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Abstract

In this paper, we make an initial vale investigation
of hydromagnetic convective flow of a viscous electrically
conducting second grade fluid through a porous medium
in a rotating parallel plate channel in the presence of a
temperature dependent heat source and taking hall current
into account. The perturbations in the flow are created by
a constant pressure gradient along the plates in addition
to non-torsional oscillations of the lower plate. The exact
solutions of the velocity and the temperature fields consist
of the steady state and the transient components using
Laplace transform technique. The time required for the
transient effects to decay is discussed in detail and the
ultimate steady state consists of boundary layers on the
plates and an interior. Attention is focused on the physical
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nature of the solutions, and the structure of the various
kinds of boundary layers formed on the plates. The final
steady state velocity and temperature fields are numerically
discussed for different values of the governing parameters.
The shear stresses and the Nusselt number are tabulated.
Particular case when both the plates are at rest has also
been computed and analyzed.

AMS Subject Classification:76E06, 760E7, 76A05,
76A10, 76N20.

Keyword: Convective flows, heat source, heat transfer,
porous medium, rotating channels and unsteady state flows.

1 Introduction

The hydromagnetic rotating flow of non-Newtonian fluids between
parallel plates has important applications in magnetohydrodynamic
(MHD) power generators and pumps, accelerators etc. The flow
through porous medium is very important particularly in the fields
of agricultural engineering and technology for irrigation processes,
especially in petroleum industry to study petroleum extraction
process and transport, also in chemical engineering and technology
for filtration and purification processes. The MHD flow through a
duct/planar channels has also been studied by various researchers
([1]-[3]). The flow through a porous medium with Hall effect and
Newtonian heating has also been investigated by many researchers
([4]-[9]). Recently, Krishna and Prakash [10] discussed the hall
current effects on Unsteady MHD flow in a Rotating parallel
plate channel bounded by Porous bed on the Lower half. The
effects of radiation and hall current on MHD free convection three
dimensional flow in a vertical channel filled with a porous medium
has been studied by Krishna and Basha [11]. Krishna [12] discussed
the unsteady flow of an incompressible electrically conducting
viscous fluid in a rotating porous media, with a variable pressure
gradient and in the presence of hall current. In this paper, we have
considered hall effects on the hydromagnetic convective flow of an
electrically conducting second grade fluid through a rotating porous
channel using Brinkman model.
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2 Formulation and solution of the prob-

lem

We have considered the unsteady hydromagnetic convective flow
of an electrically conducting second grade fluid through porous
medium two parallel non conducting plates under a uniform
transverse magnetic field H0 taking hall current into account. At
initial stage, both the plates and the fluid rotate with the same
angular velocity Ω. At t > 0, the fluid obsessed by a invariable
pressure gradient parallel to the plate and in addition the lower
plate performs non-torsional oscillation in its individual plane.
We promoted the plates are cooled or heated by a unvarying
temperature gradient in same direction parallel to the plane at the
plates. We choose a Cartesian co-ordinate system O(x, y, z) such
that the plates are at z = 0 and z = l the boundary layer equations
of motion are given by:
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Since the plates extends to infinity along x and y directions, all the
physical quantities except the pressure depend on z and t alone.
Combining equations (1) and (2), let q = u + iv and therefore we
obtain
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Integrating the Eq.(3) we get:

p
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∫
(T − T0)dz + φ(ξ, ξ̄)H(t), (6)
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where ξ = x−iy, ξ̄ = x+iy. Introducing non-dimensional variables

are: z∗ = z
l
, q∗ = ql

ν
, t∗ = tν
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D,

Gr = Gr1+iGr2. The physical variables have their usual meanings.
Using the non-dimensionalization process, the unsteady governing
equations reduces to (dropping asterisks),
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The corresponding initial and boundary conditions are

q(z, t) = aeiωt + be−iωt at z = 0,

= 0 at z = 1 for all t ≤ 0 for all z,

= 0 at z = 0 for all t ≤ 0 for all z,

θ(z, t) =
βgl3(θ1ω2 − θ1ω1)

ν2
= θ0, z = 1 (9)

We obtained the solutions for the velocity and temperature by the
equations (7) and (8) with initial and boundary conditions Eq.(9)
making use of Laplace transforms technique.

3 Results and Discussions

The analytical solution consists both steady and transient states.
The quasi-steady parts of the velocity and temperature representing
the ultimate flow have been computed numerically for different sets
of governing parameters and their profiles are plotted in Figures
(1-2) for the oscillating lower plate. For computational purpose we
have assumed Gr to be real so that the applied pressure gradient
in the y-direction is zero and Gr is positive or negative according
as the plates are heated or cooled along the direction of the x-axis
(non-zero pressure gradient R=10), a=1, b=1 also Prandtl number
Pr is chosen to be Pr=0.71. Other parameter values M=1, m=1,
D−1, S=1, ω = π

4
, Gr=2 and E=1.
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Figure 1: The velocity profiles for u and v against E, M, Gr and ω.
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Since the thermal buoyancy balances the vertical pressure
gradient in the absence of any other applied force in the direction
of rotation, the flow takes place in planes parallel to the boundary
plates. However the flow is three dimensional and all the perturbed
variables have been obtained using boundary layer type equations,
which reduce to two coupled partial differential equations for a
complex velocity and the real temperature. Figures (1) correspond
to profiles for the velocity components u and v, Figures (2)
correspond to profiles for temperature when one of the plates
(lower) is oscillating with given amplitude and other is at rest.
Tables (1-2) represent the shear stresses at the stationary and
oscillatory plates while table (2) signify the rate of heat transfer
at both the plates. From the Figures (1) that the velocity plots are
parabolic in nature. The magnitudes of the velocity components u
enhance and v diminish throughout the fluid region with increasing
Ekman number E being the parameters fixed (Fig 1(a-b)). The
resultant velocity is also increases with increasing E. Similar
behaviour is observed for Second grade fluid parameter S or Hall
parameter m. Both the velocity components u and v experiences
retardation with increasing the intensity of the magnetic field
(Hartmann number M).

The application of the transverse magnetic field plays the
important role of a resistive type force (Lorentz force) similar to
drag force (that acts in the opposite direction of the fluid motion)
which tends to resist the flow thereby decreasing its velocity (Fig
1(c-d)). Likewise, same nature is observed for the resultant velocity
with increasing Hartmann number M or D−1. An increase in Gr
leads to raise both the primary velocity u and the secondary velocity
v as shown in Fig 1(e-f). This is because; increase in Gr means
more heating and less density. The resultant velocity is also boost
up throughout the fluid region. From the Fig. 1(g-h) depicts the
magnitude of the velocity component u oscillates in the entire fluid
region where as the velocity component v diminishes with increasing
the frequency of oscillation ω. The resultant velocity is also reduces
throughout the fluid region ω. Fig.2 is not mentioned because of
paucity of the space.

At the stationary plate, the magnitude of the stresses τx and
τy enhances with increasing E, m and ω. The reversal behavior is
observed for increasing Gr. The stresses τx reduce and τy increase in
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magnitude with increasing M or D−1, whereas stresses τx increases
and τy decreases with increasing S (Table 1). The magnitudes of
the rate heat transfer Nu enhance with E, D−1, m, Gr, ω and
Pr at either plates. Nu increases at stationary plate and reduces
at oscillatory plate with S, where as reversal trend observed with
increasing M or α (Table 2). Tables are not displayed because of
paucity of the space.

4 Conclusions

The resultant velocity enhances with increasing E, S, m and Gr,
and reduces with M, D−1 and ω. The temperature increases with
an increase in M, S, D−1, Pr, m and ω reduces with increasing E,
α and Gr. The rate heat transfer enhances with increasing E, D−1,
m, Gr, ω and Pr at either plates. The heat transfer co-efficient Nu
increases at stationary plate and reduces at oscillatory plate with
S, the revers trend observed with increasing M or α.
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