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Abstract-This paper deals with the theoretical investigation of
Hall current effect on micro polar fluid layer heated from below
subjected to horizontal magnetic field in a porous medium. A
dispersion relation is obtained for a flat fluid layer contained
between two free boundaries using a linear stability analysis
theory and normal mode analysis method. In case of stationary
convection, the effect of various parameters like medium
permeability, coupling parameter, micropolar coefficient, micro
polar heat conduction parameter, magnetic field and Hall
current parameter has been analyzed and results are depicted
graphically. The sufficient conditions for non-existence of over
stability are also obtained.
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. INTRODUCTION

Chandrasekhar[11] has studied a thermal convection in
horizontal thin layer of Newtonian fluid heated rfrdoelow,
under varying assumptions of hydrodynamidsmadi[5]
and Pérez-Garcia et. al[3] have studied the effects of the
microstructures on the thermal convection, theyehfavind

that in the absence of coupling between thermal and

micropolar effects, the principle of exchange ddbdity
holds.Pérez-GarciaandRubi[2] have found that when the
coupling between thermal and micropolar effectgresent,
the principle of exchange of stability may not h#filed
and hence that oscillatory modes are present imomatar
fluid. Sharma and Kumar[8] have studied the effect of
magnetic field on the micropolar fluids heated froelow.
In the presence of strong electric field, the elect
conductivity is affected by the magnetic field. Bhuhe
parallel to the electric field is reduced and heitlee current
is reduced in direction normal to both electric anaignetic
fields. This phenomenon is known as thall effect. In an
ionized gas, when the strength of magnetic fieldrige, one
can not neglect the effect of Hall current. Thesall H
currents are particularly important as produce icamable
changes in the flow pattern, when the magnetiad fiisl
considerable largeA.S. Gupta[l] has studied the Hall
current effects in the steady hydromagnetic flow aof
electrically conducting fluid past an infinite po flat
plate. Raghavachar and Gothandaraman[7] have studied
hydromagnetic convection in a rotating fluid layerthe
presence of Hall currentAboeldahab and Elbarby[4]
examined Hall current effects on MHD free convettilow
past a semi-infinite vertical plate with mass tfans
Acharya et. al.[6]
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have studied Hall current effects with simultanethesmal
and mass diffusion on unsteady hydromagnetic flearran
accelerated vertical plat&#akhar[13] has studied unsteady
flow free convective flow over an infinite verticalorous
plate due to combined effects of thermal and m#fssibn,
magnetic fluid and Hall current. The effect of Hallrrent
on thermal instability has also been studiedSbgarma and
Gupta[9], Sharma et. al[10], Sunil et. al [12], Gupta and
Aggarwal[14, 15]

IIl. MATHEMATICAL FORMULATION

We consider an infinite, horizontal, electricallyom
conducting, incompressible micropolar fluid layerf o
thicknessd. A cartesian co-ordinate system, {, 2) is
choosen in such a way that the origin is at theelow

6boundary and the-axis is vertically upward. This layer is

heated from below such that the lower boundaryeisl fat
constant temperaturé = Ty and the upper boundary is held

at fixed temperatureT =T, so that T >T;, therefore a

uniform temperature gradierﬁ:‘?j—z is maintained. The

physical structure of the problem is one of inénitxtent in
x andy directions bounded by the planes 0 andz=d.

AZ

z=d

Trrta

(Heated) T=T,

Fig. 1

This fluid layer is assumed to be flowing through a
isotropic and homogeneous porous medium of pori€ity
and the medium permeabilty. The whole system is acted
upon by a gravity fieldg=(0, 0,—g) and a strong but

uniform magnetic fieldH = (Hg, 0, 0), Hy is a constant, is
applied alonge-direction. The magnetic Raynold number is

'assumed to be very small so that the induced miagfieit!
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can be neglected in comparison to the applied.fldd also lll. BASIC STATE OF THE PROBLEM

assumed that both the boundaries are free and neor_wgk The basic state of the problem is taken as
couples and heat sources are present. For an pgotro o

medium the surface porosity il so that1-0 is the d=0,=(0,0,0),N=Ny= (0,0, 0p=p, ¢)

fraction that is occupied by solid. Within Boussige

approximation, the equations governing the motidnao p=py(2), H=Hy =(Hy, 0, 0). Using above basic state,
micropolar fluid saturating porous medium are

S .
follows:The equation of continuity for an incompsige €duations (1) to (7) become

fluid is d
0.g=0 (1) L‘b+pbg=o ..(8)
dz
The equation of momentum following Darcy law isajivby
T=T,=-Pz+T, ..(9)
&E 1"D“:|:—[|— e D2~
O [at * D(q' ) P=pag +(+0)rd and Pp = Po L+ afz) ...(10)
M NP Ty
~ A+ 0N+ e OxA)xH  (2) IV. PERTURBATION EQUATIONS

) ) ) ) After perturbation, the new variables become
The equation of internal momentum is given by

N B B - d=d,+qd', N:N +N’ = +p', p= +p0'
pojBT+é(q-D)N}(G’+B’)D(D-N)+V’DZN AT TR PERTE PRI,
A=H,+A, T=T,+0 -(11)
+Z(%qu_2Nj - (3)
Where §',N’, p’, p',h and 8 are the perturbations in

The equation of energy is given b _ _
! Ve y d, N, p, p, H andT respectively.

aT _
[PoCy 0+psCs1= D] 5-+poCy @OIT Using (8)-(11), equation (1)-(7) yield

=xr 02T +3(0xN)OT  ...(4) 04 =0 ..(12)
and the equation of state is given b Po |09 |1 v | = oy 20 Mo a S

q 9 y D[at +D(Q-D)q} Op + (u+) 0%~ @' ~p'q & +OxN
P =Poll-a(T -Tp)] -.(5)
+He oxhyx A, +Ee @xhyxh ..(13)
N s A 41 41

Where 4, N, P, P, Py Pss MG K e, 0" By

T,To, t, X7,9,0,C,,Cs and &, denote respectively filter 0 j[®+1(q.D)N'}:(a'+B')D(D.N’)+y’ DzN,)JrZ[} qu"ZN'j
velocity, microrotation, pressure, fluid densityefarence o O o

density, density of solid matrix, viscosity, coungi .(14)

viscosity, medium permeability, magnetic permeapili

micro-inertia coefficient, micropolar viscosity déeients, 20

temperature, reference temperature, time, thermal[pocv 0+psCs (1~ D)]EWOCV(Q’D)GWOCV @ Oy
conductivity, micropolar heat conduction coeffidien

coefficient of thermal expansion, specific heatcahstant =% 0%0+8(0xN").08+3(0 xN").OT, (15)
volume, specific heat of solid matrix and unit wecilongz-
direction. o ) ) )
The Maxwell’s equation with Hall current is givey b Dﬁ =0x (G xh)+0x (G x Hp)+ Oy O°h
oH - o O il (6
0% =0 (@xH)+ Dy,0% - Ox[(@xH)xH |-(6) . s
ot 4 - Ox|(Oxh)yxh+((@Oxh)xH
Tere 4mnge [ J .(16)
and OH=0 (7) O0f=0
..(17)
Where vy, e and n, denote respectively magnetic
and p=-p,a6 (18)

viscosity, charge on electron, and electron nundeesity.
In order to linearlize above equations, we ignom-finear

terms
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@D)a, @ O)N', @ D)8, @xh)xh, (OxN').06, 0% @' xh). The

linearlized equations are

Po 09" _ 25 ua.

0ot - -Op+(u+0)0°g -p'gg
NU UeHo [ A
+{0xN'+—=—=(Oxh)x

an & ...(20)
ON o -,
pOJE=(a +B'+y)OON) -y Ox (@ xN")
+z(iqu'—2N')

O ..(21)

[P0 Cy O+ pCs (1—D)] +pocv(q O)Ty = xr 0?0+ 30 xN").0T,

...(22)
oh A =~ [0OH YA
ot = Ho DX (@ X&)+ Oy 0%Ri— o0 Ox[(0xF) x&,]
...(23)
0.h=0 (24)
pr - _poa e ...(25)
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OHBHY Y 0 K o, AGED E)
) VK_ii — 5 yE IS
TR G poKT
the parandtl number,R, = H is the magnetic prandtl
PoYm
2
number, & =(OxN).&,, w=§.6, and B Ho )
’ ’ e k4Td<T eneJ
the Hall parameter, andS:L2 is the coupling
Po Gy d
parameter.

V. BOUNDARY CONDITIONS

Suppose that both the boundaries of this problesnfrae
and perfectly heat conducting, thus the boundanditions
are

0% w

,0=0,N=0,§=catz=0andz=1
072

w=0= ...(31)

VI. DISPERSION RELATIONS

Taking curl twice on both sides of (27), and taking-
component we have

= BI(DZW) = RO20+(1+ K) O W—?D2W+ KD2£+Q Dzh

.(32)

Making the equations (19)-(25) non-dimensional lsng

following transformations and dropping the stars,have

Taking curl to equation (28) and takirecomponent, we

have
cedl =) 2=, q =414, =K0R =R ) .
d ! T—E:CDZE—K(—DZW+2EJ .(33)
9:&6, p':&;ﬁ’ T—i’h:HOﬁ ot O
d RG .(26) _ _ _
Taking curl to equation (30) and takirecomponent, we
where Kt is the thermal diffusivity and dropping the sfars, ,ve
we have
1% 0RO %o DB o g2® g2, (34)
E%——Dp+Faez+(1+K)qu——q+KDxN+quh)X@ m
Takingz-component of equation (30), we have
.(27)
NI ek (Loxq-av) op X2 =0 DR 2 2™ (s5)
j=——=C'O@ON)-COx (OxN)+K|=0xq - N ot ox By 0X
ot O .(28)
0 _ _ Taking curl on both sides of (27), we have
ER — =0%0+w-3d¢
x +(29) 19 99 49 1
S 0= R[ &3 & }+(1+K) 0% @x@) =~ ([ xd)
o AN L T A Where '
ot 6x Pn ox (30) - P .
" +KDX(DxN)+Q&(th) ...(36)
4
R= Pogapd” is the thermal Rayleigh number, . . . .
MKt Taking curl twice to equation (28) and takingcomponent,
" 2d2 we have
Q= HeHgd™ is the Chandrasekhar number.
ATuK 1
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{T%—CDZWK} (Ox0OxN). 8, =-K 0%, +(37) X{TG—C(DZ—a2)+2K}+K2{DH0—¥(D2—a2)}(D2—a2)
Eliminating (O x 0 x N).&, between (36) and (37), we have +k§Q{Tc—C(DZ—a2)+2K} }W ...(43)
{[é;—(“ K)Dhﬂ [T%—CDZ+ 2K}+ K 20 Z}ZZ Eliminating ©, G, B between (40), (41), (42) and (43), we
1
have
—Al 70 2 om,
=Q|j=-CO?+2K | =2 ..(38) 2
ot ox “DRU—D;(DZ—aZ))} {%—(ﬁK)(Dz—a2)+Kil}{Tc—C(Dz—a2)+ 2y
00 _ - = 2
and EPrE— 0°0+w-9¢ ...(39) +K2{DRO'—|:||:?(D2—82)} (D%-a3
m
Where P
LR ) ) ) X{DP,G— Dp—r(Dz—az)}
F=—+— h=h&, {=0x0&, m=(xh) &= OxN)g, and m

o 2_.2, 1[5 2
€. &, and &, are the unit vectors along y andz axes i kXZBeHD_(lJ'K)(D -a )+K1}[JU_C(D _a2>+2K}
respectively.
P Y x(D?-a%)+K%D?-a? ﬂ Hg(Dz—aZ)—(HK)(D %a3 2+Ki(D Za i}
1

VIl. NORMAL MODE ANALYSIS ~
x[ ER0 - (D2 —az)}{ jo-C(D2-a?)+ 2K]

The normal mode analysis can be defined as

" 1 S ev h ) T 3
(W, {2, & m,] +Ra2{[]0—C(D2—a2)+2K]+K—D6(D2—a2)}
=[W(2), X(2), G(2), ©(2), B(2), M (2)]exp. (kx+iky y+ot)

2
S . _ +K(D2—a2)2{EPro—(D2—a2)ﬂW
Using this normal mode analysis equations (32)-(@) u

(38)-(39) become
= —ka(DZ—az){EPro—(DZ—aZ)}{To—C(D 2—a%+2K}

o
4 (D% -aW = -Ra®@+(1+K)(D*-a?%) W xHupro-%mz_a2>H%—<1+K)(Dz_a2>+Ki}{n_c(Dz_a2>+zK]
m 1
22 _ .2 _UR L2 2 2~[~ 2_
—Ki(DZ—aZ)W+K(DZ—aZ)G+QikX(DZ—a%B...(40) K20 a){'jpfc (P a)}"kXQ{“’ c(® a%J’ZK}}W
1
..(44)
To-C(D2? - a2 --Kp2- (41
[Jo-C(D"~a%)+2K]G D(D a’jw (41) The boundary conditions (31) reduce to
[Epro—(02—az)}ﬁo—C(DZ—az)uK}e W=0=DA=0=M=Dx=DM=B at z=0 and z=1
.(45)
:{[jo—C(Dz—a2)+2KJ+KDE(Dz—az)}W .(42) 3
Where D=—
0z
P o 1~
{HD'?"‘D%(DZ ‘az)H*D‘(l‘“K)(Dz‘az)*E}{l G‘C(Dz‘a%”‘] Using boundary conditions (45) we obtain

ap D@MW =0 at z=0 and z=1, wheren is a positive
+K2{DF}0-—'(D2-aZ)}(D2—a2)+ksz{TU-C(D 2-a3+2K}}
Fm integer. Thus, the proper solutiéi satisfying (45) can be

{DPro—DPPr(D2 —az)}— DZkXZBEHE—(u K)(D 2—az)+K1} taken asW =W, sintz, WhereW is a constant.
m 1
x{To—C(DZ —a?)+ ZK} (D2-a?)+K3D2-a}? }} B Substituting foWV in equation (44), we have
2
OR o 1|+

ar 0+—’b} {—+(1+ K)b+—} jo+Cbh+2K

=ikXHDPro—DPf(Dz—az)Ho—(1+K)(D2—a2)+1} H r P ] Ky { }
P O Ky
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2 3
—bi{mpr o+%b} +k3Q{To+Cb+2K}{Dao+%b} {bz{(h K)b+Ki}(b+ 2A)- KADb Mb{(umm;} 0+ 2A)- KAD?
1 P k2 (b+2A)+sz Be{L(1+K)b+ )(b+2A) KAbH
- DzkxzseHg+(1+ K)b+K}{jo+Cb+ 2K} (-b)+ biﬂ R
1 2
+ ki Qb b{(1+K)b+—}(b+ 2A)—KAb2+m7XQ O+ 2A)
L K i
o , b - Adb 1 kg QPy
XH—Db—(HK)b —Kl}{EPrc+b}{jc+Cb+2K} (b+2A D)[b{(1+K)b+K}(b+2A)—KAb2+DQPr(0+ 2A)
2 2
bl K22 + Pk Be Be{[u K)b+ )(b+ 2A)- KAbH
+Ra2{Jo+Cb+2K : } (ER, c+b)}
—EQb(ER0+b) o+ D+ | TRo+ 32O e L ~(48)
L Ry /|0 o

. \ Where A:% is the micropolar coefficient.
x(]0+Cb+2K)—K2bLIZIP, o+|:F|)P’bJ+ka(jo+Cb+2K)}
m

..(46) In order to investigate the effects of medium pexbikty
Ky, coupling parameterK, Micropolar coefficient A,
VIII. STATIONARY CONVECTION Micropolar heat conduction paramet&r Magnetic fieldQ,
Put o =0 in (46), we have and Hall current B,, we examine the behaviour of
R dR AR R R AR
K2B? 1 dK; ' dK 'dA’dd’ dQ dBe
[bz{(1+K)b+K}(O)+2K) }H(}«)b?l} @+ K)KD From (48), we have
mka(®+z<)+fP\ (i L @i P28 [ RKR | KR+ 2A)
A G > hm e
+Pm?|§({b{(l+K)b+i Qo+ K) KR+ M &Q@)QK)} IR b+29
R= ! R #R'b
2| oD {(1+K)W}@+K}K2b K b+ X 4 ([ RICR[
) (| R J{\(”K’% Jor }
& (b+2Ag r @
O
{ } lﬁb{k(lm)m | @H)- KZbH kaPE]P(b+2A)
...(49)

From (49) it is clear thatﬁ<0 when §<E, and
...(47) dKy A

\Vb? +2Ab 5

In the absence of Hall curre(, = 0) (and Hy = 0) and in

non-porous medium and in the absence of couplint_s(Te< R,k r-
parameter(d = 0), the equation (47) reduces to the equation
proposed bysoodarz Ahmadi [5]. Thus, the medium permeability has destabilizingeaff

In the absence of Hall current and in non-porousliom,

2 12

the equation (47) reduces to the equation propbyddE. when & <%, and B, <w,

. . Pk
PayneandB. Straughan [16]andY. Qin andP.N. Kaloni mx
[17]. In the absence of Hall curren@, =0), it is clear that
E ti 47 b itt = . . .

quation (47) can be written as drR <0 when & <E, thus in this case medium
dK, A
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permeability has destabilizing effect whérx g .

From (48), we have

In the absence of Hall curreriB, = 0) and magnetic field

(Q =0), the equation (50) reduces to

6b4(1+K) b*
drR_ O

_2(

@K .(51)

2
b+2A- —As b]
a

FakeQ%Bb%b+A) (b+2A)
® b3[b+2A—g} ) 2
K az[b+2A—%bj az[b_,_ZA_Agb]Kb_'_ RIZW;)EBeJ

(1) Raks Qb+2A)
X{Lb-'-KlJ (b+2A) +bK b+ A)+ i)
It is clear that£<0, when §<E and 0<D<E and
dK A 2

ﬁ>O When1<D<18<E
dK 2 2

Thus, the coupling parameté has destabilizing effect

when 3<%and 0<D<% and it will have stabilizing
1 < b
effect whenE <O<1andé < >

From (48), we have

4 4

oLy {(1+K)b+i} LUN

dR_ O K] O
[b+2A &b]

2 2 2
PmST:Qbe Raks Bej{{m )(b+2A)+bK(b+A)} PKXESQA)}
L300 1) B BEPRIKFQ 5 | RnkiQb _ASb
y (1) 2 R, kZQ(b+2A)

bLb+?J (b+2A)+b’K (b+ A)+7DPr
X_(b+P2k Be) o s L), x| s 2PkEQ
e ) R
21,2
az[mzA—A—Dﬁbj Kmpmggﬁe]{{ l}(b+2A)+bK(b+A)}
+Pmka(b+2A)
or
...(50)

Clearly, §>O when & >max{K %+%D} Thus, the

micropolar coefficient has stabilizing effect

when §>max.{K ,E+2—D}
A Db

20

t is clear that@>0 when & > K, thus the micropolar
dA

Loef‘ﬁcientA has stabilizing effect whed > K .

In the absence of Hall current, magnetic field and

micropolar heat conduction parame(ér= 0), (51)

drR -K
reduces to s
dA  a2(b+2A)°
Thus, in the absence of Hall current, magneticdfiahd
micropolar heat conduction parameter, the micrapola
coefficient has destabilizing effect.
From (48), we have

which is clearly negative.

[bz{(h K)b+i} (b+28)-
Ky

keo*[ (| RRKEB, )
H(C

Ruki Qb+24) |,
R

R,k2Qb
R

x{{b+%} (b+2A)+bK o+ A)}+
1

2
x{b(b+é’] (b+2A)+12K (b+ A)+F?“kXQ(b+2A)}
]

LR

( I:)”ZWI(’%B‘Q(+1\+ + +
Lb+7J{kb Ej(b 2A)+bK (b A)}

, PokiQb+24)
R

Clearly % is positive WhenD>%. Thus, the micropolar

heat conduction parameté has a stabilizing effect when

01
2

From (48), we have

-

2
PZEKZBeJ(Pmk‘ZbZJ{m 1](b+2A)+u<(b+A)}

RO RN 1)
S -
%@Ww?
R_ {4
® ( SRR 1) P K2Qb+24)
az[b+2A——D]h J{Lbé J(b+2A)+kK(b+A)}+—D? T
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_ = 2+.3 3
Clearly £>O when 6<E and £<O when +(C-L§]M+§sz[ )(Cb+2K){b+bK+iJ
dQ A 0Q Fin
<-_0, 20 o . 2% R%b Kd (Cb+2K
& >—+— . Thus, the magnetic field has stabilizing effecuir[ct, 7) b+bK + L
A b A, 0 it U
when 3<E and it will have destabilizing effect when (K3 K3)
A -7 PrszbZLC )+k 2Q7.0R bLC——J+b2Dk2BeJLC——J
5>2420, ?R%b3( . K3 1) . [PR?K?%p Kd
A b g=-—1 [C —](Cb+2K)Lb+bK+—J+72[C —]
R2 R2 O
OR kZQb? 2 ( 1)
From (48), we have —T[c —] (Cb+2K)-b? [P k? Be[c——] (Cb+2K)Lb+bK +KTJ
2 2 22120 w3l ~_ K8
_Fak hb+1}(b+2A)+bK(b+A)} Finki QD +K2 P kZBeb [C Dj
OR
R k2Q(b+2A) -
bl b+ | (b+2A) + 12K o+ A)+ Tk A*+2A) 2
® {L+ J( +2A)+b K b+ A)+ i } bl:bEaj{DzPrz(CbEZK J(b+bK+K1D ZDPP J}
o _ 1
e, ASb)|( szzse\ "
a‘|b+2A-—— L J Lb+—J(b+2A)+bK(o+A) .2
0 2—|Tb (Co+2K 1))
+0Rj ?"bEPrL +j (b+bK+?U
+Pmka(b+2A) !
i o PPb?( N D2 % )
_DER]|FR°D D+ - (orbcs L1 20RD ol s L
Clearly AR o when 5<Zand R 50 when O { R | I W) R A Ky)
dRe A dRe 2K2[2 p?b2 (Tb (Cb 2|< 1)
-2 — T 4 k2QoR J—+Cb+2K +bP k2B, +7 b+bK+—
—_O(1+2A o P "7, J L \ )
6>—( j Thus, the Hall current has destabilizing ( ( W K22
—{bER(Cb+2K)Lb+bK+1J+b2LCb Co+2K 7 Lb+bK+—1J K EPF}
_ O a
effect whend <Z and it will have stabilizing effect when e Prz((:b+2K +] (b+bK+—1“ 20P%b]
L L k)| P
0 2A ( 3 [7p2 ( -( M)
6>_(1+_j _ 2 2 i _Kb i Cb+2K - 1
A b O Lb (Cb+2K)kb+bK+ ) ) 5 +bEF}L 5 +]Lb+bK+K1J
1) 2D2P bl Cb+2K 1)
In the absence of micropolar heat conductlén R (Cb+2K)Lb+bK+ [ o )

parameter (6=0), above equation reduces to

ddTR< 0 Thus, in the absence of micropolar heat conducti@® (? p?b+k2QJ P +b0kBe] }_kXZQb{Przbsz
e Pm
parameter, the Hall current has a destabilizingogff ( Ch+2K
+DEF}ZJL7+] Lb+bK +—JJ+P] i (ER (Cb+2K)+bj )}
IX. OSCILLATORY CONVECTION
2
In order to investigate oscillatory modes we f0||Q)§V:{bEPr(Cb+2K)Lb+bK +i]+bz{0b+ 2K J{b+bK+iJj K2b EP}
Chandrasekhar, pub =io; in (46) and separating real and Ky H
imaginary parts, the real part gives X{Dz R°b?(Cb+2K J(b+bK L1 252 R’ b(Cb+2K) bk +_ L)
2 _ b.l.o-l +b20| +b30| +b4 P”Z‘ . L U L J

Ra 4 2 ~(52) 2K2[? R?b? (Cb 2K

0; tay0; +ag —P7’+kX2QDPL—+Cb+2KJ+bD2k Bek +1Lb+bK+U}

m

H Lb+tK+ JJ m 1 Pn?] Pm

Where ai:_mgpzfo) K - 1)) 2DP21b+[PZ b( ] . DZPZbZ(Cb+2K)(b+bK+£\ K?D?RD3, kZQEJP b(Cb +2K)
"o P2 L K~

m

[‘T’bez(o) +2K - 1\\ 2EFP2Tb 1)
4 Lb+b< K J J P (Cb+2K)Lb+kK+ K1)

2T
+k§Qb{DEE’Jb(Cb+2K)[b+bK+ 1]+ RID® cha k)
m

(]b

+k§Q] ( Cb+2K)+b[Fkae] (Cb RN

_2K2FR%?]
Pm

+j (b+bK +é}]
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+2K [ 1)) K2OER?jb?

27
)R IR0

+ DF;b(Cb+2K)(

DE b(EPr o+ XK )+bj)

m

+[R (Cb+2K){b+bK +?1} (ER @+ )+bj) +
1
m;zK +T(b+u<+é]} ~K2bR (ER (Q+2<)+by +ka(EPr(03+2<)+h)}

N
(
b4={b2(Cb+2<){b+tK+ l} bis} { ki P2b2 @+ 2K)Lb+tK+ 1}

KR’ KORbM®+X)
R P

2 3
*fQ{EFg,bz (Cb+2K)2(b+U<+%j KR EFF d @+ AK)+HEQD b+ 2<)2}
m m

+b[?lg%ﬁg(a)+z<)kb+b<+—é} —K%ZDZK&}

and imaginary part gives

bio? +byoi + by’ +by

ajof +ayof +aj

RaZ =

..(53)

where aj =0R?72, bj=-bER3] ? and restap, a5 and
b5, b, by can be taken from the above equation.
EliminatingR between (52) and (53), we have

foso+ fys*+ f,53+ f,8%2+ fs+fg=0 ...(54)

Where s= oiz and

fo=bjag-bja;

- bZ{DH4T4+ ER5T 3K5+EO2P § 41+ K)}

54
+b 2KEDF}5T3+—ED2Pr J
1
= fo>0
Let
Cb+2K [ 1) ( 1)
+j|b+bK+—|=L;, (Cb+2K)|b+bK+—|=L
I KlJ 1, ( )L KlJ 2
then
20ER° 304, 7)) 479 i
=m0 ) D g ) 2ERA TR02k 20 1-
L 2 (R, QL Py

+0R%7°b2k2 QLZEPr [c _EJ —U +02ERY %, 2QbL, (0P 4, -1)

+PERP0?T 2 (K 2R 2 TkBe) + DR T b K Be(2ER -17)

T3K3
0BT 20p? iy 20 {0 i,k 2m
m
2ER )
P

m

+K2PR*T ([ -2ER)+b I%ERT A L,(1-2 )+ 20R b Elﬁ’—

22

+2D3EPr5Tb2L12{3‘ [ KSD+2D2EF}5j2b{2(1—|j:J
4 34
s8-8 0 5 )
K3) > D2P4 3L (3ERT \

+EFPr4j2b2L2{2EPr {c——J T A =

OR*7%%( 3j [ Kﬁ)\
Pn Py )
L3 27 R¥j3h? L, 2P ER%T*b2K2QL,
m Pm
20 RTL, 4R 3o3l_1+2E? Er-;Gi“kXZszLl+ 40%RY % B
P Pn Pn Fﬁz»,

(C_Q]

- Ks\(20ER )
e ](258 )

+ PERT 2L L+ O*ERS] bl

+PER®T 2bL, {C—K—Dﬁ] +O0*ER5] b 2L

= 64,3
+D“EF}6T3b2kX2QL1£c—K—§] L2 ERT0°K(Q ka[c—@j

Pn O

Now f; >0 =

CAD 5 c(c 1) LS
K’ KI<P 2 " E’
oo

B Blimlp B 2R | @0
W{E‘ R, ‘33J<'<"'{r2'?“‘/5”“‘u ’ EELC i),

...(55)
2 mp2
and Bg <%
J ky
Since s= ciz so that the sum of the roots of equation (54)

must be positive but the sum of its roots Es—h],

therefore the sufficient conditions for non-existenof
oscillatory modes are given by >0 and f; >0

But f;>0 and f;>0= Condition (55) including
. < K2 OR?

T

Hence, the sufficient conditions for non-existenoé

oscillatory modes are the given by (55).

X. OBSERVATIONS

In stationary convection, the variations of theticai
thermal Rayleigh numbdR with respect to the variations of
Micropolar heat conduction parameter 3)( and Hall
parameter (3.), have been predicted by the following
graphs respectively
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Xl. CONCLUSIONS
For Stationary Convection:-

2AbP?
2,27
ka

1. When 3<% and B, <

7) 5 _Jc(fc 1) 1 P _O
— | <=<min{—,| ———|;,——< <—
K 4K LK

{K1<E?P, j or K>2D 2}

the critical

ISSN: 2319-6378, Volume-3 Issue-7, May 2015

coupling parameter increases, thus under this
condition the coupling parameter has stabilizing
effect.

When & >max. K,Z—D,[E+2—D] , the
b A b

micropolar coefficient has stabilizing effése
fig.2). In the absence of Hall current, magnetic
field and micropolar heat condition parameter, the
micropolar coefficient has destabilising effect.

When 5<%, the magnetic field has stabilizing

effect and when3>[%+%m), the magnetic

field has destabilizing effect.

When §<%, the Hall current has destabilizing

effect.

When 5>%(1+2—t;6‘j, the Hall current has

stabilizing effectgee fig.3.

In the absence of micropolar heat conduction
parameter, the Hall current has a destabilizing
effect.

The micropolar heat conduction parameter has a

stabilizing effect whatever the strength of

magnetic field is applied.
For Oscillatory Convection:

The sufficient conditions for non-existence of
oscillatory modes are

0 K KP,)[' 20E R, E

Y

P, '3ER

2R 2R, -~ . |1 2EP (. K3)
max{ EP ,—T MlcT< mni= P, /P, —F FR I C-
{ T } J {2 m m g rL D)}

K2 Op2 K&

_ _ . andBg <——, providedC >—
Rayleigh number increases as the medium j k O

permeability decreases, thus, the medium
permeability has a destabilizing effect under the
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