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Abstract—/[ 1] Effects of viscous dissipation, heat
source, thermal diffusion and chemical reaction on
demixing of a binary mixture of incompressible vis-
cous electrically conducting fluids in two dimension-
al magnetohydrodynamic boundary layer flow on a
vertical stretching surface are investigated. The
momentum, energy and concentration equations are
reduced to non-linear coupled ordinary differential
equations by similarity transformations and are
solved numerically by using MATLAB’s built in
solver bvp4c. These numerical results are exhibited
graphically from which it has been found that the ef-
fects of various parameters are to separate the com-
ponents of the binary mixture by collecting the light-
er and rarer component near the plate and throwing
the heavier one away from it.
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I. INTRODUCTION

Separation processes of an electrically conducting bina-
ry mixture of incompressible viscous fluids under the
influence of magnetic field are considered to be of sig-
nificant importance due to their applications in many
engineering problems such as nuclear reactors and those
dealing with liquid metals. A large amount of research
work has been done in the field of chemical reaction,
heat and mass transfer. There has been renewed interest
in studying hydromagnetic flow and heat transfer of
continuously stretched surfaces in the presence of a
weak transverse magnetic field. This is because
hydromagnetic flow and heat transfer have become
more important industrially and in many branches of
science and engineering.

A study has been carried out to obtain the non-linear
MHD flow with heat and mass transfer characteristic of
an incompressible viscous, electrically conducting and
Boussinesq fluid on a vertical isothermal, cone surface
with heat generation/ absorption by El-Kabier et al.
(2007); Kandasamy and Devi (2004) studied effects of
chemical reaction, heat and mass transfer on non-linear
laminar boundary layer flow over a wedge with suction
and injection. Takhar et al. (2000) investigated the flow
and mass diffusion of chemical species with first order
and higher order re-actions over a continuous stretching
sheet with an ap-plied magnetic field.

A study on non-linear hydromagnetic flow, heat and
mass transfer over an accelerating vertical surface with
internal heat generation and diffusion effects is carried

by Kandasamy and Periasamy (2005). Singh (2001)
analyzed the MHD free convection and mass transfer
flow with heat source and thermal diffusion. The paper
deals with the study of free convection and mass trans-
fer flow of an incompressible, viscous and electrically
conducting fluid past a continuously moving infinite
vertical plate in the presence of large suction and under
the influence of uniform magnetic field considering heat
source and thermal diffusion. A study on MHD free
convective flow of an incompressible viscous dissipa-
tive fluid in an infinite vertical oscillating plate with
constant heat flux has been carried by Kishan et al.
(2006).

The problem of stretching surface with constant sur-
face temperature was analyzed by Afzal (1993). The
process involving the mass transfer effect has long been
recognized as important principality in chemical pro-
cessing equipment. Recently, the non linear MHD flow
with heat and mass transfer characteristic of an incom-
pressible, viscous, electrically conducting and
Boussinesq fluid on a vertical stretching surface with
chemical reaction and thermal stratification effects are
studied by Kandasamy et al. (2005) and Kishan and
Amrutha (2010).

Sharma and Singh (2008, 2009, 2010), Sharma and
Nath (2012) and Sharma et al. (2011, 2012) studied the
effect of magnetic field on demixing of a binary fluid
mixture. Sharma and Singh (2004, 2007) studied the ef-
fect of temperature gradient on demixing of species in
hydromagnetic flow of a binary mixture of incompress-
ible viscous fluids between two parallel plates, first tak-
ing the plates horizontal and second by taking the plates
vertical. They found that the effect of temperature gra-
dient is to separate the components of the binary mix-
ture and the magnetic field increases the effect of spe-
cies demixing.

The present paper deals with two dimensional steady
nonlinear MHD boundary layer flow of an in-
compressible viscous electrically conducting binary
mixture of fluids flowing over a vertical stretching sur-
face in presence of uniform magnetic field by taking in-
to account the viscous dissipation, heat source, chemical
reaction and thermal diffusion with a motive to study
the effects of various parameters on demixing of the bi-
nary fluid mixture.

Il FORMULATION OF THE PROBLEM
Consider a two-dimensional steady nonlinear MHD
boundary layer flow, heat and mass transfer of a binary
fluid mixture of electrically conducting fluids flowing
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over a vertical stretching surface in presence of uniform
weak magnetic field by taking into account the viscous
dissipation with chemical reaction and thermal diffusion
effects. The x-axis is taken parallel to the vertical sur-
face and the y-axis is taken normal to it. A transverse
weak magnetic field of strength By is applied parallel to
y-axis. The fluid properties are assumed to be constant
in a limited temperature range. The chemical reactions
are taking place in the flow and the physical properties
4, p, D and the rate of chemical reaction k; are constant
throughout the fluid. It is assumed that the induced
magnetic field, the external electric field and the electric
field due to the polarization of charges are negligible.
Under these assumptions, the governing boundary layer
equations of momentum, energy and diffusion under
Boussinesq approximation are
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where u and v denote the velocity components in x, y-
directions respectively, U is the potential flow velocity,
v is the kinematic viscosity, g is the acceleration due to
gravity, A is the coefficient of thermal expansion, £~ is
the coefficient of concentration expansion, T is the tem-
perature of the fluid mixture, T, is the free stream tem-
perature, T,, is the surface temperature of the plate, C is
the concentration of the species, C,, is the concentration
of the species at the plate, C,, is the concentration of the
species far away from the wall, o is the electrical con-
ductivity of the medium, p is the density of the fluid
mixture, c, is the specific heat at constant pressure, a is
the thermal conductivity of the fluid mixture, Q is the
heat generation coefficient, u is the coefficient of vis-
cosity, D is the molecular diffusion coefficient, Sy is the
Soret number and k; is the chemical reaction coefficient.
The boundary conditions are
u=U(x)=ax, v=0, T=T,(x), C=C,(x) at y =0
u—0, T-T,(x) = (1-n) To+ n Ty(X), (5)
C— C, asy—»
where a is dimensional constant and n is a constant
which is the thermal diffusion parameter and is such
that 0<n<1, n being the thermal diffusion parameter is
equal to my/(1+ m;) of Nakayama and Koyama (1989),
where m; is constant. T, is constant reference tempera-
ture say, T.(0). The suffix w and < denote surface and
ambient conditions respectively.
Now we introduce similarity variables as follows:
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The velocity components are given by:
u=Y, ®)
oy OX

It can be easily verified that the continuity Eq. (1) is
identically satisfied. Similarity solutions exist if we as-
sume that U(x) = ax and introduce the non dimensional
form of temperature and concentration as:

S
oy YT

The set of Egs. (2)-(4) are coupled partial non-linear dif-
ferential equations. Introducing the relation (6)-(8) into
the Eqgs- (2)-(4) we obtain the following non-linear cou-
pled ordinary differential equations:
f"'+ff "+G,Re@+G.Reg—M?*f'—f?+1=0, (9)
0" +PrfG'+SPro+Brf =0, (10)
@'+t (9'0+¢'0")+ S, fp-S Regp=0, (11)
where G,=vgf (T.-T.)/U® is the Grashof number,
Re=Ux/v is the Reynolds number, G:=vgs" (Cy-C..)/U?
is the modified Grashof number, M?*=cBy%/(pa) is the
magnetic parameter, Pr=uc /o is the Prandtl number,
S=Q/(pac,) is the heat source parameter, Br=pU?/
(o(Ty-T,)) is the Brinkman number, S.=v/D is the
Schimdt number, y:vkllu2 is the chemical reaction pa-
rameter and t;=St(Ty-T.,) is the thermal diffusion num-
ber.
The boundary conditions given by Eqgs. (5), in light
of Egs. (6) to (8), become
=0, f =1, 6=1, ¢=1 at n=0
f"—>0, 60, ¢—>0 as 77—>00 (12)
Since the solutions of the set of non-linear coupled or-
dinary differential equations (9)-(11) under the bounda-
ry conditions (12) cannot be obtained in a closed form
therefore we have solved these equations numerically
with MATLAB’s built-in solver bvp4c.

11l RESULTS AND DISCUSSION

In order to get a clear insight of the physical problem,
numerical calculations have been carried out for various
values of the parameters M, G,, G;, Re, S, v, S; and tg,
and these numerical results for concentration of the
lighter component of the binary fluid mixture are plotted
against » for various values of above mentioned pa-
rameters and are displayed in Figs. 1-8. It is observed
from the figures that the concentration of the lighter
component of the binary mixture is more at the plate
and decreases exponentially as n increases from 0 to 2.

Figure 1 and 8 depict that the concentration of the
lighter and rarer component of the binary mixture in-
creases with increase in the values of the parameters M
and ty and from Figs. 2-7 reverse effect is observed with
increase in the values of the parameters G,, G, Re, S, y
and S..
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Figure 1. The graph of ¢ against 5, G,=1, Re=3, G.=3,
Pr=0.71, S=0.2, Br=2, S¢=0.62, y=1 and t4=0.001 for various
values of M.
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Figure 2. The graph of ¢ against 5, M=1, Re=3, G.=3,
Pr=0.71, S=0.2, Br=2, S¢=0.62, y=1 and t4=0.001 for various
values of G,.
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Figure 3. The graph of ¢ against 5, G,=1, Re=3, M=1,
Pr=0.71, S=0.2, Br=2, S;=0.62, y=1 and t4=0.001 for various
values of G..

Thus we conclude that the effects of all these param-
eters is to demix the binary mixture by collecting the
rarer and lighter component of the binary fluid mixture
near the plate and throwing the heavier component

3 35 4

Figure 4. The graph of ¢ against », M=1, G=1, G=3,
Pr=0.71, S=0.2, Br=2, S:=0.62, y=1 and t4=0.001 for various
values of Re.
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Figure 5. The graph of ¢ against 5, G,=1, Re=3, G.=3,
Pr=0.71, M=1, Br=2, S=0.62, y=1 and t4=0.001 for various
values of S.
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Figure 6. The graph of ¢ against , M=1, G,=1, Re=3, G.=3,
Pr=0.71, S$=0.2, Br=2, S.=0.62 and t;=0.001 for various
values of y.

away from it. From the process of numerical computa-
tion, the local skin friction, the Nusselt number and the
Sherwood number, which are respectively proportional
to f 7(0), 6°(0) and ¢'(0). are also worked out and their
numerical values are presented in a tabular form.
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Table 1: Numerical values of f “(0), ¢ (0) and ¢ (0) for Pr=0.71 and Br=2.

M G G Re S 7 4 s 70 60 40

1 1 3 3 02 1 0001 062 39082 4.1885 -1.5392
2 1 3 3 02 1 0001 062 17357 0.4978 -1.4958
3 1 3 3 02 1 0001 062 -0.0073 0.0699 -1.4648
1 1 3 3 02 1 0001 062 39082 4.1885 -1.5392
1 12 3 3 02 1 0001 062 46562 6.4519 -1.5530
1 15 3 3 02 1 0001 062 73881 16.1273 -1.6021
1 1 3 3 02 1 0.001 062 39082 4.1885 -1.5392
1 1 5 3 02 1 0.001 062 6.0924 10.1691 -1.5659
1 1 7 3 02 1 0001 0.62 83584 18.8190 -1.5888
1 1 3 3 02 1 0001 062 39082 4.1885 -1.5392
1 1 3 6 02 1 0001 062 0.8616 -16.8620 -2.0059
1 1 3 8 02 1 0001 062 59991 -1.0752 -2.3286
1 1 3 3 02 1 0.001 062 39082 4.1885 -1.5392
1 1 3 3 1 1 0001 0.62 5.1997 10.6317 -1.5658
1 1 3 3 19 1 0001 0.62 110830 557155 -1.6346
1 1 3 3 02 1 0001 062 39082  4.1885 -1.5392
1 1 3 3 02 3 0001 062 31397 21950 -2.4478
1 1 3 3 02 5 0001 062 27824 14925 -3.1109
1 1 3 3 02 1 0001 062 39082 4.1885 -1.5392
1 1 3 3 02 1 009 062 4.0738 4.6545 -1.1559
1 1 3 3 02 1 03 0.62 4.5509 6.1686 -0.4557
1 1 3 3 02 1 0001 062 39082 4.1885 -1.5392
1 1 3 3 02 1 0001 085 35893 3.2686 -1.7922
1 1 3 3 02 1 0001 1 3.4342  2.8621 -1.9387

=051

25 3 35 4
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Figure 7. The graph of ¢ against , M=1, G,=1, Re=3, G.=3,
Pr=0.71, S=0.2, Br=2, y=1 and t4=0.001 for various values of
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Figure 8. The graph of ¢ against #, M=1, G,=1, Re=3, G.=3,
Pr=0.71, S=0.2, Br=2, S.=0.62 and y=1 for various values of
tq.-

Finally, the effects of the local skin friction, the
Nusselt number and the Sherwood number are shown in
Table 1. The behaviour of these parameters is self — ev-
ident from the Table 1 and hence any further discussion
about them seems to be redundant.
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