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Abstract: Heat and mass transfer of unsteady incompressible electrically conducting viscoelastic fluid
flow between two infinite vertical parallel porous plates moving in opposite direction with thermal
radiation and chemical reaction is investigated. A uniform magnetic field acts perpendicular to the porous
plates. The permeability of porous medium is dependent on time. A closed form solutions of the
equations governing the flow are obtained for the velocity, temperature and concentration profile
considering the Hall Effect. The velocity, temperature and concentration profiles are evaluated
numerically and shown graphically for different values of flow parameters.
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INTRODUCTION

In recent years free convective flows in a porous medium have received much attention
due to its wide applications in geothermal and oil reservoir engineering as well as other
geophysical, astrophysical and biological studies. Convective flow in porous media is
particularly important in environmental studies involving air and water pollution.
Moreover, considerable interest has been shown in radiation interaction with convection
for heat transfer in fluids. This is due to the significant role of thermal radiation in the
surface heat transfer when convection heat transfer is small, particularly in free
convection problems involving absorbing-emitting fluids. The effects of transversely
applied magnetic field on the flow of electrically conducting viscous fluids have been
discussed widely owing to their astrophysics, geophysical and engineering applications.
The radiative convective flow of an electrically conducting fluid in the presence of a
magnetic field is encountered in geophysical and cosmical fluid dynamics. It is also
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important in the solar physics involved in the sunspot development. It is applied to
study the stellar and solar structure, interstellar matter and radio propagation through the
ionosphere. In engineering, it finds its application in MHD pump and MHD bearing.
More applications and a good insight into the subject are given by Acharya et al. [1],
Alogoa et al. [3], Singh & Singh [14], Jha & Singh [8] and many others.

In an ionized gas where the density is low and/or the magnetic field is very strong, the
conductivity normal to the magnetic field is reduced due to the free spiralling of
electrons and ions about the magnetic lines of force before suffering collisions and a
current is induced in a direction normal to both the electric and the magnetic fields. This
current, well known in the literature, is called the Hall currents. Due to Hall currents the
electrical conductivity of the fluid becomes anisotropic and this causes the secondary
flow making flow three dimensional. Hall currents are of great importance in many
astrophysical problems. In processes, such as drying, evaporation at the surface of water
body, energy transfer in wet cooling tower and the flow in a desert cooler, the heat and
mass transfer occur simultaneously. Therefore, the combine heat and mass transfer
problem with chemical reaction have received a considerable amount of attention and is
studied by many scholars e.g. Chamkha [4], Kandasamy et al. [9], Afify [2], Takhar et
al. [17] and Mansour et al. [12].

This paper is extension of the study of Manglesh & Gorla [11] following Srekanth et al.
[16], Chand and Sharma [5], Das et al. [7], Uwanta et al. [18]. The aim of present
investigation is to study the effect of permeability variation and oscillatory
suction/injection velocity on free convective heat and mass transfer MHD flow of a
viscoelastic incompressible electrically conducting fluid between two vertical plates
moving in opposite direction. The permeability of porous medium is considered to be
K; = K;(1+ &™) and suction/injection velocity is assumed to be vy (1 + ge™ ).
MATHEMATICAL FORMULATION

Consider an unsteady MHD flow of a viscoelastic incompressible electrically
conducting fluid past infinitely long vertical flat plates located at the

v*=0andy* =d planes and extend from x* — —co to o0 and from z* = —oo to o

embedded in a porous medium on taking Hall current into account. A Cartesian co-

ordinate system is introduced such that x*-axis lies vertically upward and y*-axis is

perpendicular to it (see Fig.1l). The plates are moving in opposite directions with

velocity U(1 + scosw®t*), U being the mean velocity, w* being the frequency of the
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oscillations and = is a real number. The fluid is considered to be gray, absorbing-

emitting radiation but non-scattering medium. The flow field is exposed to the influence
of injection and suction velocity, thermal and mass buoyancy effect, thermal radiation
and chemically reactive species. Darcy’s resistance term is taken into account with
variable permeability of the medium. Further due to the infinite plane surface

assumption, the flow variables are functions of ¥* and t* only.

u
u® = U(1l+ scosw™t™) l

Fig.1: Schematic presentation of the physical problem
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Since the Hall current term is retained and if (7 jy, j2) are the components of electric

current density, J. The equation of conservation of electric charge, v.j = 0, gives
Jj, =constant. Since the plates are electrically non-conducting, j:=0 and is zero
everywhere in the flow. When the magnetic field is large, the generalized Ohm’s law, in

the absence of electric field, neglecting the ion slips and thermo electric effect Meyer
[13] yields:

1) Jo — @, Tj; = —ou Haw®

(2) J: T w1 j; = op Hyu'
The solutions of equations (1) and (2) are:

@ =2 (mu —w)

@) = +mw)

where m = w,_T, is Hall parameter, w,_: the cyclotron frequency, 7, : the electron
collision time, u,.: the magnetic permeability, o: the electrical conductivity of the fluid.

The chemical reactions are taking place in the flow and all thermo physical properties
are assumed to be constant. Under the usual Boussinesq’s approximation and in the
absence of pressure gradient, the unsteady equations governing the MHD flow of
viscoelastic fluid are:

()
du” fatet o Au _ pdtut a%u”* .
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Boundary conditions of the problem are:
uw*=U(1l+scosew’t*),w*=0,T*=T, +=(T, — T,) cosew*t*

C*= Cyte(Cy—Cy)cosw’t  at y* =10

(9)

and
u'=—-U(1+scosw*t*),w* =0,T*=T,,C*=C, aty*=d

T* is the temperature, C* is concentration, t*is the time, o is the density, 4 is the
kinematic viscosity, Kgis the viscoelasticity, o is the electric conductivity, g the
acceleration due to gravity, k;, is the permeability of the porous medium, « is thermal
conductivity, F,. is Prandtl number, <_ is the specific heat at constant pressure, is
chemical molecular diffusivity, - is chemical reaction. Here **’ stands for the
dimensional quantities.

In the spirit of Cogley et al [6] the radiative heat flux for the present problem become

(10) - =

Where _. is the mean radiation absorption coefficient.
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