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Abstract:- This study is to examine the flow of
unsteady MHD free convective fluid past a semi-
infinite moving vertical plate in a porous medium
considering Dufour and Soret effects. The
consequential governing equations are transformed
into non linear ordinary differential equations using
similarity transformations. By wusing Quasi-
linearization technique non linear momentum
equation is linearized and then the set of coupled
linear differential equations are solved numerically
by using implicit finite difference scheme. Then the
system of algebraic equations is solved by using
Gauss-Seidal iterative method. The numerical
solution is dependent on different parameters such
as Magnetic field parameter M, Suction parameter
Vo, Soret number Sr, Dufour number D, and Darcian
parameter Da. Arithmetical consequences are
tabulated for the local Nusselt number and
Sherwood number. Velocity, Temperature and
Concentration profiles drawn for dissimilar
controlling parameters disclose the tendency of the
solution.

Keywords:- Magnetic field parameter, Finite
Difference Scheme, Soret and Dufour effects, Nusselt
number.

1. INTRODUCTION

Combined heat and mass transfer in fluid-saturated
porous media finds applications in a mixture of
science and engineering processes such as
petroleum reservoirs, geothermal and geophysical
engineering moisture migration in a fibrous
insulation and nuclear waste disposal and others.
Twofold diffusive flow is driven by buoyancy due to
temperature and concentration gradients. Bejan
and Khair [1] (Bejan and Khair 1985) investigated
the free convection boundary layer flow in a porous
medium due to combined heat and mass transfer.

MHD free convection flows have various
applications in the different fields like
magnetospheres, aeronautical plasma flows and
electronics. Raptis [2] (Raptis 1986) deliberate
scientifically the case of time changeable two
dimensional natural convective flow of an
incompressible, electrically conducting fluid along
an infinite vertical porous plate embedded in a
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porous medium. Elabashbeshy [3] (Elabashbeshy
1997) studied heat and mass transfer along a
vertical plate in the presence of magnetic field.
Chamkha and Khaled [4] (Chamkha and Khaled
2001) investigated the problem of coupled heat and
mass transfer by magneto hydrodynamic free
convection from an inclined plate in the presence of
internal heat generation or absorption.

In the combined heat and mass transfer processes,
concentration gradients are referred to as the
dufour effect and the soret effect is the contribution
to the mass fluxes due to temperature gradients.
Kafoussias and Williams [5] examined the dufour
and soret effects on mixed free-forced convective
heat and mass transfer along a vertical surface,
various other influences that have been considered
include magnetic field [6], variable suction [7] and
chemical reaction [8].

A range of new aspects dealing with the soret effect
on the combined heat and mass transfer problems
have been also studied. For example, Joly et al [9]
used the Brinkman-extended Darcy model to
examine the effect of the soret effect on the onset of
convective instability. Mojtabi et al[10] studied,
stability analysis of the influence of vibration on
soret-driven convection in porous media using
pseudo-spectral chebyshev collocation method.
Bourich et al[11] carried out an analytical and
numerical study of the onset of soret convection in a
horizontal porous layer subjected to a uniform
vertical magnetic field.

Recently Alam et al [12] has studied Dufour and
Soret effects on unsteady MHD free convection and
Mass transfer flow past a vertical porous plate in a
porous medium. The current work aims to study the
effects of Dufour and Soret on unsteady free
convection and mass transfer flow past an infinite
vertical porous flat plate in porous medium.

2. MATHEMATICAL ANALYSIS
An unsteady two-dimensional flow of an
incompressible and electrically conducting viscous
fluid, along an infinite vertical porous flat plate
embedded in a porous medium is considered. X-axis
is assumed to be along the infinite plate in the



direction of the free stream which is vertical and the
y-axis is taken normal to the plate. A magnetic field
By of uniform strength is applied transversely to the
direction of the flow.

Let the temperature of the fluid and the plate is T
initially with C» as concentration level at all points.
For t >0, the plate starts moving impulsively in its
own plane with a velocity Uy, its temperature is
raised to T, and the concentration level at the plate
is raised to Cy,. Except the variations in temperature
and concentration, it is assumed that fluid has
constant properties.

Under the above assumptions, the physical
variables are functions of y and t only. The
equations governing the flow with the Boussinesq
and boundary-layer approximation and using the
Darcy-Forchheimer model, are given by

= (1)
dy =0

du du A

Srve=vii s T+
gp(C—C)- T 2y _2yr ()
ir JE—T = E D BT E -[3)
at T dy = ay? " coop 87

3¢, 8¢ _ o 3¢, DmErdT  .(4)
at L ay Dy ay? + T 37

Initially (t=0) the fluid and the plate are at rest.
Thus the no slip boundary conditions at the surface
of the plate for the above problem for t >0 are:

u=Upvr=vE) . T=T.C=Coaty=10 -(33)
u=0T=T,(=0,asy = ..[3h)

Here u, v are the Darcian velocity components in the
x-and y-directions respectively, t is the time, v is the
kinematic viscosity, g is the acceleration due to
gravity, p is the density, f is the coefficient of
volume expansion, * is the volumetric coefficient of
expansion with concentration, k is Darcy
permeability, b is the empirical constant, By is
magnetic strength, T and T are the temperature of
the fluid inside the thermal boundary layer and the
fluid temperature in the free stream, respectively,
while € and (., are the corresponding
concentrations. Also o is the electric conductivity, a
is the thermal diffusivity, D, is the coefficient of
mass diffusivity, ¢, is the specific heat at constant
pressure, Tp, is the mean fluid temperature, Kris the
thermal diffusion ratio and ¢, is the concentration
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susceptibility.

3. METHOD OF SOLUTION
Now in order to obtain a local similarity solution (in
time) of the problem under consideration, we
introduce a time dependent length scale 6 as
5=5(t) - (6]
In terms of this length scale, a convenient solution

of the equation (1) is considered to be in the
following form:

V=vlt) = —1:',_,% -(7)

here v, > 0is the suction parameter.

We now introduce the following dimensionless
variables:

_TI

=¥ _
?;I E"

ugf(n). 80 = ==, () = —= (&)

v— T L—Ca

Then introducing the relations (6)-(8) into the
equations (2)-(3) respectively, we obtain (by using
the analysis of Sattar and Hossain [9], see also

Hasimoto[10]), the following dimensionless
ordinary differential equations:
£+ @0+ v)f + 68 + G - Mf - —f - =22 =0--(9)

8 +p(2n+v)8 +pDp =0 (10
9 +5.(2n +vde +5.5.87=0..(11)

Where primes denotes differentiation with respect
to 1 and the dimensionless quantities are given by

D, (:—2 is the local Darcy number,
F, = % is the local Forchheimer number,

R, = uz_s is the local Reynolds number,

pr = % is the Prandtl number,

S, = DL is the Schmidt number,
m
apis? . .
M= —, IS the Magnetic field parameter,
S, = DmK1(Tw—Teo) ;¢ the Soret number,

TmV(Cw—Ceo)



5 — D K1(Cw—Ceo)

is the Dufour number,
csCpV (Tw—Two

— gB(Tw_Too)52

G, is the local Grashof number
0
* _ 2
G, = w is the modified local
0
Grashof number

The corresponding boundary conditions for ¢ >0 are
obtained as

f=LE=1 =1 at n=0 ..(123)

f=0,8=0, p=0as n=w ..[12b)

4. NUMERICAL PROCEDURE

The equations (9)-(11) are locally similar in time
but not explicitly time dependent. To solve the
system of transformed governing equations (9) &
(11) with the boundary conditions (12), we first
linearized equation (9) by using Quasi linearization
technique [13]. Then by using implicit finite
difference scheme, these equations are transformed
to matrix equation form.
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Figurel Velocity Profile for different values of v for
Sr=2.0,D=0.03,Da=0.5and M =0.3
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Fig2. Temperature Profile for different values of v
for Sr=2.0,D=0.03,Da =0.5and M =0.3

Now the computation procedure is employed to
obtain the numerical solutions in which first the
momentum equation is solved to obtain the values
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of f using which the solution of coupled energy
equation is solved under the given boundary
conditions using Thomas algorithm for various

parameters entering into the problem and
computations were carried out by using C
programming.
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Figure 3 Concentration Profile for different values
of v for Sr=2.0,D = 0.03, Da =0.5 and M =0.3
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Figure 4 Velocity Profile for different values of D, Sr
forv=0.5,Da=0.5and M =0.3
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Fig 5 Temperature Profile for different values of D,
Sr for v=0.5,Da =0.5and M =0.3

The numerical solutions of f are considered as
(n+1)t order iterative solutions and F are the nth
order iterative solutions. After each cycle of
iteration the convergence check is performed, and

the process is terminated when | F-f | <10,
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Figure6 Concentration Profile for different values
of D, Sr for v= 0.5, Da =0.5 and M =0.3
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Figure 7 Velocity Profile for different values of M
forv=0.5,D=0.03,Da=0.5and Sr=2.0
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Figure 8 Velocity Profile for different values of Da
for v=0.5,M=0.3,D =0.03, Da=0.5and Sr=2.0

5. RESULTS AND DISCUSSIONS
A Parametric study is performed to explore the
effect of suction parameter on the velocity and the
influence of Soret Dufour numbers on temperature
and concentration profiles. The numerical
computations have been done for different value of
Vo, St, D and for fixed values of P, S¢, Gr, Gm, Re and
Fs. The values of S, and D are taken in such a way
that their product should be a constant provided the
mean temperature is also constant. The value of
prandtl number is chosen as 0.71 which
corresponds to air and the value of Schmidt number
is chosen to represent hydrogen at 25% and 1 atm.
The values of Grashof numbers are taken to
represent the free convection problem as G, = 12
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and G,,= 6. The value of local Reynolds number is
taken as R, = 100 and local forchheimer number
is chosen asF, = 0.09. The outcome of Suction
parameter on the velocity profiles in shown in
figure 1. It is noticed from the figure that increases
in the Suction parameter decreases the velocity
which indicates that Suction stabilizes the growth in
the boundary layer. Figure 2 shows the effect of
Suction parameter on the temperature profiles,
from which it is evident that the temperature
decreases as there is a rise in Suction parameter.
The influence of Suction parameter on
concentration profiles is displayed in figure 3. It is
seen from the figure that the concentration
decelerates with an increase in Suction parameter
away from the wall where as a reverse phenomenon
is seen near the wall, i.e. the concentration rises
with the increase in Suction parameter very near to
the wall. Hence the effect of Suction is to reduce the
growth of the thermal and concentration boundary
layers. The influence of Soret and Dufour numbers
on velocity profiles and temperature profiles are
shown in figure 4 and figure 5 respectively. As there
is a decrease in the Soret number or an increase in
the Dufour number, the velocity and temperature
decelerates. Here the variation in the profiles is very
small. The variation in concentration profiles with
the change in Soret and Dufour number is displayed
in figure 6. The concentration increases as there is
an increase in Dufour number or decrease in
Soret number. The effect of magnetic field on the
velocity profiles is shown in figure 7. It is evident
from the figure that the increase in the magnetic
field parameter decreases the velocity profiles. The
effect of magnetic field decreases the velocity. The
variation in velocity profiles with the change in
Darcy parameter is shown in figure 8. It is noticed
from the figure that the velocity increases with an
increase in Darcy parameter.
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