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ABSTRACT

The analysis on the unsteady two-dimensional incompressible
visco-elastic MHD free convective fluid flow over a radiative
vertical porous plate with Dufour effects in presence of
chemical reaction has been presented. A uniform magnetic
field acts perpendicular to the porous surface. The Rosseland
approximation has been used to describe the radiative heat
flux in energy equation and the influence of various flow
parameters involved in the solution are described both
numerically and physically to understand the physics of the
problem. It is observed that the flow field is considerably
affected by the visco-elastic parameter in comparison with
Newtonian phenomena in presence of other physical
variables. Possible applications of the present study include
MHD propulsion thermo fluid dynamics, boundary layer in
aerodynamics, chemical engineering etc.
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1. INTRODUCTION

The analysis of MHD viscous fluid flows in porous media
have been extensively examined during the last several
decades due to many practical applications which can be
modeled or approximated as transport phenomena in porous
media. Coupled heat and mass transfer in boundary layer flow
over vertical porous plate play vital role in many engineering,
industrial applications such as plasma studies, cooling of
nuclear reactions, crystal growth and the manufacture of
plastic film and article fiber materials. Combined heat and
mass transfer problems with chemical reaction are of
important in many processes and have, therefore, received a
considerable amount of attention in recent years. When heat
and mass transfer occur simultaneously between the fluxes,
the driving potential is more intricate nature, as energy flux
can be generated not only by temperature gradients but by
composition gradients as well. The energy flux caused by a
composition gradient is added the Dufour or diffusion thermo
effect. This effect has gained considerable interest in both
Newtonian and non-Newtonian convective heat and mass
transfer problems. A comprehensive review of the studies of
convective heat transfer mechanism through porous media has
been made by Neild and Bejan [1]. Combined heat and mass
transfer problems with chemical reaction are of importance in
many processes. On the diffusion of a chemically reaction,
heat and mass transfer on non-linear MHD laminar boundary
layer flow over a wedge with suction or injection. Raptis et al
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[4] have investigated the viscous flow over a non-linearly
stretching sheet in the presence of chemical reaction and
magnetic field. Mangchun et al [5] have developed a two
dimension mathematical model to simulate the coupled heat
and mass transfer in a porous medium undergoing a strong
endothermic chemical reaction. Effects of chemical reaction,
heat and mass transfer along a wedge with heat source and
concentration in the presence of suction and injection, on
MHD flow over a vertical stretching surface with heat source
and thermal stratification effects has been studied by
Kandasamy et al [6]. Ibraham et al [7] have analyzed the
effect of the chemical reaction and radiation absorption on the
unsteady free convective flow past a semi-infinite vertical
permeable moving plate with heat source and suction. Rajesh
et al. [8] have studied the chemical reaction and radiation
effects on MHD flow past an infinite vertical plate with
variable temperature. Diffusion thermo and radiation effects
on MHD free convective heat and mass transfer flow past an
infinite vertical plate in the presence of a chemical reaction of
first order has been studied by Raveendra Babu et al. [9].

Again many rheological models have been proposed to
describe the mechanical behaviours of visco-elastic fluids.
This type of fluid exhibits both the viscous and elastic
characteristics. The analysis of chemical reaction, heat and
mass transfer in MHD visco-elastic fluid flows has attracted
numerous scientists and engineers for the last served decades
because of its fascination and importance in various
technological devices and understanding the diverse cosmic
phenomena and power generation of energy. This study helps
to solve many biological problems. Considering the model of
visco-elastic fluid, many scientists have solved problems of
engineering interests viz. Saxena and Dubey [10], Choudhury
and Mahanta (2012) [11], Choudhury and Das(2012) [12],
Choudhury and Purkayastha(2012) [13], Choudhury and Dey
(20124,2012,) [14],[15] , Choudhury and Dhar [16].

In this study, an attempt has been made to investigate the
diffusion thermo(Dufour effect) and radiative effects on
MHD, unsteady, free convective flow of visco-elastic fluid
characterized by Walters liquid (Model B’) over a stretching
porous surface embedded in porous medium with chemical
reaction. The flow field is influenced by heat and mass
transfer. Analytical solution are obtained and some results are
discussed graphically to understand the physics of the
problem.

The constitutive equation for Walters liquid (Model B') is

Gik = —P8ik T Oik
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oK = 2n,e’® — 2kqe’® (1.1)

where o'X is the stress tensor, p is isotropic pressure, gj is the
metric tensor of a fixed co-ordinate system x!, v; is the velocity
vector, the contravarient form of eK is given by

ik 0elk - , -
el = — +vmel, — vl e™ — vl e

It is the convected derivative of the deformation rate tensor
elkdefined by

2el® = v + vy (1.3)

Here 1, is the limiting viscosity at the small rate of shear
which is given by

Ny = f;ON(T)dT and ko = fOOO’CN(’C)dT (1.4)

N (T) being the relaxation spectrum. This idealized model is a
valid approximation of Walters liquid (Model B’) taking very
short memories into account so that terms involving

_I";D t°N(t)dtn= 2 (1.5)

have been neglected.

2. MATHEMATICAL FORMULATION

The region of unsteady two dimensional flow of an electrically
conducting visco-elastic fluid, along an infinite vertical porous
plate has been analyzed in presence of chemical reaction. A
uniform magnetic field BO is applied normal to the plate. Here
the mechanism of heat and mass transfer in connection with
Dufour effects are studied. The x'-axis is taken along the plate
vertically upward to the opposite direction of gravity and the y'-
axis is taken normal to the plate. Let u' and v' be the velocity
components in X' and y' directions respectively. Under the
above assumptions as well as Rosseland approximations the
flow is governed by the following set of equations:
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Figure (A)- Flow configuration and co-ordinate
system .
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Equation of motion:

E-'u'_'_ Bu mdtu kyf u . .Eﬁgu")
— AtV = —— |t T
de  dy  pdys pidedy”  dy7
: : e . EFED:'L!.. v
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: (22)
Energy equation:
ar 4T k #'T 1 dg, D K-d%c X
— etV o= — e — L (2.3)
dt gy pepdy ™ pepdy  citp @y °
Concentration equation;
g’ .dc 8ic’ o )
Fratd o pma—}rf— K (c —cx) (2.4)
an’ "
and Frb 0 => p = contant
with relevant boundary conditions :
w=U v=vl), T=T,.c =c,aty=0
u=0, T=T,, =t as y—+ x (2.5)
The non-dimensional parameters are :
yu . t e u . T —T
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@—E,GTZ T ,sz NE
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K D CoCpV
Mo TEY b 4 L ﬁ L (26)
au= popl™ " o=
kUt v
p=_%_ =2
pv* u /

where Gr is the Grashof number for heat transfer, Gm is the

B, . s
Grashof number for mass transfer, ~ ¥ is the magnetic field, ‘g
is the volumetric co-efficient of expansion for  mass

B

transfer, g is the acceleration due to gravity T and TE are the
temperature of the fluid inside the thermal boundary layer and

transfer, is the co-efficient of volume exp_ansion for heat

the fluid temperature in the free stream respectively, while ¢

e . . D_ .
and "= are the corresponding concentrations, ~ ™ is the co-
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efficient of mass diffusivity, ™ is chemical reaction
parameter, K is the permeability parameter.

Introducing the non-dimensional parameters in the equations
(2.2), (2.3), (2.4), we get

du Lﬂu_ﬂu : 8% Lﬂ!u“)_'_ﬂﬂ
3Ty eyt \mayr eyt
+Gmp — (M +1)u (2.7)
K/ !
a8 Lae_la:e - Dmﬂ:q} -
gt lay T Erayt L TUUEyT (2:8)
dp d¢ 189 . .
E—La—F—EE—FE—KT@ I:Z.'?,I

where k = T2 is the visco-elastic parameters
o

subject to boundary conditions :
u=1, =1, ¢=1 aty=0

u=06=0.=0 as y—=mw (2.10)

3. METHOD OF SOLUTION

We assume the solutions of the non-linear partial differential
equations (2.7) to (29) of the following form
u = up(y) + kuy(y)

8 = (V) + ko, (y) (3.1)

¢ =g (V) + k@ ()

Here we take k to be very small as k<<1 (as due to small
shear rate K is very small)

Using (3.1) in the equation (2.7), (2.8) and (2.9), equating the
co-efficient of like powers of k and neglecting higher powers

of k , we get,
. . 1 .

ug + Lug — (M + = Juo = —Gré, — Gmay (3.2)
ug+Lul = (M + =) us = —Gré, — 6mp, — Lug (3.3)
8y + Prié, — PrF8, = —PrDudy, (34)
8, + PrLé, — PrFf, = —PrDud, (3.5)
y + LSc gy — ScErepy =0 (3.6)
¢y + LScgh, — ScErgpy =0 (3.7)

The modified boundary conditions are :
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up=1.0,=1.gy,=1 )

w=06=0¢=0, at y=10 (3.8)
and g = 0.8, = 0.6, =0

wy=0,0, =0,¢y =0, at y—+ o« )

Solving equations (3.6) and (3.7) and using boundary
conditions (3.8) we get,

o= 6~ (3.9)
¢, =0 (310)

The solutions of the equation (3.4) and (3.5) subject to the
boundary conditions (3.8) are given by

By = A% — 4,870 (3.11)
B, =0 (3.12)

Solving equations (3.2) and (3.3) and using boundary
conditions (3.8) we get,

up= e W AT — AT + 467 (319
g = Age” Y + AoyeT Y — 4e7 0 + AT (314

The constants are obtained but not presented here for the sake
of brevity.

4. RESULT AND DISCUSSION

The velocity profile for the fluid flow is given as

u=e % AT Y — 4pm T + 46T + k(AT
+4.pe Y — Ae T 1467 (4.2)

The non-dimensional shearing stress at the plate is given by

F = (—mg — Asig + dqmy — Ag0,)
+I!\:[[_J‘1E'R'E' +J‘1— + AEH_'I. - Agﬂ’::' + L[R‘é + Asﬂ'é -
Agal + A,2D] (4.

The non-dimensional rate of heat transfer in the form of
Nusselt number is given by

The non-dimensional rate of mass transfer in terms of
Sherwood number is given by

acy

Sh= (ﬂ_}n]}_ﬂ

The constants are obtained but not given due to brevity.
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The objective of the present paper is to study the MHD ,
unsteady , free convective visco-elastic fluid flow over a
radiative vertical porous plate with Dufour effects in presence
of chemical reaction. The mechanism of heat and mass
transfer is also considered.

To understand the physics of the problem the fluid velocity i

is depicted against ¥ in figures 1 to 10 for different values of

Prandtl number Pr, Grashof number for heat transfer Gr,
Grashof number for mass transfer Gm, Magnetic parameter
M, Radiation parameter F, Dufour number Du, Chemical
reaction Kr, Schmidt number Sc and visco-elastic parameter
k. The numerical calculations are carried out for Permeability
parameter K=1 and L=1

For externally cooled plate (Gr= D], the fluid velocity it

(figure 1 , 2) exhibits accelerating trend with the growing
effect of visco-elasticity. It is also noticed that the velocity
field enhances near the plate y=0 and then diminishes with the
increasing value of y in both Newtonian and non-Newtonian
cases.

The variation of the Grashof number for mass transfer Gm (
figures 1, 3) reveals that the fluid velocity changes its trend
when Gm decreases (figure 1, 3) the rising effect of visco-
elasticity shows a accelerating trend and the decelerating trend
in comparison with Newtonian case.

The variation of the magnetic parameter in (figures 1, 4) ,
radiation parameter F ( figures 1, 5) , the Dufour number Du
(figures 1, 6) , the chemical reaction Kr ( figures 1, 7) , the
Schmidt number ( figure 1, 8) , the Prandtl number ( figure 1,
9) , do not alter the pattern of fluid velocity in both Newtonian
and non-Newtonian fluid flow mechanism. Also, the growth
of visco-elasticity reveals the rising trend of the fluid velocity
in the fluid flow region in all the cases.
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Figure 1: Variation of u against y

Pr=5, Gr=5, Gm=8 , M=2, F=0.5, Du=0.03, K=1, Kr=0.6,
Sc=3.
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Figure2: Variation of u against y

Pr=5, Gr=10, Gm=8 , M=2 , F=0.5, Du=0.03, K=1, Kr=0.6,
Sc=3.
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Figure 3: variation u against y

Pr=5, Gr=5, Gm=4 , M=2 , F=0.5, Du=0.03, K=1, Kr=0.6,
Sc=3.
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Figure 4: Variation of u against y

Pr=5, Gr=5, Gm=8 , M=3 , F=0.5, Du=0.03, K=1, Kr=0.6,
Sc=3.
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Figure 8: Variation of u against y

Figure 5: Variation of u against y
Pr=5, Gr=5, Gm=8 , M=2 , F=0.5, Du=0.03, K=1, Kr=0.6,

Pr=5, Gr=5, Gm=8 , M=2, F=1.5, Du=0.03, K=1, Kr=0.6,
Sc=3. Sc=2.
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Figure 9: Variation of u againsty
y—>
Pr=10, Gr=5, Gm=8 , M=2, F=0.5, Du=0.03, K=1,
Figure 6: Variation of u againsty Kr=0.6,Sc=3.
Pr=5, Gr=5, Gm=8 , M=2, F=0.5, Du=0.12, K=1, Kr=0.6, The figurel0 depict the variation of flow past an externally
Sc=3. heated plate (Gr== l:l]. In this case, the fluid velocity shows a
decelerating nature with the growth of visco-elasticity in
1.2 compared to Newtonian fluid flow phenomena.

1.2

e [ =()

= = k=0.1

...... k=0.2

0 0.5 1 1.5
O T

L
0 0.5 1

1.5

Figure 7: Variation of u against y

Pr=5, Gr=5, Gm=8 , M=2, F=0.5, Du=0.03, K=1, Kr=1, Figure 10: Variation of u against y

Sc=3.
Pr=5, Gr= -5, Gm=8 , M=2 , F=0.5, Du=0.03, K=1, Kr=0.6,

Sc=3.
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Figure 11 to 17 represent the shearing stress & against

different significant flow parameters viz, Prandtl number Pr,
Magnetic parameter M, Dufour number Du , chemical
reaction parameter Kr , Grashof number for heat transfer Gr
and the radiation parameter F.
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Figure 11: Variation of ¢ against Pr

Figure 11 illustrates the shearing stress at the plate against
Prandtl number Pr. As Prandtl number increases viscous drag
declines for both Newtonian and non-Newtonian parameter.
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Figure 12: Variation of ¢ against M

Figure 12 shows the variation of shearing stress against
Magnetic parameter (M).The figure reveals that the increasing
values of Magnetic parameter amplifies magnitude of
shearing stress.
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Figure 13: Variation of ¢ against Du
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Figure 13 illustrates that the rising values of Dufour number
increase the shearing stress for both Newtonian and non-
Newtonian fluid flow phenomenon.
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Figure 14: Variation of ¢ against Kr

Figure 14 illustrates the variation of shearing stress against
chemical reaction Kr. The figure shows that the growth of
visco-elastic parameter subdues the shearing stress.
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Figure 15: Variation of ¢ against Gr

Figure 15 shows that the magnitude of shearing stress
decreases with amplified values of Grashof number for
cooling plate(Gr>0)

3

25 | N

. ""'"'""'

1.5 I
1 4 I,
N ahasans k=02
. . .

0 1 ’ 3
LN

Figure 16: Variation of ¢ against F

Figure 16 illustrates that as the Radiation parameter F
increases, the shearing stress diminishes with the rise of
visco-elastic parameter.
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Figure 17: Variation of ¢ against Gr

The variation of shearing stress against Gr (Gr== Elj for

heated plates depicted in figure 17. In this cases the
magnitude of the shearing stress increases with the growth of
visco-elasticity.

5. CONCLUSION

The MHD _unsteady free convective visco-elastic fluid flow
over a radiative vertical porous plate with Dufour effect in
presence of chemical reaction and mass transfer has been
investigated. From this study , we make the following
conclusions :

(1) The velocity field is considerable affected by the visco-
elastic parameter in presence of other flow parameters at
all points of the fluid flow region.

(2) The fluid velocity exhibits an accelerating trend with the
growing effect of visco-elasticity for externally cooled
plate but an opposite trend is observed for externally
heated plate.

(3) The effect of visco-elastic parameter on the shearing
stress in prominent in the variation of other flow
parameters.

(4) The temperature and concentration fields are not
significantly affected by the visco-elastic parameter.
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