a
magnetic field dependent viscosity was investigated by Paras



Ram et al. [23-24]. Paras Ram et al. [25-26] discussed the
ferrofluid flow with magnetic field dependent viscosity due to
rotating disk with and without porous medium. The effect of a
magnetic field dependent viscosity on thermosolutal
convection ferromagnetic fluid in the presence and absence of
porous medium was studied by Sunil et al. [27-28]. It is
interesting to study the nature of variable viscosity on fluids.
Viscosity may depend on temperature and the magnetic field
also. The effect of temperature-dependent viscosity on the
threshold of ferroconvective instability in a porous medium
using the Brinkman model and Galerkin technique was
investigated by Ramanathan and Muchikel [29].

The effect of magnetic field dependent (MFD) viscosity on
thermal convection in a ferromagnetic fluid with and without
porous medium was investigated by Sunil et al. [30-31]. The
effect of magnetic field dependent (MFD) viscosity on
ferroconvection in a rotating with and without porous medium
was studied by Vaidyanathan et al. [32-33]. The effect of a
magnetic field dependent viscosity on the onset of convection
in a ferromagnetic fluid layer heated from below and cooled
from above in the presence of a vertical magnetic field with
constant heat flux has been investigated by Nanjundappa et al.
[34]. The effect of a magnetic field dependent (MFD) viscosity
on ferroconvection in an anisotropic porous medium analyzed
by Ramanathan and Suresh [35]. The comparison of
theoretical and computational ferroconvection induced by
magnetic field dependet viscosity in an anisotropic porous
medium has been analysed by Suresh et al. [36].Malashetty, et
al. [37-38] carried out an analytical study of linear and non-
linear double diffusive convection with Soret effect in couple-
stress liquids with and without Dufour effect.

A nonlinear stability analysis for thermoconvective and
duble-diffusive magnetized ferrofluid with MFD viscosity has
been investigated by Sunil et al. [39-40]. The effect of a
magnetic field dependent viscosity on ferroconvection in an
anisotropic porous medium in the presence of a horizontal

thermal gradient was studied by Hemalatha and Sivapraba [41].

Sunil et al. [42] have studied theoretically, the effect of
magnetic field dependent viscosity on the thermal convection
in a ferromagnetic fluid layer with or without dust particles.
The effect of a magnetic field dependent viscosity on a Soret
driven ferrothermohaline convection in a rotating porous
medium was studied by Hemalatha [43]. Sekar and Raju [44-
45] have studied the effect of magnetic field dependent
viscosity on Soret-driven thermoconvective instability of
ferromagnetic fluid in the presence of rotating and saturating
an anisotropic porous medium of sparse particle suspension.
More recently, the presence and absence of coriolis force on
Soret driven ferrothermohaline convection staturating a
densely packed anisotropic porous medium was studied by
Sekar et al. [46-47].

In this paper, the effect of magnetic field dependent
viscosity on Soret-driven ferrothermohaline convection in the
presence of densely packed porous medium is studied. The
overriding Soret effect on the salinity equation is also studied.
Linear stability analysis is used. The conditions for the onset
of stationary and oscillatory instabilities are obtained.

2. MATHEMATICAL FORMULATION
An infinitely spread layer of Boussinesq ferromagnetic fluid

of thickness ‘d’ in the presence of densely packed porous
medium heated from below and salted from above is
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considered. The temperature and salinity at the bottom and top
surfaces z = #1/2 are TO = AT/2 and SO =AS/2, respectively.
Both the boundaries are taken to be free and perfect conductors
of heat and solute. The Soret effect on the temperature gradient
is considered.

The fluid is assumed to be incompressible fluid having a
variable viscosity, given by n =mn;(1+ 8.B) where n_ is
taken as viscosity of the fluid when the applied magnetic field
is absent and B = (B4, B,, B;) is the magnetic induction. The
variation in the coefficient of the magnetic field dependent
viscosity 6 has been taken to be isotropic, that is, § = 6, =

8, = 63 Hence the component wise n can be written asn =
n,(1+ S.Bl),ny =1n,(1+6.B,) andn, = n,(1 + 6.B3).
The mathematical equations governing the above

investigation are as follows:
The continuity equation for an incompressible fluid is

V.q=0 @
The momentum equation is
D
Lo =a :—Vp+pg+V.(HB)—zq
Dt k @)

The temperature equation for an incompressible ferrofluid
is

oM dT

—u Hl == -

|:poCV,H Ho ( oT )V,H:| dt

+u,T @—'\TAJ .‘ij—': =K, VT +¢
V,H (3)
The mass flux equation is
DS _ K V?S +S; V2T

(4)

where £, 4 =(u,0,w),g=(0,0,-8), t, p, iy, 7, & H,B,
Cyu T,M, K, S K,S and ¢ are the density, filter

velocity, acceleration due to gravity, time, pressure, magnetic
permeability, viscosity (variable), permeability of the porous
medium, magnetic field, magnetic induction, heat capacity at
constant volume and magnetic field, temperature,
magnetization, thermal conductivity, salinity, mass diffusivity,
Soret coefficient and viscous dissipation factor containing
second-order terms in velocity, respectively.
Maxwell’s equations are

Further B, M and H are related by

B= s (M+H) ©

Using Maxwell’s equation for non-conducting fluids one
can assume that the magnetization is aligned with the magnetic
field and depends on the magnitude of the magnetic field,



temperature and salinity, so that

H

M=—M(H,T,S
M (HLT.S)

™

The magnetic equation of state is linearised about the
magnetic field H,, the average temperature Tyand the average
salinity Syto become

where x = (M /0H)y, 1, is the susceptibility, k = (dM/
0T)y, 1, is the pyromagnetic coefficient and k, = (dM/
05) u, 1,18 the salinity magnetic coefficient.

The density equation of state for a Boussinesq two-
component fluid is

p=po[1-a (T-To)+a, (S-5))] ©

where a is the thermal expansion coefficient and « is the

solute analog of «,.

The basic state is assumed to be the quiescent state and
taking the components of the magnetization and magnetic field
in the basic state to be [0,0, M,(z)]and [0,0, H,(z)] the basic
state quantities obtained are:

eT
q=q, =0, p=py2) E:—ﬁfDTb:To—ﬁtz,

oS

K(T,-T,) K,(S,-S,) ]~
H,(Z)=|H,+ (li,rO)- zgfx 0)}(,
K(T,-T,) K,(S,-S,) |
Mb(Z){MO- (1iZO)+ Zﬁ’;")}k.

(10)

where B, and B, are non-negative constants and k =
(0,0,1) is the unit vector along vertical direction.

3. LINEAR STABILITY ANALYSIS

The basic state is disturbed by a small thermal perturbation.
Consider a perturbed state such that
a=d,p=p,@)+p,1=U,&+n, T=T,()+T ,
H=H,@+H ,M=M,(@)+M .whereq,p,7,T ,H,andM
are perturbed variables and are assumed to be small. The
perturbed state temperature and solute are T =Ty, — B,z + T
and S =S, — Bsz+ S’ Let the components of the perturbed
magnetization and the magnetic field be (M;, M,, My(z), M3)
and (H,, H,, Hy(z), H3) respectively.

H; +M; :(1+MOJH; (i=12)
Ho (11)

Hz + Mg =(1+ 7)Hg — KT +K,S +SiKT' (12)
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Let (B, B,, Bs)denote the components of B. Using Eq. (6),
one gets the result B; = u,(M; + H;)and Egs. (11) and (12)
become

B, :y0(1+M°JH{ (i=12)
o (13)

Bs:;10[(1+;5)Hg—KT'+K25'+STKT'+M0+HO} )

When Eg. (5) is used in Eg. (1) and resulting equation is
linearized with Bi (i=1, 2, 3) given by Egs. (13) and (14), we
obtain the following components

ou op oH, m
— = Mg +Hg)——--=u
poor =7 +Ho(Mo+Ho) =2~ 15)
poﬂz_@"'ﬂo(MO"'H )%_ﬂ
oy az kK (16)
ow __op oH3 : :
—=——+ (Mo +Hg)—>— tgH3zK S + 1gH3K
P T, Ho(Mo +Hy) 5 HoHs Pr+ 1oH3Ko 55
ﬂOK BT (1-S)- HoKK BT (1_ST)_ﬂ0KKzﬁtS
1+ y + 1+ y
+7ﬂ° K3AS + po9eT = pogarsS — Bw—"L 55 (Mg + Ho )W

Differentiating Egs. (15)-(17) with respect to x, y and z
respectively and adding, the following equation is obtained
upon using Eq. (1)

0 OH.
VZPZﬂo(MoJFHo)a—( H)+ﬂo 2:85 =2

ﬂoK B T’ ,UoKzﬂs as’
- -S; =~
oK T2 oz iy T, ST 11, &
KK o1’ KK, 88 oT’
_H 25 (1 S )_ HoRRo Py 2Py + poloy
1+ y oz 1+ y E3 oz
S ow
- 2= sy (Mg +Hy)—
P9 2 K #o( 0 0)62

(18)

where H* has the components (H;, H,, H)
From Eg. (5), H'=VQ where @ is a scalar potential.
Elimination of p from Eq. (15) - (17) and using Eq. (18) gives,

Po%(vzw) UKo — ( ¢) KB — ( ¢)

K2 KK ,
b MK B g yyrr - KK (g g gy
1+ y 1+ y
K2 KK
L Ho2Ps 255 st 1o KK By V S +PogatV1T
1+ y 1+ y

- po9a,Vis —%VZW—%@UO(MO +Hy ) Viw

(19)



2 2
=aa—2+a— and v? _Vl
X

62

where Vl
~2
0z

4. NORMAL MODE ANALYSIS

We now proceed to a normal mode analysis of the above
stability problem. Let us take.

f(x vy zt)="f(z, t)ei(kxx+kyy),

¢:¢(Z, t)el(k)(X‘i'kyy)7 W:W(Z, t)el(k)()(‘i'kyy)7

T' _ 6(2’ ‘t)e|(k)()(+kyy)7 S' _ S(Z, t)el(kxx+kyy) (20)
with the wave number

kG =k +k;

Using Eqg. (20) in Eq. (19), one gets

ad* |,

919 k2 lw=
K 0

+“°_ﬁt[( % ko ST)}k§+pogask§S

1+ y
KK
”;H; [4(1-51)0- S

o #oKofs [(l+ Z)%+ KZS}kg

1+y 0z

~ pogerks 0 -

_ﬂ[i_k

| o2 JW+?k Sty (Mg +Hg)w

(21)

The temperature equation is

o (o4 02
KT, —| — |=K K2 |
Ho Oat[&zj (62 OJ

ﬂoKzTozﬁt " 1o KK, To B W
1+y 1+y

06
pOCV,H ot

+ {Pocv nh-
(22)

where poC = poCy 1 + £pKHg
The salinity equation is

2 2
%-ﬁ-ﬂsW:K(a kOJSJrST[a ko]
oz oz? (23)

The magnetic potential equation is

Mg

0 06 0S
(1+;()82¢ [1+—Jk0¢ K=

+K
a it

oz (24)

The non-dimensional numbers can be written using
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L ovt Lowd K,aRY? « k
t :—Z,W :—,T = d 6,k _—2,
d 4 PGy BV d

o _[ @+ x)KaR" 57 =2 D= ackd
KpoCy, ALK d’ B o

1/2
st o KB g TS esHo (14 )
PoCy  Bsvd Lo

Then Eqgs. (21) — (24) become

o 1 N
($+F](D2 —a?)w*=aRY*M,M D¢
2

+aRY2[M, Dg*— (L+ M, (L—S; )T *]+% M ;8 *w*

—aRY?M M, (1-S;)T *+aRy? {1+ M, +%} S*,

5

(25)

o[22
at*

Mz%(Dqﬁ*)}:(Dz—az)T*

+aR"2(1-M, — M,Mg)w*, (26)

P—:

r

oS ™* 2 i 2vex apl2 -
—=7(D"-a")S*-aRs "Mgw

&

1/2
D2¢*-M,ap*—(1—S;)DT *+&[i] DS*=0,
MG RS

Ms

+ST[M j (D% —a?)T*,
6

(27)

(28)
where the non-dimensional parameters used are

/uoKZTo
1+ Z)pocv, H

__ KB
L+ 1) P9,
_LeMoIHy KR
P+ L+ 1)po9e,
P = 7Cun 7= pCy (&j’RS :M,
K, MUK, VK,

R = PC,, HﬂtO‘tgd4
vK, '

KZﬂs
KA,
Ks

K,

3 5 —

(29)

where Ry is the salinity Rayleigh number, R is the thermal
Rayleigh number, PB. is the Prandtl number and other
parameters describe non-dimensional parameters.

5. ANALYSIS OF SOLUTION AT FREE BOUNDARIES

The boundary conditions on velocity, temperature and
salinity are

We=D2WF=T*=Dg*=S*=0 at zr*=+1/2.

(30)



The exact solutions satisfying above equation (30) are

w* = Ae’" cos rz*, T* = Be”" cos zz*,
S* =Ce” cos zz*, Dg* = Ee”" cos 7%,

#"=

E eo‘t
VA

“sinzz*
(31)

where A, B, C and E are constants. These functions substituted
in the set of Eqgs. (25)-(28) give the following four linear
homogeneous algebraic equations in the constant A, B, C and
E:

z7+l (7r2+a2)+£a2M35 A
k k
—aR"[1+M,(1-S;)+ MM (1-5;)]|B
+aRY*(1+M, + M,M;")C +aR"> M, (1+M,)E =0,

(32)

aR"*(1-M, -M,M;)A-(z*+a’+P.o)B+P.oM,E =0, (33)
aRY’M A+S, m—j(%jm (7 +a’)B

+[T(”2+a2)+GR]C:O, (34)

R (-8B R IMMIC R (2 +2'ME =0, 550

For the existence of non-trivial Eigen functions, the
determinant of the co-efficients of A, B, C and E in Egs. (32)
— (35) must vanish. Following the techniques and analysis of
Vaidyanathan et al. [32], Egs. (32) — (35) lead to

3 2 _
Uo”+Vo +Wo+X=0 (36)

U= (7% +a?)| (1-8; ) 2°M, - (7* +a?M; ) | P?
v :%(7[24—612 +a2M35)|:(1—ST)7Z'2M3_(7[2+32M3):|Pf2
+(ﬁ2+az)2{ﬂ2M2{ST [m:]z+7(1_ST )}_(ﬁ2+a2M3)(1+T)}Pr

W= (7 ol +atMyg) ( +a?

M, {ST [%T +7(1-S; )}—(;;2 +a’My )(1+ r)} P,

6

+a’RP, [1+M; (1+M;)(1-S; )]
[(1—|\/|2 ~M,Mg)(* +a2M3)+ﬁ2M2M5}
+a°RP, (1+ My + MM5" )M
[(;;2 +aMy)-7?M, (1-$; )}
+a’RP.7°M, (1+ Mg )[ (1-M, =M, M ) (1-S7 )+ M5 |

—T(/Z'Z +a2)3(7r2 +a2M3)
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X =—%7:(7z‘2 +a2M3)(7r2 +a2)2(7r2 +a? +a2M35)
+a2RT(7r2 +a2M3)(7r2 +a2)
(1-Mp = M,Mg)[1+(1-Sp )My (1+Ms) |
+a2R(7r2 +a2)M1(1+ Ms ) 7*

{(1—M2 —|\/|2|\/|5){5.T Uj::}z +f(1—sT)}+ MS}

+a’R (7 +a’My )(7% +a% )(1+ M, + M M;*)

[(1—M2—M2M5)ST[M5]+ MG}
MG
6. STATIONARY CONVECTION
For obtaining stationary instability, the time-independent

term X = 0. Eq. (36) helps one to obtain Eigen value Rsc for
which a solution exists;

N
Rgc = —,
=D,

where

N, 2(72'2 +a2)(7r2 +a’ +a2M35)—aZkRSr‘1
(L+M, +|\/|4|\/|5-1)[(1-|v|2 ~M,M;)S; [:A/'—Z]+ M6]

And

D, =a’k (1-M, = M,Ms )[1+(1-S; )M, (1+Ms) |
2 a’kM (1+Ms)
72 +a*M,

Ms

(1-M, —MZMS){ST[M Jz Tl+(1—ST)}+ Mgzt

6

For M, very large, one gets the results for the magnetic
mechanism, and the critical thermo magnetic Rayleigh number
for stationary mode is obtained using

N
Ngc = Rschzgr:

r

where
N, = (7:2 +a2)(7z2 +a? +a2M35)—aszsr‘1

(1+M4+M4M51){(1—M2—M2M5)ST[%J+ M6}
6

And



D, =a’k[ (1M, ~M;Ms)(1-S;)(L+Ms) |

{azk(l+M5)}

- 2, .2

- +a"M,
M

(1-M, —|\/|2|\/|5){sT (M—SJZ Tl+(1—ST)}+ Mgzt

6

7. OSCILLATORY CONVECTION

The conditions for the onset of oscillatory stabilities are
obtained as follows: Taking o = ig and 6% > 0, in Eq. (36)
and following the analysis and techniques of Vaidyanathan et
al. [32], the critical Rayleigh number for oscillatory mode has
been calculated using

UUs +(UU, +V V3 ) o? +VV,o

2 2.2
Uy +Vy°o

Roc =

where

U, =a’(7° +a° )7 (1- M, - M,Ms)
(7 +a’My ) {1+ (1- 87 )M, (1+M5)}
+az(7z2 +a2)M1(1+ Ms )7z

(1-M, —MZMS)[ST[%T +T(1_sT)}+M5

6

Uy = £+ +a2Mgd [ (7 +2My ) -22M, (157 [Py

2
M
M, 1S {—SJ +7(1-S
+(”2+a2)2 2{ T My ( T) P

r

—(7[2 +a2M3)(1+r)

M
a’Ry[1+ M, +—%
MS

{(1-M2-M2M5)5Tm_:]+mﬁ}

—r(r vt ratMg)(n? 4l

U, =(772 +a2M3)(ﬂ2 +a’

f—

V; =a’P, [1+ M, (1+ M5 )(1-S1) |
[(1—|\/|2 ~M,Mg) (72 +a2M3)+ﬂ2M2M5]

+a’7’ P M, (1+ Mg )[ (1= M, = M,Mjg ) (1-S1 ) + Mg |

V, =(7% +a%)[ 72M, (1-5; ) - (72 +a2M, ) | P2
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V, :%(”2 +a2)(7r2 +a’ +a2M35)

2

HZMZ{ST{m—Zj +r(1—ST)}—(7r2+a2M3)(l+r) P
M

+a’RM;P, (1+ M, +M—:J[(;r2 +a2M3)—ﬂ2M2(1—ST)J

—7(7[2 +a2)3 (7[2 +a2M3)

2 u SVl -U 1V3

u 1V2 -U 2V1

Roc and Rsc are critical Rayleigh numbers for oscillatory
and stationary convection system. If Roc>Rsc, the system
stabilizes through stationary mode. If Roc < Rsc, the system
stabilizes through oscillatory mode.

8. METHODS OF SOLUTIONS

The Soret-driven  thermoconvective instability — of
ferromagnetic fluid layer heated from below and salted from
above densely packed porous medium with MFD viscosity is
considered using Darcy model. Perturbation method is applied
and Normal mode analysis is adopted. In the perturbation
method, due to the application of magnetic field, the system is
perturbed from the basic state (quiescent state). Accordingly
the governing and other equations are modified (as seen from
Egs. 11 to 17). Linear stability analysis is considered. Then
Normal mode analysis is taken (as seen from Eqg. 20), Non-
dimensional analysis is carried out and the exact solutions
satisfying the appropriate boundary conditions are taken
yielding to algebraic equations. For getting non-trivial solution
for the system of linear homogeneous equations, the
coefficients of the dynamic variables are equated to zero and
on simplification, the expression for Rg.is obtained. Varying
the values of the parameters in the allowable range and getting
the corresponding Rg-values, the stability pattern is discussed.

9. RESULTS AND DISCUSSIONS

Before discussing the significant results of the convective
system, we turn our attention to the possible range of values of
various parameters arising in the study. The Soret parameter
Sr is assumed to take values from -0.002 to 0.002, the salinity
Rayleigh number R is varied from -500 to 500 and the
magnetization parameter M is allowed to take values from 5
to 25. The Prandtl number Pr is assumed to be 0.01. The ratio
of mass transport to heat transport 7 is assumed to be 0.03,
0.05, 0.07, 0.09 and 0.11. The coefficient of MFD viscosity §
is assumed from 0.01 to 0.09. The magnetization parameter M;
is assumed to be 1000. For these fluids, M. will have a
negligible value and hence is taken as zero and permeability
of porous medium k is assumed to take the values from 0.001,
0.003, 0.005, 0.007 and 0.009.

Figures 1, 2 and 3 represent the variation of Ry, versus Rs
for different values of M;, Sy and § When the salinity
Rayleigh number Rgincreases from -500 to 500, the critical
magnetic Rayleigh number Rg. decreases. Therefore the
system gets a destabilizing behaviour. It is observed from



figure 1 that the magnetization parameter M, is found to
destabilize the system. Also, the stabilizing trend of Soret
parameter S; and MFD viscosity & are also seen from figures
2 and 3.
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Figure 1. Variation of Rg.versus R for various Mz, T =
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Figure 2. Variation of Rg-versus R for various Sy, T =
0.003,k=0.001,6 =0.0land M3 =5
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Figure 3. Variation of Rg-versus Rg for various 8, T =
0.003,k =0.001,6 = 0.0land M5 =5

Figures 4 and 5 indicate the variation of the critical
magnetic Rayleigh number Rg. with respect to the Soret
parameter St for various Rg and § . It is found that the
increase in Soret effect stabilizes the system, thereby delaying

the onset of convection. Both figures exhibit a stabilizing trend.

This is due to the fact that the modulation of the salinity
gradient by temperature gradient promotes stabilization.
Positive values of S; stabilize the system which is more
pronounced. The destabilizing trend of R is seen from Fig. 4
and stabilizing behavior of § is seen from Fig.5, as would
mean adding salt from the top.
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Figure 4. Variation of Rg-versus Sy for various Rg, T =
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Figure 5. Variation of Rg-versus Sy for various 8, T =
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Figure 6. Variation of Rg-versus M5 for various 6, t =
0.003,k = 0.001, R¢ = —500 and S; = —0.002

Figure 6 gives the variation of the critical Rayleigh number
Rgcversus the non-buoyancy magnetization parameter Ms for
different MFD viscosity parameter § It is seen from the figure
that as the value of Ms increases from 5 to 25, the value of
Rg-decreases for small value § = 0.01, thus the convective
system has a destabilizing effect for 6 = 0.01 whereas for
higher values of § (0.05, 0.07 and 0.09), R gets increasing
values. In this situation, the system has a stabilizing behavior
which is increasing slowly.



Figure 7. Variation of Rg.versus t for various 8, Rg =
—500,k = 0.001, S; = —0.002and M; =5

Figure 7 shows the variation of critical magnetic Rayleigh
number RqoVversus the mass transport to heat transport tfor
different 8. It is seen from this figure that the system
destabilizes as the mass transport to heat transport t increases.
This is shown by a fall in Rg-values. It is observed from the
figure that the magnetic field dependent viscosity 6 is found to
stabilize the system.
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Figure 8. Variation of Rg-versus k for various 8, Rg =
—500,t = 0.003, S; = —0.002 and M; =5

Figure 8 represents the variation of critical magnetic
Rayleigh number Rg. versus permeability of the porous
medium k for different & It is clear that the system destabilizes
as the permeability of the porous medium k increases. This is
indicated by a decrease in Rg-values. The reason is that as the
pore size increases, it becomes easier for the flow to
destabilize the system. It is observed from the figure that the
magnetic field dependent viscosity & is found to stabilize the
system.

100

—=— M,
10
15
—v— M, =20
—e—M, =25

0] —e—M,

—a M

Figure 9. Variation of Rg-versus 6§ for various M, Rg =
—500,T = 0.003, S; = —0.002 and k = 0.001

From Fig. 9, illustrates that as M3 increases, the values of
R decreases for small values of whereas for higher values
of 8, Rg. decreases for lowest values of M3, and then increases
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for higher values of M3. The same trend is seen from figure 6.
The destabilizing trend of Ry, k and T is also seen from Figs.
11, 12 and 13. But stabilizing behavior of S;is seen from
figure 10.
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Figure 11. Variation of RgcVversus & for various Rg, S¢ =
—0.002,t = 0.003, M3 =5and k = 0.001
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Figure 13. Variation of RgcVversus 6 for various t, Rg =
—500,S; = —0.002, M; = 5and k = 0.001

Figures 9-13 investigate the variation of Rg.versus &for
different values of M3, S;,k and t. From Figs. 9 - 13, one can



find that as the coefficient of MFD viscosity is increased from
0.01 to 0.09, the critical magnetic Rayleigh number increases.
This means that the system is stabilized through viscosity
variation with respect to magnetic field. This leads to the
conclusion that the MFD viscosity delays the onset of
convection for ferrofluid in a densely distributed porous
medium.

10. CONCLUSIONS

The linear stability of thermohaline convection in a
ferrofluid layer heated from below and salted from above
saturating a porous medium subjected to a transverse uniform
magnetic field has been considered with effect of Soret and
magnetic field dependent (MFD) viscosity using Darcy model.
In this investigation, the effect of various parameters like
permeability of the porous medium, Soret parameter, MFD
viscosity parameter, non — buoyancy magnetization, buoyancy
magnetization, Prandtl number, ratio of mass transport to heat
transport, Rayleigh number and salinity Rayleigh number on
the onset of convection have been calculated. The thermal
critical magnetic Rayleigh numbers for the onset of instability
are also determined for both stationary and oscillatory modes,
for sufficient large values of buoyancy magnetization
parameter M; and results are depicted graphically.
Furthermore, the principle of exchange of stability is applied
to find out the mode of attaining instability.

In conclusion, we see that convection can encourage in a
ferromagnetic fluid by means of spatial variation in
magnetization, which is induced when the magnetization of
the ferrofluid depends on temperature and salinity. For the
stationary convection, MFD viscosity has always a stabilizing
effect, whereas the permeability of the porous medium has
always a destabilizing effect on the onset of convection. In the
absence of MFD viscosity (6 = 0) magnetization has always
a destabilizing effect. In the presence of MFD viscosity,
nothing specific can be said, since there is competition
between the destabilizing role of the magnetization M3 and the
stabilizing role of the MFD viscosity &

The coefficient of MFD viscosity & effect has a
destabilizing behavior for various values of Rs, t™M3 and k
which are observed in Figures 1 - 3, 6 - 13. But, the convective
system has a stabilizing effect which is analyzed in Figures 4
and 5 for Soret parameterS;. It is evident from Figure 9 that
lower values of Rgqare needed for the onset of convection with
increase in M3 for smaller values of 6 whereas higher values
of Rg. are needed for the onset of convection with increase in
M3 for smaller values of & justifying the competition between
the destabilizing effect of the magnetization M3 and the
stabilizing effect of the MFD viscosityd Thus magnetization
destabilizes the system and coefficient of MFD viscosity
stabilizes the system for both modes. This leads to the
conclusion that the MFD viscosity delays the onset of
convection for ferrofluid saturating a densely distributed
porous medium.
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