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Abstract: The unsteady MHD free convection and mass transfer boundary layer flow past a semi-infinite vertical porous
plate immersed in a porous medium with heat source is studied. The plate moves with a uniform velocity in the direction of the
fluid flow while the free stream velocity is considered to follow the exponentially increasing small perturbation law. The
governing equations are solved analytical by using perturbation technique depending on the physical parameters including the
Radiation parameter (R), the Magnetic parameter (M), the Prandtl number (Pr), the Grashof number for heat transfer (Gr), the
Modified Grashof number for mass transfer (Gc), the Schmidt number (Sc), the soret number (Sy), the permeability parameter
(K) and the heat source (Q). The influence of these parameters on velocity field, temperature field, concentration field, skin
friction, Nusselt number and Sherwood number at the plate are discussed with graphically.
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1. Introduction

The study of unsteady MHD free convection flow with
mass transfer along a vertical porous plate is receiving
considerable attention of many researchers because of its
various applications. Permeable porous plates are used in the
filtration processes and also for a heated body to keep its
temperature constant and to make the heat insulation of the
surface more effective. Sometimes along with the free
convection currents caused by difference in temperature the
flow is also affected by the differences in concentration or
material constitution. This type of flow has applications in
many branches of science and engineering. The study of such
flow under the influence of magnetic field has attracted the
investigators in view of its various applications in MHD
generators, plasma studies, nuclear reactors, geothermal
energy extractions and boundary layer control in the field of
aerodynamics. Moreover, considerable interest has been
shown in radiation interaction with convection for heat and
mass transfer in fluids. This is due to the significant role of
thermal radiation in the surface heat transfer when
convection heat transfer is small, particularly in free
convection problems involving absorbing-emitting fluids.

Several workers have studied the problem of free
convection flow with mass transfer. Singh et al. [1] have

studied MHD free convective flow past an accelerated
vertical porous plate by finite difference method. Free
convection and mass transfer flow through porous medium
bounded by an infinite vertical limiting surface with constant
suction have been analyzed by Raptis et al [2]. Unsteady free
convection interaction with thermal radiation in a boundary
layer flow past a vertical porous plate has been discussed by
Sattar et al [3]. Das et al [4] have studied numerical solution
of mass transfer effects on unsteady flow past an accelerated
vertical porous plate with suction. Das et al [5] have studied
Mass transfer effects on MHD flow and heat transfer past a
vertical porous plate through porous medium under
oscillatory suction and heat source. Applied magnetic field
on transient convective flow in a vertical channel has been
discussed by Jah [6].Kim [7] has investigated the problem of
unsteady MHD convective heat transfer past a semi-infinite
vertical porous moving plate with variable suction.
Soundalgekar et al. [8] have analyzed the transient free
convection flow of a viscous dissipative fluid past a semi-
infinite vertical plate. Mohameda et al [9] have analyzed
finite element analysis of hydromagnetic flow and heat
transfer of a heat generation fluid over a surface embedded in
a non-darcian porous medium in the presence of chemical
reaction. The Soret effect on free convective unsteady MHD
flow over a vertical plate with heat source has been analyzed
by Bhavana et al. [10]. Abd EL-Naby et al [11] employed
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implicit finite finite-difference methods to study the effect of
radiation on MHD unsteady free convection flow past a
semi-infinite vertical porous plate but did not take into
account the viscous dissipation.

Recently, Alam and Rahman [12] have examined Dufour
and Soret effects on mixed convection flow past a vertical
porous flat plate with variable suction embedded in a porous
medium for a hydrogen-air mixture as the nonchemical
reacting fluid pair. Anwa. et al. [13] examined the combined
effects of Soret and Dufour diffusion and porous impedance
on laminar magneto-hydrodynamic mixed convection heat
and mass transfer of an electrically-conducting, Newtonian,
Boussinesq fluid from a vertical stretching surface in a
Darcian porous medium under uniform transverse magnetic
field. Hady et al. [14] studied the problem of free convection
flow along a vertical wavy surface embedded in electrically
conducting fluid saturated porous media in the presence of
internal heat generation or absorption effect. Makinde [15]
have discussed Free-convection flow with thermal radiation
and mass transfer past a moving vertical porous plate.

From the previous literature survey about unsteady fluid
flow, we observe that a few papers have done on porous
medium. The effect of radiation on MHD flow and heat
transfer must be considered when high temperatures are
reached. The study of heat generation or absorption effects in
moving fluids is important in view of several physical
problems, such as fluid undergoing exothermic or
endothermic chemical reactions.

When the mass flux contains a term that depends on the
temperature gradient then the soret effect arises. The major
focus of our study is the effect on free convection of the
addition of a second fluid. Convection in binary fluids is
considerably more complicated than that in pure fluids. Both
temperature and concentration gradients contribute to the
initiation of convection and each may be stabilizing or
destabilizing. Even when a concentration gradient is not
externally imposed (the thermosolutal problem) it can be
created by the applied thermal gradient via the soret effect.
Mbeledogu et.al [16] have discussed the unsteady MHD free
convection flow of a compressible fluid past a moving
vertical plate in the presence of radioactive heat transfer.
Ahmmed et al. [17] have discussed Numerical Study on
MHD free convection and mass transfer flow past a vertical
flat plate.

In our present paper the unsteady MHD free convection
and mass transfer flow past a vertical porous plate has been
investigated analytically by using perturbation technique. The
effects of the flow parameters on the velocity, temperature,
concentration, skin friction, Nusselt number and Sherwood
number distribution of the flow field have been studied with
the help of graphs.

2. Formulation of the Problem

Consider a two dimensional unsteady flow of a laminar,
incompressible, viscous, electrically conducting and heat
generation fluid past a semi-infinite vertical moving plate

embedded in a uniform porous medium and subjected to a
uniform transverse magnetic field in the presence of a
pressure gradient has been considered with free convection,
thermal diffusion and thermal radiation effects taking in to an
account. According to the coordinate system the x -axis is
taken along the porous plate in the upward direction and y-
"axis normal to it. The fluid is assumed to be gray,
absorbing—emitting but not scattering medium. The radiative
heat flux in the x*-direction is considered negligible in
comparison with that in the y*-direction. It is assumed that
there is no applied voltage of which implies the absence of an
electric field. The transversely applied magnetic field and
magnetic Reynolds number are very small and the induced
magnetic field is negligible. Viscous and Darcy resistance
terms are taken into account the constant permeability porous
medium. The MHD term is derived from an order of
magnitude analysis of the Navier-stokes equation. The fluid
properties are considered to be constants except that the
influence of density variation with temperature and
concentration has been assumed in the body-force term. Due
to the semi-infinite plate surface assumption, the flow
variable are functions of y* and ¢* only. The governing
equation for this observation is based on the balances of mass,
linear momentum, energy and concentration species.

Within the frame work of delete such assumptions the
equations of continuity, momentum, energy and
concentration are follows, Bhavana et al. [10]

=

¥

Figure 1. Physical model of boundary layer.
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where x*, y and ¢ are the dimensional distances along the
plate, perpendicular to the plate and dimensional time,
respectively. " and " are the components of dimensional
velocities along x* and y* directions respectively, £ is the
fluid density, # is the velocity, Cp the specific heat at

constant pressure, O is the fluid electrical conductivity, B, is
the magnetic induction, K" is the permeability of the of the
porous medium, 7" is the dimensional temperature, D,, is the

*
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coefficient of chemical molecular diffusivity, D, is the

s

coefficient of thermal diffusivity, C" is the dimensional
concentration is the thermal conductivity of the fluid, g is the
acceleration due to gravity and ¢, and R are the local

radioactive heat flux and the reaction rate constant
respectively.
The boundary conditions for the velocity, temperature and

concentration fields are given as follows

U= u;’ T* - T,w* +£(TW* _Tw*)en',* i C* - CW* +£(CW*_COO*)GV,',* aty* - 0 (5)
u U, :Uo(l+£e"*t*), T -1, c' - C as y* - 00 (6)
where 7, and C,"are the dimensional wall temperature and ~ NON-zero positive constant.
. . .. . . In the free stream, we have
concentration respectively. C, is the free stream dimensional
concentration. U, énd n' are constarllts. . de* _ ap: _pg- /1 U -aB U ®)
From the equation (1), we consider the velocity as the dt Ox K
exponential form
. " . . .
% . Eliminate using equation (2) and equation (8), we
v :_VO(1+£Aent) (7) * g ¢q () q ()
obtain
where, A4 is the real positive constant, £ and £4 are small
less than unity and v, is a scale of suction velocity which has
o .ou du,’ 0u" . PR
—+v ~ 1= (O, — + =+ —*——*Uw—u -0B Uw—u 9
p(at ay] (o p)gpdt llayz K( )= 0B, ( ) ©)
Also by using the equation of state, we have
(P =P)=B(T"-T.)+f (C -C.) (10)
Substituting equation (10) into equation (9), we have
o' .ou _dU. 0 e s c e e U . . OB} . .
Y =t g BT -T)+g B (C-C )+ (U ~u ) +—= (U, ~u 11
Py o i llayz gB( )tgpB( ) K( ) ( ) (11)
where, U :% is the coefficient of the kinematic viscosity. ™0 4Tw*3 _3Tw*“ (13)

The radioactive heat flux term by using the Roseland
approximation is given by

. 40" or"
% 3k, oy

(12)

where, ¢ and k are respectively the Stefan-Boltzmann

constant and the mean absorption coefficient.. We assume
that the temperature difference within the flow are

sufficiently small such that 7' may be expressed as a linear
function of the temperature. This is accomplished by
expanding in a Taylor series about 7, and neglecting higher
order terms, thus

By using equation (12) and equation (13), into equation (3)
is reduced to

*

oT

or' , .oT" _ k OT" _160°T,” T
or

vV —= == —
gy pC, dy 3pC k 9y

O e s
oC. (T -T,) (14)

3. Solution of the Problem

To get the solution of the equation (1) to equation (4) with
boundary conditions (5) and (6) we introduce the following
non-dimensional quantities and parameters

u =uU,,v =vV,,T" =T, +6(T, -T.)),C =C, +C(C, -C, ) U, =UU,
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KU . _y

_ugh(C, -C.)

_UgBT, -T.)

u*:UU’K*:—, :—,GC ,GV— 15

P o K)z y I/O I/OZUO K)ZUO ( )
upC B 40T (T -T." , . V2
Pr= p p,Mzo- 02U7Q: QOZU ’R: g = (*w 00)75C:L7t :t_Uz’n =—
k oV, pv,’C, kk Dy T v

Therefore the governing equations in the dimensionless
form become equation (16) to equation (19) with the
boundary condition (20),

g—;:o (16)

f,—ﬁ‘ﬂ%”?f +gyL‘2‘+Gre+Gmc+N(Uw ~u) (17
gf’w‘;f:;r[u‘f]g;f—ge (18)

o, ac=102C+S@ (19)

a dy Scor

The corresponding initial and boundary conditions are
u:Up,H:1+£e’”,C:1+£e"’ at y=0
(20)

y -

u->U

3

S 1+ee",850,C 50  as

For perturbation technique to solve equation (16) to
equation (19) we consider the solutions as the following
forms

u=u,(y)+ee'u, (y)+0(£2)
0=6,(y)+ee"6(y)+0(?) Q1)
C=C,(y)+ee"C (v)+0(e)

where, u, is mean velocity, 8, mean temperature, C, mean
concentration, n is the frequency of the oscillation, ¢ is a
perturbation quantity and ¢ is the time respectively.

By substituting the above equations (21) into the equation

(16) to equation (20), then equating the harmonic and non-
harmonic terms and neglecting the higher order terms of
O(g%), we obtain the following pairs of equations for ( u,, 6,,

Cy) and (,.6,.C,),

u," +uy = Nu, ==N-Gr,-GeC, (22)

w' +u' =(N+n)u ==(N+n)-Au, -Gr -GeC, (23)
(3+4R)8§," +3Pr6, -30Prg, =0 (24)

(3+4R)g" +3Prg —(3n+Q)Prg, =-34Prg,  (25)
C," +S8cC, =-S,5¢8," (26)

C" +ScC' —nScC, =-A4ScC, - S,5¢8" (27)

where the primes denote differentiation with respect to y.
Then the corresponding boundary conditions can be
written as

u, =U,,u,=0,6,=1,6=1,C =1C =1 aty=0 -
u0—>ul—»1,90—>0,91—>0,C0—>0,C1—>0 asy_>oo( )
Finally solving equation (22) to equation (27), we obtain

the analytical solutions of equation (29) to equation (34),
satisfying the above boundary conditions (28) are as follows

u, =1+J,e™ +J,e"" +J,e™ +J,e™" (29

— moyy nyy Mgy myy myy my mgy megy Y my myy m,y
u, =l+Je™ +J,e"™ +J. " +J ™ +J e +J e +J,e™ e +J e+ e+ @™ + T e (30)

g, =™’ (31)
01 = Dlemzy +Dzem"y (32)
C, = Be"™ +B,e"” (33)

C, =B,e" +B,e™ +B,e™ +D,e™ +D,e"™” (34)

In view of the above solutions the velocity, temperature
and concentration distributions in the boundary layer
becomes

u(p,t) S1+Je™ +J,e" + ™ +J,e" +ge" (1+ ™ +J,e™ + " + ™ +J, "

mZy mgy mgy /nzy m:;‘y M4)7 /nlzy
e+ e HJ e e e e e

H(y,t) =" + g (Dle’"”’ + DQe"’“’)
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C(y,t)=Be™ +B,e" +ee" (B3e”’6y +B,e™" +Be™ + D™ + D4e""‘y)

It is now important to calculate the physical quantities of
primary interest, which are the local wall shear stress, the
local surface heat and mass flux. Using the velocity field in

E

Ou

ay

’

the boundary layer, we can calculate the local wall shear
stress i.e., skin friction as follows

] :JI +J2 +J3 +J4 +£em("]6 +J7 +J8 +J9 +']10 +J11 +']12 +J13 +J14 +']15 +']1(7 +J17)
y=0

The dimensionless local surface heat flux i.e., Nusselt number (Nu) is can be written as

Nu:% :NuReV:—[l+4—Rj

(T 1) S
. KT =TIV, 4R\ 08
Where g, = —%(1 +Tj(g_
Y

The Sherwood number is given by

oC

Sh = [O_yj =m,B +m,B, +&e" (m(,B3 +m,B, + msBs)
=0

4. Results and Discussion

In order to get a clear insight of the physical problem,
numerical results are displayed with the help of graphs. This
enables us to carry out the numerical calculations for the
distribution of the velocity, temperature, concentration,
Nusselt number and Sherwood number across the boundary
layer for various values of the flow parameters. To be
realistic, the value of Schmidt number (Sc) are chosen for
Sc=0.22, 0.30, .065 and 0.78. The value of prandtl number
(Pr) are chosen for Helium Pr=0.71 at 366 K temperature,
for water Pr=7.02 at 20°C, for stream Pr=1.00, for Ammonia
Pr=2.00 at 40°C. Grashof number for heat transfer is chosen
to be Gr=1.0 Modified Grashof number for mass transfer is
chosen to be Gc¢=2.0. The velocity profiles u for different
values of the above parameter are illustrated in Figure 2 to
Figure 9, the temperature profiles for different values of the
above parameter are displayed in Figure 10 to Figure 12 and
the concentration profiles for different values of the above
parameter are shown in Figure 13 to Figure 17. Nusselt
number for different values of the above parameter is
displayed in Figure 18. Skin friction for different values of
the above parameter is let on in Figure 19. Finally the
Sherwood number for different values of the above parameter
is illustrated in Figure 20.

The velocity profile for different values of Grashof number
(Gr) are described in Figure 2. From this figure it is observed
that an increasing in Gr leads to increase in the values of
velocity. Here the Grashof number leads free convection
currents. If Gr=0 then it represents the absence of free
convection currents. Gr>0 means heating of the fluid of
cooling of the boundary surface and Gr<0 means cooling of
the fluid of heating of the boundary surface. From the Figure
2 the velocity attains its highest value at y=1.0.

The velocity profile for different values of modified
Grashof number for mass transfer (Gc) are described in

068

dy

4R e
Tj[mz + e (sz1 +m,D, )J

[t

J and Re_ is the Reynolds number.
y=0

Figure 3. It is observed that an increasing in Gc leads to
increase in the values of velocity. The curves evince that the
peak value of velocity increases rapidly near the wall of the
porous plate as modified Grashof number for mass transfer
(Gc) increases. At y=1.2 the velocity is maximum for Gc=4.0.

Figure 4 evince the velocity for different values of the
permeability (K) .It is clear that the peak value of the velocity
tends to increases as permeability (K) increases. At
y=1.25(approximately) the velocity is highest.

For different values of the magnetic field parameters (M),
the velocity profiles are plotted in Figure 5. It is obvious that
the effect of increasing values of M results in decreasing
velocity distribution across the boundary layer. At
y=1.0(approximately) the velocity is highest.

Figure 6 exhibit the velocity profiles across the boundary
layer for different values of Prandtl number (Pr). It is
obvious that the effect of increasing values of Prandtl number
(Pr) results in decreasing the velocity. Typical variations of
the temperature profiles along the span wise coordinate y are
shown in Figure 12 for different values of Prandtl number
(Pr). The result shows that for an increasing value of Prandtl
number leads an increasing the temperature profiles of
thermal boundary layer thickness and constant temperature
distribution across the boundary layer. Figure 15 describes
the concentration profiles for various values of Prandtl
number. It is noticed that the concentration profiles increases
near the porous plate and decreases far away from the porous
plate as Prandtl number increases.

The effect of Soret number (S,) on the velocity profiles is
shown in Figure 7. From this figure we see that the velocity
profiles increase with an increasing of S, from which we
conclude that the fluid velocity rises due to greater thermal
diffusion. Figure 17 represents the concentration profiles for
different values of Soret number. From the figure we observe
that the concentration profiles increase with an increasing
value of Soret number. The effect of Soret number (S,) on
the Sherwood number (S#) shown in the Figure 20. It is
noticed that for an increase of S, the Sherwood number

increases.
The effect of radiation parameter (R) on the temperature
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profiles is shown in Figure 10. From this figure we observe
that the temperature profiles decreases for an increasing
value of R, with an increasing in the thermal boundary layer
thickness. Figure 14 represents the effect of radiation
parameter on concentration profiles. Here we find that as the
value of R increases the concentration increases, with an
increasing in the flow boundary layer thickness. Figure.19
depicts the effect of the radiation parameter (R) on skin
friction coefficient C, versus Gr. It is observed that as R

increase, the skin friction coefficient increases. Figure 18 is
displayed the effect of R on Nusselt number. It is observed
that as the radiation parameter increases, the Nusselt number
(Nu) decreases.

For different values of the Schmidt number (Sc), the
velocity profiles are plotted in Figure 8. It is obvious that the
effect of increasing values of Sc parameters results in
decreasing velocity distribution across the boundary layer.
The concentrations profiles are plotted in Figure 16 for
different values of the Schmidt number (Sc). It is observed
that the effect for increasing values of Sc results in
decreasing concentrations distribution across the boundary
layer and all curves meet the y axis. The curve is too much
high at the wall.

Figure 9 and Figure 13 evince the effect of heat source
parameter () on the velocity and concentration profiles.
From the Figure 9 and Figure 13, we see that the heat is
generated the buoyancy force increases which induces the
coincidence in the velocity curves and the flow rate to
increase giving rise to the concentration profiles. Figure 11
shows the temperature profiles for different values of the heat
source parameters (Q). From the Figure 11 we see that the
temperature profiles decreases with an increasing of heat
source parameters (Q).

Comparing with the previous work of Bhavana and
Kesavaiah [10], we have seen that there is only different
effect of permeability parameter on the velocity profile as
well as radiation parameter effect on temperature profiles.
There is an excellent agreement on effect of all other flow
parameters of the pervious works.

...... Gr=1
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Figure 2. Velocity profiles with Pr=7, R=1, A=0.5, Sc=0.65, M=1, Q=1,
e=0.2, Ge=2, n=0.1, t=1, K=0.5, n=0.1,Sy =1 and Up=0.5 for different
values of Gr against y.

1 1 3 4 5 ¥

Figure 3. Velocity profiles with Pr=7, M=1, Sc=0.65 Gr=I, t=I,
K=0.5,6=0.2,R=1,A=0.5, Q=1,n=0.1, Sy=1and Up=0.5 for different values
of Gc against y.
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Figure 4. Velocity profiles with M=1, Sc=0.65, Gc=2, Gr=1, t=1, Pr=7,
Up=0.5,80=1, n=0.1, 0=1, A=0.5, ¢=0.2 and R=1 for different values of K
against y.
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Figure 5. Velocity profiles with Sc=0.65, Ge=2, Gr=1, t=1, K=0.5, Pr=7,
n=0.1, Q=1, A=0.5, ¢=0.2, R=1, Up=0.5 and Sy =1 for different values of M
against y.
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Figure 6.Velocity profiles with M=0.5, Sc=0.65, Gc=2, Gr=I, t=0.01,
K=0.5, R=1, A=0.5 0=.01, n=0.1, Sy=1, Up=0.5 and £=0.2 for different
values of Pr against y.
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Figure 7. Velocity profiles with M=1, Sc=0.65, Ge=2, Gr=1, t=1,K=0.5,
Pr=7, n=0.1, O=1, A=0.5, ¢=0.2, R=1 and Up=0.5 for different values
ofSpagainst y.
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Figure 8. Velocity profiles with M=1, Gc=2, Gr=1, t=1, K=0.5, Pr=7,
n=0.1, Q=1, A=0.5, ¢=0.2, R=1, Up=0.5 and S, =1 for different values of Sc
against y.

Q=2

Figure 9. Velocity profiles with Pr=7, M=1, Sc=0.65, Gc¢=2, Gr=1, t=I,
e=0.2, K=0.2, R=1, A=0.5, n=0.1, Up=0.5, and S, =1 for different values of
O against y.
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Figure 10. Temperature profile with Pr=7, M=1, Sc=0.65, Gc=2, Gr=1, t=1,
K=0.2, A=0.5, n=0.1, Up=0.5, ¢=0.02 Pr=0.71 and M=1 for different
values of R against y.
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Figure 11. Temperature profile with Pr=0.71, M=1, Sc=0.65, Gc=2, Gr=1,
t=1, K=0.5, ¢ =0.02,R=1, A=0.5, n=1 and Up=0.5for different values of Q
against y.
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Pr=0.71

Pr=1.0

Pr=3.0

Pr=T.0

Figure 12. Temperature profile with Pr=0.71, M=1, Sc=0.65, Gc=2, Gr=1,
t=1, K=0.5, ¢ =0.02, R=1, A=0.5, n=1, Sy=1 and Up=0.5 for different
values of Pr against y.

Figure 13. Concentration profile with Ge=2, Pr=0.71, M=1, Sc=0.65, Gr=1,
t=1, K=0.5, ¢ =0.02, R=1, A=0.5, n=1, Sy=1 and Up=0.5 for different
values of Q against y.

Figure 14. Concentration profiles with Ge=2, Pr=0.71, M=1, Sc=0.65,
Gr=1, t=1, K=0.5, ¢=0.02, A=0.5, 0=0.5, n=1, Sy=1 and Up=0.5 for
different values of R against y.

------ Pr=0.71
Pr=l 018
Pr=1.0
—  Pr=20
-
'\-\.‘-__\-__ -
B e e
P S T TR R T S SR T S TR T el ¥
5 10 13 .

Figure 15. Concentration profiles with Ge=2, M=1, Sc=0.65, Gr=1, t=I,
K=0.5, ¢ =0.02, 4=0.5, 0=0.5, n=1, Sy=1, Up=0.5 and R=3.5 for different
values of Pr against y.
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Figure 16. Concentration profiles with Ge=2, M=1, Sc=0.65, Gr=1, t=1,
K=0.5, ¢ =0.2, A=0.6, 0=0.5, n=0.1, Sy =1, Up=0.5, R=0.1 and Pr=0.71
for different values of Sc against y.

Figure 17. Concentration profiles with Ge=2, M=1, Sc=0.65, Gr=1, t=1,
K=0.5, ¢ =0.02, A=0.5, 0=0.5, n=1, Pr=0.71, Up=0 and, R=3 for different
values of Sy against y.
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Figure 18. Nusselt number profiles with Sc=0.65, K=0.5, ¢ =0.02, A=0.5,
0=2.0 and Pr=0.71 for different values of R against t.
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Figure 19. Skin friction profiles with Ge=5, M=1, Sc=0.65, K=0.6, ¢ =0.2,
0=1.0, n=0.1 Sy=1, Up=0.5, R=0.1 and Pr=7.0 for different values of R
against Gr.
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Figure 20. Sherwood number profiles Sc=0.65, ¢ =0.2, A=0.6, 0=0.5,
n=0.1, =1, Up=0.5, R=1.0 and Pr=0.71 for different values of S, versus t.

5. Conclusions

In the present research work, the boundary layer equations
become non-dimensional by using non-dimensional
quantities. The non dimensional boundary layer equations are
non linear partial differential equations. These equations are
solved by using perturbation technique. The following
conclusions are set out through the overall observations.

1) Velocity increases with an increase of Grashof number
(Gr), modified Grashof number for mass transfer (Gc),
Permeability (K) and Soret number (S;). Whereas
velocity decreases with an increase of Prandtl number
(Pr), magnetic field parameter (M) and Schmidt number
(Sc). There is no effect of heat source parameter (Q) on
the velocity profiles.

2)The temperature and the skin friction increase with an
increasing value of radiation parameter (R) also
temperature decreases with the increasing value Prandtl
number (Pr) and, heat source parameter (Q).

3)The Nusselt number (Nu) decreases with an increasing
value of radiation parameter (R)and the Sherwood
number increases with an increasing value of Soret
number (Sy).
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