International Journal of Scientific & Engineering Research, Volume 3, Issue 2, February -2012 1

ISSN 2229-5518

Mixed Convective MHD Flow of Visco-elastic Fluid
Past A Vertical Infinite Plate With Mass Transfer

Madhumita Mahanta, Rita Choudhury

Abstract-A theoretical analysis of mixed convective unsteady flow of a visco-elastic incompressible fluid past an accelerated infinite vertical porous
plate subjected to a uniform suction has been investigated under the influence of a uniform transverse magnetic field. Approximate solutions for f luid
velocity, temperature, concentration field and skin friction have been obtained by using perturbation technique. The effects of the various parameters
involved in the solution have been studied. The profiles of fluid velocity and the skin friction are presented graphically to observe effects of the visco-

elastic parameter.

Keywords: Heat transfer, mass transfer, MHD Flow, mixed convection, suction, visco-elastic fluid.

1. INTRODUCTION

The subject of free convective and heat transfer flows through a
porous medium under the influence of a magnetic field has
attracted the attention of a number of researchers because of
their possible applications in transportation cooling of re-entry
vehicles and rocket boosters, cross-hatching on ablative
surfaces and film vaporization in combustion chambers. In
mass transfer process, heat transfer considerations arise due to
chemical reaction and often due to the very nature of the
process. Magnetohydrodynamics is currently undergoing a
period of great enlargement and differentiation of subject
matter. The interests in these new problems generates from
their importance in liquid metals, electrolytes and ionized
gases, fossil fuel, combustion, energy process, solar energy and
space vehicle re-entry, control of pollutant spread in ground
water, to name justa few applications.
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The viscous force imparted by a flowing fluid in a dense swarm
of particles has been investigated by Brinkman [1]. Hasimoto
[2] had studied the boundary layer growth on a flat plate with
suction or injection. Berman [3] has discussed the two-
dimensional steady-state flow in a channel having a rectangular
cross section and two equally porous walls. Sellars [4] has
extended the work of Berman for high section Reynolds
number. The flow between two vertical plates under the
assumption that the wall temperature varies linearly in the
direction of flow in presence of a transverse magnetic field has
been investigated by Mori [5]. The problem of fluid motion in
renal tubules which is complicated by the existence of radial
velocities generated by re-absorption process has been
investigated by Macey [6]. England and Emery [7] have
studied the effects of thermal radiation upon laminar free
convection boundary layer of a vertical plate for absorbing and
non-absorbing gases. Soundalgekar and Thakar [8] have
examined the radiation effects on free convection flow of an
optically thin gray gas past a semi-infinite vertical plate. Das
etal [9] have discussed the radiation effects on flow past an
impulsively started vertical infinite plate. The steady flow of a
nonNewtonian fluid pasta porous plate with suction has been
examined by Mansutti et.al [10]. Sattar [11] has investigated the
free convection and mass transfer flow past an infinite vertical
porous plate with time dependent temperature and
concentration. Choudhury and Das [12] have investigated the
MHD boundary layer flow of a non-Newtonian fluid past a flat
plate. The mass transfer effects on unsteady flow past an
accelerated vertical porous plate have been discussed by Das
et.al [13]. Reddy et.al [14] have investigated the unsteady mixed
convective flow with mass transfer past an accelerated infinite
vertical porous flat plate with suction in presence of transverse
magnetic field.

The objective of this study is to extend the work of Reddy et.al
with visco-elastic flow characterized by second-order fluid
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whose constitutive equation is given by [Coleman and Noll

(1960)]

o =—pl+ 1A + 1A, + 11,(A)° (1.1)

where o is the stress tensor, p is the isotropic mean pressure, ,,
H,, U are material constants describing viscosity, elasticity and
cross-viscosity respectively and A; are kinematic Rivlen-Ericson
tensors defined as

Ay =Vij +Vii

m
A(z)ij =8, +Vy; +2vm'iv’i

v,
where g, = 2t +V,V;

Here v; and a;are respectively the components of velocity and
acceleration in x' direction. Also p, < 0 from thermodynamic
consideration [Coleman and Markivitz (1964)].

2. MATHEMATICAL FORMULATION

Let us consider the unsteady mixed convective mass transfer
flow of a second order fluid past an accelerating vertical infinite
porous plate in the presence of a transverse magnetic field BO.
The x-axis is taken along the plate in the vertically upward
direction and y-axis is taken normal to the plate. Here u and v
are the components of the velocity in the x and y directions
respectively. It is also assumed that the plate is accelerating
with a velocity u=U0 in its own plane for t=0. The equations
governing the flow under Boussinesq's approximation are

—=0=>v=-V,
(2.1)
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where Vland V2 are the kinematic viscosities, x is the thermal

diffusivity, D is the molecular diffusivity, B is the co-efficient of

volumetric expansion for heat transfer, ﬁ is the co-efficient of
volumetric expansion for mass transfer, p is the fluid density,

O is the electrical conductivity, T is the temperature of the
fluid, C is the concentration and g is the acceleration due to

gravity.

The necessary boundary conditions are

y=0:u=U,v=-V,,T=T,C=C,

(2.5)
y—>ow:u—>0T->T ,C>C,

where To and Co are the temperature and the concentration of

the fluid at the plate respectively; T. and '« are respectively
the temperature and the concentration of the fluid far away
from the plate.

We introduce the following non-dimensional

quantities

Vv tv,’
y*:Ly!U*_ivt* 0 ’

v, U, . Cv1 (2.6)
g% — T-T. = G

T -T, C,—-C.,
Using (2.6), the equations (22)-(2.4) reduce to the forms
(dropping the
stars *¥):
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where
G, = Mls the Grashof number for heat

0%0
transfer,
G, =Vlgﬁ(CW2_C°°) is the Grashof number for mass
ovo
transfer,
2

M _ B is the Hartmann number, P =" the

2 r

AV, K
Prandtl number,
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c

S = %is the Schmidt number

2
AV . .
=-20 js the visco-elastic parameter.
Vi

The corresponding boundary conditions are
=0:u=10=1¢=1
y="2-4 ¢ 2.10)
y—>o:u=0,6=0,¢=0

and «

3. METHOD OF SOLUTION

To solve the equations (2.7)-(2.9), we assume
u(y,t) =uy(y)e,
6(y,1) =6, (y)e™, 31)

#(y,1) = gy (y)e™
Using (3.1), the equations (2.7)-(2.9) reduce to
auy — 1+ adiw)u, —u, +(M +iw)u,

(3.2)
=G, 0, + G4,
Gy +P6,—iaP6,=0 (3.3)
(;'+ Sc¢(; _iaﬁc¢0 =0 (34)
with modified boundary conditions
y=0:u,=e""0, =" ¢, ="
(3.5)

y—>owo:u,=06,=0,¢,=0

Onsolving equations (3.2)-(3.5) using (3.1) and (3.5),

we get

Gl’ (e*mly —ms)’)
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(3.6)

O(y,1) =e ™' (3.7)

gy, t) =e e (3.8)
where

m, :%[Pr + /P2 +4ioP ],
m, :%[SC +4/S? +4iaS, ],
m, :%[l+1/1+4(M +im)],

Ri=m>-m, —(M +iw),

R,=m;-m, —(M +iw).
The skin friction on the plate is given by

u o ,0u, o

to{—()+ }]y 0
oy oy o’ oy

3.9)

The coefficient of the rate of heat transfer and the coefficient of
the rate of mass transfer at the plate, which in the non-
dimensional form in terms of Nusselt number Nu and
Sherwood number Sh respectively are given by

T = [Txy]y:O [

00

o¢
N, =(2),0ad S, =(2),, (310
. (ay)y_ an (6y) (3.10)

4. RESULTS AND DISCUSSION

In order to study the effects of the visco-elastic parameter a on
the mixed convective unsteady flow with mass transfer, we
have carried out numerical calculations for the dimensionless
velocity component u and the skin friction t at the plate for
various values of the flow parameters involved in the solution.
The corresponding results for Newtonian fluid can be deduced
from the above results by setting a=0 and these results show
conformity with earlier results.

In order to understand the physics of the problem, analytical
results are discussed with the help of graphical illustrations.
Figures 1 to 4 depict the variations of the velocity profile u
versus y for various values of Prandtl number

(Pr), Schmidt number (Sc), Grashof number for heat transfer
(Gr), Grashof number for mass transfer (Gm), magnetic
parameter (M), visco-elastic parameter (a) keeping the
frequency of oscillation ®=0.1 and the time t=0. The figures
reveal that the velocity diminishes in both Newtonian and non-
Newtonian cases. It is also noticed that the nature of velocity
distribution is unaltered when the magnetic intensity M
increases (Figures 1 and 2), Grashof number for heat transfer Gr
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increases (Figures 1 and 3), Prandtl number Pr decreases
(Figures 1 and 4) with increasing values of visco-elastic
parameter |0£| (a=0, -025, -04) and fixed values of other flow
parameters. Variations of the skin friction T versus the magnetic
parameter M, the frequency of oscillation ®, Grashof number
for heat transfer Gr and Grashof number for mass transfer Gm
are illustrated in the figures 5 to 8 respectively. The figures
reveal that the skin friction T enhances due to increase of M, Gr
and Gm (Figures 5,7 and 8) respectively whereas increase of
depresses theskin friction (Fig. 6). But in all the cases, the rising
trend in T is observed with the increase in the absolute value of
a in combination with other flow parameters. It can be
remarked from expressions (3.10) that the temperature and the
concentration fields are not affected by the visco-elastic
parameters.
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Fig. 1 Variation of velocity u versus y for
M=2, G=2, Gn=2, P=5, S;=0.22, »=0.1, t=0
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Fig. 2 Variation of velocity u versus y for
M=4, G;=2, Gn=2, P=5, Sc=0.22, ®=0.1, t=0

12

14 16 18

04

Fig. 3 Variation of velocity u versus y for
G=4, P,=5, Gy=2, S;=0.22, M=2, »=0.1, t=0

Fig. 4 Variation of velocity u versus y for
Pr=3, G=2, Gn=2, S¢=0.22, M=2, ®=0.1, t=0
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. " L Fig. 7 Variation of skin friction t versus G, for
Fig.5 Variation of skin friction t versus M for P=5, G,=2, S,0.22, M=2, 0=0.1. t=0

Gi=2, Gp=2, P;=5, 5:=0.22, »=0.1, t=0
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Fig. 6 Variation of skin friction t versus e for Fig. 8 Variation of skin friction ¢ versus Gp for
G=2, Gy=2, P,=5, 5:=0.22, M=2, t=0 PFS, Gr:2, Sc:0.22, M:2, 0):0.1, t=0
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The problem of mixed convective MHD visco-elastic flow
and mass transfer past an accelerated infinite vertical porous
plate is studied analytically. The results of investigation may be
summarized in the following conclusions:
e The velocity distribution is retarded in both in

both Newtonian and non-Newtonian cases.

e The skin friction T rises due to increase of magnetic
parameter/ Grashof number for heat transfer /

H. C. Brinkman, A Calculation of Viscous Force
Extended by Flowing Fluid in a Dense Swarm of
Particles, Appl. Sci. Res, A(1) 27-34, 1947.

H . Hasimoto, Boundary Layer Growth on a Flat
Plate with Suction or Injection, J. Phys. Soc. Japan
12,68-72, 1957

A. S. Berman, Laminar Flow in a Channel with
Porous Walls, J. Appl. Phys, 24, 1232-1235, 1953.

J. R. Sellars, Laminar Flow in Channels with Porous
Walls at High Section Reynolds Number, J. Appl.
Phys, 26, 489-490, 1953.

Y. Mori, On Combined Free and Forced Convective
Laminar MHD Flow and Heat Transfer in Channels
with Transverse Magnetic Field, International
developments in Heat Transfer, ASME 124, 1031-
1037, 1961.

R. 1. Macey, Pressure Flow Patterns in a Cylinder
with Reabsorbing Walls, Bull. Math. Biophys, 25 (1)
1963.

W. G. England and A. F. Emery, Thermal Radiation
Effects on the Laminar Free Convection Boundary
Layer of an Absorbing Gas, Journal of Heat
Transfer, 91, 37-44, 1969.

V. M. Soundalgekar and H. S. Thakar, Radiation
Effects on Free Convection Flow Past a Semi
Infinite Vertical Plate, Modeling Measurement and
Control, B51, 31-40, 1993.

International Journal of Scientific & Engineering Research, Volume 3, Issue 2, February -2012 7
ISSN 2229-5518

Grashof number for mass transfer while the
increase of oscillation of frequency produces the
opposite effect.

e The skin friction enhances under the effect of the
visco-elastic parameter.

o The temperature and the concentration fields are
unaffected due to the variation of visco-elastic
parameter.
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