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Abstract

In this paper we investigate the analytical solution for MHD flow and heat transfer of electrically conducting fluid
due to vertical starching surface. Here the diffusion thermo (Dufour) and thermal diffusion (Soret) effects are
considered. It is shown that the porosity, magnetic, convection, concentrationand buoyancy effects can be
combined with a new parameter called porous- magneto-convection-concentration parameters .The effect of
physical parameter influencing the flow and heat transfer are studied and results are plotted and discussed.
Keywords: Heat Transfer, Porous-Magneto-Convection-Concentration parameter, Buoyancy, Soret, Dufour,
Lewis;

Nomenclature

Pr Prandtl number

Le Lewis number

s wall mass transfer parameter

M Magnetic parameter

N concentration buoyancy parameter
Y porosity parameter

Df Dufour number

Sr Soret number

A constant mixed convection

Gry local Grashof number

Ry Local Reynolds number

r Magneto-convection concentration parameter
Nu, Local Nusselt number

Sh, Local shear wood number

1. Introduction

The study of magneto hydrodynamics of viscous fluid with heat and mass transfer through a porous media is a
great deal in industrial application such as chemical and drying process,crystal magnetic damping control,
chromatography, heat and mass transfer characteristic in Nano fluid for power plants etc.Ponnamma rani and
Chang [1] investigate the Soret and Dufour effects on unsteady laminar viscous or viscoelastic flow and found
solution by numerical method. Beg [2] has Investigated combined effect of Soret and Dufour number on free
convection of MHD flow.Tsai andHuang [3] have studied certain kinds of mixtures such as light, medium
molecular weight, where Soret and Dufour effects are influenced. Hayat et al. [4] investigated the Soret and Dufour
effects on mixed convection due verticalstretching surface in a porous medium filled with a viscoelastic fluid.
Gamal [5] Studied Thermal-diffusion, Soret and Dufour effects on Hiemenz flow and mass transfer through porous
medium due to stretching surface.Pal and Chatterjee[6] Analyzed the Mixed convection effect onmagneto
hydrodynamic heat and mass transfer past a stretching surface in a micro polar fluid-through saturated porous
medium under the influence of Ohmic heating. Pal. et al[7] and Mondal.et al[§]investigated the effects of variable
thermal conductivity, Soret and Dufour effects on MHD non-Darcy mixed convection heat and mass transfer over
a non-linear stretching sheet with viscous dissipation.Kandasamy et al. [9] studied the effects of Soret and Dufour
in the presence of thermophoresis deposition with chemical reaction, which plays very important role in industrial.
Pal and Mondal[10]analyzed Soret and Dufour effects on non-Darcian mixed convection heat and mass transfer
of an incompressible,electrically conducting fluid flow due to a stretching sheet in a porous medium in the
presence of magnetic field and non-uniform heat source/sink. Nawaz.et al.[11] Investigated Soret and Dufour
effects on the two-dimensional MHD steady flow of an electrically conducting, viscous bounded by infinite sheets.
Pal and Talukdar [12] studied the Influence of Soret effects and first order chemical reaction on unsteady MHD
convective flow of viscous incompressible electrically conducting fluid.Scott [13] studied the effect of saturated
Darcy porous medium with an exothermic chemical reaction on lower boundary, here Dufour effect is neglected
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and the influence of Soret effect ishighlighted. Pal andMondal [14] investigated the thermophoresis
particledeposition and Soret—Dufour effects on the convective flow on heat and mass transfer of an incompressible
Newtonian electrically conducting fluid and found that the skin friction and Sherwood number increases with
increase of thermal radiation parameter. Pal. et al [15] studied the effects of thermal radiation and viscous
dissipation on hydro magnetic mixed convection flow over non-linearly stretching and shrinking sheets in Nano
fluids, the effect of local skin friction and local Nusselt number are discussed. RamReddy.et al[16] Investigated
the Soret effects on mixed convection in the boundary layer of a semi-infinite vertical flat plate in a nanofluids,the
numerical results of local skin-friction, local wall temperature, local nanoparticle concentration and local wall
concentration are discussed. Turkyilmazoglu [17] studied the Soret and Dufour effect on MHD flow and heat and
mass transfer of an electrically conducting viscoelastic fluid past a vertical stretching surface in a porous media.
Hsiao.et al [18] investigated the heat and mass transfer of an electrically conducting non-Newtonian power-law
fluid. Nayak.et al [19] investigated the Soret and Dufour effects in the hydro-magnetic unsteady flow by a mixed
convection past a stretching sheet in a porous medium in the presence of chemical reaction. In all above
investigation some numerical method like Runge-kutta, Finite difference etc... and analytical methods are used to
solve the BVP’s of fluid flow, heat and mass transfer problems. But here we have given a very simple and new
analytical method for solving mixed convection problem.

2. Mathematical formulation:

Let us consider the steady two-dimensional boundary layer flow due to the permeable vertical stretching
sheet.Electrically conducting fluid. A uniform magnetic field is further applied along the y-axis. The sheet is
assumed to be stretched with the velocity. The governing equations are given

3ty =0 (M
w2 = 9Tt oBRu = Lu+ g[B(T — T) + fe(C — )] @
uz—i-i-vz—;:DeZZTi D;:TZZTZ 4)

Subject to the boundary conditions:

u=u,x)=ax, v=m, T=T,(x)="T,+bx, C=C,(x)=Cp+cxat y=0
u-0,u,-0T->T, C->C, y—-® ®)]
Here u and v are the velocity components in x and y directions respectively, 9 is the kinematic viscosity, o is the
electrical conductivity,Moreover, the fluid temperature is T,the concentration is C, the acceleration due to gravity
is g , the thermal diffusivity isa , the coefficient of thermal expansion isf , the coefficient of concentration is f3.
Moreoverv,, is the mass flux velocity with v, < 0 for suction and v, > 0 for injection respectively. The induced
magnetic field is neglected. Further a(> 0), b and ¢ are constants.

3. Solution of the flow & Heat transfer BVP’s:
Using the following similarity transformation and dimensionless variables

=y B usar o, v=—arm, o=l -t ©)
in Eqs (2 )— (4) we get the following partial differential equations:

fU A= =M = yf' + A+ Np) =0 (7)
0" +Pr(fo' —f'0+D;p")=0 ®)
¢" + Le[Pr(f¢' — f'¢) +Sr6"] = 0 ©)

Subject to the boundary conditions are

fO=s, f'(0=1, 6(00)=1 ¢0)=1

f(@)=0, f"(0)=0 6(0)=0, ¢(0)=0 (10)

HerePr = v/a is the Prandtl number, Le = a/De Lewis numbers, M = B2 /ap is the magnetic parameter, y =
v/ay,is the porosity parameter,The Dufour number D and the Soret number S,and The concentration buoyancy
parameter N,which are defined as

Cw—C DekyCy—C DekgT,,—T. . .
= BCW—”, ) = —Lw = §r=—TW %4 =—Javs is the wall mass transfer velocity, The
BrTw—Too CsCpvTw—Teo TmaCy—Ceo ’
. . dagr. . Ty —Too) X3 . .
constant mixed convection parameter A = Rez" with Gr,, = W‘:}’—z“’) being the local Grashof number with
X

A = dgfr, where d = d/a,withA = 0 shows forced convection flow, where as A > 0 means assisting flow and
A < 0 indicates cooled plate respectively.
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R, =———— s alocal Raynold’s number.
v
The exact solutions of flow, heat and mass transfer are given as:
1-e~M
fa) =s+— (11
0(m) =f'(n) = e (12)
¢ =6(m) =eM (13)
That enables us to unify the parameters y, M, A and N appearing in Eq. (7, 8 & 9) under a newly defined
parameter ' = —y — M 4+ A(1 + N), which is here after named as the porous magneto-convection concentration
parameter. Consequently, the energy equation (8) and concentration equation in (9), gives the relations
2 +pr(-1-sA+DA%) =0 (14)
A2 — Le(Pr + PrsA—Sr %) =0 (15)
Further substituting Eqs (12) into first of Eqs (7) gives therelation
—14T+A2-51=0 (16)
Egs. (13), (14) and (15) can be combinedas
[Pr— A2+ PrA2 =0 (17)

With the Prandtl number Pr given by
pr = Lrle(z1+Sn) (18)
DgLe

The physically feasible positive real root A of Eqs (17), which plays critical role in determining the flow or
temperature fields. It is note that Eq. (18) inserts a restriction on the Prandtl number, which is always positive. In
another view, for a prescribed value ofPr, a vast variety of parameters Le, St and Dy exist. Thus, Soret and
Dufour’s effects are connected to the Prandtl number by the relation Eqgs (18) so that the pure exact solution of the
form Eqgs (11) exists. Further the skin friction parameter is defined by

(0)

Cr ="z (19)
2

The local Nusselt number Nu,, = —xkT,,(0) and the local Sherwood number

Sh, = —(é) C,(0)Can be determined differentiating from Eqs.(11)

JRexCr =2 (20)

Nuy, ’ _
JR_EX_—Q (0) = 2, (21)
$'(0) =2 (22)

Shy
TRes

It is addressed that due to the form of the solution (11), the local Nusselt number and Sherwood number are equal
in the sequel. The exact solutions to the present physical problem come from the real roots A of Eq. (17), which
are positive and have very significant role in determining the mixed fields. Hence, depending on the number of
roots of Eqs (17) the solution might be unique or multiple. In the case of two solutions we will call them branch 1
and branch 2 in the subsequent analysis and which are:

_ T _ T
A —\/1__prand Ay = /oot (23)

4. Result & Discussion

The flow and heat transfer of an electrically conducting fluid due to vertical stretching surface in a porous mediam
has been considered with the effects of the soret and dufour parameters. Here an attempt is made to extract an
analytical solution for the highly complicated and highly coupled system of equations.

Here it is shown that all the effects i.e. the porosity, magnetic effect, buoyancy are convection and within
a new parameter ‘ 7 > which is called as porous-magnets-convection concentration profile.Closed analytical
solutions were presented for considered problem. The soret and Dufour effects are connected to Pr by the relation
(18) so that the pure exact solutions form (11-13) exist.

All other results are discussed as fig.(1) plotted for the velocity and temperature profile for different
values of M. due to the effects of Lorentz force the velocity and tem for profile increases with increase in the
parametric values of M.

Fig (2): is plotted for the temperature & velocity profile for different values of Prandtle numbers as
increase in the parametric value of Pr, © & f! decreases and thermal boundary layer thickness reduces.

Fig(3): is depicted for different values of Porority parameter J/, as increase in the parameter value of y,

velocity and temperature profiles are decreasing.
Fig(4): is depicted for different value of convection parameter ‘A’ with increase in the parametric values
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of ‘A’ the velocity Q temperature profile decreases.

Fig (5): is plotted for temperature profile for different values of Df (Dufour no) as M. From this figure it
is clear that thermal boundary Layer thickness is increasing with increase in parametric values of Df.

Fig (6): Shows the temperature profile for different values of soret number (Sr) .Here also temperature
profile increases as the parametric value of Sr increase and thickness of thermal boundary layer thickness increases.

Fig (7): Shows the temperature profile for different values of Lewis no (Le).the thermal boundary Layer
thickness decreases as increase in that parametric value of Le.
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Fig( 1) : Variations of velocity profile ©(7)) for and different values of M and pr =0.5 ,y=0.4,a =1 ,A=0.5
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Fig (2): Variations of velocity profile 9(5)& f*(n) for different values of Pr and for M =0.3 ,y=0.4, ¢ =0.5 A
=0.5
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Fig (4):Variations of velocity profile f'for different values ofAand M =0.3, Pr=0.3, a=0.5, y =0.1
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Fig (5): Variations of Temperature and velocity profile for different values of Df and Pr=0.5 and s=0.1
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Fig (7):Variations of Temperature for Pr = 0.55r=0.1 ,5=0.1, and different values ofLe

27



