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ABSTRACT

This paper deals with the theoretical investigation of effect of rotation on micro-polar ferromagnetic dusty fluid
layer heated from below in a porous medium. Linear stability analysis and normal mode analysis methods are
used to find an exact solution for a flat micro-polar ferromagnetic fluid layer contained between two free
boundaries . In case of stationary convection, the effect of various parameters like medium permeability
parameter, non-buoyancy magnetization parameter, micro-polar coupling parameter, spin-diffusion parameter,
micro-polar heat conduction parameter, dust particles parameter and rotation parameter has been analyzed and
results are depicted graphically. In the absence of dust particles, rotation, micro-viscous effect and micro-inertia,
the sufficient condition is obtained for non-oscillatory modes

l. INTRODUCTION

Magnetic  fluids or Ferro-fluids are
colloidal liquids made of neno-scale ferromagnetic,
or ferri-magnetic particles suspended in a carrier
fluid (usually an organic solvent or water). Each
tiny particle is thoroughly coated with a surfactant
to inhibit clumping. Large ferromagnetic particles
can be ripped out of the homogeneous colloidal
mixture, forming a separate clump of magnetic dust
when exposed to strong magnetic fields. The
magnetic attraction of nano-particles is weak
enough that the surfactants Vander Waals force is
sufficient to prevent magnetic clumping or
agglomeration. Ferro-fluids usually do not retain
magnetization in the absence of an externally
applied field and thus are often classified as
superparamagnets rather than ferromagnets.
Experimental and theoretical physicists and
engineers gave significant contributions to
ferronydrodynamics and its application. An
authoritative introduction to this subject has been
discussed in detail in the celebrated monograph by
Rosensweig[8]. Many authors [2, 6, 7, 11, 19]
discussed the thermal convection in ferromagnetic
fluids. Scanlon and Segel[4] have considered the
effects of suspended particles on the onset of
Bénard convection, whereas Sunil et al.[20] have
studied the effect of dust particles on thermal
convection in ferromagnetic fluid saturating a
porous medium by assuming isotropic properties.
During the last half century, research on magnetic
liquids has been very productive in many areas
(earthquake protection, air bags, sealing of rotating
shafts etc.) and the mechanism of controlling
convection in a ferromagnetic fluids is important in
material processing in space because of its
applications to the possibility of producing various
materials. Now-a-days micropolar ferromagnetic

fluid stabilities have become an important field of
research [1, 5]. Thermal convection in porous
medium is also of great interest in chemical
engineering, metallurgy  and  geophysics,
electrochemistry and biomechanics[3]. Sunil et
al.[15, 16, 18, 22, 23] have discussed the marginal
stability of micropolar ferromagnetic fluid
saturating a porous medium and thermal
convection in micropolar ferrofluid in the presence
of rotation saturating a porous and non-porous
medium. In the study of micropolar ferromagnetic
fluid layers done by Sunil et. al[15, 16, 18, 22, 23],
the fluid has been assumed to be clean (free from
dust particles). However, in many geophysical
situations, the fluid is often not pure but contains
suspended/dust particles. The effect of dust
particles on stability problems of micropolar
ferromagnetic fluid through porous medium
reflects its usefulness is several geophysical
situations, chemical engineering, biomechanics and
industry.

The effect of dust particles on
ferromagnetic fluid for porous and non-porous
medium has been studied by several anothers [12-
14, 17, 20, 21]. Reena and Rana[10] have studied
the effect of dust particles on rotating micropolar
fluids heated from below saturating a porous
medium. Reena and Rana[9] have studied the
effect of dust particles on a layer of mircopolar
ferromagnetic fluid heated from below saturating a
porous medium.

Keeping in mind the usefulness of
micropolar ferromagnetic fluids and their various
applications in several fields given above, | have
made an attempt to examine the effect of rotation
on a layer of micropolar ferromagnetic dusty fluid
heated from below saturating a porous medium and
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to the best my knowledge this problem is

uninvestigated so far.

1. MATHEMATICAL
FORMULATION

Consider an  infinite,  horizontal,
electrically non-conducting incompressible thin
micro-polar ferromagnetic fluid layer of thickness
d, embeded in dust particles, heated from below as
shown in figure below.

/ST I EEEEE R T,

The physical structure is one of infinite
extent in the x and y directions bounded by the

planes z = —d? and z = d; The upper boundary is

held at fixed temperature T =71, and the lower
boundary is held at constant temperature T =T,
such that a steady adverse temperature gradient

dz

B = is maintained. A strong but uniform

magnetic field H = (0,0, H$*") is applied along z-
direction. The whole system is acted upon by a
gravity g=(0,0, -g) and is assumed to be
rotating ~ with  uniform  angular  velocity
Q = (0,0, Q,) about z-axis.

Heated from below

This micro-polar ferromagnetic fluid layer is
assumed to be flowing through an isotropic and

homogeneous porous medium of porosity e and
the medium permeability «,, where the porosity is

defined as the fraction of the total volume of the
medium that is occupied by void space. Thus 1-
is the fraction that is occupied by solid. For an
isotropic medium the surface porosity (the fraction
of void area to total area of a typical cross section)
will normally be equal to . Here both the
boundaries are taken to be free and perfect
conductor of heat.

Within Boussinesq approximation, the
mathematical equations governing the motion of a
micro-polar ferromagnetic fluid saturating a porous
medium following Darcy’s law for the above
model are as follows :

The equation of continuity for an incompressible micro-polar ferromagnetic fluid is

vV.g=0 ..(1)
The equation of momentum for generalized Darcy model including the inertial forces is given by
2p
"”"q LG9 |- —vp-pge, - B8, ﬂ(qd—q) FV(H.B)+ (G x @)+ (Y x N) -(2)
S J Ky €
The equation of internal angular momentum is given by
foN 1 (1= - Y 3)
poj‘ + (qV)N\_(a +B")V (V. N)+yV N +§L Vxq-2 NJ (M x H)
Lot = ]

The equation of energy is given by

[ «(6N\

| oT
€ PoCy 1 *HOH

[om . 1
—+(q.V)T |+(1- €)p,Cy—
[ ot ] ot

N —

VH
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(om) fon . -1 (o _ ) -
+tu,T .|—+(q.V)H\+mNCptLe—+qd.VJT = %7 VT +8(VxN).VT ..(4)
kaT J H | ot ot
The equation of state is given by
p=po[l-a(l -Ty)] .(5)
The equation of motion and continuity of the dust particles are given by
o 1 . _ L
mN{;Jr—(qd.V)}qd:KN(q—qd) (6)
and ei—N+v.(Nad):o (7
t
Where particles per unit volume, specific heat of dust

' wg. i H,B.M,T, p Patticles, stokes drag coefficient, thermal

ﬁ,N,dd,p,t,p,po'u,C,KlyaGB’,v ) T A )
conductivity,  micro-polar  heat  conduction

mN, Cp. K =6mpur, x7, 8, a, T, and &, denote coefficient, coefficient of thermal expansion,
respectively filter velocity, micro-rotation, velocity average temperature, which is defined as
of dust particles, pressure, time, density, reference To+ Ty d unit vector al .

density, viscosity, coupling viscosity coefficient, Ta = 2 » and unit vector along z-axis.
medium  permeability, micro-polar  viscosity Also N = N(X,t) where X=(x,y, z), denotes

coefficients, magnetic permeability for free space

; the number density of the dust particles. T, and T,

— -1 - - .
(ko . ‘_m x40 !—|enr_y m), _mlc_:ro |ne_rt|a are constant temperatures at lower and upper
coefficient, magnetic field, magnetic induction, boundaries respectively. The partial derivatives are
magnetization, temperature, density of solid matrix, material properties that can be evaluated once the
specific heat at constant volume and magnetic magnetic equation of state is known.

field, specific heat of solid matrix, mass of the

In ferro-hydro-dynamics the free charge and the electric displacement are assumed to be absent, therefore the
Maxwell’s equation yield

V.B=0, VxH=0 ..(8)

In Chu formulation of electrodynamics, the magnetic field, magnetization and magnetic induction are related by
B=pg(H+M) ..(9)

We assume that the magnetization is aligned with the magnetic field, but allow a dependence on the magnitude
of the magnetic field as well as the temperature, so that

M :iM(H,T) ..(10)
H

The magnetic equation of state is linearlized about H , and T, , which is given by

M =M +x(H-H,)-K,(T-T,) ..(11)

ext .
o ©

ext
o]

Where H = (0,0, HZ') e, H=H .. &, is the unit vector along z-axis and H, is the uniform magnetic

field of the fluid layer when placed in an external magnetic field H , and B is the magnetic induction.
(oM )

Now y = L_) denotes the magnetic susceptibility.
oH H o Ta
oM . . - -
K, = {—j denotes the pyromagnetic coefficient,and H =|H|, M =M | and M, =M (H,,T,)
ot H T
0’ 'a

1. BASIC STATE OF THE PROBLEM
The basic state is assumed to be quiescent state
which is given by

WWW.ijera.com 6|Page



Bhupander Singh. Int. Journal of Engineering Research and Application Www.ijera.com
ISSN : 2248-9622, Vol. 6, Issue 3, ( Part -5) March 2016, pp.04-28

G =Gp=(0,00)N=Ny=(000)0g=(dg)y =(0.0,0), p=py(2), p=py(2),N =N,
H=H,=H,(z2), M =M, =M, (2), B = B, (12)
Using this basic state equations (1) to (11) yield

- - dp
~V(H, .B,)+ Zb+pbg:0 ..(13)
T,-T

T =T, (2) = -Bz+T,, led—o ..(14)
p=pp =pgL+apz) (15)

N =N, =N, ..(16)

From (11), we have
My =M, +3(Hp-H, )= K, (T, -T,) ..(17)

From (8) and (9), we have

V. B_O = py V. (H+M)_O

=S H+M=(H,+M,)é, ..(18)
For basic state, we have

Hb+Mb—(H +M)e,
or My =M, -h, ..(19)
From (17) and (19), we get

v, KT Tl oo KM oTo L 20)
L 1+ 7y J L 1+
K, (T -~ Ko (T, =T
and Hb:rHo (b a)—‘ H " 2( b a)—‘éz (21)
{ 1+ y J { 1+ y J
and Hy+My=HZ and B, = pg (H, + M,)§, ..(22)
IV.  PERTURBATION EQUATIONS
Let G/, N", g, p’,p, 0, H',M" and N’ denote G=G,+G' =G, N=N,+N'=N",
respectively ~ the  small  perturbations in dg = (Ag)p +G{=af, P=Pp+ P p=p,+p, T =T, +0

G N,dg. p.p.T.H, M and N, therefore the
new variable become

Using above perturbations and equations (13), (14), (15), (16), (20), (21), (22), equations (1) to (11) become

vV.qg' =0 ..(23)

q' K(Ng+ N S SO .
vai+i(agv)51:_vp g, _(*”C)‘ (No * )(‘ —Gr) +(Hy .V)B '+ (B, .V)H + (B .V)H, +H, x (VxB")
EL@I € J Kq €

- _ - - - - 2 - -
(R V)B4 (B V) H 4+ H x (VB4 (G x @)+ C(VxN ..(29)
€

[oN" - - - - - - - -
Poi\ﬂ+£(d’-V)N’\:(a’+B')V(V-N’)+v’VZN'+g{ide'—zN'j o [(My+ M) x(Hy+H ...(25)

L@l S ] IS

[ ( \ 1
- - [ o(T,+0) 1
lp. C Hg(Hy + HY). M | b GV, +6)
\-Po v,H ~Ho My L a(T, +0) v J[E b J
o(T, +0) (o(My + M) [ oH,+H) - -]
+(1- ep,C,—2 +p0(Tb+e)Lb7 Je—L— i@ .V)(H, +H")|
at am o) ), 1 ot

ol - —
+m (N, + N')cpt{e;Jr(qi.V)} (T, +0) = x7 V2 (T, +0)+3(V x N').V (T, +0) ...(26)

WWW.ijera.com 7|Page



Bhupander Singh. Int. Journal of Engineering Research and Application Www.ijera.com
ISSN : 2248-9622, Vol. 6, Issue 3, ( Part -5) March 2016, pp.04-28

p'= —py .(27)
- 1 .1
Q= AT -(28)
1 0
LK o)
N’ = a constant (not a function of time) ..(29)

From equations (10) and (11), we have

(Hp + H)(My + M) =(Hy + H)[Mg +xH "+ 2 (Hy —Ho) = K, 0 = K, (T —T,)]
Taking components along x, y, and z-directions respectively, we have

Along x-direction :

u} Hy ..(30)
0

Hi+M (1
it 1’:L+

I

Along y-direction :
..(32)

Hy+ M, = 1+ Mo Hj

S
Along z-direction :
Hi+M{=(@0+yx)H{-K,0 ..(32)
Using (28), equation (26) can be rewritten as

] oM Vi I ree . 1 20
elPoCy i —mg (Hy +H. \FLW\ “ng(Hy+H’ )\F i T\ l x[7+(Q’.V)Tb+(Q’-V)9J+(1* €)ps Cy
Lo +0) ], Lo(Ty +0) }, J ot ot
[ ( v Y | [ H —|
oM, ) [ oM’ ) oH "
+|“°(Tb+e)L7bJ o Ty s 0 = || F (3 .V)H, + (@ V)H |
L oy +0)), 6(Tb+e)V,HJ | ot J
(N N")C oLt (g V)T(T 0)
+m + N’ e—+—(q’. +
® ’”lL at L, {To
%7 V2045 (VxN') VT, +5(VxN').VO ..(33)

In order to make linear, we ignore the terms (a’.V)a',N’(al’—a’),(l\;l’.V)I:i’, G V)N,

-~ oM ) oM’ )

~ - - 00
(H'.V)B',M’'xH'’", H' Lﬂ} (q'.v)e, o (q’ V)H' N'(q', V), N'"—,
b+

La(T +9)J ot
b

(VxN).VO, (B".V)H', H' x (V xB") ,weobtain
V.q'=0 ..(34)

[Lypy MmN, oG’ [ [ +g\ ZpQ L
-0, UJO =Lg|-Vp' -p'ge, —L . O(qlxez)
€ € ot L Ky S
- an’ K,pé ]
+gvXN'+HO(HO+MO)——w[(ux)Hé-KZe]\ -.-(35)
oz T+ y) |
Poj%=(u'+ﬁ'+y’)V(V.l:l')—y’(V><V><KI’)+C[£V><E]'—ZI:J’} +H0(MbXHI+M’XHb) (36)
€
r 20 901 1 vo. e, s reTokzp) | 37)
Lot(cl-*-mNoEc p) S~ HoToK La*JJ—Lo‘LxTV 9+chﬁ*?JW*35§J*mNoﬁcptW

Where Ci=epgCy y+U-€)psCs+tepgKyHy, Cy=epyCy p+epgKyHyp,

B'= (B, By, By), H'=(H{, Hj, H§) &= (VxN).&,, W =(a".¢,)

V. DISPERSION RELATIONS
Taking curl twice on both sides of equation (35), and taking z-component, we get
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I ( \ N 1
|jf;01+ s 1 o+m . i\v W:Lo[%“gv 0+Cvie-

LLE ot LKl)J € 8t_'
Taking curl once on both sides of (36), and taking z-component, we get

1
ZPUQO% g Ky PV { J HoRa P zﬁ 129‘ (38)
z 1+ J

€

po | = V’Vzé—p[£V2W+2§] -+(39)
ot e

Taking curl once on both sides of equation (35), and taking z-component, we get

[ 1

| p—°i+(”+c\lLo+ "No ﬂ\gz _ 2P0 Lo o oW — Ly C(VxV xN").g, ..(40)

L{ e ot k Ky JJ e DtJ e 0z

Taking curl twice on both sides of equation (36) and taking z-component, we get
[pojj—t—y'vz+2g}(vaxr§1')_éz:_EVZCZ .(42)
Eliminating (v x v x Nv).e, between (40) and (41), we get

[ ( \ mN, o | 2
|jp70i+kgjll-o+7oa ‘[Polﬁ—}"vz-#ZQ}Qz :ZPOLOQOTPOji_y,vzi_zc}aiw_LOLVZCZ (42)
|| e ot )| ot | at at oz

€ €

Where ¢, - (vxq).e,
From equations (30), (31) and (32), we get

( 22y
1o Mo V2 a4 )= ¢ —Kzﬁ: ..(43)
L HOJ 922 oz

Second equation of equation (8) implies that in the absence of electric current and electromagnetic induction, the
field H can be regarded as conservative, so we may take H'=v¢', where ¢’ is the perturbed magnetic
potential.

VI. NORMAL MODE ANALYSIS
Now we analyze the perturbations w,e, ¢, ¢, and ¢’ into two-dimensional periodic waves by considering the
following form

[w, 0,8 C,, 0'1=[W (z,1),0(z, 1), X (2, 1), G(z, ), D(z, t)]exp (ixk, +iyk,) ...(44)
2 2 . , [d° y) 2 2
Where a = [k, +k; isthe wave number, v° = L_Z_a J and v; = -a
oz
Using above normal mode analysis, equations (37), (38), (39), (42), and (43) become
r(pii w+e) mNoi—\(i 2\ - [ ) (52 2\ 2pyQ oﬁ ZECD ko ZBa O-‘ (45)
I_L e ﬁtJr Kq )L0+ € E?tJLazz_a JWiLOlt_pouga®+ctazz_a JX - € EZ+H0 KzPa oz 1+ J
[ 5 e 3 1 (2 3
|p0ji—y'Lf— 2J+2§|X7—5L—— ZJ ..(46)
L ot o1 els
r(piﬁ &\ ﬂ"w i ,(‘3 2\ 2pg Lo Q o( 0 (5? 2) Tow Loczraz 2) (47)
(e ey T P e R P e e
( N 2
1o e Catyo s e T2k, 20 ..(48)
( HOJ 822 oz
and
20 o (o0 [ ) T,KZp 1 ..(49
LO[(C1+mNoeCp‘] o “HoT oK atkaz”:L°|[XTL§’32J®*{C2V“°117;}W*BBXJ+mNoBCer (49)

Now converting the equations (45), (46), (47), (48) and (49) into non-dimensional form by using the following
non-dimensional parameters and non-dimensional quantities

* vt * * z d » Ky * x  Xd « d
t=—,W =—W,Z =—,D=—y,K, =—,a =ad, X = ,G = —G
d? v d 57 d? v v
* J1/2 * 1/2 4
* a R * 1+ a R afd’ C vC vC
RS PR Gl 90, > o, r-2P Z,Prz—z,Pr':—ﬂleg
C,pvd K,C,pvd Vir X7 X7 n
([ M)
, ) 2 2 1+ J
3 - o Ky B HoTo Ky Ho
Ny =—— Ny = i My s, = My, =
pd c,d d Q+x)apg g @+x)C, L+%)
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2
mv . (8 ) mN o mNon[ (29 a2
T = ’L07LTT+1J ,h= Ta =] |

Kd? ot Po Cy L v )
We have
r.r \ 1 L . - N
[P R S L RN P R =Lol{Mpe —armpefa RYZ4N, (D2 -a)x -2 —DG"| +-(30)
| keat K, ) eat ] L € ]
[— " T« N * .

—NZ(DZ—a2)+2N1 x =L m?-a"%)w ...(51)
L 5t J e
Fof1 o 148 506 =0 S Sl B . . LN} v
o) = Cﬁf - I+**‘FJ*-N (p?-a )+2Nl]G = ] 7—N2(D2—az)+2Nl}DW -2l p?-a"%e -(52)
| Leat K, ) <ot JL at J e at e
D0 -a?M,0 -DO =0 ..(53)
. 20" 5 R o . . .
Lyl (P/+ ehP)——-M, P —(Dad")| = Ly (D?-a'?)® +{L0(1—M2)+h}a RY2w ™ —a " RY2 L Ny X7 .(54)
L ot ot |

VIl.  EXACT SOLUTION FOR FREE

In equations (50) to (54) v -~ denotes the BOUNDARIES

Po . .
kinematic viscosity of the fluid, m,, m, and h _In this problem, we consider that both the
] D boundaries are free as well as perfect conductor of
denote respectively buoyancy magnetization, non- heat. The case of two free boundaries is of little
buoyancy ~ magnetization and dust particle physical interest but mathematically, it is important
parameters. R, T,, P, P/, Ny, Ny and j denote because in case of free boundaries one can derive
respectively thermal Rayleigh number, Taylor an exact solution. Here we consider the case of an
number, Prandtl number, coupling parameter, heat infinite magnetic susceptibility (i.e., x - «) and
conduction parameter and microinertia parameter. we neglect the deformability of horizontal surfaces.
The exact solution of equations (50)-(54) subject to
the boundary conditions
* * * * * * * 1 1
w =bDwW =@ =po =x =DG =o0atz :—;and; ...(55)
is written in the form
X ]
W™ =P e’ cosmz 0 =p,e° cosnz I
. - . o (P3) opr . w . otr
DO® =Pye’ cosmz or @ =L—)e sinnz and X = P,e® cosnz* ...(56)
T |
. . . . |
and pg = PSeGt cosm z orG =(F’—5 e sinnz |
) J

Where P, P,, P;, P,, P, are constants and o is the growth rate, which is in general, a complex number.
Substituting eq. (56) in egs. (50)-(54) and dropping asterisks for convenience, we get

[ (6 1+N,) £ 1 , 12
\(1+‘cc)k—+ J+_6‘(ﬂi +a’)Pp-(1+nc)(1+ M, )PaR
L Ky < |
1/2
1/2 2 2 57
+M,; @+ 1t6)P;aR " =Ny (n° +a")P, 1+ t0) - P;(1+15)=0 ..(57)
€
Ny 2 2 [~ 2, .2\, ,n. ] 58
?(n +a )Pl—ch+N2(rc +a )+ NlJP4:O ...(58)
ke 10 12 [ A ] _ 2
2o [jc5+N2(nz+az)+2N1]P1+J\(1+rc)[g+l+N1J+Lc\ x[jc+N2(n2+a2)+2N1]—7(1+16)N1 (n2+a2)LP5:0"'(59)
e “ € Ky € e J
Zp, — (2 +a’M4)P =0 -.(60)
R12 ' 2,52 —ar"? = (61)
(A+to)@-M 2)+h}P1—(1+tc){c(Pr+ehPr)+(n +a )}P2 +M, P o(l+16)Py—aR"“ (1+10)NzP, =0

For the existence of non-trivial solutions of equations (57)-(61), the determinant of the coefficients of
P. P, Py, P, and P, must vanish. Thus we have
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- 2

neTAl a+ ‘l:licrl)2 _ '
- [Jpiog+ Ns @+ x)+2N,]

2
€

x {n4M ,Prioy (Lt tyioy) — ' (14 M) (L+ tyic;)[ioy (P/+ e hP )+ 1+ x ]

n4N1(1+ X) r ) (nz_ n2(1+ Nl)\ nzf_ 1 — .
+—_ |(1+11|01)L—|01+ + |c51|[11|c51+ N (L+ %)+ 2Ny ]

!

nlez @+ xl)l {

€

€ K/ €

—(1+ tyicy) —x Ry My NG A+ riog)® +mt M P ioy Ny (L ) A+ yi0)°

[ (2 2 3 2 T
+n4(1+XlM3)MJ‘(1+tlicl Do+ SRl VR ficsl\[jics1+Nz'(1+xl)+2Nl]
€ M Le J €
n’NZ(L+ Xl)l
< J

) RyNG @ M) @ 1i00) =7 Ny @ ) @ 1yio)* [iog (P + € P ) + 1+ xq ]

K{

-1+ t4ioy)

2. I . (’IL'Z_ n2(1+Nl)\ nzf_ 1
—n [ Jiog+ Ng@+x))+ 2Ny {1 (1+ tjicy)| —ioy + + ic, |
Le Kl' e J
2., 2
— "N, 1+ X)
x[Jpioy+ Nj@+x)+ 2N |- @+ 1 i0;) ————= 1l
€ J
. _ 0 (g2 2@+ Ny wlr |
x 47 (1+X1)M2Pr|61(1+T1|61)|(1+‘El|61) —ioc, + + I61|
L Le Ky € J
6 . ) ]
-n X, RyM L+ 1 i0) [+t i) (L-My)+h] ¢
J
2 — . [ . (nz_ n2(1+N1)\ nzf_ 1
-T (1+x1M3)[Jllcsl+N2'(1+x1)+2N1] \(1+1:1|csl) —iog + + Icsl\
Le Kl' e J
2 2
— n” N, 1+ %)
x [Qpiog+ N2’(1+x1)+2N1]—(1+rlicl)1—1l
€ J
X 0 (g2 2@+ Ny wfr |
x {-n @+ x)A+1yi0) @+t i) —ic,+ + oy |
t e Kl' e J
]
x nllicy (P + ehP )+ 1+ x]+n° xR (1+M)(Q+1i0)[L+1i0,)@-M,)+h] t=0. .(62)
J
o a’ R T
. = 27 o, 2 , 2 , 2 s _ 2
Where ic; = —. x = — Ri=— jj=n" . Njg=n"Np, Ny =n"Ng Ky =n"K; Ty == 1y=nc
¥ T T T
Here we assume that
' [0+ Ny) 1+ f] 1+ N,
b=1+x,L =Nj@L+x)+2N;=Njb+2N;, Ly, =(@A+xM3), Lyg=|———+——|,L, =—,
Ky € ] Ky{
Lg = P/+ € hP, , we have
Agol +iAG] + Ayor +iAs0. + Aoy +iAgor + Agol + iAo, + Ag = 0 ..(63)
2 3 e 2
L,j, t,bL j;bM , P 1
WhereAO:2121 5 hPMotrT
IS €
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Lty ) LbM,P, 2 _ oNb)
~ (M P Ly + DM Pty Ly = Ry M T (L M )| - = il Lyl - |
€ € \ € )
2
(— L) (bM,P1, _(_ uNSb) (bM P T \
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c e e
— 2,2 2
N, bj 7, 2 M,P.N; bty (= 0
- RM NG - 2T M PN+ fk its+ =)
€
Ta Ta
1 - 1 2+
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2 ( 20
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1-2°T1 55 1 :
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L 22X R L+ M) (1-M,) J

f(_— ‘rlNZb\ 2
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2 ( 2,
1T - Nyb'(bM,P 1,
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S S

(= Tyl (.— 1~'1leb\
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(bM ,P < YL it
x ¢+bM2PrL3rlJ— Ll
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€
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y

(-
—Ly| jjLa +

1 1-3
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VIIl.  STATIONARY CONVECTION
Here we consider the stationary convection in case M, = 0, therefore in stationary convection, the

marginal state will be characterized by putting s, = 0 in equation (62) which reduces to
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( N/b) Ta
LzbZLLlerJ +—LiL,b
€
R, =
( N7b) r N,bN g T
X1LL1L4— . J[L2(1+M1)—M1]LL1hl— |

where h; =1+ h
On putting the values of L,, L, and L, , we obtain

2

[ 2] T
b? (1+ M 3)] {“ Nl] (2N, +bNj) - b | +b(1+xM 3)%[2N1+ bNZ’]Z
K/ S
o [ ® J .(64)
14N NZb | r N,bN 3]
Xl‘k J(2N1+bN2’)— [[L+ XM 31+ My)]; hy (2N, +bN ) -
Ly | I < |
In the absence of rotation (i.e., Tp =0 ), equation (64) reduces to
[ 2y ]
b2(1+x1M3)\(1+Nl](ZNlerNZ’)— y
K/ IS J
R, = ...(65)
[ Ny N b
xl[l+x1M3(1+Ml)]Lh1(2N1+bN2’)— J
(S
Which is similar to the equation derived by R. Mittal and U.S. Rana[9].
In case of ferromagnetic fluid, we set N, = 0 and keeping N arbitrary in (65), we get
) b2 (1+ x,M ) __a- x)2 1+ M ) (66)

X h K{[1+ %M 31+ My)]

Which is the expression for Rayleigh number for
ferromagnetic dusty fluid in a porous medium.

X h K{[1+ %M 5 (2

1+ X1)2

b X hy Ky
which is the expression for the classical Rayleigh-
Bénard number for Newtonian dusty fluid in

porous medium.

+M1)]

Further if we set M, = 0 in equation (66), we get

..(67)

, dust particles parameter (h;) and rotation

parameter T, . We examine the behaviour of

Now to investigate the effects of medium drR; dR; dR; dR; dR; dR; and dR,
permeability —parameter (k;)  non-buoyancy dKlll M, ’le’ dN ' AN dh, AT,
magnetization  parameter (M), micropolar analytically as follows
coupling parameter (N,) , spin-diffusion parameter From equation (64), we have
(N ) , micropolar heat conduction parameter (N )
(14N, ,
-b(1+ x1M3)L s J(2N1+bN2)
dR, !
dK r N bN . ]
! xl[l+le3(1+Ml)]Lh1(2Nl+bN2')— L 3J
€
[ [ 2 3,3 , 3,2 2,3, , 1
‘(2N1+bN2')2|b(l+ N, 7l‘+b Ny [Ny 2N T 4aNpgb® (s Nj)  2Npb Ny |
| LL Kl'J EZJ e Le Ky e K/ eky |
« - |
} [l1e N, NZb | }
IL )(2N1+bN2')— |
| [ < J
2 2 2
N, e (1+N,) 1/ 1) 1 ( 1) K{ 2N} N J dR
|fTA> L 1 ,max.j— 14— , — 1+— bc—Lc 2 and hy Nj > 1 3,then S
! NS \ Ky ) lZL Nl) le Nl)J B N, e dK
thus, wunder these conditions the medium

permeability has stabilizing effect.
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L dR
In the absence of rotation (i.e., T, =0), L

under these conditions, the medium permeability

is always negative,

dK. <0 has destabilizing effect in the absence of rotation.
! Again from equation (64), we have
2N} K/ N N,NZ
when —2% < —* < —Z and h N; > ——2 thus,
N, € N, €
M1+ N, Nl T,
b2|k71)(2N1+bN2’)— L +b—21[2N1+bN2r]2 lr[l”l“"s(l*'\"l)]xl 1
K.
R, | L™ €] € | -+ M)A+ M] ]|
= |
dM 4 M1+ N, NZp 1T N,bN 2] 1+ M, (1+ M)
x1|L ,1J(2Nl+bN2’)— L \th(2N1+bN2’)— L 3J| [L+ My Sl
LK <) < J
dR, 1 b non-buoyancy magnetization remains unaffected
Clearly <0 when —> and by rotation
dM K/ 2 ' . . .
s ! © In the absence of rotation and micropolar viscous
NJj > NN thus the non-buoyancy magnetization dRy
27 effects (N, =0),
has destabilizing effect under the conditions :

1 b N,N/
—>— and Nj;>—2.In the absence of
Ky 2 e hl e
. dR, ..
rotation, <0, under the same conditions,
dM ,

which implies that the destabilizing behaviour of

implying the destabiizing effect of non-buyancy
magnetization, which is derived by Sunil et al.[19].
Again from (64), we have

I 251 A T 21 1
H{“KNl}(ZN“nNZ)-Nle\{hi(ZNNsz/)-NleﬂJzn\L{l;h"l)(2N1+bNZ')—LbI }
1 € € L 1 €
| \
! T r 27° ‘
|x“NNbNZ+2(1+N1)72N1H+4l(2N1+bN§)LJb\(1+Nl\(2N1+bN2')fNlb\ + Ny s ong) L
| L Ky Ky e &2 J [L ! ) e 2 \
dR, b1+ xMg) I l J}
dN 1+ xMy@+M : 0 21 .
1 X[l M 5L+ My)] IXWZNl':’bNZ+2(1;’N1)72N1th1(2N1+bN2’)iNleS}Jrl[lJrKl?ll](2N1+DN2’)7Nlb‘[ZhlibNﬂl }
X| L { { € € L 1 € J € ]J |
| 2 \
r 2p 1 7
| \(1+N1\(2N1+bN2’)—N1b\ (h1(2N1+bNZ’)—7N1bN3-‘ ‘
I [L K; ) | }
: |
| \
| \
: |
| \
L ]
2 b 1 b bN bN NN NN LY b &’
If —>— or —> L 2h - —><0 Of h <« —2> h >—L and —> or T, <——, then
1 1 1 A
Ky e Ky 2e S 2 e N e Ky € 1 Klrz
dR . T .
L > o, thus the coupling parameter has a stabilizing effect under the conditions
dN,
2
1 b N3N bN 4 b e
—_— —, 3 1<h1< 8 andTA <
K/ 2e Nje 2e k2
dR, N3

In the absence of rotation,

will always be positive

R. Mittal et. al[9].
Again from (64), we have

L1 b b
if —>— and h, >
Ky 2e €

, which is derived by
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r 2 1
r 2,7 'y : 2NNy
‘b2|(1+N1\(2N1+bN2')—N1b\ \(&+ Nl(N—-thHbN&TA (2N, + bN3) |
[ [L {J < | LK{ LKl’ JJ <2 1 |
dR, -b(1+ x,My) | |
—= } [2N, +bNj  bNyNg vzl 2 bV bZNfT S TR S NlNg'HI
AN [+ Mg+ My)) X}X‘L Ky ok 1LK1'_EJJ|+ o Tl Z)L BT JJI
2
\ M1+ N, N2 T NybN g1 I
2N, +bNj) - | | h (2N +bNj) -
} [L Ky J( 1 3) | ‘_1 1 3) - J :
| |
N Ny 2 b 1 b NyNj N,Nj dR
If —%—-h>00rh<—2 —-—>0 0 —>— and hN; -——>>0 or h, > —2, then —><o0,
Ky Ky K{ € K/ 2 e € N, e dN,
which implies that the spin-diffusion parameter has a destabilizing effect when
NN N 4 1 b
L2 oh<—2and —> —
N, e K{ K/ 2 e

'

. dR, . . N T . .
In the absence of rotation, L is always negative, when h, < —= which is derived by R. Mittal et. al[9].
dN Ky

Thus the presence of rotation affects the dust particles i.e., it gives also the lower bound of h, but in the absence
of rotation, only upper bound of h, was obtained.
From (64), we have

|— r 2 2 —‘

(1+N,) N.2p | T
I b2(1+x1M3)|L : le(2N1+bN2')— 1o +b(1+><l|v|3)i21(2N1+bN2')2 }
dR;  N;b | Ki{ € | E |
dN3  ex3 [[2N, +bN)  N,bN} (2 bl N.bN 2T |
s ! | 17002 T 2N} =1 M@ Ml)]rh1(2N1+bN2’)— 1PN | \
U‘ K/ K/ LKl' e) L € J J

2 b 1 b dR . . o
If ———>0 or —> —, then L - 0, thus the micropolar heat conduction parameter has a stabilizing
K/ e K/ 2e dN

effect when i> L, which is derived by R. Mittal et. al[9]. Hence the stabilizing behaviour of micropolar
K/ 2 e

heat conduction parameter is independent of presence of rotation.

From (64), we have

2
‘F ) M1+ N, NZb | T 21|
’ ‘b (O x1M3)\L - J(2N1+bN2')— [ +b(1+xMj) (2N +bNy) |
ary -(2Ny +bN3) | L 1 € | |
dhy  x [T+ Mg+ My)]| [2N, +bNj  NbN} (2 ] NbN 4T |
[ ]‘ | 1+' 2,1 ’2+N12 fﬁfj‘[hl(ZNlerNz)* 1 3} |
L L Ky Ky K{ €/ | € J

2 b 1 dR . e 1 b
If ———>0 or —> , then —X < o, thus the dust particles has a destabilizing effect when — > —.
K{ e K{ 2e dhy K{ 2e
Hence the destabilizing behaviour of dust particles is independent of rotation.
From (64) we have

2
dR, b(1+ x1M3)(2N1+bN2’)
dT, [2N, +bN, N,bN} (2 b [ ( NN T
A +
1oy 8 2R N S [t M M )] 2h1N1+bLh1N2’— L 3}
Ky Ky ki el i e /]
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2 b 1 b NyN dR . .
If —-—>0 or —> — and hN; > ——> then —2> 0, thus the rotation has a stabilizing effect when
Ky e Ky 2 e S dT
1
1 b NyNJ . . dR, . .
—>—and hNj > . In the absence of micropolar viscous effect (N, = 0), is always positive

K/ 2e € TA1

which is derived by Sunil et. al[19].
For sufficiently large value of M, we obtain the result for magnetic mechanism as follows:

2
|r NICFSA NZb | BTy 21‘

|b | ; )(2N1+bN2’)— |+ 2 (2Ny +bNJ) ‘ 1 1

n _LtxMg [\ Ky € ] < || My islarge sothat — — 0|

m = M

xle3 |r(1+N1\ Nfbw NibN 37| ' .
\Lh1(2N1+bN2')— J\
=

HL - )(2N1+bN2’)—

Where Rr,, is the magnetic thermal Rayleigh number.

@+ xM 3)[(1+ X)) Sy + @+ x)° S, + M+ x) 7S, + (1+ Xl)s“}
Ry = ...(68)
xle 3 [(1+ x1)285 + 1+ %x)Sg + 87}

2 2
, , 2 2 , , 2 ’
Where ¢ RETEL TN < =2(2N1+2N1\(N2+N2N17N1\+TA1N2
SR B T <)
2 ) 2
(oN, +2N2) 4NgNJT, 4T, Ny (N, +NJN, N2)/ NoNZY
5. = 1 1 g 1 s 1 N2 2Ny R 1N3
3= + 2 1S4 = ;95 = - (MN2- )
{ Ky E c Ky e e

(2N, +2N2)(
1 1 ,
Sg = |Lh1N2’
Ky )

NoNZY (N7+NIN, N2 (oNZ 42N,
! 3J+2h1N1L72 2 l—fl|,s7=2h1N1L71 o
€ ) Ky )

€ K/

If N, = 0, then equation (69) reduces to
[ T, K(? 1
1+ x1M3)|(l+ x1)2+ 1 1+ xl)|

< J

2 ’
X3 M ghy Ky

Ry =

Which is similar to expression derived by Sunil et. al[19]. For very large value of ™ ,, equation (68) reduces to

[(1+ X1)451 + 1+ xl)SS2 + 1+ x1)253 + 1+ xl)Sd

Ry = = R, (inthe absence of magnetic parameter)
xl[(l+ x)%Sg + (L+x)Sg + 57}
Thus, in case of stationary convection, the Now differentiating w.r.t. to x, on both sides of
ferromagnetic micropolar fluid behaves like an (68), we have

ordinary micropolar fluid for sufficiently large
values of M, and m,.

6 5 4
lr—x1M3(2+x1M3)[(1+ Xy) 8185 + (1+ %) {S,85 + S5} + (1+ %) {S385 + 5,55 + $,5;}
| 3 2
| +(+ )7 {485 + 5386 + 5,87} + (L+ %) {S4S6 + S3S7} + (L+ %) {S,S7}]
|
| +XPM 5 (L + xlms)[(u x1)°(28,S5) + 1+ x)* {S,55 + 35,55} + (L+ x)° (25,5 + 45,5,
|
2
AR, | +@+ %) {5356 + 35,57 = S,S5} + (L+ %) {2535, } + 575, ]
dx, 2

T‘
\
\
\
\
\
|
\
x14M32[(1+ xl)255+(1+ xl)56+37} }
}
\
\
\
J

|
- |
|
|
|
|
|
|
|
|
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- dR
For minimum value of r, we must have -0
dx,

x| (M 5S¢ — M 38,55 )+ XM 3 (4S5 + 2555 — 45,55 - 25, ¢ |

)5 jM 3(6Sg + ¢ + 65555 + 2555, 55185 — 5,55 — 75,5 + 55,55 — S,5¢ — 33157)l
1

+28,S¢ + $,S¢ — $;S¢ |

" jM (455 + 282 + 6555, + 45,5, + 2545, + 45,5, — 85,5, + 45,5, — 25,5, — 85,5, + 5,55 )
| —zszs7+s435

(85 + S8 +824 25,5, +2545, + 2S4S,

( 3
|

+108, S + 65,55 — 25,5 + 25555 — 25,5, )] +xl 3‘+58155+68285—28186+65385—65187 |

|

[ | +35,S5 + S3S5 — 35,5, + 35,55 + 5,5 - $,5;
+208,S5 + 145,85, + 28,55 + 85,5, + 25,55 — 45,5, + 25,85 + S585 — $,S; + $,S5 )
X {M 3 (45,5 + 45,55 + 25,Sg + 45555 + 25,5 + 35,5 + 25,54 + 25,54 + 5,5
+208, S5 +16S,55 + 85,5 +125,55 + 65,55 + 6,55 + 45,54 + 25,56 + 35,5
+xl{Ml(SlSS+SZSS+5136+S385+8255+Sls7+S485+S3SG+SZS7+S4SG+SSS7+S4S7)
+10S,S5 + 95,55 +75;Ss + 85555 + 65,85 + 45,5, + 75,55 + 55,5 + 35,5, + 2555, + $,5, |

(2S,Sg + 25,55 + 25,Sq + 25555 + 25,54 + 25,57 + 25,5, + 25,5 (69)

—

| +25,S7 + 25,85 + 2535, + 25,5,

Hence the magnetic thermal number r,, has its minimum value when condition (69) holds.

IX. OSCILLATORY CONVECTION
Comparing the imaginary parts of both sides of equation (63), we get

o, [Alcf + Agop + Agol + AJ -0 ..(70)

=23 -3 —2 2 -2 2
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It is clear from equation (70) that ¢, may be either zero or non-zero, which implies that the modes may be
either non-oscillatory or oscillatory.
In the absence of dust particles (x, = 0, h =0, f = 0) and rotation (Ta, = 0) , the equation (70) becomes

+ Ly (X RM jh + x, RiM (1= M ,))+
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In the absence of micro-viscous effect (N, = 0) and microinertia (j, = 0) , equation (71) reduces to
cl[chngb(Lst “M P )+ LELb (LyLy — M ,P ) = 2L2L, Lyl b7 + LEL,Lyx, Ry (1+ M) (L- M 2)] -0 ..(72)
Now equation (72) yields that

2
n (1_ MZPF\ <a2<n2(l—epr\
Mol P U 2k
Thus, in the absence of dust particles, rotation, micro-viscous effect and microinertia, the sufficient condition for
non-oscillatory modes is given by

o, = 0 when

220 M,PY , L, eP)
—1- L T - —r ..(73
M3L1 prfJ<a < Ll ( )

X. OBSERVATIONS
In stationary convection, the variations of thermal Rayleigh number R, with respect to the variations of
Medium permeability (K, ), (see fig. 2 to 3); Non-Buoyancy magnetization (Ms), (see fig. 4 to 5): Micropolar
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heat conduction parameter (5) (see fig. 6 to 7); Dust particles parameter (h;), (see fig. 8); and Taylor number
(Ta)s (see fig. 9); respectively have been predicted by the graphs given below:

1300

1250 -

1200 |-

1150+

1100 -

R (Rayleigh Number )

1050 -

1000 -

950 n L L i L L L L L
9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10

Medium Permeability

Fig. 2: Marginal instability curve for the variation of R vs k; for €=0.5, T, =100, h;=1.2, N;=0.2,
N’,=2, N'3=0.5, M;=100, M3=5.

0.015

R ( Rayleigh Number)
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o L s L 1 L L
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Medium Permeability

Fig. 3: Marginal instability curve for the variation of Rvs K ; for €=0.5, Tay =0, h;=1.2, N;=0.2,
N’,=2, N3=0.5, M;=100, M3=5.
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Fig. 4: Marginal instability curve for the variation of R vs M3 for €=0.5, T, =100, h;=1.2, N;=0.2,
N',=2, N'3=0.3, M;=100, K';=0.5.
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Fig. 5: Marginal instability curve for the variation of R vs M3 for €=0.5, h;=1.2, N;=0.2, N’,=2,
N’5=0.3, M;=100, K';=0.5, Tay =0.
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Fig. 6: Marginal instability curve for the variation of R vs N’; for €=0.5, h;=1.2, Ty, =10,
N1:O.2, N'2:2, M1=1OO, K']_:O.S, M3:5.
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Fig. 7: Marginal instability curve for the variation of R vs N’;for €=0.5, h;=1.2, Ta, =10, N:=0.2,
N',=2, M;=100, a=1, K';=0.5.
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Fig. 8: Marginal instability curve for the variation of R vs h; for €=0.5, Ty =100, N;=1.2, N',=2,
N’5=0.3, K’;=0.5, M;=100, a=1.
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Fig. 9: Marginal instability curve for the variation of R vs Tay for €=0.5, N;=0.2, N",=2, N'5=0.3,
MFlOOO, K']_:O.S, h1:1.2, a=1.

XIl. CONCLUSIONS
For Stationary Convection:

1. The medium permeability has stabilizing effect when
2 2 2
N (1+ N ( 3 ( 3 Ky 2N} N N
Tp > Lc il , max.Ji 1+i ,i1+il<—l< 2 and nhNj > L 3(see
! N L KI'J lz( NlJ le Ny e N, E
fig. 2)
2. In the absence of rotation, the medium permeability has destabilizing effect when
Nj  K{ 2N} NN .
—2 1.2 2 and nNy > —3(seefig. 3)
2Ny € le €
3. The non-buoyancy magnetization has destabilizing effect when
2 N Ng .
K;<— and h, > ——2 (see fig. 4)
b e N,
Also the destabilizing behaviour of non-buoyancy 4. The coupling parameter has a stabilizing effect
magnetization remains unaffected by rotation under when

the same conditions (see fig. 5)
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il
, Ky < ,

NyNg

Kl'z b N, e

_bNg
1
2 e

5. The spin-diffusion parameter has a destabilizing effect when

N, N N4 2 e
L2 h <—>and Ky < —
' b

N, e K

6. The micropolar heat conduction parameter has

a stabilizing effect when Ky < Zb—e (see fig. 6

&7)
7. The dust particles has a destabilizing effect

when K/ < Zb—e (see fig. 8)

8. The rotation has a stabilizing effect when

2 e
Ky<—and h, >
b

MLE (see fig. 9)

/
e N,
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