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Abstract

The problem of visco-elastic micro-polar fluid layer heated from blow in the presence of uniform vertical magnetic field with
Hall current in porous medium is discussed here and obtained a dispersion relation using normal mode analysis. From this
dispersion relation, the medium permeability K, has destabilizing effect, the coupling parameter K has stabilizing effect. the micro-polar

= 1
coefficient A has stabilizing effect under certain conditions, the magnetic field has stabilizing effect when o < E and €> —, the micro-polar

1 = 1
heat conduction parameter has stabilizing effect when e> E and Hall parameter has destabilizing effect under & <§ and > E and a

(Q‘I'C2 Kl

< €
necessary condition for oscillatory mode is obtained with & < a and Q< %and E> ]
b eRj
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1. Introduction

B' Walters (1964) and Beard and Walters (1964) investigated the behavior of visco-elastic prototype fluid and Sen (1978) studied
the behavior of visco-elastic fluid over an infinite porous plate with constant suction. Singh and Singh (1983) have studied the
magneto-hydrodynamic flow of visco-elastic fluid past an accelerated plate. The flow of visco-elastic and electrically conducting
fluid past an infinite plate has been studied by Sherief and Ezaat (1994). Gupta (1967) studied the stability of a small amplitude
faling flim of visco-elastic. Shagfeh et al. (1989) had shown that the visco-elastic property has destabilizing effect for small
Reynolds number. However, the viscoelstic property possesses a primarily stabilizing effect on the film flow for moderate
Reynolds numbers. Omokhuale et al. (2012) studied the effects of concentration and Hall current on unsteady flow of a visco-
elagtic fluid in a fixed plate. Chaudhary and Das (2013) studied viscoelastic unsteady MHD flow between two horizontal parallel
plates with Hall current.. In view of the fact that the study of visco-elastic fluid in a porous medium may find applications in
geophysics and chemical technology. However, in this paper, an attempt has been made to examine the effect of Hall current on
MHD flow of visco-elastic (Rivlin-Ericksen type) micro-polar fluid layer heated from below on porous medium and the nature of
the components like medium permeability, heat conduction, visco-elasticity, Hall current and Magnetic field are analyzed and to
the best of my knowledge this problem is uninvestigated so far.

2. Mathematical For mulation

Consider an infinite, horizontal, incompressible electrically non-conducting visco-elastic micro-polar fluid layer of thickness d.
A cartesian coordinate system (X, v, 2) is chosen such that origin is at the lower boundary and the z-axisis vertically upward. This
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fluid layer is assumed to be flowing through an isotropic and homogeneous porous medium of porosity € and medium
permeability x. The lower boundary at z=0 and the upper boundary at z= d are maintained at constant but different temperature T,

and T, such that a steady adverse temperature gradient § =

is maintained. The whole system is acted upon by a gravity field

g =(0,0,—g) and astrong uniform magnetic field H = (0,0, Hg) isapplied aong z-axis.

b d Ty

Fig. 1: Geometry of the problem

Here, we have taken Rivlin-Ericksen visco-elastic fluid in which when the fluid permeates a porous medium, the gross effect is
represented by Darcy's law and the usual viscous term in the momentum equation is replaced by the resistance term

|:—£(p.+ p%} q} . Also both boundaries are considered to be free and perfect conductor of heat. For an isotropic medium the
K

surface porosity is € so that 1- € isthe fraction that is occupied by solid.

Within Boussinesq approximation, the equations governing the motion of a micro-polar fluid saturating porous medium
following (Lebon, 1981).( Lukaszewicz 1999, Kirti et al. 1999) for above model are as follows :
The eguation of continuity for an incompressible fluid is

V.G=0 1)
The equation of momentum is
oqg 1 T
p"{q (qV)q =-Vp+(u+C)V q——(wu )q +(V xN—pge, + lLle(V H)xH 2
ot e ] 4n
The eguation of internal angular momentum is
poj{i’t\l+l(qV)N =(a+p+y)V(VN)- nyVxN+Q( Vxg— 2N) ©)

Where p, p, pg. T, N, w, G ou',x, o) B 7, j, pe and €, denote respectively, pressure, fluid density, reference density, filter
velocity, micro-rotation, viscosity, dynamic micro-rotation viscosity, visco-elasticity, medium permeability, micro-polar viscosity
coefficients, micro-inertia constant, magnetic permeability and unit vector in z-direction.

The equation of energy is
aT _ _
[PoCy € +psCs(1- e)]5+ PG @V)T = %7 V2T +8(V < N) VT (4)

and the equation of state of the problemis
p = po[1-a(T -To)] (5)

Where C,, Cg, x1.ps.0.0, T, and Ty denote respectively specific heat at constant volume, heat capacity of solid (porous

material matrix), thermal conductivity, density of solid matrix, coefficient giving account of coupling between the spin flux and
heat flux, coefficient of thermal expansion, temperature and reference temperature.
The Maxwell's equation in the presence of Hall current yield

Vx[(VxH)xA] (6)

eﬁ=V><(C]xI:|)+ eymVZI:i -
t 4men,
and VH=0 7)
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Where H =(0,0,Hg) , Ho is aconstant, n, = electron density and e = charge on electron and vy ,, is the magnetic viscosity.
3. Basic State of the Problem

The basic state is defined by these equations G = G, (0,0,0),N = N,(0,0,0),p = p,(2), and p= p,(2)
Under this basic state equations (1) to (7) become

%Jr P9 =0 ®)
T=-pz+T, (9)
and  py=po(l+ap?) (10)

4. Perturbation Equations
Using (8),(9),(10) and the following perturbed variables are
G=0Gp,+0'=0,N=N,+N'=N',p=p, + p',p=pp+p,H=Hp +h,T=T,+6

where §",N, p',p',h and 6 are the perturbationsin d,N, P, p,H and T respectively and after that using the
following non-dimensional transformations

x:d(*,y:cy‘,z:cZ‘,Q' =|j— q\',NZSZI— N‘,tZszt*,e:w; plzlvdlj— pk’ ﬁ =H Oﬁ* ’

whereK = XIZV isthe thermal diffusivity, the equations from (1) to (7) in linear form after dropping stars become
Po

V§=0 (11)
1og_ ~Vp+(1+ K)vzq—Ki(u F%jm ROE, + KVxN+Q(Vxh)x &, (12)
€ 1
Ta—Nzc V(V.N)—CVX(VXN)+K(1qu—2ﬂj (13)

ot 0 1S

EP % = V20 +w-3¢ (14)
eﬁ,@za—q+e—avzﬁ— eBJe/Zi(Vxﬁ) (15)

ot 0z B, 0z

pogapd? peHgd?
Where R=""—""— isthethermal Rayleigh number, Q = ——— isthe Chandrasekhar number,
pKy AnpKr
B+’ ' C.(1-
Co= OH-B;y c=-" 5K =£,K1=L2,E=e+ps s e),Pr - " s the Prandtl number, Py = is the magnetic
ud ud T d PoCy poKt POYm
},l' . . . ( HO \2. = . .
prandtl number, F = 3 is the visco-€elastic parameter, B, = k—J is the Hall parameter, 6 = 3 is the coupling
pod dnKrene poCyd
parameter and W= 0.8,,& = (V X N).éz
5. Boundary Condition
Both boundary are taken to be free and perfectly heat conducting, then we have
2
w9 0N-060-0£-0az=0adz=1 (16)

dz?
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6. Dispersion Relations

Taking curl twice on both sides (12), and using (17) and (19) and taking z- component, we have

12+i(l+ F 0
eot Kp ot

Taking curl on both sides (12), and taking z-component, we have

(10 1 N\ A

x K—1[1+ F j A+ K)V }gz = K(VxVxN)&+QDm,

Taking curl on both sides of eguation (13) and then z-component, we have
79,2k —CVZ}; LS

|~ ot €

) (1 K)VZ}VZW_ RVZ0-+ KV?2+QD(v2h,

Taking curl twice on both sides of equation (13) and then z-component, we have
794k —CVZ}(V xVxN)& = Ky,

|~ ot €

Eliminating (V x V x N).&, between (18) and (20), we have

(10 1

L S 6t Kl
From (14), we have

0 2 =
EP.—-V°|0=w-90
R -V o-we g

Taking curl on both sides of equation (15), and taking z-component, we have

ep M _pe . rV2r|nZ+ BY?D(v?n,)

ot
Taking z-component on both S|des of equation (15), we have
cP aaht pw+ S y2h,— p¥2Dm,
m
, 2 2 L P . L
where V2 syﬁL—z,hz =h&,D=—. ¢, =(Vxd)& and m, =(Vxh)g

Boundary condition (16) now become
w=D?w=0=£=¢,=D{,=h,=Dm,=m, =6 a z=0 and z=1

7. Normal M ode Analysis

Consider [, G,, &, 0, h,, m,] =[W(2), X(2), G(2), ©(2), B(2), M (2)]exp.| ikyx+ikyy+ot ]

Applyi ng: above normal mode analysis to the equations (17) to (19) and (21) to (24), we have

E3+Ki(1+ Fo)-(1+K)(D? —az)}(o2 —a?)W =-Ra’®+K(D?-a%)G+QD(D?-a?)B
1

[Eprc—(Dz—aZ)} 0=-W-3G

P
EF}cf%(szaz)} M = DX+ epY2(D? - a?)B

m

and [EF’,GEPP'(DZaZ)} B = DW- <pY2DM

m

= —(1 Fa] (1+K)v? [T3+2K—cv2}g :—K—zvzg +Q[TE+2K—CV2}Dm
ot ot z e 7 ot z

e ot
[f _ 2 .2 K2 2
jo+2K —C(D a)JG (D%~ a?)w
S
23+i(1+|:cs) (1+K)(D?-a?) [TmzK—C(DZ—aZ)}x =_'LZ(DZ—aZ)X+Q[Tc+2K—C(DZ—a2
_e@t Kl 3

)} DM

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)
(27)
(28)

(29)

(30)

(31)
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Where a2 = K)z( +K§ isthe wave number and ¢ = o, +ic; isthe stability parameter. Now the boundary conditions become

W=D*W=0=G=X=DX=B=M=DM, ©=0at z=0 and z=1
Thus, the proper solution satisfying (32) can be taken as
W =W, sin nz, Where W, is a constant

Eliminating ©, G, B, X and M from (26) to (31), and substituting the value of W from (33) and using b=r®+ &, we have

2 2
H|:Z+}:'l(l+ Fo)+b(1+ K)}I:jG+2K+Cb:|+K€b}{|:E F}G+%{Lb:| + € nzbﬁe}

+Qn?(Jo+2K +Cb)(e Po+ E;'bﬂ XHEJ,Ki(u Fo)-b(+ K)}{EHG+b}{Tc+ 2K +Cb}(-b)
m € 1

K 2p2
+Ra’ {Jc+2K+Cb—6Kb} b

€

(EPrcr+b)}

€

1 € m

2 _
ZH{ﬂKl(H Fo)+b(1+ K)}Uﬁzmcﬂ_ K b}{eprﬁ EFF:r }+Qn (Jo+2K +Cb)] Qn?b(ER o +b) (Jo+2K +Ch)
S

8. Stationary Convection

For stationary convection we take ¢ = 0 in (34), we get

2
bz{ejb{{émmq (2K +Ch) - }+Qn2(2K+Cb)}
m 1

2.3 (1 2b
+&n bBe L +b+bKJ(2K+Cb)—?

K2
{L % +b+bK) (2K +Cb)b}
Kb 1 <

[ZK Cb——]
€
x{(ep'::b} + & bR, }+Qn2 EF';b(zmcta)

When (Ho=0)i.e. Q=0and B =0, equation (35) becomes

h+b+bKJ (2K +Cb)—:b}

3Kb)

a2 LZK +Cb- ?J

In absence of porous medium [K;— and e=1] equation (36) reduces to
b®[(1+K) (2K +Cb) - K2] 6| Ob(1+K)+ 2K + K2

a?(2K +Ch-3Kb) a? (2K +Ch-3Kb)

Which isthe same as discussed by Payneand Straughan (1989) in their paper.
Alsoif §=0, then (37) reducesto
b3 Ch(1+K)+2K +K?| 3
_ [ (1+K)+2K + }_b[lJrK[CbJrKﬂ

a?(2K +Cb) al Cb+2K
Which is similar equation as given by Dataand Sastry (1976) . Also if K = 0, then (38) reducesto
3
R= b2
a

Whichistheclassical value of R for Newtonian fluid obtained by Lebon and Perez-Garcia (1981).

Equation (35) can be rewritten as

(32)

(33)

(34)

(35)

(36)

(37)

(38)
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2
bz{epb{é +berbK (2A+b)—Ab}+Qn2(2A+b)}
1

Pm
+& 2b3ﬁe[( +b+bKJ(2A+b)—K:b:| (39)
R =
{{1+b+bK)(2A+b)Ab}.
of sab)| (K <
a L2A+b_?J ( \ s
x{ €Rb\ . 2 nzb[se}+Q“P€%(2A+b)

AT

Where A= % denotes the micropolar coefficient.

For the behavior of K; (Medium permesbility), K (coupling parameter), A (Micropolar coefficient), Q (Magnetic field), B (Hall

Current) and & (microplar heat conduction parameter), we examine the nature of drR ﬁ @ E dR and d—ﬁ respectively.
dK; "dK "dA’ dQ ' dB, dd

m

From (39), we have

2 22 2
HLererKJ (2A + b)KAbHE:VZb+ e? nsze}Jr Q"Pﬂ(zm b)}
€ m

x{z{‘ < P’Zb(2A+ b)HE be{[%+ b+ bK | (2A+D)- K/:b}+Qn2(2A+ b)}

miN1 Pm 1

2 2
2é&%n bB;(2A+b){( 1 +b+bKJ 2A+b)7KAb}
Ky 1 €

2 2,2
+(2A+b){€ FT:Zb + €2 nzbﬁe}ﬂepb{[l+b+bKJ 2A+b)—7K:b}

€

+Qr?(2a+0)] 4 <2 nzbﬁe[ L oib+ bKJ(2A+ b) - KAb} }

(
a7 (aneo B[ o ooy 22

€

€2 P2b2 2 2 2 2
x P7f2+e nbBer + Qn°(2A+b)
m

- p2
Clearly, £<0 when & <=, Be<r—b and K1<i(or e>ij
dKy A n2R2 KA 2

Thus, the medium permeability K, has destabilizing effect because R decreases as K; increases when
2
3<=, Be<Pr—band K1<£[or e>%j
A 2 prﬁ KA

In particular, if there is no heat conduction 3 =0 and B¢ =0 [i.e. Hy=0], then

R __b°

dKl a2 K12
Which is always negative, thus the medium permeability has destabilizing effect without any condition.
From (39), we get
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{{i+ b+ bK\ (2A+b)- KAD

(.2 p2,2 2
e“ P“b < }JrQTE (2A+b):|
1

)
L Pr% eznszeMPm
3e sz\[(l KAb}

+ &2 T[Zb[se[ez anBeJrTJ L—Jr b+ bK) (2A+ b)_T

4Q2%7% & Pb%Be (2A+Db)[( 1 KAb
@R D 2(2Ab+ b2 - Aeb) + ;m e kK—l+b+bK (2A+b)- 52
dKk o 3Ab) (1 KADb P2b2
a (2A+b— EJ HLKlJfbHJK 2A+b)€}{E 2 + &2 EZbBe}
Zepb ?
+Qn€r(2A+b)}
PI’T'I
dR e 1 R%b
Clearly, R>O when 6<Z §<€<1 and Be < 55 .Thus, R increases as K increases therefore, the coupling parameter K has
Py
stabilizing effect when
6<E,l<e<landBe<r—b AIso£<Owhen 3<=,0<e<= andBeTc <b< A2—l
A2 n’R2 dK A 2 P2 €
Thus, the coupling parameter K has destabilizing effect because R decreases as K increases when
2p2
3<E,0<e<l and M<b< A2—l
A 2 Pr2 €

In particular, when & = 0 and B, = 0, we have
b3(2A+b—5)
R _ -

dK  a?2(2A+b)

Clearly, ﬁ>O when E<e<1 and ﬁ<O when 0<e<land b< A2—1
dK 2 dK 2 €

. . . . 1 .
If there is no heat conduction and Hall current, R increases as K increases when 3 <e<1 thus, the coupling parameter K has

stabilizing effect and R decreases as K increases when 0<e<% and b< A‘Z—l thus, K has destabilizing effect.

€

From (39), we get
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2.2 2
(2A+b—WJH{1+b+bKJ(2A+b)—KAb} {Ezppfzb +ezn2bﬁe}+7Qn EPED(ZA”)}
€ e N
(1 B
—+b+bK
« 2{€Pb(i+2b+2bK7Kb]+2Q } rb K, ) +Qr2(2A+h)
m | @Asb) - KAR

12 nzbse{—+ 2b+ 2bK —K—bJ HiJr b+ bKJ (2A+ b)—f“b}}

€ }] +€ r:sze[L—+b+bKJ 2A+b)—T

[pr (1+b+bKJ 2a+b)- KAD KAb}
[
\

+Qn (2A+Db)
2 522 2
X{ 2—@} H —+b+bKJ (2A+b)-@}{€ Przb e nzbﬁe}+Qn€Prb(2A+b)}
€ p Pm
2
+L2A+b—6—Abj (2 2b+2bK—K—bj ¢ P b’ + & n2bp, b+ 298 €Rb
dR_b? Ky p2 P

dA a p2,2 2 2
{2A+b—5—Ab] “(1+ b+ bKJ (2A+D)- KAb} {szb+ = nzbﬁe}+@(2/x+ b)}
€

m m

dR 1 5 3 V¥ 6o\ ¥2 1
Now —>0,when e>—, K>—, 5> K, max. L?J ,=[—j <b<7,
d 2 4 K“K;8 8\K € 1Be
_ 4p? RS 9K 22 p? _ B .P2 22 p?
Be <mini—-—"—, er , max. 9_, < 2 , 12_, 5 S T 5 <A<min. K,nBezm, < 5[
am’KP2 4R, 2K3 KKy Kq(4K -5)" 48, en?5 n?KK 0BP2 2R? ' SKP2

Thus, Rincreasesas A increases when above conditions hold, therefore, the micro-polar coefficient has stabilizing effect.
In Particular, when & = 0, = 0[i.eQ = 0], we have

2
dR (p2) (2A+b)K—b+2KAb 2 _Kb?

oR _fp? e e b T | kb
da (2 (2A+b)? a®| (2A+b)* | a2 e(2A+b)?

= R < 0, thus, if there is no heat conduction and hall current, the Micropolar coefficient has destabilizing effect.
Again, if B =0, then
3b° oKkb® b*(3 )

sl — | -K
@_Eprb € € e\ Ky
" (2A+b—6AbJ
:>£>0 when i>K
dA Ky

Thus, if there is no Hall current, R increases as A increases when § > KK, .Therefore, the micropolar coefficient has stabilizing
effect.

From (39), we get
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nzePrb

R (62) +2Qn* (2A+b)* €2

2
(2A+D) epb{(1+b+bK (2A+D)- KAb}+Qn (2A+D)
m m 1
n® ePb (1 ) KAb)®
+ " (2A+b) € nsze{L+b+bK (2A+D) - }
m K1 €

n2bB, {[Klf b+ bK} (2A+b) -

KADb
€

Q|22 ‘{(

( 3Ab)
LZA b——J

Li+ b+ bK\ (2A+b)- KAb}
Kl (S

&2 Przb2 Qn? e Rb

X

P

+ &2 nzbﬁe} +

m

(2A+ b)]
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Clearly E>O when §<§ and e>% Thus, the Rayleigh number R increases as magnetic parameter Q increases when

5< Eand e> % , therefore, the magnetic field has stabilizing effect.

From (39), we get

e? nszKl+ b+ bKj(2A+ b) - KAb}
€
. x [1+b+bK) (2A+Db) - KAD +Qn (2A+b)
dR  -b“Qn (2A+Db)
dBe  of 5Ab)
Pe a?| 2A+b- i+b+bK (2A+b)—KAb .
€ LKl J (S
e? P2p? QTc ?
x{ = e? n2bP, +7(2A+b)
Clearly j—R<0 when 3<§and e>% Thus, the Rayleigh number R decreases as be
e

5< Eand e> %Therefore, the Hall current parameter has destabilizing effect.

From (39), we get

drR Ab®

[epb{kmmKJ (2A+D) -

2 2. |[ 1 ) Kab |
+em bﬁe[LKl+b+bKJ(2A+b)_e}

}+Qn2(2A+ b)T

ca? L2A+ bf@]

H[émm@(zm b)_K’:b}.

E2 Pr2b2
X > +
P

& ﬂzbﬁe}+

Qn? eRb
P

(2A+ b)}

m

increases when
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Clearly, d_g> 0 when e>%, thus, the Rayleigh number R increases as d increases when %<e<l therefore, the micro-polar

heat conduction parameter shows stabilizing effect.

9. Oscillatory Convection

For the oscillatory convection we put ¢ = ic; in (34) and separating real and imaginary parts and then eliminating R between real
and imaginary parts we have

fost+ £, + f,82 + f3s+ f, =0 Where s=c? (40)

fo— a(ZKHb—J (1 F] [b bK + 1}{ 2645;5]3sz

(1 F) 3 4c EP513b3 4 —5 1\2 4 5. 3
+LE JLTfe ERbJJ L + JLb+bK+K1J (7e EPrbj)
(1 FV?(

1) 4_5.-2\ (1 F 2 45 -
+L;+K—J Lb+bK+K—1J(2K+cb)(—e ER’b ] )+L;+EJ (2K +ch) (—Se ER bj)
2
o) (Qrb S ER* T2 - K2 ER*B? T2+ Qr? S ER' T
ke k)

_ _ 2
Thus fy <0 when 5<§£0r5<§j , Q<Ladps K.
K 2 eR ]

fio g2 L2K+Cb SKbJ[ {{H F](1+K) C{4GZPEPrSj(Zel)+4F}4j2 GZJ
(1 F) 2(4e2EP5 1) a- 3( cER))
+LE+EJ(1+K L k J+€ P LZ TH%U

( (23 p272
LK) A P4 2L(l+K)j C(E+£U L1+—J ca+ K)LTJ(SePrzfl)

23 ERP T2 V(1 F) a4t ERPT s 2ER))
+T(5€—4)J+L;+K71J (1+K)C kpim+2€ P JLE—*JJ

(1 f)° (2e4EPr5T 23P7( 2R (1 F)? (48R3 28 ERPTR)
+Le KlJ L Pn% + P L P J L7+—J (1+K)L Pn% + Pn% J

(a4 ApdT2 552
+(1 i] k4e F; I, 2d E:f J J{l FJ 3P K)PC P ERPT2
e K Py 254

52
+b4{(]6'+F}2(1+K)(K2+K+Elj(4€§|3(Ze ~1)+4p* & sz

(1 F)2a+K) 4 EP5 B 1) .- 3( cER))

LE KlJ Kl L L J+E P kz Pn% JJ
+[1+K£](2K+2K2+£]L2E R°T (3ePrZ—1)+2€EP"(5€—4)J
+ P4 2(1;5){(1+K)120L +J:|+e PAT2(1+K)2 {EP 2K(1+FH

2
+E+K£ ) a+K)y2 & ERP TS {4112 Be —E%J + & +K£ J 1+ K) € n? ER? T%e[ 2C- e T+ K)]

272
+[} i]C(1+K)[3EP5K21+2€3EP4K2 }+[1+£](1 K){ZEZE;::K J +€3F}3K2j2}
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(1 F)(c? Vad EPPT . 5 4 ( 2ER)
+Lf —J L+4KC(1+K)){m+2 [ jL J
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and f,, 3, f, have usual expreﬁslons.

From (40), we notice that s= Giz which is always positive, therefore the sum of roots of (40) must be positive but it is [—%} .

_ _ 2
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This gives the necessary condition if the oscillatory modes exist.
10. Result and Discussions

1 For Stationary Convection:

0] As medium permeability K, increases, Rayleigh number R decreases with the increment in wave number
a=1to 2.5 when A=0.5, €=0.6, P=2, P,=4, §=0.05, Be=0.2, K=1, Q=10, therefore, medium permesbility
K; has destabilizing effect (see fig.2). If there is no heat conduction and Hall current, as medium

permeability increases, Rayleigh number decreases but at wave number a=2 and a=2.5 the change in Rayleigh
number is approximately the same thus the medium permeability has destabilizing effect without any
condition (seefig.3)
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Fig.2: Stability curves for the variation of R v/s K, (Medium per meability) for A=0.5, T =0.6, P,=2,
Pm=4, 3=0.05, B,=0.2, K=1, Q=10.
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Fig.3: Stability curves for the variation of R v/s K; (Medium permeability) for A=0.5,1 =0.6, P,=2,
Pm=4, K=1,8 =0, B,=0, Q=0.

Asthe coupling parameter K increases, Rayleigh number R increases with the wave number froma=1t02.5
when A=0.5, €=0.6, §=0.05, Be=0.2, P=2, P=4, K,=0.03, Q=10. therefore, the coupling parameter K has
stabilizing effect and at a=2 and a=2.5 the change in Rayleigh number is approximately the same (seefig. 4).
Asthe coupling parameter K increases, Rayleigh number R decreases with the increment in magnetic
parameter Q, therefore, coupling parameter K has destabilizing effect when A=0.5, €=0.026, a=1, P,=2,

Pn=4, B =0.3, K;=0.03, §=0.05 (seefig. 5).
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Fig. 4: Stability curvesfor thevariation of R v/sK under stationary convection for A=0.5, 1 =0.6,
5=0.05, B¢=0.2, P,=2, P,;=4, K;=0.03, Q=10.
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If thereisno heat conduction and Hall current, asthe coupling parameter K increases, Rayleigh number R
decreases when A=0.5, €=0.026, P=2, P=4, =0, 5 =0, Q=0, K,=0.03, therefore, the coupling parameter K

has destabilizing effect(see fig. 6) and as the coupling parameter K increases, Rayleigh number R increases with
the increment in wave number a=1to 1.11 Thus, the coupling parameter K has stabilizing effect when A=0.5,

€=0.6, P=2, Py=4, Bo=0, § =0, Q=0, K;=0.03 (seefig. 7)
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Fig. 6: Stability curvesfor the variation of R v/sunder stationary convection K for A=0.5, 1 =0.026,
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(iii) When e>%,K>§,§>K1, max . L

(iv)
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Thus, the micro-polar coefficient A has stabilizing effect under above conditions.
If there is no heat conduction and Hall current, the micro-polar coefficient has destabilizing effect and when there

isno Hall current, the micro-polar coefficient has stabilizing effect when § > KKy .

As the magnetic parameter Q increases, Rayleigh number R increases with the increment in wave number
a=1to 1.2 when A=0.5, €=0.6, K=1, K;= 0.03, 5 =0.05, P,=2, P,=4, B, = 0.3, thus the magnetic field has
stabilizing effect. (seefig. 8).
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Fig. 8: Stability curvesfor the variation of R v/s Q under stationary convection for A=0.5, 1 =0.6, K=1,
K;=0.03, §=0.05, P,=2, P=4, Bo=0.3.

(v)  Asthe Hall parameter increases, Rayleigh number R decreases with the increment in a=1to 1.2

when A=0.5, K=1, K;=0.03, 6=0.05, €=0.6, P= 2, P,=4, Q=10, thus the Hall parameter has
destabilizing effect . (seefig. 9).
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Fig. 9: Stability curves for the variation of R v/s B, under stationary convection for A=0.5,
K=1, K;=0.03, 5=0.05,T =0.6, P,= 2, P,=4, Q=10.

(vi)  As the micro-polar heat conduction parameter increases, Rayleigh number R increases with the
increment of wave number a=1 to 1.11 when A=0.5, K=1, K,=0.03, P,=2, P,,=4, €=0.6, Q=10,
Be=0.2, therefore, the micro-polar heat conduction has stabilizing effect (see fig. 10).
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(vii) In case of stationary convection visco-elasticity does not matter.

(2)  For Oscillatory Convection: The necessary condition for the oscillatory modes is given by
2
8<E,Q<i, F>5Qn Ky and ﬂ<e<1, 1<T<§, f ! <h <2 Pm , Py > max. 11, /E
A b1 6P 5 5 V3e 2E’ 5

C > max. {:1)’ 2(1+K)},Be>max.{# %}

5 127%R2" 3Py

(@) (a4 VP e e )
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11. Conclusion

Medium permeability shows destabilizing effect whether Hall current is present or not. For fixed magnetic field
coupling parameter shows stabilizing effect whereas as magnetic field increases coupling parameter turns to
destabilizing effect, and if there is no heat conduction and Hall current, coupling parameter has destabilizing effect
when porosity is less than 0.5 and it will have stabilizing effect when porosity is greater than 0.5. Magnetic field has
stabilizing effect whereas Hall current has destabilizing effect when porosity is greater than 0.5, and micropolar heat
conduction has stahilizing effect.
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