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Abstract

In this paper we analyse the effect of chemical reaction and radiation on MHD fluid flow through a porous
medium in a uniform magnetic field with variable temperature and mass diffusion with heat source past an
exponentially accelerated vertical plate. The non-dimensional equations governing the above flow characteristics
are solved by using Laplace Transformation and the effect of different physical parameters on the velocity
profile, temperature profile and concentration profile are illustrated graphically.
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Introduction

In recent years, MHD flow with heat and mass transfer in presence of chemical reaction are of importance in
many practical processes such as distribution of temperature and moisture over agricultural field, energy transfer
in a wet cooling tower, in method of generating and extracting power from a moving fluid. So many researchers
has taken interest in study the above effects;Rajeswari, Jothiram and Nilson [1] studied chemical reaction, heat
and mass transfer on nonlinear MHD boundary layer flow through a vertical porous surface in the presence of
suction. The effect of chemical reaction and heat generation or absorption on double diffusive convection from
vertical truncated cone in a porous media with variable viscosity is studied by Mahdy [2]. Pal and Talukdar [3]
have studied perturbation analysis of unsteady MHD convective heat and mass transfer in boundary layer slip
flow past a vertical permeable plate with thermal radiation and chemical reaction.Further the effect of thermal
radiation and heat and mass transfer flow of a variable viscosity fluid past a vertical porous plate in presence of
transverse magnetic field was investigated by Makinde and ogulu[4]. Aziz [5] theoretically examined that a
similarity solution for a laminar thermal boundary layer over a flat plate with a convective surface boundary
condition. The effects of transversely applied magnetic field on the flow of an electrically conducting fluid past
an impulsively started infinite isothermal vertical plate is studied by Soundalgekar et al.[6].

Radiation and chemical reaction of convective fluids in presence of heat source within a porous medium are
of great practical importance in geophysics and energy related problem such as recovery of petroleum resources,
cooling of underground electric cable, ground water pollution, fiber and granular insulation, chemical catalytic
reactors and solidification of casting. The above applications attracts authors like; S.Bagai [7] studied the effect
of variable viscosity on free convective over a non-isothermal axisymmetric body in a porous medium with
internal heat generation, Malla et al. [8] presented natural convection flow along a vertical wavy surface with
uniform surface temperature in presence of heat generation/absorption, Hady et al. [9] studied the heat
generation or absorption effect on MHD free convection flow along a vertical wavy surface. Rout et al. [10]
studied the influence of chemical reaction and radiation on MHD heat and mass transfer fluid flow over a
moving vertical plate in presence of heat source with convective boundary condition. Singh and Naveen Kumar
[11] established the free convection effects on flow past an exponentially accelerated vertical plate.
Muthucumaraswamy et al.[12] presented the mass transfer effects on exponentially accelerated isothermal
vertical plate. Effect of radiation on free convection flow past a moving plate is established by Raptis and
Perdikis[13]. Rajput and Surendra Kumar[14] studied MHD flow past an impulsively vertical plate with
variable temperature and mass diffusion.

In our knowledge, none of the researchers has taken interest in studying of MHD fluid flow through a
porous medium in a uniform magnetic field with variable temperature and mass diffusion with heat source and
radiation past an exponentially accelerated vertical plate.

Mathematical analysis
Consider an unsteady MHD flow of a viscous incompressible fluid through a porous medium past an
infinite isothermal vertical plate with uniform mass diffusion in presence of a first order chemical
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reaction and radiation effect. The x -axis is taken along the plate in the vertical upward direction and
y -axis is perpendicular to it. A uniform magnetic field is apphed in the direction normal to x -axis.

The fluid is subjected to variable temperature such as at time ¢ < 0 the plate and fluid are at same
temperature 7, and at time ¢ >0, the plate is exponentially accelerated with a velocity
u=u,exp(a't).Toneglect the induced magnetic field effect we choose the flow of small Reynolds

number. Hull effect and Joule heating effect are neglected. To allow heat generation effect we place a
heat source in the flow. The governing equations under the above physical conditions are given by
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By using the Rosseland approximation g, takes the value
g =— 4" OT* ©
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Where ¢ and k p are the Stefan-Boltzman constant and the Rossenland mean absorption coefficient

respectively. Assuming the temperature difference within the flow are sufficiently small, by Taylor series
expansion neglecting the higher order terms we can express T’ * as a linear function of temperature of the form

T* =~ 4T} -3T} 7

By using (6) and (7) q, =—160*T°3 o°T 8)
oy 3k, oy’

Using (5) and (8) in the system of Eq. (1) - (3), the reduced non-dimensional Eqs. are given by
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Corresponding boundary conditions are

U=0, =0, C=0 forall Y,t<0
t>0:U=e", O0=t,C=t at Y=0
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Solution procedure:
The dimensionless equations (9) —(11) under the boundary conditions (12) are solved byTransform technique

and solutions are given by Laplace Trasformation technique.

(12)
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Result and discussion

An analysis of MHD flow past an exponentially accelerated vertical plate embedded in a porous medium with
variable temperature and mass diffusion in presence of heat source and chemical reaction of first order with
radiation effect is carried out. To illustrate the behavior of the velocity, temperature and concentration field, the
solution is obtained by Laplace Transform and the parameters those describes the flow characters and the results
are displayed in form of graphs. In the present study the following parameter values are taken for computation

K, =1, 2a=1,Pr=7,8¢=0.6, Gr=Gc=5,Q=0.1,K=5,R=0.1, t=0.2, M =2.
The variation of velocity profile on permeability parameter K, is demonstrated in figure-1.It is

observed that velocity profile increases with increase in K, .From the figure-2 it is observed that permeability

parameter gives less variation in fluid velocity. In figure-2, the curvature depicts that the fluid velocity increases
with respect to the time. The effect of magnetic field parameter on velocity profile is shown in figure-3 and it is
observed that velocity profile decreases with increase in magnetic field parameter because the presence of
magnetic field yields a drag force called Lorentz force which retards the fluid velocity. Velocity profile increases
with increase in the value of velocity expansion parameter a, which is shown in figure-4. It is evident from the
figure-5 that the velocity profile increases with increase in modified Grashof number Ge due to increase of mass
buoyancy effect which leads to more velocity. There is no variation of velocity profile with respect to the
Grashof number Gr, so graph of that variation is not specified.

The variation of concentration with Schimdt number, chemical reaction and with time is established in
figure- 6 to 8. In figure-6 it is observed that the concentration profile decrease with increase in Sc, that happens
as Sc increases there is decrease in molecular diffusivity which leads to less concentration of the fluid. As the
fluid flow is subjected to a first order chemical reaction it reduces the fluid concentration i.e. concentration
profile decreases with increase in chemical reaction parameter, which is displayed in figure-7. Concentration of
the fluid with respect to time is specified in figure-8 and it is observed that the concentration profile increases
with increase in time.

The variation of temperature profile for different values of the parameters like Prandtl number, heat
source parameter and radiation parameter are analysed. In figure-9 the curvature indicated the temperature
profile increases with decrease in Pr. It is due to that smaller value of Pr means increasing of thermal
conductivities which enables diffusion of more heat. Radiation parameter verses temperature profile graph is
given in figure-10 and nature of its curve shows that increasing in radiation parameter there is increase in
temperature profile as enhancement of the thermal radiation causes increase in the convection moment in the
boundary layer and also increase the heat transfer coefficient of the medium. In figure 11 it is noticed that as
increase in heat source parameter that reduces the temperature profiles.

Conclusion

The present analysis has been carried out for MHD flow past an exponentially accelerated vertical plate in
presence of heat source and chemical reaction with variable temperature embedded in a porous medium. The
solutions for the model have been solved by Laplace Transformation technique. The conclusions of this study are
as follows:
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e The velocity profiles increases with increasing for porosity parameter, modified Grashof
number, velocity expansion parameter and time.

e The velocity profiles decreases with increasing magnetic field parameter.

e The increase in the strength of chemical reacting substances as well as Schimdt number causes
to decrease the concentration.

e Temperature of the fluid flow increases as increase in radiation parameter.

e An interesting observation is noticed that heat source parameter and Prandtl number reduce
the temperature profile.

Nomenclature

u velocity components along U : nondimensional velocity component

X axis Bo : magnetic field strength

g : acceleration due to gravity : kinematic viscosity

Pr : Prandtl number Sc: Schimdt number

Q: heat source parameter D : mass diffusivity

T : temperature C : concentration

T .- fluid temperature near wall T, :fluid temperature away from the wall
6 : non-dimensional temperature C ,» - fluid concentration near wall

C, :fluid concentration away from the wall Gr : thermal Grashof number

C: non-dimensional concentration Gc : mass Grashof number

K : chemical reaction parameter K, : non-dimensional permeability

R: radiation parameter Parameter q, :radiative heat flux

C p specific heat at constant pressure K, : permeability of the porous medium
L :coefficient of volume expansion temperature p : fluid density

¥
ﬂ : coefficient of volume expansion with concentration o : fluid electrical conductivity
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