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Abstract: The numerical analysis of the micro-polar ferromagnetic rotating fluid layer
heated from below in the presence of uniform vertical magnetic field in a porous medium
has been carried out. The dispersion relation has been analyzed using normal mode and it
is found that the permeability has destabilizing effect. The rotation, coupling parameter,
heat conduction parameter and micro-polar coefficient have stabilizing effects. The
sufficient condition for the non-existence of over stability has been found.
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1. Introduction

There are some important classes of fluid in the field of technology, one of them being
micro-polar ferromagnetic fluid. In order to study micro-polar ferromagnetic fluids, the
general theory of micro polar fluid was introduced and micro rotational inertia & micro
rotational effects of micro-polar fluid were shown according to Eringen [1, 2]. Qin and
Kaloni [9] studied the problem of thermal instability in a rotating micro-polar fluid.
Kumar and Mehta [5] demonstrated the effects of permeability, hall parameter, magnetic
fields in a porous medium and the sufficient condition for no more stability is as
1

pe < 67°P,

Wooding [12] discussed the Rayleigh instability of flow through a porous medium. Gupta
and Gupta [4] discussed the effect of rotation on the ferromagnetic fluid. Finalayson [3]
analyzed the convective instability of ferromagnetic liquids by the Galerkin method. Singh
[10] discussed the effect of rotation and suspended particles on micro-polar ferromagnetic
fluid. Sunil et al. [11] analyzed the effect different parameters on the micro-polar
ferromagnetic fluid. Mittal and Rana [6] investigated numerically and graphically the effect
of suspended particles on the micro-polar ferromagnetic fluid. Pant and Algehyne [7]
discussed the ferromagnetic fluid layer with changeable gravity and viscosity. Pundir et al.
[8] investigated the Maxwell ferromagnetic fluid with thermal convection.
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Application of this work is in geophysics, engineering science, chemical science and
industry like liquid crystal, blood flows, colloids suspensions and clean engine lubricants.
In this paper, we attempt to numerical study of the micro-polar ferromagnetic rotating
fluid flow saturating a porous medium. To our knowledge this problem has not yet been
investigated using the generalized Darcy’s model.

2. Mathematical Formulation

An infinite, horizontal, incompressible electrically non-conducting micro-polar ferromagnetic
fluid layer of thickness d is assumed which has porosity € and medium permeability k;.

. _ d _ d . .
The higher boundary z = A and lower boundary z = A are maintained at constant

but varying temperatures T, and T, such that a study adverse temperature gradient

dT
p= dz

along the z-axis to the system.

has been continued. The rotation, gravity and uniform magnetic field is applied
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. Heated from below
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The equation of continuity, motion, angular momentum, energy and basic state are given
as follows:
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p=p[1+a(T,-T)] (5)

where p — Fluid density, p,— Reference density, qL Filter velocity, v — Spin (micro
rotation), u - Shear kinematic viscosity coefficient, ¢ — Coupling viscosity coefficient, P—
Pressure, 4, —Magnetic permeability, €, — Unit vector in z-direction, «'— — Bulk spin
viscosity coefficient, [3'—Shear spin viscosity coefficient, ¥'—Micro-polar viscosity
coefficient, J-Micro inertia constant, t—time, Cou— Specific heat at constant volume and
magnetic field, C,—Specific heat of solid (Porous Material Matrix), o, —Density of
solid matrix, » — Thermal conductivity, T-Temperature, & —Micro-polar heat
conduction coefficient, «—Coefficient of thermal expansion, B-Magnetic induction,
M —Magnetization.

The Maxwell’s equations are taken as follows:

V.B=0andVxH =0 (6)
E:%(HXM) (7
The magnitude of temperature with magnetic field is given by
M= v (H,T) (8)
H
The magnetic equation of the fundamental state is linear which is as follows:
M=M;+x(H-H)-K,(T-T,) 9)
M M
where y, :(a—J — Magnetic susceptibility, K, = _(6_) — Pyro magnetic
oH Ho T, oT Ho T,
coefficient, H = ‘I:I‘ M :‘I\ﬂ, M, =M (H,,T,), T, — Average temperature given
T,+T,
by T, :—( 02 1).

3. Basic State of Problem
The basic state is given by q=0,(0,0,0), V=V,(0,0,0), p=p,(z), P=PR(2),
H=H,(z), M=M,(z) and B =B,.

From equation (1) to (9), we have
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dP = 5
—Zb+pbg—V(Hb.Bb):O,T=Tb(z)=Ta—ﬂz (10)
- K,(T,-T - K, (T, -T
where [ = (T T)’Hb: Ho"‘M &, M, = MO_M €.
d 1+Zl 1+/¥l
P=Ps=Po (1+a,82) (11)
-~ H
M, =2 M, and M, = M + 7, (H, —Ho) =K, (T, -T,) (12)
b
4. Linearized Perturbation Equation
We have
vV.g'=0 (13)
0 1 20, /.,
peo q VP +p0agge . (ﬂ-{—g)q +2g(va) 50 (q XQ)
1 oD D' K,’Bo8 9
/u 2 ez
M,+H,)V—~-— .
+,Lle( 0+ ) oz He Zﬂ . T 1+Zl
ov' 1 . o C o VSRV E
pOJE:g{—qu—ZV}+(a+ﬂ) (Vv)+va+ye(M xH'+M )(15)
(S

(NI o kv S (77, pefC,-Ni]A(@), 9

pOCv,H
p'=—pyal (17)
Hl‘+M1':(1 %jHl'
HO
H,'+M," = 1+%JH2' (18)
HO
Hy' M, = (1+ 7)) Hy ' - K, 0
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where E=€+% N :E'ue—KzHO N :& N, = ’ueKT

) 1 2 37

PoCy PoCyk BPC, 1 ’ PoCy
k, = 4 ,C, =€ +E#E—K2H° ,H '=V®', ®'- Perturbed magnetic potential.
pOCv,H IOOCV,H
: : Ty
Converting equations (13) to (17) by the transform axon’s §'= q —q*,P'= e P*,
k 2 V* *
V'=—TV* t= Pyl Pl i = 'UZQ*V——,H:ﬂdH*,.z:Z—,wehave
d U foXo! d d
V.g=0 (19)
149 .1 _ 2,
——=-VP+ROE, ——(1+K)J+2K(VxV)+—(GxQ
— i 1+ K)a2K (V29)+ 2(4x0)
d* oD’ oD’ 20
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Lk, 0z oz
— OV _ — 1 = o :ued4 A TN H
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00 0 (0D
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r'r 6t r 6t( a j ( ) "(q)z ( )
4
where R =M— Thermal Rayleigh number, P, = K prandtl number,
/UkT Pokr

- J k1 - ) 7' a+pB+y' 1K p2d?
J==.K==,0= 7:Co=—"7.C = 2 1Ml:k2—,
d PoC, 1 d ud ud MKy (l+ Zl)
4
Mz_’ueKz’BOI andW =q.é,.
pks

5. Boundary Conditions
The boundary conditions are taken as follows:

daw
dz?

W =

=0,0= Oatz_—gandz_9 (23)
2 2
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6. Dispersion Relation
Taking curl on both sides of equation (20), we have

E§+[%]](VX(1):<R+MI>@_9@X+g_9éy)+m<w>

. X X
(24)
0 0 . 0D
+=Vx(GxQ)-M,|| —& +—& |—
€ (6x0) ZK(?x tox yj z}
2 2 2 2 2
Let us take V2 =a—2+6—2+8—2,Vf =a—2+a—2, D=£,
ox® oy° oz ox~ oy oz
é/Z :(vxq)z ’QZ I:(VXV)Z ! Rl = R+M1'
Taking curl and z-component of equation (24) and (21), we have
10 [ 1RV —rv20+2kv20, 6 —2aD¢, —M,v2 22 (25)
e ot K, € oz
Gt =C,V°Q,'- KFVZW +20Q, } (26)
€
Taking z-component of equation (24) and (22), we have
L0 =2 pw (27)
et K, €
ErPr%—Perﬁ[aijzvzﬁJrSQz'+CrW (28)
ot ot\ oz
From equation (18), we have
BROK M 00
1+ ) —+|1+—2 [V2D'-K,—=0 29
(+n) >3 [ Hojl .= (29)

6.1 Normal Mode Analysis
Let [W,¢,,0,Q, ',d)']:[W(z), X (z),G)(z),G(z),d)(z)}exp.[i kxx+ikyy+at]

Applying normal mode of equation (25) to (29), we have
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f{“ KH(D2 ~a’)W =-Ra’0+2K (D*-a*)G _20oDX + M,a’Dd  (30)
€ K, €

LK x -2y (31)
€ K, €

_ma+2A—(DZ—a2)]G =—5(D2—a2)w (32)
= (S

ERo-(D*-2a%)|©=PN,oDd-5G+CW (33)
D*®-M,a’d-DO =0 (34)
where a’=k{+kJ - wave number, o=o0,+io,- stability parameter,

M, Ji . .
_(“ /40) and m:%, Azﬁ, A - ratio between the micro-polar
- (1—0-/1’1) K CO

viscous effect and micro-polar diffusion effects.

Now, the boundary conditions become

W=D2\N=O=X:DX:G,®=Oatz=—%toz=% (35)

2 _ _ _ - . .
D*W =0atz = %to 2= 75, where n is a positive integer.
The proper solution satisfying (35) can be taken as W =W, cos 7z, W,, - being a constant.

Eliminating ®,G, ®, X from (30) to (34) and putting the value of W and b = 7% +a’ , we have

bF{l;Kﬂz [mo+2A+b][ P.N,o* ~(E,Po+b)(x* + Ma?) | = Ra? F{lLKH

€ 1 € 1

[PN,o7’ - (EPo+b)(z’ +Ma’ (36)

S S

N 2
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)
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7. Stationary Convection

Putting o =0 in equation (36), we have

1+ K 2KADR® 2 2
. b2(2A+b)( K, j—e 422” b(2A+b) M. a7 (37)
R=2 SAb]  (1+K 5A0] (i
2 {cr(zmb)— } (* j{cr(zmb)— } (7 + M%)
(S 1 S

To discuss the behavior of permeability, rotation, coupling parameter, micro-polar coefficient,

micro-polar heat transfer parameter and find the nature of d_Rld_Rld_Rld_Ri andd;ﬁ
dK, dQ dK dA do
respectively, we write

R _ b(2A+b) {b[uKT_m%] )

2

dK,  a*(1+K)[C,(2A+b)-5Abet ]| | K =
1+K)+b _
d—R1<0if K, <Mand5 < cC,
dK, 2r A
From equation (38), we can say that the medium permeability has destabilizing effect
1+K)«b _
when K; <ﬂand o< €€, :
27 Q) A
8Qr* e b(2A+b
3?12: 1 Kﬂ o )5_Ab (%)
az( - ]{Cr(2A+b)— }
K, €

d—Rl>0if3<ECr
(1[@) A

From equation (39), we can say that the rotation has stabilizing effect when the
= €C,

o<
~ , _
w215 4
@_ b Kl (S K1 Kl (40)
dK N 2 < 2 2 2
az(l+K) {C,(2A+b)—5Ab} {b2(1+K] 4Q%x (2A+b)}
K (S Kl 62
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2Q7K L\ [(2A+Db —
IR 0if K > 1l ),i>9and5<ECr
dK eb K, €
From equation (40), we can say that the coupling parameter has stabilizing effect when
2Q7zK, /(2A+b —
the K > bl ( ),i>9and5<ecr.
eb K, €
4 2_2CR3
b (1;Kj {5 20K + (zlcr:zl)}m 7’3
€ + €
a{“ KJ[Q (2A+b)- cSAb}
K, €

aR . oif 5 >2C K,
dA

From equation (41), we can say that the micro-polar coefficient has stabilizing effect
whenthe 6 <2C K.

2 [y
c 1 € 1
= = 42
do SAbT |  4Q’2%b(2A+b)( K )
a{cr(zAm)- } N ( 1 ]
€ e 1+K
R > 0if —>é
do K, €

From equation (42), we can say that the micro-polar heat transfer parameter has stabilizing

effect when the i > é

K, €
8. Oscillatory Convection

Putting o =io;in equation (36), we get real and imaginary parts and eliminating R,
between them, we have

fio!+fo?+f,=0

Putting s =&, we have
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fos®+ fis+f,=0 (43)
where f,=aq,—-pb, f,=a,0—pb—-pb,, f,=a,0-p,.b,

a :b[é{Rszﬂz ~E,Rm(7’ +a2M3)}} ,

ettt 5w 2]

€ " S
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0 b{z(zmb)b[u Kj(ﬂz . Msaz){“ KJZ {( mb(z* +Mja’)+(2A+b) H

€ | 1 7 +M;a’)E,P, —(2A+b)P,N,7°

2
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€ S 1 1

40°%7*
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+M, a7’ F{cr (2A+b)- 5Ab}+mcr (lLK H

€ € .

+

From equation (43), we say that s = o7

is positive. The sum of roots of equation (43) is
positive and it is impossible if f, >0 and f, >0, the sum of roots of equation (43) is
fl

f,

Now f, >0 and f, >0 are the sufficient conditions for the non-existence of over stability.

If f,>0 and f, >0, then 5<5A, KE,P. <2and AKb? < 2mz2Q?,

9. Numerical Calculation
We show the graphical effect of different parameters from equation (36) as follows:

Plot of the R and K1
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—g—0=20
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K1 x1072

Fig.1: E, =L P.=2,e=05, A=0.1,K =0.2,Q=10and & = 0.05.
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Fig.1 shows the variation of Rayleigh number R with respect to medium permeability
K, i.e. medium permeability increases when Rayleigh number decreases.

Plot of the R and 2

0 5 10 15 20 25 30 35 40 45 50
Q

Fig.2: E, =1,P. =2,e=0.5 A=0.1,K = 0.2,K, = 0.002,ands = 0.05.

Fig.2 represent the plot of Rayleigh number R, versus rotation €2 i.e. rotation increases
when the Rayleigh number increases.

Plot of the Rand K
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Fig.3: E, =1 P. =2, €=05, A=0.1,Q=10,K, = 0.002,ands = 0.05.

Fig.3 shows the variation of Rayleigh number R with respect to coupling parameter K
i.e. coupling parameter K increases when the Rayleigh number increases.
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Plot of the Rand A
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A
Figd: E =1LP =2,e=05Q=10,K=0.2,K, = 0.002,ands = 0.05.
Fig.4 represent the plot of Rayleigh number R, versus micro-polar coefficient A i.e.

micro-polar coefficient increases when the Rayleigh number increases.

Plot of the R and &
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Figs: E, =1 P =2, e=05A=0.1K =0.2,K, = 0.002,andQ = 10.

Fig.5 plot between Rayleigh number R and micro-polar heat conduction parameter 5
i.e. heat conduction parameter increases when the Rayleigh number increases.

10. Conclusions
We have the following conclusions:
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10.1 For Stationary Convection

dR

If —L <0, then the effect of medium permeability is destabilizing.

1

i IR
d

i IR
d

i IR
d

it R
d

>0, then the effect of rotation is stabilizing.

>0, then the effect of coupling parameter is stabilizing.

>0, then the effect of micro-polar coefficient is stabilizing.

>0, then the effect of micro-polar heat conduction is stabilizing.

10.2 Oscillatory Convection

The sufficient condition for the non-existence of over stability is & <§, KE,P. <2 and

AKb? < 2mz*CY’.
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