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Abstract:The purpose of this vesearch paper is an unsteady free convection flow of an electrically
conducting gray gas near equilibrium in the optically thin limit along an infinite vertical porous plate are
investigated in the presence of strong transverse magneticfield imposed perpendicularly to the plate, taking
hall currents and thermal radiation in to account. The similarly equations wereobtained using suitable
transformations and the resulting non-linear coupled partial differential equations are solved by finite
difference method. A parametric study iliustrating the influence of different flow parameters on velocity,
temperature and concentration fields are investigated. The effects of different flow parameters on these
respective fields are discussed through graphs and results are physically interpreted.
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1. INTRODUCTION

The growing need for chemical reactions in chemical and hydrometallurgical industries require the study of
heat and mass transfer with chemicai reaction. The preseoee of a foreign mass in water or air causes some
kind of chemrical reaction. This may be present either by iizelf or as mixtures with air or water. In many
chemical engineering processes, a chemical reaction occurs between a foreign mass and the fluid in which
the plate is moving. These processes take place in numerous industrial applications, for example, polymer
production, manufacturing of ceramics or glassware and food processing. A chemical reaction can be
codified as either 2 homogenous or heterogeneous process. This depends on whether it occurs on an
interface or 2 single phase volume reaction. Aurang Zaib and Sharidan Shafie [1] investigated the effects of
thermal- diffusion and diffosion- thermo on an wnsteady MHD free convection boundary layer flow with
heat and mass transfer of an electrically conducting fluid over a streiching sheet in the presence of strong
magnetic field with Hall cwrent, thermal stratification, chemical reaction, heat generation, thermal
tadiation, Joule heating and viscous dissipation. The transformed nonlinear boundary layer equations are
numerically solved by applying Keller-box method. An analytical solution of MHD fiee convective,
dissipative boundary layer flow past a vertical porous surface in the presence of thermal radiation, chemical
reaction and constant suction, under the influence of uniform magnetic field which is applied normal to the
surface is studied by Raju et al. [2]. The governing equations are solved analytically using 2 regular
perturbation technique Heat and mass transfer effects on an unsteady flow of a chemically reacting
micropolar fluid over an infinite vertical porous plate through a porous medium in the presence of 2
transverse magnetic field with Hall effect and thermal radiation are studied by Oahimire and Olajuwon {3].
The problem of magneto- micropolar fluid flow, heat and mass transfer with suction and blowing through a
porous medium is analyzed numerically by Nasser Elgazery [4]. This problem was studied under the effects
of chemical reaction, Hall, ion- slip currents, variable viscosity and variable thermal diffusivity. The
governing fimdamental equations are approximated by a system of non- linear ordinary differential
equation. This system is solved numerically by using the Chebyshev pseudospectral methed. The problem
of steady, laminar, hydromagnetic, simultaneous heat and mass transfer by laminar flow of a Newtonian,
viscous, elecirically conducting and beat generating/absorbing fiuid over a continuousty siretching surface
in the presence of the combined effect of Hall currents and muass diffasion of chemical species with first
and higher order reactions is investigated by Salem and Mohamed Abd Bl Aziz [5]. A two-
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Abstract— The aim of this work is to study the influence of
thermal radiation on unsteady free convection How of water near
4oC (Pr = 11.40) past a moving vertical plate. The effect of the
suction/injection parameter at the plate on the velocity is
considered. The governing dimensionalized non-linear coupled
partial differential equations are solved using Finite element
technique. The numerical solutions of velocity and temperature
of the fluid are obtained and discussed through graphs and the
physical aspects of the problem are highlighted and discussed.
Comparisons with previously published work on special cases of
the problem are obtained and are observed to be in accord.

Index Terms—- Thermal radiation, Free convection, Water
near 4o C, Finite element technique.

L INTRODUCTION

From a technological point of view, free convection flows
over an infinite vertical plate has an important applications in
fluid mechanics. It becomes a more attractive problem when
the fluid is water at 4°C which is electrically conductive, and
the flow is focused to transverse and constant magnetic field.
The steady mixed convective water flow at 4°C over a vertical
porous plate was studied by Ling et al [1]. Michalis Xenos et
al [2] studied the effect of constant uniform suction on
unsteady MHD free convection flow of water at 4°C past an
infinitely vertical moving plate with constant velocity. The
unsteady free convection flow of water at 4°C in the laminar
boundary layer over a vertical moving plate embedded in 4
porous medium was investigated by Raptis and Perdikis [3]. In
this study, fourth-order Runge - Kutta scheme was used for
solving momentum equations numerically, Siva Reddy Sheri
and Srinivasa Raju [4] demonstrated the effect of thermal
diffusion (Soret) on unsteady hydrodynamic free convection
flow past a semi-infinite vertical plate in the presence viscous
dissipation. Sivaiah and Srinivasa Raju [5] studied the effects
of Hall current and heat source on unsteady magmeto
hydrodynamic free convective flow in presence of viseous
dissipation, heat and mass transfer using finite element
method.

The effect of thermal radiation on free convective flows
have very important applications in space technology and
design of pertinent equipments. Recent advances in nuclear
power plants, gas cooled nuclear reactors, space vehicles, gas
turbines and hypersonic flights have involved in this research
field. The effects of thermal radiation and Heat source on
magnetohydrodynamic free convective flow over an infinite
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vertical porous plate in presence of Sorct and Dufour using
fimite element method was studied by Srinivasa Raju et al [6].
The effects of thermal radiation on non-darcy mixed
convection flow in the presence of magnetic field was studied
by Srinivasacharya et al [7]. Srinivasacharya and Swamy
Reddy [8] studied the effects of thermal radiation on natural
convection in porous medium saturated with power-law fluid
in the presence of chemical reaction. The effect of chemical
reaction on mixed convection in magnetohydrodynamic
micropelar fluid flow in presence of thermal radiation was
studied by Srinivasacharya and Upendar Mendu [9].
The purpose of this paper is to study is the effect of thermal

radiation on an unsteady free convection flow of water near

4o C past a vertical moving porous plate. Finite element
technique was used to solve dimensionalized non-linear
coupled partial differential equations. Interesting findings are
observed and were compared to the effects of thermal
radiation reported by Raptis and Perdilkis [3].

II. BASIC EQUATIONS

Let us consider a two dimensional laminar free
convection flow of water near 4o C past a moving vertical
porous plate. The X' and 3" axes are along and normal to the
plate respectively, The flow governing equations of the
problem are:

Continuity Equation:
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The corresponding boundary conditions of the flow are:
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