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ABSTRACT

We observed the Hall effects on MHD oscillatory flow of a micro polar fluid through a porous
medium over a vertical porous plate. The expressions for the velocity field, angular velocity
and temperature field are obtained analytically. It is examined that the axial velocity
uincreases with increasing m,Gr and f while it decreases with an increase in M,Prandn . Also,
it is observed that, the micro-rotation vectorwdecreases with increasing m,Gr and B, while it
increases with increasing M,Pr and n

1.1. INTRODUCTION

The theory of micro polar fluid can be used to explain the flow behavior of non-Newtonian
fluids, such as colloidal fluids, polymeric fluids, animal blood and real fluids with suspensions.
This theory, first formulated by Eringen [33] could deal with viscous fluids where the micro
constituents are rigid and spherical or randomly oriented. It has got much attention in recent
years. An excellent review about micro polar fluids was provided by Ariman et al. [7, 8].

The problem of fluid flow and heat transfer past a porous plate has attracted the interest of
many investigators in view of its applications in many engineering problems such as oil
exploration, geothermal energy extractions and the boundary layer control in aerodynamics
(Soundalgekar [87]; Kim [51]; Kim [52]; Rapti [76]). Specifically, Soundalgekar[87] obtained
approximate solutions for the two dimensional flow of an incompressible, viscous fluid flow
past an infinite porous vertical plate. He found that the difference between the temperature of
the plate and the free stream is significant to cause the free convection currents. Gorla and
Tornabene[38] have investigated the effects of thermal radiation on mixed convection flow over
a vertical plate with non-uniform heat flux boundary conditions. Raptis[76]studied numerically
the case of a steady two-dimensional flow of a micro polar fluid past a continuously moving
plate with a constant velocity in the presence of thermal radiation. Kim [52] studied the
unsteady free convection flow of a micro polar fluid through a porous medium bounded by an
infinite vertical plate.

The effect of the magnetic field on free convection flows is important in liquid metals,
electrolytes and ionized gases. Soundalgekar and Takher[88] have studied the effect of MHD
force and free convective flow past a semi-infinite plate. Raptis and Kafousias [75] studied the
influence of a magnetic field upon the steady free convection flow through a porous medium
bounded by an infinite vertical plate with a constant suction velocity and when the plate
temperature is also constant. The problem of MHD mixed convection flow of Newtonian fluids
over a horizontal plate has been analyzed by Ibrahim and Hady [49]. Hassanien and Hady [43]
have investigated the effects of Hydro magnetic free convection and mass transfer flow of a
non-Newtonian fluid through a porous medium bounded by an infinite vertical limiting surface
with constant suction. Kim and Lee [53] have discussed the MHD oscillatory flow of a micro
polar fluid over a vertical porous plate. Singh [86] has studied MHD free convection and mass
transfer flow with Hall current, viscous dissipation, joule heating and thermal diffusion.
Makinde and Mhone [55] have studied heat transfer to MHD oscillatory flow in a channel filled
with porous medium.MHD flow and heat transfer in a viscoelastic liquid over a stretching sheet
in the presence of radiation was investigated by Siddheshwar and Mahabaleshwar [85]. Mostafa
[59] has studied thermal radiation effect on unsteady MHD free convection flow past a vertical
plate with temperature dependent viscosity. Reddappa et al. [66] have studied the MHD
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oscillatory flow of a micro polar fluid through a porous medium over a vertical porous plate.
The analytical study of MHD radiation-convection with surface temperature oscillation and
secondary flow effects was studied by Beg and Gosh [14].

In this chapter we investigate the Hall effects on MHD oscillatory flow of a micro polar fluid
through a porous medium over a vertical porous plate. The expressions for the velocity field,
angular velocity and temperature field are obtained analytically. The effects of timet, Hartmann
number M, Darcy number Da,Grashof numberGr, viscosity ratio gand micro-gyration vector non
the velocity field, angular velocity and temperature filed are studied in detail.

1.2. MATHEMATICAL FORMULATION

We consider the unsteady laminar two-dimensional convection flow of an incompressible micro
polar fluid over a semi-infinite vertical porous moving plate in the presence of a magnetic
field. It is assumed that the transversely applied magnetic field and magnetic Reynolds number
are very small and hence the induced magnetic field is negligible when comparing with applied
magnetic field. The Hall Effect is taken into account. It is also assumed here that the Hole size
of the porous plate is significantly larger than a characteristic microscopic length scale of a
micro polar fluid. The x*axis is taken along the planar surface in the upward direction and the
v* -axis is taken to be normal to it. Due to the semi-infinite plane surface assumption, the flow

variables are functions of y* and the time t* only. Fig. 1.2.1 shows the physical model of the
problem.

Under these conditions, the mass, linear momentum, micro-rotation and energy conservation
equations can be written as follows:

av*

5y 0 (1.2.1)
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Fig.1.2. 1: The Physical model

where wu=xvs* are the components of dimensional velocities alongx=*andy=* directions,
respectively, pis the fluid density, v- the kinematic viscosity, v. - the kinematic rotational
viscosity, g-the acceleration of gravity, B;-the coefficient of volumetric thermal expansion of
the fluid, m - the Hall parameter, o - the electrical conductivity of the fluid, By- the magnetic
induction, j* - the micro-inertia density, o*the component of the angular velocity vector

normal to the x* y*-plane, y - the spin gradient viscosity, T - the temperature and a,-the
effective fluid thermal diffusivity.
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The second term of the RHS of the momentum Eq. (1.2.2) denotes buoyancy effects. The heat
due to viscous dissipation is omitted for small velocities in energy equation. It is assumed that
the porous plate moves with constant velocity u", in the longitudinal direction, and the plat
temperature (T) varies exponentially with time.

Under these assumptions, the appropriate boundary conditions for the velocity and temperature
fields are.

*

ou
ay*
u*—>0T->T,w —>0asy” - o (1.2.5)

uw=u,,T=T,+eT, —T.)e " 0 =—n_——aty" =0

In the boundary condition for micro-rotation variable o *that describes its relationship with the
surface stress, the parameter n is a number between 0 and 1 thatrelates the micro — gyration vector to

the shear stress. The value N = O corresponds to the case where the particle density is sufficiently large so that
microelements close to the wall are unable to rotate. The value N = 0.5 is indicative of weak concentrations, and when
N = 1 flows are believed to represent turbulent boundary layers (Rees and Bassom[78]).

Integrating the continuity Eq. (5.2.1) for constant suction, we get
v* =V, (1.2.6)

Where Vv is a scale of suction velocity which has non- zero positive constant.

We now introduce the following dimensionless variables:

u* v* V. y* u; v *y oo V2
U=U—,U=V—, =YY~ ,upzu—",wzuv a)*,f:évz =5
0 0 v 0 Vo 0 v
t*V/ T-T vpC B?
t= o =T 'Ifo ,Pr= F:( P :K,M _Z °2V (magnetic field parameter),
v wo o a 0
o 9T, -T)
- 2
UOVO
(Grashoff number), 1.2.7)

Where U, is a scale of free stream velocity. Further more, the spin-gradient viscosity 7 which gives some relationship
between the coefficient of viscosity and micro-inertia, is defined as

A) . . 1 A

J/Z(,UJr—j J*=m*[1+—ﬂ],ﬁ=— (1.2.8)
2 2 7

Here [3 denotes the dimensionless viscosity ratio in which A is the coefficient of gyro- viscosity (or vortex viscosity).

with the help of Equations (5.2.6)-(5.2.8), the governing Equations (1.2.2)-(5.2.4) reduce to the following
dimensionless form

2
a—u—@=(1+ﬁ)a—26r¢9— Nu+2,Ba—w (1.2.9)
ot oy oy oy
oo 0w 10w
—— = (1.2.10)
ot oy noy
00 00 1 0%
R AR 4 (1.2.11)
ot oy Proy

where

15
77:”] __2 and N:M/(l+m2).
y 2+p

The boundary conditions Eq. (5.2.5) are written as follows:
i ou
u=u, 0=1+c" w=-n—at y=0

u—>0606—->0w—>0asy—>w (1.2.12)
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1.3. SOLUTION

In order to reduce the partial differential equations (1.2.9) - (1.2.11) to a system of ordinary differential equations in
dimensionless form, we may represent the linear velocity, micro-rotation and temperature as

u=u,+ ey, +O(52)
o= a)0+5eiﬁcol+0<82) (1.3.1)
0=0,+260,+0(&)
Substituting Eq. (5.2.13) into Equations (5.2.9) - (5.2.11) and taking only the real parts from the physical point of view,
we get the following system of equations for (UO, @y, (90) and (Ul, @, (91)

d®u. du do
1+ 04 -9 _Nu,=Grg,-2 0 1.3.2
( :B)dyz gy~ N =Cro,-26- (132)

d?u, du do
1+ Ly~ 2(&tanét—N)u, =Grg -2 1 1.3.3
( ﬂ)dyz dy(§ &t—N)u, =Gré, ﬂdy (133)
2
d a2)0+ dwo:o (1.3.4)
dy dy
2
%mdd—‘;u né tan étew, =0 (1.3.5)
d%, de,

% _p 1.36
ay? +n dy (1.3.6)
d2o dé.
dy; + nd—y1+ nétan &t =0 (1.3.7)

However, this expansion of the solution is important only if the reduced equations are ordinary differential equations of
independent variable y. In fact, the solutions tou,, @ (O are time dependent and are not consistent with the assumption.

Therefore, we have only considered constant values of &t .

The corresponding boundary conditions can be written as
u, =Up,u, =0,m, =-nu,, @, =-nu, 6, =1,6,=1at y=0
U,=0,u,=0,w,=0,w, =0,6,=0,6,=0as y — o (1.3.8)

Solving equations (5.3.2) — (5.3.7) under the boundary condition Eq. (5.3.8) and substituting the solutions into Eq.
(5.3.1), we obtain

u=ae™ +ae ™ +ae” + g(ble‘“ly +he™ + bee‘“‘*y)e”it (1.3.9)
wo=ce” + g(cze’“ly)e‘ft (1.3.10)
O=e"+g(e)e (1.3.11)

where

/ 4ftan ¢t 1 0
1 Pr 1-4&tanét
= ae g VAN (G a N ) | Z?{“\/T}

Gr 26
= — — = — (D: =
a=Up-2-2 2, (1+APP—P-N" ~ (1+p)—p-N"= "%
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- 2p1m, -
\P_<1+ﬂ)h12—h1+(§tan§t_N)’ b, = we,, b, = (b, +by),
b, = Gr
P L+ p)hI—h,+(tanét-N)’

_ n(h2U1_h2a2 +Pra2)
© 1+nd(h,—7)
nb, (h, —h,)
C, =
L+ny(h, —h)

G

The rate of heat transfer coefficient in terms of Nusselt number NU at the wall of the plate is given by
0o

Y|,
when M — 0, our results coincide with those results obtained by Kim and Lee. [53].

Nu = = Pr+ gh,e'

1.4. DISCUSSION OF THE RESULTS
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Fig.1.4.2: Unsteady velocity profile u form = 0.2,Pr = 1,
B=1LM=2Gr =2,¢=01u, = 0.5,n = 05and & = 0.1

Fig.5.4.2 illustrates the unsteady velocity profiles in the boundary layer for £ =0.1,¢6 =0.1,n=0.5, f=1M = 2,

Gr=2,Pr=1andm=0.2. It is observed that the peak values of velocity are located near the wall of the porous
plate. Also, it is found that the behavior of velocity distribution is completely oscillatory.

The variation of the velocity uwith Hartmann number M for m = 0.2,Pr=1LB=1,t = 0.1,Gr = 2,
€= 0.0L,up=05n = 0.5and { = 0.1 is shown in
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8

Fig. 1.4.3: Effects of Hartmann number M onvelécilyproﬁle uform = 0.2, Pr = 1,
p=1Lt=01 6Gr =2 ¢=1t =01 up =05 n =05and £ = 0.1.

From Fig.1.4.3 it is observed that with increasing Hartmann number M results in a decreasing
velocity distribution across the boundary layer. Further, it is found that, the velocity is more
for non-conducting (magnetic) (i.e. M —> 0)micro polar fluid than that of conducting micro polar
fluid.
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Fig. 1.4.4: Effect of Hall parameter m on velocity profile u fort = 0.1,Pr=1, = 1,
M = 2,Gr = 2, ¢ = 0.01,u,= 05n = 05and £ = 0.1.

Fig. 1.4.4 depicts the effect of Hall parameter m on the velocity u fort = 0.1,Pr=1,=1,
M=2,Gr = 2,6=001L,u,=05n=05and& = 0.1. It is found that, the velocity distribution
increases with increasing m across the boundary layer.

The effect of Grashof number Gron the velocity u is shown in
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2 4 6 8 10

Fig. 1.4.5: Effect of Grash of number Gr on velocity profileu fort = 0.1,Pr=1, g = 1,
M =2m=102 &= 001u=05n = 05and = 0.1

Fig. 1.4.5 fort = 0.L,Pr=[B=1,M=2m = 02,e = 0.0L,u, = 05,n=05and £= 0.1. It is found
that, an increase in Gr leads to an increase in velocity due to the enhancement in buoyancy
force.
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Fig. 1.4.6: Effect of micro polar parameter fon velocity profile u fort = 0.1,
Pr = 1,6r = 2,m = 02,M = 2, = 0.01,u,= 0.5,n = 0.5and & = 0.1

Fig. 1.4.6 illustrates the velocityu against spanwise coordinate y for different values of
velocity ratio Pwith t = 0.1,Pr = [,Gr = 2,M =2,m = 0.2,e = 0.0L,u, =05n = 05and§ = 0.1.
The results show that the velocity gradient near the porous plate increases as Bincreases. Also
the velocity distribution across the boundary layer is Higher for Newtonian fluid(p = 0) for the
same flow conditions and fluid properties, as compared with a micro polar fluid, except for near
the wall of the porous plate.
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Effect of Prandtl number Pr on velocity profile u for t= 0.1, =1,6r = 2,m=0.2,e = 0.01,u, =
0.5,n = 0.5 and & = 0.1is shown in

0.6

0.4F

Pr=0.7,1,5,10

u
0.2}

-0-2 1 1 1
0 2 4 6 8 10

V

Fig. 1.4.7: Effect of Prandtl number Pr on velocity profile u fort = 0.1, g = 1,
Gr = 2,m = 0.2, M = 2,& = 0.01, up = 0.5,n = 0.5and &£ = 0.1

Fig.1.4.7 it is found that, the velocity u decreases with increasing Pr.
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u

Fig. 1.4.8: Effect of micro-gyration parameter n on velocity profile u fort = 0.1,Pr = 1,
Gr = 2, m = 02,&= 0.01,up = 0.5, n=05M=2and £=0.1.

Fig.5.4.8 shows the effect of micro-gyration parameter n on the velocity fort =0.1,Pr = 1,

Gr = 2,m = 02,6 = 001,u, =05n = 0.5and £ = 0.1. It is observed that increasing the values
of n results in a decreasing velocity within the boundary layer, which eventually approaches to
the relevant free stream velocity at the edge of boundary layer.
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The variation of micro-rotational velocity o with Mfor m= 0.2,Pr=1,=1,t = 0.1,6r = 2,
e= 0.0Lu,=05n = 05and & = 0.1 is depicted in

0.4 T T T T
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M =4,2,1,0

-0.8 L 1 L i
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y
Fig. 1.4.9: Effect of Hartmann number M on micro-rotational velocity form = 0.2,Pr = 2,4 = 1,
t =01,6r =2M =2 ¢&=00Ly, = 05n=05and { = 0.1

From Fig. 1.4.9 it is observe that the micro-rotational velocity w increases with increasing M.
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Fig. 1.4.10: Effects of Hall parameter m on micro-rotational velocity fort = 0.1,Pr= 1,8 = 1,
M = 2,6Gr = 2,6 = 0.01,u)= 05,n = 0.5and ¢ = 0.1

Fig. 1.4.10 depicts the variation of micro-rotational velocity o with mfort = 0.1,Pr =1, B =1,
M=2,6r = 2,¢ = 00L,u, =05n = 05and § = 0.1. It is found that, an increase in m results in a
decreasing micro-rotational velocity wacross the boundary layer.

The micro-rotational velocity wagainst span wise co-ordinate yfor different values of Grashof
number Grfor t = 0.1,Pr = [[B=1m = 02,M =2, = 0.0L,u, =05n= 05and& = 0.1 is shown
in
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Fig. 1.4.11: Effects of Grashof number Gr on micro-rotational velocity for
t=0LpPr=18=1M=02¢=00Lu, =0n= 05M = 2and & = 0.1

From Fig 1.4.11 it is observe that, micro-rotational velocity w decreases with an increase in Gr .
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Fig. 1.4.12: Effects of micropolar parameter 5 on micro-rotational velocityfort = 0.1,Pr= 1,5 = 1,
M = 02,Gr =2m = 02,¢=00Lu, = 0.5,n = 0.5and £ = 0.1

Fig. 5.4.12 shows the effect of viscosity pon the micro-rotational velocity ofor t = 0.1,Pr = [,
Gr = 2,M =2,e= 0.0Lu, =05n = 05and§ = 0.1. It is observed that, near the porous plate
micro-rotational velocity wdecreases as the viscosity ratio pfincreases.

The effect of Prandtl number Pr on micro-rotational velocity for t = 0.1,= 1,6Gr =2,m= 0.2,
¢= 0.01,u, =05n=05and & = 0.lisdepicted in
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Fig. 1.4.13: Effects of Prandttl number Pr on micro-rotational velocity for
t=01,6=16r =2,M =2m = 02, =001u=05n = 05and £ = 0.1

FromFig. 1.4.13 it is found that the micro-rotational velocity wincreases with increasing Pr.
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Fig. 1.4.14: Effects of micro-gyration parameter n on micro-rotational velocity for Gr = 2,t = 0.1,M = 2,
Pr =1,¢= 0.01,up = 05n =05and & = 0.1

Fig. 1.4.14 depicts the effects of micro gyration parameter non micro-rotational velocity for
t =01,Pr =1LGr =2m=02M=2¢= 0.01,u, =05n=05and & = 0.1. It is found that, the
micro-rotational velocity w increases with increasing n.

The variation of temperature Owith Prandtl number Pr for ¢ =0.01,§ = 0.1,t = 0.1is shown in
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Fig. 1.4.15: Temperature distribution with different values of Prandtl number Pr for £ = 0.1,¢ = 0.0l andt = 0.1
From Fig. 1.4.15. It is found that, an increase in thePrandtl number Pr results in a decreasing in
the thermal boundary layer thickness and more uniform temperature distribution across the
boundary layer. The reason is that smaller values of Pr are equivalent to increasing the thermal
conductivities, and therefore heat is able to spread away from the heated surface more rapidly
than for higher values of Pr. Hence the boundary layer is thicker and the rate of heat transfer is
reduced. The gradients have been reduced.

Table — 1.4.1: Effect of Pr on Nusselt number Nu with & = 0.1,6=0.01andt = 0.1.

P Nu

0.7 | 0.7077
1 1.0100
5 5.0362
10 | 10.0658

Table-5.4.1 shows the effect of Pr on Nusselt number Nu with & = 0.1, = 0.0landt = 0.1. It is
found that, the Nuincreases with increasing Pr .

Table -1.4. 2: Effect ofeon Nusselt number Nu with £= 0.1,Pr = 1andt = 0.1.

& Nu

0 1

0.01 | 1.0100
0.1 | 1.0999

Table-1.4.2 depicts the effect of eon Nusselt number Nu with §= 0.1,Pr = 1landt = 0.1. It is
observed that, Nu increases with increasing e.

Table — 1.4.3: Effect of t on Nusselt number Nu with £= 0.1,Pr = 1andt = 0.01.
T | Nu

1.0100
1.0098
1.0096
1.0092
1.0088
1.0083
1.0076
1.0069
1.0062
1.0053
1.0044
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Table-1.4.3 illustrates the effect of ton Nusselt number Nuwith & = 0.1,Pr = 1ande = 0.01. It
is noted that, the Nu decreases with increasing t.
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