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ABSTRACT

In this paper we have studied and discussed the problem of unsteady flow of a visco-elastic (walter’s liquid model
B) fluid through porous medium in presence of a heat source and a uniform magnetic field with effect of chemical reaction
parameter. The effect of chemical reaction parameter y, porous parameter K and magnetic parameter on fluid velocity,
temperature and concentration with respect to vertical axis Y and time t are discussed graphically.
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INTRODUCTION:

in view of heat and mass transfer and chemical reactions numerous and wide-ranging applications in
various fields like polymer processing industry in particular in manufacturing process of artificial film and artificial
fibers and in some applications of dilute polymer solution. Sakiadis [1,2] was the first study of boundary layer
problem assuming velocity of a boundary sheet as constant. This work is followed by the pioneering work of Tsou
et al. [3] studied the flow and heat transfer developed by continuously moving surface both analytically and
experimentally, in which the flow is caused by an elastic sheet moving in its own plane with a velocity varying
linearly with the distance from a fixed point studied by Chen [4]. There are several extensions to this problem,
which include consideration of more general stretching velocity and the study of heat transfer [6-14].

In view of increasing importance of non-Newtonian flows, a great deal of work has been carried out to
find the similarity solution of visco-elastic fluid flow over impervious stretching boundary. Rajagopal et al. [14]
examined for a special class of visco-elastic fluids known as second order fluids. All these studies deals with the
studies concerning non-Newtonian flows and heat transfer in the absence of magnetic fields, but present years
we find several industrial applications such as polymer technology and metallurgy [17], where the magnetic field
is applied in the visco-elastic fluid flow. Sarpakaya [18] was mostly first researcher to investigate MHD flows of
non-Newtonian fluids [19-20] investigated the flow problem of electrically conducting visco-elastic fluid past a flat
and impermeable elastic sheet.

Chemical reactions usually accompany a large amount of exothermic and endothermic reactions. These
characteristics can be easily seen in a lot of industrial processes. Recently, it has been realized that it is not
always permissible to neglect the convection effects in porous constructed chemical reactors [24]. The reaction
produced in a porous medium was extraordinarily in common, such as the topic of PEM fuel cells modules and
the polluted underground water because of discharging the toxic substance, etc.

Fourier's law, for instance, described the relation between energy flux and temperature gradient. In
other aspects, Fick’s law was determined by the correlation of mass flux and concentration gradient. Moreover, it
was found that energy flux can also be generated by composition gradients, pressure gradients, or body forces.
The energy flux caused by a composition gradient was discovered in 1873 by Dufour and was correspondingly
referred to the Dufour effect. It was also called the diffusion-thermo effect. On the other hand, mass flux can also
be created by a temperature gradient, as was established by Soret. This is the thermal-diffusion effect. In
general, the thermal-diffusion and the diffusion-thermo effects were of a smaller order of magnitude than the
effects described by Fourier’s or Fick’s law and were often neglected in heat and mass transfer processes. There
were still some exceptional conditions. The thermal-diffusion effect has been utilized for isotope separation and in
mixtures between gases with very light molecular weight (H2, He) and of medium molecular weight (N2, air), the
diffusion-thermo effect was found to be of a magnitude such that it may not be neglected in certain conditions
[25]. In recent years, Kandasamy et al. studied the heat and mass transfer under a chemical reaction with a heat
source [26,27]. Seddeek studied the thermal radiation and buoyancy effect on MHD free convection heat
generation flow over an accelerating permeable surface with the influence temperature dependent viscosity [28],
and later the chemical reaction, variable viscosity, radiation, variable suction on hydro magnetic convection flow
problems were included [29-32].

The flow of an incompressible viscous fluid past an impulsively started infinite horizontal plate, in its own
plane, was first studied by Stokes [35], It is also known as Rayleigh's problem in the literature. Following Stokes'
analysis, Soundalgekar [33] first presented free convection effects on the Stokes problem for an infinite vertical
plate. Soundalgekar [34] has studied mass transfer effects on flow past an impulsively started infinite vertical
plate. The study of convection with heat and mass transfer is very useful in fields such as chemistry, agriculture
and oceanography. A few representative fields of interest in which combined heart and mass transfer play an
important role are the design of chemical processing equipment, formation and dispersion of fog, distribution of
temperature and moisture over agricultural fields and groves of fruit trees, damage of crops due to freezing, and
pollution of the environment. This technique is used in the cooling processes of plastic sheets, polymer fibers and
glass materials and in drying processes of paper. Das et. al [5] considered the mass transfer effects on flow past
an impulsively started infinite isothermal vertical plate with constant mass flux. Muthucumaraswamy, et. al. [17]
have studied heat and mass transfer effects on flow past an impulsively started vertical plate. Kumar, P. and et.
al. [36] have discussed MHD flow of a visco-elastic (Walter's liquid model-B) fluid through porous medium. Heat
and mass transfer in MHD visco-elastic fluid flow through a porous medium over a stretching sheet under
chemical reaction has been studied recently by Saleh M. Alharbi [37].

Recently Bhagwat Swarup and Kuldeep [38] have investigated the effect of heat source of unsteady
flow of a visco-elastic (WALTER'S LIQUID MODEL-B) fluid through porous medium past an impulsively started
vertical plate in presence of a uniform magnetic field. In this paper our aim to investigate and analyse the effect of
chemical reaction on the flow of visco-elastic fluid (Walter's Model-B) through porous media.

FORMULATION OF THE PROBLEM

We have considered the fluid which is (i) unsteady visco-elastic (Walters's liquid model-B), (ii)
incompressible, (iii) electrically conducting, (iv) fluid past an impulsively started infinite vertical plate through a
porous medium with heat source under the action of a uniform magnetic field. The x-axis taken along the plate in
the vertically upward direction, and the y’-axis is taken normal to the plate. At time t'< 0, the plate and fluid are at
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same temperature and concentration in al stationary condition. At time t' > 0, the plate is given an impulsive
motion in the vertical direction with constant velocity u0, and at the plate constant heat and mass flux are
imposed. Under the effect of chemical reaction the concentration equation is having a parameter Kl. Past an
impulsively started vertical plate in presence of uniform magnetic field. Then under Boussinesq's approximation,
the unsteady flow past an infinite vertical plate is governed by following equations:
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With following initial and boundary conditions :
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On introducing the following non-dimensional quantities:
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V' (Chemical Reaction Parameter)

Now, equations (1) to (3) in non-dimensional forms are
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The boundary condition (4) becomes:
u=1, -1 9_, aty=0,t=0
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..(8)

We assume the following solutions :

u(y,t)=u,(y)e™

O(y.t)-6,(y)e™

p(y.t)=p,(y)e™
Using (9) in (5) to (7), we find
ug—(Q—n) Au, =GrAg, —GrAg,

G +(Prn+8)6,=0

...(10)

(1)
i +Sc(n—y) ¢ =0 12

With corresponding boundary conditions:

u=1, a—‘9=—1, %z—l at y=0,t=0
oy oy
u=0, 6-0 »—0 as y—»

...(13)
Solving equations (10) to (12) under boundary condition (13), we get:

u, =™ _GrA, sin Ajy —GcA, sin A,y (14)

0 — sin Ay

) =37
A --(15)

sin A,y

b=
A ...(16)

The real part of solutions:
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3. RESULTS AND DISCUSSION:
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VARIATION OF FLUID VELOCITY

FLUID VELOCITY (u)

——v=0.02

Fig .-1:Figure is drawn in between y and fluid velocity u for the different values of chemical reaction parameter
y- This shows that as we increase y fluid velocity slightly increases. initially it is approx same.
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VELOCITY PROFILE
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Fig.-ZZFigure is drawn in between y and fluid velocity u for the different values of porous parameter K. This
shows that as we increase K fluid velocity decreases significantly.

VARIATION OF FLUID VELOCITY
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Fig.-3: Figure is drawn in between time t and u for the different values of porous parameter K. initially no
change but after reaching a constant value it increases significantly.

VARIATION OF CONCENTRATION
WITH RESPECT TO TIME(t)

\ e y=0.009
-1

=002
15 v=0.04

Fi g .4 Figure is drawn between ¢ and time t for different values of y as we increase vy, ¢ slightly increases.

CONCENTRATION (¢)
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VARIATION OF FLUID VELOCITY
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Fig.-5: Figure is drawn in between time t and fluid velocity u for the different values of magnetic parameter M.
We observed that as we increase M, u increases in the same ratio.

4. CONCLUSION

The velocity profiles for the fluid and concentration drawn in fig. 1, 2, 3, 4 & 5 taking S=0.02, Sc=0.4,
Pr=0.71, Gr=2 and Gc=3. The results obtained here shows that if we increase chemical reaction parameter a
slight but effective change in fluid velocity appears, which is increasing in nature we also observe that fluid
velocity decreases significantly with increase in porous parameter K with respect to y but fluid velocity increases
for the different values of porous parameter with respect to time. We also observe which we have not shown by
graph that no effect of porous parameter K, chemical reaction parameter y and magnetic parameter M on
temperature. It is also seen that as we increase chemical reaction parameter a slight but effective increase and
concentration is found. No effect of porous parameter K and M on concentration¢.

APPENDIX
5.1 NOMENCLATURE

Sc - Schemidt Number

- Hartman Number

- Porous Parameter

- Viso-elastic Parameter

- Heat Source Parameter
Kr - Chemical Reaction Parameter
u - Fluid Velocity
0 - Temperature of the fluid
¢ - Concentration of the fluid
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