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Abstract - Effect of the couple-stress on micro polar rotating fluid layer
heated from below in the presence of varying gravitational field in a porous
medium is studied, using normal mode, the problem has been analyzed and it is
found that the permeability has destabilizing effect. The rotation, couple-stress
parameter and micro-polar parameters have stabilizing effect. The condition of
over stability has been found.
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1 Introduction

There are some important classes of fluid in technology areas, one of them
being micro-polar fluid. The general theory of micro polar fluid was introduced
Eringen[3] . Sharma and Gupta [8] investigated the thermal convection on micro
polar fluid in porous medium. Sunil [12] et al. analyzed rotation and different
parameters on a micro-polar ferromagnetic fluid flow. Mittal and Rana [5]
investigated the medium permeability, suspended particles and other parameters
on the micro-polar ferromagnetic fluid.

Stokes [11] study the classical concept of couple-stress fluid. Kumar Pardeep [4]
et al. study the rotation on thermal instability in couple-stress viscous elastic
fluid. Banyal and Singh [2] investigated the rotation on the couple-stress fluid
in a porous medium. Shivakumara et al. [10] used the Galerkin method to
investigate the convection in a couple-stress fluid flow. Pundir [6] et al. analyzed
the effect of permeability, couple-stress parameter and magnetization. Shah
Zahir et al. [7] discussed the effect of couple stress on micro polar fluid flow
with hall current. Sharma K. Bhupendra et al. [9] study the effect of porosity,
magnetic field and electrically conducting. Aparna P. et al. [1] investigated
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the couple stress fluid on rotating permeable sphere. Xiong Pei-Ying et al.
[13] analyzed the couple stress fluid flow between parallel plates with thermal
convection.

Application of this work in geophysics, engineering science, chemical science and
industry like as liquid crystal, blood flows, colloids suspensions and clean engine
lubricants. In this paper, I attempt to study the couple-stress on micro-polar
rotating fluid flow saturating a porous medium. To my knowledge this problem
has not yet been investigated using the generalized Darcys model.

2 Mathematical Formulation

An infinite, horizontal, incompressible micro-polar fluid layer of thickness d is
assumed and has porosity € and medium permeability k;. The upper limit z = d
and lower limit z = 0 are maintained at constant but varying temperatures Ty
and 77 such that a study adverse temperature gradient § = ’%| has been
continued. The rotation and gravity are applied along z-axis to the system.

z-axis

TT 11111~

Heated from below

=x-axis

y-axis

The equation of continuity, momentum, internal angular momentum, tem-
perature and state is
V.i=o (1)

07 1 _._ . . ' B} 4
peo[az+e(q~v)q}=—VP—pgez+(u—5V2)V2q—(u+<)q

+6(VXxU)+—(TxQ) (2)

ov 1
o [a: + = (@V) 17} = (o' + BV (V.7) + 7' V2T + é (Vxq) —27 (3)
oT ) ) B}
[€ poCy + (1— €) psCs] En +poCy, (GV)T = x VT +6(Vx0).VT (4)
p=po[l —a(T—-1T,)] (5)

Where p - Fluid density, pg Reference density, ¢ Filter velocity, ¥ Spin
(micro rotation), p - Shear kinematic viscosity coefficient, ¢ - Coupling viscosity
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coefficient, P - Pressure, yu’ - Couple stress viscosity, é, - Unit vector in z-
direction, o/ - Bulk spin viscosity coefficient, 3’ - Shear spin viscosity coefficient,
~" - Micro-polar viscosity coefficient, J - Micro inertia constant, t - time, C, -
Specific heat at constant volume, Cj - Specific heat of solid (Porous Material
Matrix), ps - Density of solid matrix, x - Thermal conductivity, T - Temperature,
d - Micro-polar heat conduction coefficient, « - Coefficient of thermal expansion.

3 Basic State of Problem
The basic state is
qd=q(0,0,0),7=1,(0,0,0), p=p=pp(2) and P = P, (2)

From equation (1) to (5)
dp,

e +mg=0 (6)
T=Ty(2)=—-Bz+T, (7)
py = po (1+ apz) (8)

4 Linearize Perturbation Equations

V.id =o (9)
po 07 ’ A 3 2 2 1 — !
——=-VP 0 - —=V* |V - — \Y
< ot +a gez+(u P q kl(u+<)q +¢(Vx1')

2
+ 2@ x Q) (10)
S
o' ! ! ! IN72 7 S ~ !
poJa:(a+6)V(V.v)+7Vv+g(qu)f2qv (11)
E@H*V)T—k v (Vx),8+B(7) (12)
ot q. b= RT 20Cy 2 q),
p' = —poald (13)
Converting equation (9) to (13) by the following transform z = dxx*, y =
dys, z = dzx,§ = Sqx, P/ = B ps i = Eri t = 204 v = e g
y*72_ Z*7q - dq*a - d2 *7’0 - d2v*7 - o *7 - d -
Bd 0%, then we have
V.g=o (14)
107 _ —VP+R0é.+ (1 - FV?) VQq*—i (1+K)7+K (V% 5)+2 (7% Q)
€ ot ? K, €
(15)
-0Y 1
Jalt}=C’1V(V.17)—COV(V><17)+K{E(Vx@)—Zﬁ} (16)
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o0 -

EP= = V20 —6(V x 9), + (), (17)
Where R = ""90‘5 " _ Thermal Rayleigh number, P, = TT Prandtl number,
F= HdwE e"‘%at]:dwl(l—d275_p00d27002%¢;2;01:
a Jrfd;“’ ,and W =¢qeé,.
5 Boundary conditions

W—dQ—W—O 0=0atz=0andz=d (18)
od22 - N

6 Dispersion Relation

Taking curl on both side equation (15) then we have

10  (1+K , o, L 00,

+KV><(V><17)+EV><(J><Q) (19)

Let v2:azz+ayz+azzav2:ax2+ay2’D_ 5 G = (Vx ., Q' =

(V x7),
Taking curl and z-component of equation (19), (16), then we have
19 I+ K N o2 | w211 _ o2 20 75 2
{e@t ( I > - (1-FV?*)V } VW = RVi0+ KV?Q, ¢, — EQ(DCZ)
(20)
_o0,’ 5 1
z Q) —K|=V2W +29,’ 21
5 CoV {EV + ] (21)
Taking z-component of equation (19) and (17) then we have
10 [(1+K - 2
-2 —(1-F .= 2QDW 22
o () -0-mvfe-t @)
EP@—vze 5O +W (23)

ot

1. Normal Mode Analysis

Let [W, (., 0, ./ = [W (2), X (2), ©(2), G (2)] exp. [i kyx + i kyy + ot]
Applying normal mode of equation (20) to (23), becomes

[Z + (1;;,K> —|—F(D2 —a2)2 — (D2 —az) (D2 —a2) W = —Ra*0
1

+ K (D*-a*) G- éQDX (24)
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[UJF(1+K>+F(92_a2)2—(02—a2) X:éQDW (25)

€ K,
mo 24— (D —a?)] G = ~ 2 (D —a?) W (26)
[EP,oc— (D*—a®)]©=—-6G+W (27)
Where a? = k2 + k; - wave number, ¢ = o, + 10, - stability parameter and

m = %, A= C%’ A - ratio between the micro-polar viscous effect and micro-

polar diffusion effects.

W=DW=0=X=DX=G,0=0atz=0toz=1 (28)
D?>™W =0atz=0toz =1, Where n > 0.
The solution of equation (28) is
W =Wy sinnz

Eliminating ©, G, ®, X from (24) to (27) and put the value of W and b =
72 4 a2, then we have

2
b{ZJr (11—:K> +Fb2+b] [mo +2A + b [EP.0 + b
1

1+K 5 A
= Rd® [U+( i >+Fb2+b} [(mo—&-QA—i—b)—M]
S K4 c

K Av? 1+ K
A {0+( ha )+Fb2+b} [EP,0 + 1]

€ |e K,
40272
- =

(mo +2A+0b)[EP.c+0b] (29)

7 Stationary Convection

Put the p = 0 in equation (29), then we have

3

R= LI [b2(2A+b)<1+K+Fb2+b)—KAb
a? 2A+bf%] Ky

A7) (24 + b)

(L + Fo2 + b)] (30

To study the behavior of permeability, rotation, couple-stress parameter cou-

pling parameter, micro-polar coefficient, micro-polar heat transfer parameter

and find the nature of j—li, %, %, %, % and % respectively, then

dR _ —b2A+b)(1+K) |, ctiea 1)
K 22 [24 4 b — 54| (55 + o2 +0)
5
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< 0if A0 < e (LK 4 PV +b) andd < §

From equation (31), we can say that the permeability has destabilizing effect
when 422 < €2 (LEE 4 FY2 4 b) and§ < §.

dR 80m2e~2h (24 + b)
¥ g2 (% +Fb2+b> [2A+b—%]

(32)

dR cros €

From equation (32) shows that the rotation has stabilizing effect when § < s

3 1+ K 2 2 402
p BeA+D) b(Tl—ka +b) — 405
=

: : (33)
@2(HE 4 Fb2 +0)” [24 4 b - 20|

dR . K Qm

It is clear that the couple-stress parameter has stabilizing effect when (% + Fb? + b) >

207
evh’
2 2
. b[Ab({—g) (5 + Fo +b) +{b2(1K+f<+Fb2+b) —W}é]
aK a2(LEE 1 Fp2 4 b)” [2A+b—%}
(34)

9 0if 2> Land (S 4 FR 4 0) > 20TVEAD

Hence the coupling parameter has stabilizing effect when I% > g and (% + Fb% + b) >

2Qm+/(2A+b)

€

" %(%+Fb2+b>2[5-K(1;5<+Fb2+b)]+‘“’2gﬁ

dA

(o) [eas 2]

> 0if6 > K (L + Fr2+b)
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From equation (35), we can say that the micro-polar coefficient has stabilizing
effect when 6 > K (% + Fb? +b) .

Ab
et () )
a2[(24 +0) - 2] ! €
14+ K 40%72 2 (24
+2Ab2( i +Fb2+b>+ e b +b)] (36)
Ky (5 + P2 +b)

d . A
4B - if <%+Fb2+b) > KA

From equation (36), shows that the micro-polar heat transfer parameter has
stabilizing effect when (% + Fb% + b) > KA

8 Oscillatory Convection

Putting o = i0; in equation (29) then we get real and imaginary part, elimi-
nating R between them, then we have

fool + frof + f2=0
Put s = o2then we have

fos* + fis+ f2=0 (37)
Where

fo=aiq1 —pi1bs
f1 = a2q1 — p2b1 — p1ba
fa = azq1 — paby
b= —22, 4y = EBh and by = a? (24 + ) { K + F0? 4 b}

e €2

ag = —

{(2A+b)b2} +2b(1+K

€ K

(24 + b) b ( LK | g b) Ry (ﬂ 4D+ b) + A 2AD)

Pr=—1 [L{(24+b) EP, +mb} + 2B mb (5 + Fy? + ) |

+ Fb? + b> {(2A +b) EP, + mb}

2 2 2,2
N b) EPTmb] N KAb QEPT s f’Prm
S S
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1+ K
P, = [2 (24 4+ b) b2e? (;; + Fb?+ b)
1

2
1+K+Fb2+b> ]
1

2 2.2
_ KAb (b+EPT> Jr4927r
S S S

+{(2A+0b)EP, +mb}b(

(24 4 b) EP, + mb)]
q = a® [LA;I)) +m (% + Fb? + b) - %}

From (37), we saying that s = o7 is positive, equation (37) for the sum of roots
is positive, it is not possible if fy > 0 and f; > 0.

If fo >0and f; > 0 when § < &, K < 4Fb €, KEP, < 4band AKb? <
2120%m.

Above conditions of the overstability.

9 Numerical Calculation

Now we show numerically effect of different parameter from equation (29)

Plot of the R and K1
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Figure 1: -
E=1,P.=2,€=05 A=01,F=2 K=02,Q=10andd = 0.05.

Fig 1 shows the variation of Rayleigh number R with respect to medium per-
meability K; i.e. medium permeability K; increases then the Rayleigh number
R decreases.
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Plot of the R and
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Figure 2: -
E=1,P.,=2,€=05 A=0.1, F=2, K =0.2, K; =0.002and§ = 0.05.

Fig 2 represent the plot of Rayleigh number R versus rotation w i.e. rotation
increases w then the Rayleigh number R increases.

Plot of the Rand F
2250
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o
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Figure 3: ~
E=1,P,=2,€=05 A=0.1,Q=10, K =0.2, K1 =0.002and = 0.05.

Fig 3 plot between Rayleigh number R and couple-stress parameter F i.e.
couple-stress parameter F increases then the Rayleigh number R increases.
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Plot of the Rand K

Figure 4: -
E=1,P.=2,€=05 A=0.1,Q2=10, F =2, K; =0.002and § = 0.05.

Fig 4 shows the variation of Rayleigh number R with respect to coupling
parameter K i.e. coupling parameter K increases then the Rayleigh number R
increases.

Plot of the Rand A
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Figure 5: -
E=1,P.=2€=05 K=02 Q=10, F =2, K; =0.002andd = 0.05.

Fig 5 represent the plot of Rayleigh number R versus micro-polar coefficient
i.e. micro-polar coefficient A increases then the Rayleigh number R increases.

10 Conclusions

According to the stationary convection and numerically discussion we found
that the effect of permeability is destabilizing. The effect of couple-stress pa-
rameter, rotation, coupling parameter, micro-polar coefficient and micro-polar
heat conduction are stabilizing. Among them the most important result that
the effect of rotation stabilize on the system. The condition of over stability is

6 < §,K <4Fbe, KEP, < 4band AKb? < 2rn2Q?m.

10
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