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Effect of Uniform Horizontal Magnetic Field on Thermal
Instability in A Rotating Micropolar Fluid Saturating A Porous
Medium
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Abstract: This paper deals with the theoretical investigation of thermal instability of a thin layer of electrically
non-conducting, incompressible, rotating micropolar fluid saturating a porous medium in the presence of
horizontal magnetic heated from below. 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. The
influence of various parameters like medium permeability, rotation, coupling parameter, micropolar coefficient
, magnetic field and micropolar heat conduction parameter has been analyzed on the onset of stationary
convection and results are depicted graphically. The principle of exchange (PES) is found valid. The sufficient
condition for non-existence of overstability are also obtained.
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. Introduction

Eringen[2] was the first who introduced a continuum theory of micro-fluids in 1964 which takes into
account the local motions and deformations of the substructure of the fluid. Compared to the classical
Newtonian fluids, micropolar fluids are characterized by two supplementary variables such as the spin and
micro-inertia tensor. Microrotation takes place due to spin whereas the micro-inertia tensor describes the
distributions of atoms and molecules inside the fluid elements. Moreover, the stress tensor in no longer
symmetric. Liquid crystals, colloidal fluids, blood etc. are examples of micropolar fluids. Thermal effects in
microfluids have also been discussed by Eringen[1] and Kazakia et. al[10]. Sastry and Rao[9] discussed the
stability of a hot rotating micropolar fluid layer between two rigid boundaries without taking into account the
rotation effect in the angular momentum equation. On the other hand Bhattacharyya and Abbas[8] took into
account the rotation effect in both momentum equations with free boundaries. Sastry and Rao[9] noticed that
when the fluid is heated from below, the rotation of the system delays the onset of stability. Further, for small or
moderate values of Taylor number T, the system is more stable as the micropolar parameter increases. Y. Qin
and P.N. Kaloni[11] studied the effect of rotation on thermal convection in micropolar fluid and found that the
effect of rotation in a stationary convection is stabilizing and that higher the values of the micropolar
parameters, the more the stabilizing effect. For over-stability to be possible, P, (Prandtl number) must be less

than 1/(1+k), where k is a coupling parameter. Sharma and Kumar[3] studied the effect of rotation on

thermal convection in micropolar fluid in non-porous medium and found that the presence of coupling between
thermal and micropolar effects and uniform rotation may introduce oscillatory modes in the system. Sharma
and Kumar[4] studied the effect of rotation on thermal convection in micropolar fluid in porous medium and
found that the presence of rotation and coupling between spin and heat fluxes may bring over-stability in the
system and the medium permeability also brings in over-stability in the system. The permeability has a
stabilizing effect on stationary convection. Sharma and Kumar[5, 6] also studied the effect of magnetic field
on the micropolar fluids heated from below in a non-porous and porous medium, they found that in the presence
of various coupling parameters, the magnetic field has a stabilizing effect whereas the medium permeability has
destabilizing effect on stationary convection. Reena and Rana[7] have studied the thermal convection of
rotating micropolar fluid in hydromagnetic saturating a porous medium, they took the vertical magnetic field
and found that the oscillatory modes are introduced due to the presence of rotation and magnetic field. For
stationary convection, the medium permeability has destabilizing effect under the condition 2 >M and the
P
magnetic field has a stabilizing effect under the condition g<§ and HgM’ where P, is the magnetic
P
Prandtl number.
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Il.  Mathematical Formulation

In this problem, we consider an infinite, horizontal, electrically non-conducting, incompressible
micropolar fluid layer of thickness d. This layer is heated from below such that the lower boundary is held at
constant temperature 1 -7, and the upper boundary is held at fixed temperature T -7, so that 1, >T,, therefore a
uniform temperature gradient B dT | is maintained. The physical structure of the problem is one of infinite
dz
extent in x and y directions bounded by the planes z=0 and z =d. The fluid layer is assumed to be flowing
through an isotropic and homogeneous porous medium of poricity e and the medium permeability « , which is
acted upon by a uniform rotation (o, 0, Q,) and gravity field g=(0,0,—g). A uniform magnetic field
H=(Hg, 0,0) is applied along x-axis. The magnetic Raynold number is assumed to very small so that the

induced magnetic field can be neglected in comparison to the applied field. We also assumed that both the
boundaries are free and no external couples and the heat sources are present.
%4
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(Heated) T=T

Fig. 1
The equations governing the motion of micropolar rotating fluids saturating a porous medium following
Boussinesq approximation are as follows :
The equation of continuity for an incompressible fluid is

V.G=0 (1)
The equation of momentum, following Darcy law, is given by

p—O{a—qﬁ(q.V)q}: ~Vp-pgs§, —(“—“)mgw N +2P0 gu i)+ He (vu )< i -(2)

elot e K e 47
The equation of internal momentum is given by

Po i{%’l‘ﬁ(qvm} (o' +B")V(V.N)+7' V2 N+g[1wq—2ﬂj +(3)

S S
The equation of energy is given by
or ~ =~

[PoCy €+psCsl= 9] Z-+Po Cu(@-VIT = 1 VAT +8(V x N).VT (4
and the equation of state is

p=polL-a(T ~To)] .(5)

Where @, N, p, p, po, Ps» 1 & Moy & o o, By, T, t %1, 8, a, T,,Cy, C; and €, denote respectively filter
velocity, microrotation, pressure, fluid density, reference density, density of solid matrix, fluid viscosity,
coupling viscosity coefficient, magnetic permeability, medium permeability, micro-inertia coefficient,
micropolar viscosity coefficients, temperature, time, thermal conductivity, micropolar heat conduction
coefficient, coefficient of thermal expansion, reference temperature, specific heat at constant volume, specific
heat of solid matrix and unit vector along z-direction.

The Maxwell’s equations become

e%:Vx(QxHH eyszﬁ -(6)
and V.H=0 (1)
where v, is the magnetic viscosity.

I11.  Basic State Of The Problem
The basic state of the problem is taken as

G=0p=(0,0,0), N=N,=(0,0,0), =9, =(0,0, ), pP=py(2), p=pp(z) and H=Hy=(Hg, 0, 0)
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Using this basic state, equations (1) to (7) yield

1 og=0 (8)
T=—Pz+Ty (9)
and p=pod+apz) ..(10)

IV.  Dispersion Relation
Making use of the following perturbations

qqu +q', NINb+N/, p=pb+p/, T:Tb+9, |:|=|:|b+ﬁ
and following non dimensional variables and dropping the stars,

2
X=X d,y:yd,z:zd,q':%q*, N':%N,t:pod t 6=Bd6*, p':&p*, a-_* o
n

— —%

h=H,h", where . — XTC is the thermal diffusivity, and using normal mode analysis
Po “v
W, &z, &, 6, My, h,1=[W(2), X(2), G(2), ©(2), M(2), B(2)] expliky +ik +ot]

Where o is the stability parameter which is, in general, a complex constant and a-= ,kx2+k§ is the wave

number and eliminating X, G, ®, M and B we have
F+i(1+ K) }(Dz _a?)W =—Ra? [EPr o—(D? —az)}_1 {w +55[SG—CZ(D2 —a?)+ 2K]_1(02 —az)W}
e Ky €

K2 - -1 2. 1
— (D2 -a??[o-CyDP-at) 42k | W XD 9+i(1+K)+K—[jc—cz(02—a2)+2r<] (D? - a?)
€ e |e K [S

-t 1
ePR
+kgq{eprc_%ﬂ(oz_a2>} } 2 pay —kEQ{eP,c—P—'(DZ—aZ)} (D? —a?)w
m € m

(11)

V.  Boundary Conditions
Here, we consider the case when both boundaries are free as well as being perfect conductor of heat, while the
adjoining medium is perfectly conducting, then we have

W:‘Zi!:o:e, N-0 at z=0and ;=1 and (vxN),=04at z=0,1 .(12)
Z
The boundary conditions (12) now become
W=DW =0=DX=M,©=0,DB=0at z=0and 1
Also DM =0,B =0 on a perfectly conducting ..(13)
boundary also D?® =0, D?G =0,D’M =0, D’B=0,
D3X =0atz=0and z=1
From equation (13), we observe that p@Mw =0, n is a positive integer at z =0, 1
Therefore the proper solution W characterizing the lowest mode is w =wjsinnz , Where W, is a constant.
Substituting for W in equation (11), we have

[Eprc+b]{b[9+i(1+ K)} [fo+Cyb+2K] |:ePrG+ epfb}
e Ky R

m

2
Ky eP,c+€be +bkZQ[Jo+Cob+2K ] x oL ask [Jo+Cob+2K] eprc+epfb
S R e K; Pn

m

2

_Kb{eprc_'_EPrbi|+ka[jG+C2b+2Kj|}

c Py

2 eR b ||~ 3 Kb 1 _ cP. b

= Ra |:ePrG+ Pr; :||:jG+C2b+2K—T x %+E(1+K) [Jo+Cob+2K] eP o+ Pn:

K2 Pb - 42 2 2
—?b{ePr(H—GPr i|+k>%Q|:JG+Czb+2K:|} %[EHU+b][TG+C2b+2K]Z{EF}G+%‘.b} --(14)

m m

Where p =2 +a?
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VI.  Stationary Convection
For stationary marginal state we put ¢ =0 in (14), we get

{ [—(u K)}[C2b+2K]ﬂEPP b} K b{eﬁ b}bsz[czmzK]}

€ m

2
{(u K)}[szzK]{e; b} Lb[eg b}k Q[Czb+2K]}

m € m

=Ra2[%’b} {c b+ szLKbH[f(u K)}[czmzk]{ep b} KE b[es b}k Q[C2b+2K} 4n? QO (b)[C2b+2K]2[E§ b}
m € P m m (15)
When ¢ =0 (in the absence of magnetic field), we have
o i dl
b ——(1+ K)(Cpb +2K) - —— (1+K)(Cob+2K)—b——
K € Ky
20 .(16
) +4“ 6 (Cob+2K)2 (16)
R=—
a {Czb+2K—6—KbH—(1+ K)(C2b+2K)——2}
€ €
When_Qo =0 (In the absence of rotation) we have _
bk 2
| K (1+ K)(Cob+2K)—=— ..(17)

a? [(C2b+2K)—6—Kb}
(S
When §=0 (In the absence of coupling between spin and heat fluxes), equation (17) reduces to the expression
obtained by Sharma and Kumar (1997).
From (15), we get

..(18)

T

2
b{Ki 1+ K) (b + 2Ab) — b®KA+ F;—mkf Qb+ 2A)} + 4203 (b2 + 2Ab)?
R= 1

a? (b+2A—5bAe’l){K£(1+ K) (b? +2bA)—b2KA+F;—mka(b+2A)}
1 r
Where - K
C,
To investigate the effects of medium permeability K, rotation Qg , coupling parameter K, micro coefficient A,

magnetic field Q, and micropolar heat conduction parameter &, we examine the behaviour of
dR ~dR dR dR dR ‘LR analytically.
dK; ' dQy  dK ' dA’ dQ’

From (18), we obtain

2
P
2{}(5(“ K) (b2 +2bA)—b2KA+?mkf Q(b+2A)}
1 r

« {;f 1+ K) (0% + 2Ab)}+{:2 1+K) (b2 + 2bA)}

1 1

3
{{Kel(n K) (b2 + 2Ab) —b? KA+':—ka2Q b+ 2A)}

r

+4n% Q3b(b+2A)° }

drR b ..(19)

dK;  a2(b+2A—5bAc )

2
{i 1+ K) (b2 +2Ab)—b2KA+P—ka2 Q(b+2A)}
Kl F)r
Thus, the medium permeability has a destabilizing effect when <. nax (5, k3 and o, 2%%Pb Vb .
A P k2
In the absence of micropolar heat conduction parameter (8 =0) and rotation (o, = 0), equation (19) reduces to
dR _ be(@+K)(b*+2Ab) b c(1+K)

dKy a?(b+2A)KZ  a’k?
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Which is always negative, thus in this case the medium permeability always has a destabilizing effect on the
system for stationary convection in porous medium whatever the strength of magnetic field is applied.
In the absence of rotation (o, =0), equation (19) reduces to

dR _ —b c(1+K)(b® +2Ab)
dk;  a®KZ(b+2A-8bA e™l)

= @R _if 5 S ang IR ogifg, =, 2¢

dK, A dK, A b
Thus, the medium permeability may have dual role in the absence of rotation whatever the strength of magnetic
field is applied.

In the absence of magnetic field (Q = 0), equation (19) reduces to

2
b @+ K) (0% +2AD) | | -1+ K) (b% + 2bA)~bZKA| 47203 b(b+2A)°
R K Ky

dKy g2 [2a+ba-3AE™)|

Ky
Thus, in the absence of magnetic field the medium permeability has destabilizing effect when

= max {3, Ki} and Q< _eab
A Ky (b+2A)

2
{(b2 +2bA)-S (L+K)— bZKA}
1

From (18), we have

dR 1 812 Q (b + 2bA)2 -.(20)
dQy a2(b+2A—5bAe‘1){

< 1+ K) (B2 +2bA)—b2KA+P—ka2Q(b+2A)}
Kl Pr
Thus, the rotation has destabilizing effect if §> max {5, k;}- Whatever the magnetic field is applied.

In the absence of micropolar heat conduction parameter (8 = 0), equation (20) reduces to
dr 8n2Qgb? (b+2A)

a9,
0 g2 {Ki(u K) (b2 + 2bA) — KZbA+i—mkf Q(b+2A)}
1 r

Thus, the rotation has stabilizing effect when k; < E , Whatever the strength of magnetic field is applied in the

absence of micropolar heat conduction parameter.
From (18), we have

2
AR bRk3(b+2A) {Ki(u K) (b? + 2bA) —bZKA+FI;—mka(b+ 2A)} — 472 Q2 b(b+ 2A)?
dQ ~ a2P (b+2A—BbAc ) X - . 3
{£(1+ K) (b2 +2bA)—b2KA+—mkx2Q(b+2A)}
Ky R .(21)
Thus, the magnetic field has a stabilizing effect when §> max. {3, k;} and q - 21y Pgﬁ .
Pm kX

In the absence of micropolar heat conduction parameter (5 =0) and rotation (Qq = 0), we have

dR _ bR, k2 o,

dQ a’p

which is always positive, therefore, the magnetic field has a stabilizing effect, whatever the strength of magnetic
field is applied.

From (18), we have
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r

2

{Ke(u K)(b2+2Ab)—b2KA+':;“kXZQ(mzA)}
1
b| —= (b2 + 2Ab) — b%A ) )
d_R_ Kl —Ar Qob(b+2A) (22)
K a?(b+2A-3Abe? c p ) P, 2 2
o @rK) (b + 208 —b2kA+ T KE Qo+ 2A)
1

r

21 QP b

Thus, the coupling parameter has stabilizing effect for all K >0 if §> max.{S, Kl} ,andQ > 2
Pm X

In the absence of rotation (€ = 0), equation (22) reduces to
b{e(bz +2Ab) —bzA}
dR Ky

dK  a2(h+2A-8Ab L)

Thus the coupling parameter has a stabilizing effect if <. max {5, K.} Whatever the strength of magnetic field is
A

applied.
In the absence of magnetic field (Q =0), the equation (22) reduces to
2
b{i(bz +2Ab)—b2A} {i(u K) (b2 +2Ab)—b2KA} ~4n2 Q2b(b+2A)?
®R_1K Ky
dK  a?(b+2A-3Abed)

2
{kf(u K) (b2 +2bA)7b2KA}
1

Thus, in the absence of magnetic field, the coupling parameter has a stabilizing effect if §> max {5, K,} and

eAe\/B

Ky (b+2A)
From (18),we have

0

b(o + 2A— 3bA e*l){Zb S+ K)-b%K +&ka}

Ky 3
P 2
x {Ki(u K) (b% + 2bA) — b?KA + kaf Qb+ 2A)} —472Q2b(b + 2A)?
1 r
+47% Q2b%(b+2A) (2b+4A-25 Ab €1 +3b% 1)

X{Ki(u K) (b2 +2bA)7b2KA+|F;—mka(b+2A)}
1 r

3
dR ~b(2-3b e*l){Ki(u K) (b? +2Ab)fb2KA+z—mka(b+2A)} (23)
1 r

2
(b+2A-3bAeh)? {Ki(u K)(b? + 2bA)7b2KA+E—mka(b+ 2A)}
1

r

Thus, the micropolar coefficient has a stabilizing effect if ZTE< 5 < E, Ky

-25@K) and 27’:90’\/253
bK Pm kX

In this absence of rotation (Qq =0), equation (23) reduces to

b(b+2A—5bA e*l){%(u K)—b2K +ﬁqu}
Ky )

= P
—b(2-3b e1)!-S (14 K) (b2 + 2Ab) —b2KA+ -M K2 Q(b+ 2A
w1 e ){Kl( ) (6° + 2Ab) o ki Qo+ 2A)

dA g2 (b+2A-3bAc1)?

Thus, the micropolar coefficient has a stabilizing effect in the absence of rotation if %<5<§ and

K, < % , whatever the strength of magnetic field is applied.

In the absence of micropolar heat conduction parameter (8 = 0) , equation (23) reduces to
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-b*K HKE (1+K) (b2 + 2bA) - b2 KA
1

2
+':—m ka(b+2A)} —472Q8b(b+ 2A)2}
dR 1 r

(b+2A)? {i 1+ K) (b2 + 2Ab)
Ky

2
P
—b? KA+P—mka(b+ 2A)}
r

Thus, the microp_olar coefficient has destabilizing effect in the absence of micropolar heat
conduction parameter (3 =0) if k, <254+K) and o 210D R,
bK Pk
In the absence of rotation (Q; = 0) and micropolar heat conduction parameter (& = 0) , equation (23) reduces to
R bk
dA  a?(b+2A)
Which is always negative, thus in the absence of rotation and micropolar heat conduction parameter, the
micropolar coefficient has destabilizing effect whatever the strength of magnetic field is applied.
From (18), we have

2
bA e—{b{}zm K) (b? + 2Ab) —b2KA+E—mkf Q(b+2A)}
r

dr +4n2 QF (b? + 2Ab)?

a?(b+2A—3bA 1)? {Ki(u K) (b + 2bA)—b2KA+';—mk3 Q(b+2A)}
1 r
Thus, the micrpolar heat conduction parameter has a stabilizing effect if <2el+K)
bK

VII.  Oscillatory Convection
Equation (14) can be rewritten as
[Abo+ bz]{(c5+ Ay)(lo+2A+b) (R0 +b)— AKb(R o +Db)+ Ag (lo+ 2A+ b)}2

=Ra? e(Pho+b) (Ic+2A+b—@] {(c+ Ay)(lo+2A+b)(P,c+b)

€

—Akb (Py o +b)+ Ag (Io+ 2A+b)} ~4n? OF (A 5 +b) (I5+ 2A+b)? (R, o +b)? ..(24)
= 2 2
Where _ _< _d o, Ko _KiQRn K
EP = AL A Kl(1+|<),| C2,A CZ,A3 R AKb
Put o =io;j in (24) and separating real and imaginary parts, we have
R bz(otl2 70,%)720,1&2 A bo; +4n? Q% [b(aé 70%23) —2a504 Alcri} ...(25)
a? e(az oy —og0p)
and
A b (0L12 —a%)+ 20y 0L2b2 +4n? Qg [Al oj (aé - a%) + 2a5a6b} (26)

a2 E((Xs Oy + 0y Q.l)
Where o = (bA, + Ag) (2A+b) — AKb? — Py, 67 (2A+b + Agl) —bl 67
oy =b(2A+b+ Agl) o + Py Ay (2A+b) o + (Agl — AKBP,) & — IRy, o°
dAb

o3 :b[2A+b—?] -IR, o2

o4 =Ibcj + B, (2A+b—6—2b] i ={|b+ Py (2A+b—6Ab)}5i

(S
a5 =b(2A+b) - IR, 67
ag = Pn(2A+b) i +Ibo; =Ry (2A+b) +Ib] o;
Eliminating R between (25) and (26), we get

(o305 +0uy otl)[bz ((112 - (l%) — 204 09 Aboj+ 4 Q(z) {b(aé —a% — 20,506 A Gj }}

=(oz 0y —0y az)[ﬁibci (OL12 —oc%)+ 20c1a2b2 +4n? Q% {Alcsi (aé —oc%) + 2015 aeb”
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After putting the expressions for a4, a,, 03,04, o5 and ag , we obtain

8

aocil°+alci +a20i6+a3csi4+a4ci2+a5=0 or 6; =0 -(27)

Where ao=b2{I4Pn‘1‘+A1I3Pn§'(Pm+I)—A1I3P,ﬁ(Pm—5A%+Ij}
+b{A1I3Pn“:’(2APm+AZIPm)—ALI3Prﬁ(2APm)}=b2{I4P4 L P4}+b(A1A2I R
al_b4[I2P,ﬁ(Pm+l) +12P2(R,, +|){ [15’*]“} AI?P? [k%](;ﬁmn)
“2A12R2(R, +1)— AP, (P, +1) {I+P (1—@j}+ AP, (P, + 1) +3Al|2Pn%{Pm[l—g—:)+l}—l3Pn§[1—g—:j—3I3Prﬁ:l
oA

+b3[2I P3(R, +1) A+ Agl)+ 2A2R3A(R, +1) +1 P3(2A+A2I){ (1_7]“}

Al pz{(l_—](2A+A2I)P +2A(Py +1) + 1Py (A - AK)}
—2AIZR2 {(2A+ Agl) Py + (P +I)(2A+A2|)+(P +1) (P y — AKRy |

~AR, {ZAP (Pn+D2+2(Ry, +1) 2A+ A2|)me|+P (1_6AD}

+ APy {3(Rn + D2 2A+ )Ry | + 3AIZPE 1 2P, +

12 }
x(2A+ Agl + Py Ay — AKP,,)
—2A13P3 — 3RS (2A+ Al + P, A, — AKR,) }
+b{ (2A+ Ayl)2 P2 T2AIPRA(2A+ Apl) — 2AAIZRD (2A+ Apl) — AIPRA (2A% + A)
—2A17PE {(Py +1) (AR, + Agl) + (2A+ Agl) Py (2A+ Agl + Py Ay — AKPy |

~AlP, {(2A+ A2I)2Pn2](l +P, [Pﬁb +4AP2(P, + 1) (2A+ AZI)}

+AIR (32A+ Al)2RA(Ry + 1)) + 3AI2RE {L P (17’5—/*) +1] ARy + A)
€
+ 2APy (2A+ Al + Py A, — AKPy ) }—SlgP,ﬁ(ZAAZPm + Agl)}
+b{ — AIPRS (2AR) — 2A1%RS { (AR Py + Agl) (2Ac+ Ayl) | — APy {2APn A+ Apl)2RE} + AR, {(2A+ A1) R
+3A17RT { (2AR, (2AM Ry + A} +4n QG A PRI (R +1) 472 02 A, 132 {l +Py [1—5—’\]}—875293@%3(% +1)- 42 Q%I“P,ﬁ}
+[ a2 Of MR (2A+ Agl) + 872 0F AIPREA- 167205 A AR |
Similarly a,, ag, a4, a5 are defined as the coefficients of o/, o, o and o; in equation (27).
Let &2 =r, then equation (27) becomes

a0r5+a1r4+a2r3+a3r2+a4r+a5=O ...(28)
Since r = 2, which is always positive, so that the sum of roots of equation (28) is positive but this is impossible

if ag>0and a >0, because the sum of roots of equation (28) is {_@j . Thus, ag>0 and a; >0 are the
&

sufficient conditions for the non-existence of overstability.
Clearly, ag >0 and
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2ERK 5 < ngr§+segK<i, 0<P, <1,

> 0if s
AL+ K) A3 ER

(29)

and max 2n2Q3%5P, 203 P (1-Py) <Qe<min 4A%P, 2n2Q3R
2 eP,  10kZPR2 31%k2P, ' 3A%K2PR,,

Hence for the conditions given in (29), overstability cannot occur and the principle of exchange of stability
(PES) is valid.

VIII. Conclusions:

For stationary Convection :

1.

The critical Rayleigh number increases as the medium permeability decreases when €. may 5, k.3 and
A

Q> 210P b | thus the medium permeability has a destabilizing effect (see figure 2) . In the absence of
Pk

rotation and micropolar heat conduction, the medium permeability has destabilizing effect whatever the

strength of magnetic field is applied(see figure 3) . In the absence of rotation, the critical Rayleigh number

increases as the medium permeability decreases when § . < and the critical Rayleigh number increases as
A

the medium permeability increases when 3. ,2€, thus, in the absence of rotation the medium
A b

permeability may have dual role, whatever the strength of magnetic field is applied (see figure 4). In the
absence of magnetic field, the medium permeability has destabilizing effects according to the conditions

< £, K} _eAb  (seefigure 5).
A>max {5, 1} QO<nKl(b+2A)( g )

When <. max {5, k.3, the critical Rayleigh number increases with the decreasing of rotation, thus the
A

rotation has destabilizing effect when §> max {5, K,}, Whatever the magnetic field is applied (see figure 6 )

In the absence of micropolar heat conduction parameter, the rotation has stabilizing effect when Ky <<

(see figure 7).

When <. max {5, k3 and Q>2ﬂQoF’r2J5, the critical Rayleigh number increases with the increasing of
A Pmkx

Chandrashekhar number, thus the magnetic field has a stabilizing effect when 7i>max,{g, K,} and

Q>M (see figure 8).In the absence of micropolar heat conduction parameter and rotation, the
mnx
magnetic field also has a stabilizing effect without any condition (see figure 9).

When §> max {5, K;yand g 271~‘QoF’r2\/5, the coupling parameter has a stabilizing effect (see figure 10). In
Pm X
the absence of magnetic field, the coupling parameter has a stabilizing effect when §> max {8, K.} and
0 <L‘/b_ (see figure 12).In the absence of rotation, the coupling parameter has a stabilizing effect
Ky (b+2A)
when §> max {8, K.} ( see figure 11).
When 25 5. k, <25@4K) and o, ZﬂQoPerE, the critical Rayleigh number increases with the
b A bK Pk

increasing of micropolar coefficient, thus, the micropolar coefficient has a stabilizing effect under the above
conditions (see figure 13). In the absence of rotation, the micropolar coefficient has a stabilizing effect

when %<S<E and KM@' whatever the strength of magnetic field is applied. In the absence of
A K

micropolar heat conduction parameter, the micropolar coefficient has destabilizing effect when
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K <2€0+K) Q> 2R b | In the absence of rotation and micropolar heat conduction parameter, the
1 2

bK k
mnx
micropolar coefficient has destabilizing effect without any condition.
When K1<#, the critical Rayleigh number increases as the micropolar heat conduction parameter
K

increases, thus, the micropolar heat conduction parameter has a stabilizing effect if L2e@+K),
bK

For oscillatory Convection : The sufficient conditions for the non-existence of overstability are given by
conditions (29).
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Fig.2: Marginal instability curve for the variation of R v/s K.1 (Medium permeability) for A=0.5, P,=2, P,,=4,

k,=0.05, §=0.05, K=1, €=0.5, a=1.
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Fig. 3: Marginal instability curve for the variation of R v/s K; (Medium permeability) for A=0.5, €=0.5, K=1,

8=0, Q,=0, P,=2, P,;=4, k,=0.05, a=1
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Fig. 4: Marginal instability curve for the variation of R v/s K; (Medium permeability) for & =0.05, Q=45000,
P=2, Pm=4, K=1, k=0.05, ©,=0.
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Fig. 5: Marginal instability curve for the variation of R vs K; (Medium permeability) for & =0.05, Q=0, P,=2,
Pm=4, K=1, k=0.05, ©,=0.5, A=0.5, €=0.5.
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Fig. 6: Marginal instability curve for the variation of R vs €, (Rotation) for A=0.5, €=0.5, K=1, k;=0.05,
P=2, Pn=4, 8=0.05, K;=0.03, Q=45000.
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Fig. 7: Marginal instability curve for the variation of R vs Rotation ( ) for A=0.05, €=0.5, P.=2, P=4, K=1,
K;=0.03, & =0, Q=45000, k,=0.05.
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Fig. 8: Marginal instability curve for the variation of R vs Q for the A=0.05, €=0.5, P,.=2, P,,=4, K=1, k,=0.05,
K;=0.03,  =0.05, Q,=10.
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Fig. 9: Marginal instability curve for the variation of R v/s Q for the A=0.5, €=0.5, P,=2, P,=4, K=1, K;=0.03,
8=0, Q,=0, k,=0.05.
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Fig.10: Marginal instability curve for the variation of R v/s K for A=0.5, €=0.5, K;=0.03, k,=0.05, 6 =0.05,
P=2, Pn=4, =10, Q=45000.
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Fig.11: Marginal instability curve for the variation of R v/s K for A=0.5, €=0.5, K;=0.03, k.=0.05, & =0.05,
P=2, Pn=4, =0, Q=45000.
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Fig. 12: Marginal instability curve for the variation of R vs K for A=0.5, €=0.5, K;=0.03, §=0.05, Qq=0.5,
P=2, Pm=4, k=0.05, Q=0.
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Fig. 13: Marginal instability curve for the variation of R v/s & (Micropolar heat conduction parameter) for
A=0.5, €=0.5, P,=2, P,=4, K=1, K;=0.03, k,=0.05, Q=45000, ©,=10.
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