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Abstract: We analyze the unsteady laminar three-dimensional flow with mass and heat transfer of a viscous
incompressible fluid having foreign mass along an infinite vertical porous plate in a porous medium. The
vertical plate is assumed to be porous and is subjected to a periodic suction and oscillating free stream. The
governing equations are solved using separation of variables and the successive perturbation techniques.
The effect of the various physical parameters on the velocity, temperature and mass concentration
distributions are discussed.
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I. Introduction
The problem of laminar flow control has interesting applications in the field of aeronautical engineering.
Various theoretical and experimental studies of various arrangements of suction holes were considered. The
effects of transverse sinusoidal suction on the steady flow past a porous flat plate were considered by Gersten
and Gross [1]. Soundalgekar and Wavre [2] investigated the two-dimensional transient free convection flow in
the presence of foreign mass, past an infinite vertical porous plate with oscillating wall temperature and constant
suction. Soundalgekar [3] investigated the oscillating flow past an infinite vertical porous plate with mass
transfer. Bansal et al. [4] have studied heat, mass and momentum transfer in unsteady hydromagnetic free
convection flow past an accelerated vertical plate. Singh et al. [5] have studied the effect of mass transfer on
three-dimensional unsteady forced and free convective flow past an infinite vertical plate with periodic suction.
Sharma and Mishra [6] investigated the effect of mass transfer on unsteady MHD flow and heat transfer past an
infinite porous vertical moving plate. Abdel-Naby et al. [7] studied the radiation effects on MHD unsteady free
convection flow over vertical plate with variable surface temperature and obtained a numerical solution for the
governing equations. Sarangi and Jose [8] studied the unsteady MHD free convection flow and mass transfer
through porous medium with variable suction but with constant heat flux. Zakaria [9] considered the thermal
boundary layer equation for a MHD flow of a perfectly conducting fluid. In the present paper, the effect of
porosity of the medium on three-dimensional unsteady laminar flow heat and mass transfer, of a viscous
incompressible fluid with foreign mass along an infinite vertical porous plate with periodic suction and
oscillating free stream is investigated. The flow in the porous medium deals with the analysis in which the
differential equation governing the fluid motion is based on the Darcy’s law which accounts for the drag exerted
by the porous medium [10].
11-Problem Formulation

The unsteady flow of an incompressible viscous fluid with foreign mass along an infinite porous plate lying
vertically on the xz-plane in such a way that the x-axis is oriented in the direction of the flow in the upwards
direction, and the y-axis is perpendicular to the plate with oscillatory free stream velocity. The temperature of
the plate is assumed to vary with time periodically. The concentration level of the foreign mass is considered to
be very small. The flow in the porous medium deals with the analysis in which the differential equation
governing the fluid motion is based on the Darcy’s law which accounts for the drag exerted by the porous
medium [10]. The constant mean suction velocity is treated as the same for the fluid and the species inside it.
Since the plate is infinite in the x-direction therefore all the physical quantities are not varying with x, however
the flow remains three-dimensional due to the variable suction velocity. Considering the usual Boussinesq
approximation, the flow is governed by the following equations [7-9]
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where t is the time, u, v, w are the velocity components in the x, y, z directions, respectively, U(t) is the free
stream velocity, p is the fluid pressure, T is the temperature of the fluid, p is the density of the fluid, p, is the
density of the fluid in free stream, u is the coefficient of viscosity, c, is the specific heat at constant pressure, k
is the thermal conductively, ¥ is the concentration of foreign mass species, D is the diffusion coefficient, and K
is the Darcy permeability. The last term in the right side of each of egs. (2), (3) and (4) represents the porosity
force.

The boundary conditions are given by
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where v is the kinematic viscosity, T, is the characteristic temperature, T, is the free stream temperature, v, is
the constant mean suction velocity, U, is the mean part of the free stream velocity, w is the frequency, ,, is the
concentration of foreign mass species at the plate and ¢ is very small parameter (0 < € <1).

I11-Exact Solution
For BAT < 1and BAC < 1, we can determine (p,, — p) in terms of (T — T,,) and (¢ — ;) as follows
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where B is the volumetric coefficient of thermal expansion and 8* is the volumetric coefficient of expansion
with concentration. Introducing the following non-dimensional quantities [7-9]
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and substituting egs. (8) and (9) into egs. (1) to (7), we get (The bars will be dropped for convenience)
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where G, is the Grashoff number, G. is the modified Grashoff number, E, is the Eckert number, P, is the Prandtl
number, S is the Schmidt number, 4 is the suction parameter and y is the porosity parameter.
Following the procedures discussed in the literature in treating similar problems [7-9]. We assume a perturbed
solution in the neighbourhood of the plate in the form
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where H stands for any of u, v,w,p, T or .
Skin-friction coefficient at the plate is given by
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Then, the skin-friction coefficient at the plate is given by
17 = |17,| = 1/4/P2(0) + Q2(0) (21)
The rate of heat transfer in terms of the Nusselt number at the plate is given by
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The rate of mass transfer in terms of the Stanton number St,,, at the plate is given by
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