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Abstract: The aim of the present problem is to study and bring out the effect of rarefaction parameter R,
Hartman number M, Schmidt number Sc and Grashof number Gr, on velocity, concentration and skin friction
of the MHD free convective flow of visco-elastic fluid (Walters BModel)[12] through a porous medium
bounded by an oscillating porous flat plate in slip flow regime.

I.  Introduction

The study of fluctuating flow is important in the paper industry and many other technological fields.
Also the study of flow and heat transfer in slip flow regime is of great interest due to its application in high
speed flight in the upper atmosphere. Therefore, fluctuating flow problems are of great interest to many
researchers.

Cookey et al. [1] have reported unsteady MHD free-convection and mass transfer flow past an infinite
heated porous vertical plate with time dependant suction. Das et al. [2] have analyzed free convection flow and
mass transfer of an elastico-viscous fluid past an infinite vertical porous plate in a rotating porous medium.
Chaudhary and Chand [3] have studied hydromagnetic flow past a long vertical channel embedded in porous
medium with transpiration cooling. Kurtcebe and Erim [4] have analyzed heat transfer of a visco-elastic fluid
in a porous channel. Panda et al. [5] have studied free convection of conducting viscous fluid between two
vertical walls filled with a porous material. Sharma and Yadav [6] have reported steady MHD boundary layer
flow and heat transfer between two long vertical wavy walls. Dash[7] has studied the effects of radiation and
chemical reaction in MHD flow past a stretched vertical permeable surface through a porous medium with
constant suction. Sharma et al. [8] have analyaed the steady MHD flow and heat transfer between two
rotating porous disk. Sharma and Sharma [9] have studied the effect of oscillatory suction and heat source on
heat and mass transfer in MHD flow along a vertical moving porous plate bounded by porous medium. Das and
Panda [10] have reported the effect of heat source and variable magnetic field on unsteady hydromagnetic flow
of aviscous stratified fluid past a porous flat moving plate in the slip flow .

Panda and Das[11] have analyzed the MHD free convection flow of a particulate suspension past an
infinite porous inclined flat plate with heat absorption.

The aim of the present problem is to study and bring out the effect of rarefaction parameter R,
Hartman number M, Schmidt number Sc and Grashof number Gr, on velocity, concentration and skin friction
of the MHD free convective flow of visco-elastic fluid (Walters B'Model)[12] through a porous medium
bounded by an oscillating porous flat plate in slip flow regime.

Il.  Formulation Of The Problem

The physical configuration consists of an unsteady flow of an electrically conducting and
incompressible elastico-viscous liquid of Walters B’ model [12] with simultaneous heat and mass transfer near
an oscillating infinite porous flat plate in slip flow regime under the influence of a transverse magnetic field of
uniform strength. The x-axis is taken along the flat plate in horizontal direction and y-axis is perpendicular to it.
A uniform magnetic field of strength B, is applied in the direction of y — axis. For problems in aeronautical
engineering the Reynolds number is usually small. Under the condition, the induced magnetic field may be
neglected, with respect to the applied magnetic field. The pressure P in the fluid is assumed to be constant. The
V, represents suction velocity. Initially the plate and fluid are at rest. Then the plate is set to an oscillatory
motion. The plate is at constant temperature T,, and concentration C,,.

Under the following assumptions the present problem has been studied.

The molecular transport properties are assumed to be constant. The density variation due to
temperature and concentration difference is approximated by Boussinesq approximation.Mass fraction of
diffusing species is low compared to the other species in the binary mixture.The viscous dissipation in energy
equation is negligible.No chemical reaction takes place in the fluid. The permeability of the medium is uniform.
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As the plate is infinite length all the variables in the problem are function of y and t. As it is common
in Rayligh’s problem, convective terms and pressure gradient term in momentum and energy equation are
neglected. The dissipation number corresponding to viscous dissipation is small for most common experiment
with fluids for the gravitational field strength of the earth. For fluid like water and gases at ordinary temperature
viscous dissipation will reject in turbulent flow. Viscous dissipation is neglected because of small velocity is
encountered in free convection laminar flows. The relative effect of pressure gradient is evaluated by comparing
pressure force with the viscous force in the boundary layer. The ratio is a function only of Prandtl number and
varies monotonically from 20 to 0.2 over the Prandtl ranges from 102 to 102 Hence, according to Gebhart[13]
the pressure gradient for free convection laminar flow neglected with usual boundary layer approximation. The
governing equations for visco-elastic liquid of Walters B’ model is given by
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First order velocity slip boundary condition of the problem when the plate executes linear
harmonic oscillation in its own plane are given by
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where Ly = (2 -m;) — and L =U —— is the mean free path and m; is the Maxwell’s
m, 2Pp

reflection coefficient.
On introducing the following non-dimensional quantities
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Sc= A (Schmidt number), Pr= L (Prandtl number)
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With the boundary conditions
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I11.  Method Of Solution
Equation (6) is the third order and two boundary conditions are available. Due to inadequate condition
a perturbation method has been applied with Rc<1 as the perturbation parameter. Let
U= Up+ RCU; +RCP Uyt

0=00+RcO+ RC*O] + .......
o=¢, + RC @ + R’ + .......

Substituting in equation(6)-(8) and equating the powers of Rc we get the following zeroth order and first order
equations with the boundary conditions.

Zeroth order
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First order
ou, ou, o’u, ou, du,
-V, = Gro, + Gmg, + - Qu, -V, -
ot oy oy’ oy’ otoy’
(13)
06 06 0%6
Pr : -V, L= :
ot oy oy’
(14)
0 0 o?
s 0 _y 0| _ 2.
ot oy oy’
(15)
with boundary conditions
_ ou
U=e"+R—>=,u, =0,6, =160, =1,¢, = 1,4, =0 aty=0

u, »0,u, —»06,—->0,6, >0,¢6, >0, >0asy —>

(16)
Further we introduce
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in zeroth order and first order equations harmonic and non-harmonic considerations separately and obtain the
the following equations .
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Hence the velocity, temperature and concentration field can be expressed in terms of the fluctuating part as
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where A, Ao, A3, Aq, Ag 10 Agg are constants given in Appendix.

IV.  Results And Discussion

In order to get a clear insight to the physical problem considered here numerical results are displayed
with the help of graphical illustrations. The dimensionless velocity profiles for different values of magnetic
parameter (M), Rarefication parameter (R), porosity parameter (Kp), Elasticity parameter (Rc), modified
Grashof number (Gm), schimdt number (Sc), Prandtl number (Pr) are presented with the help of graphs . For
numerical computation the value of Gr is taken positive (i.e., Gr.=5.0).This indicates that the study has been
carried out under the influence of the cooling of the plate. The interesting aspect of the problem is to study the
combined effect of the flow parameters with that of first order velocity slip boundary condition when the plate
executes linear harmonic oscillation in its own plane.

From Fig.1, it is observed that for the heavier species i.e, with increasing Sc the velocity decreases.
This is in good agreement with the property of the Schmidt number presenting the ratio of Kinematic viscosity
and diffusivity of the diffusing species. Further, with an increasing magnetic parameter, velocity increases when
y < 0.8. Thereafter, reverse effect is observed. However, the effect of the permeability parameter is just
opposite to that of magnetic parameter. Further, it is observed that under the influence of rarefication parameter,
the velocity decreases at all points (Curves | and Ill). Moreover, buoyancy effect (Gm) due to mass transfer
enhances the velocity (Curves | and 1V). The sudden rise in the velocity is marked near the plate due to the
presence of elasticity of the fluid, but when Rc = 0.0 i.e., in case of viscous liquid no sudden increase is marked
instead, slow and uniform variation is noticed. Moreover, further increase in the elastic parameter leads to an
increase in the velocity (Curves | and VI).

It is note worthy to record in respect of the representative curves such as X (Rc = 0.0),VII (M =0.0)
and XI (K, = 1000) representing the case of viscous fluid ,without magnetic field and without porous medium
respectively. Curve VII characterizes the delay in attaining the free stream condition and thinning of boundary
layer thickness when magnetic field is withdrawn.
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Fig - 1 Velocity profileswhen Pr=0.71, n=2, Gr=5,t = 0.2

The curve X (Rc = 0.0) shows that the velocity is almost linear in the absence of elastic property of the fluid.
Curve XI (K, =1000) has no special feature in comparision with its counterpart. i.e. K,=1.0, 4.0
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V.  Conclusion
The effect of the permeability parameter is just opposite to that of magnetic parameter.
Rarefaction parameter contributes to decelerate the fluid particles in the flow domain. Elastic elements
contributes to sudden rise of the velocity near the plate.
The buoyancy effect due to mass transfer enhances the velocity.
Magnetic force enhances the skin friction as the time elapses.
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