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ABSTRACT

In this chapter, a study of two dimensional unsteady visco-elastic fluid flow through a
horizontal parallel plates moving in opposite directions has been carried out in presence
of suction/injection. The transverse magnetic field of magnitude B0 is applied in the
direction perpendicular to the plate. The plate suction is considered to be periodic in
nature. The equations of fluid motion are solved numerically by using Matlab bvp4c
inbuilt solver. The effects of various fluid parameters on fluid motion are analyzed

graphically and discussed.
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1. INTRODUCTION

The topic of fluid flow phenomena
along with MHD with heat and mass
transfer continues to create much interest
among the scientific community. This
is because of their applications in many
industrial aspects such as the compact
heat exchangers, aerodynamics, cooling
of nuclear reactor, chemical distillation
and others. The process of mass and
heat transmission through a channel in
presence of suction and injection has
attracted the attention of scientists in
perspective of their industrial applicability.

In (1953), Berman has investigated the
laminar flow in channels with porous
walls. Alpher (1961) has examined the
heat transfer in magneto-hydrodynamic
flow between parallel plates. Verma and
Bansal (1966) have studied the flow of
an incompressible fluid between two
parallel plates, one in uniform motion
and the other at rest with uniform suction
at the stationary plate. The velocity and
temperature distributions of a viscous
incompressible fluid flow between two
parallel plates have been analyzed by
Verma and Gaur (1972). Kaviany (1985),
Sharma and Singh (1992), Sharma and

Patidar (1994), Attia and Kotb (1996),
Sharma and Mishra (2002) have analyzed
the nature of steady viscous flow between
twoinfinite parallel porousplatesunder the
effects of various physical phenomenon.
Sharma and Kumar (1998), Sharma et al.
(2004), Sarangi and Sharma (2005) have
studied the unsteady viscous fluid flow in
presence of various physical propertieslike
heat transfer or MHD or heat source/ sink
etc. Bodosa and Borkakati (2003) have
analyzed the problem of MHD Couette
flow with heat transfer between two
horizontal plates in presence of uniform
transverse magnetic field. Umavathi
et al. (2009) have examined the nature
of unsteady oscillatory flow and heat
transfer in a horizontal composite porous
medium channel. The analytical solutions
of unsteady oscillatory particulate visco-
elastic fluid flow between two parallel
walls have been given by Ajadi (2010).
The behavior of unsteady MHD Couette
flow of a visco-elastic fluid with heat
transfer has been examined by Attia
(2010). Choudhury et al. (2014) have
investigated the visco-elastic MHD flow
through a porous medium bounded
by horizontal parallel plates moving in
opposite direction in presence of heat and
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mass transfer.

The purpose of this study is to analyze the visco-
elastic effect in an unsteady MHD viscous flow with
heat and mass transfer through a horizontal parallel
porous plates moving in opposite directions with
periodic suction and injection.

MATHEMATICAL FORMULATION

Consider an unsteady MHD visco-elastic flow with
heat and mass transfer through moving parallel
plates in opposite direction with periodic suction and
injection moving with same velocity U. A magnetic
field of strength B is applied in transverse direction

to the plate. The distance between parallel plates is

#
h and maintained at temperature T, Let *- axis be

taken along the tangential direction of the plates and

Y. axis be taken in the perpendicular direction to the

plates.

¥+ &+ f 1§ f %1
T

v = Vo(1 + gei@™)

Physical model of the Problem

With these assumptions and usual boundary layer approximations, the governing equations of fluid motion

are:
Equation of Continuity:
Equation of Continuity:

5[:'* — 0= v =V (1 P
G vt = u( +ee )
- (1)
Momentum equation:
du’ by du* 1dp* *ut  ky [ Pu N a3 u* v o oBj .
v - =v ——— | ===+ ——u' ——u
dt* dy* pdx* dy*?  p \dy*iat* dy*3 K* P 2)
Energy equation:
ar* N ,9T"  Kr *T* v (au*): kg (314* % u* b du’ B:u*)
v - - =— - v -
dat* dy* pC,dy*™ C,\dy* pC, \dy*dy*at* dy* dy*c 3)
Concentration equation:
ac* act a*c*
! = —
Boundary conditions are:
vi=10: u'=u', T"=T,, C'= E‘;L
¥ — I, ¥ __JT¥ ¥ M ¥ gk ¥
yvi=h: u ut, T°=T,, C'=C, =C, 5)
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Introduce the following non-dimensional quantities:

x* v u*h Uth C*—C; Mo
x:—’};r:—’-u_:—’ = —, = 0 v = —
h h v v Cy, —C; e
. K* . oB3h? hBg(C: — C) 1oC, S v p*h?
=7 MT= » = o ] 20 = =, P = 2
h- pv vy K. p P pv-
vgh T —T; v? w* h* t*v ky
Re = ] - yEC = T [ [ ] t= R = E
v T.—T: h*C,(T,,—T.) v h= ph”

We get the following set of governing equations of motion which are dimensionless
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dy dyat dy dy?

(7

(8)

where Pr is the Prandtl number, Gr is the Grashof number, M is the magnetic parameter, Ec is the Eckert
number, K is the permeability parameter, k is the visco-elastic parameter, Sc is the Schmidt number, Re is the

Ti-

C, C,

cross flow Reynolds number, “w is the wall temperature, ~*: and ~"zis the concentration of the fluid at the

walls.

The transformed boundary conditions are

yv=0: u=U¥8=1,¢=1;

E‘w _ES‘
v=1lLu=-U 8=1, ¢ =—"—"= =m(say)
o Cop,—Co

where m is a constant

METHOD OF SOLUTION

Numerical technique has been employed to solve
the equations (6) to (8) under boundary conditions
(9). MATLAB’s built in solver bvp4c is used in this
problem.

RESULTS AND DISCUSSIONS

The main purpose of this paper is to study the visco-
elastic effects on fluid flow through a horizontal
parallel plates moving in opposite directions in
presence of periodic suction/injection. Figures (1)
and figure (2) represents the velocity field against
the displacement variable y for various values of
fluid parameters involved in the solution. The visco-
elasticity is represented through the non-zero value

(9)

of dimensionless parameter k. It is seen in the figures
that a growth in visco-elasticity enhances the fluid
motion. Also, it can be said that the visco-elastic
effect is prominent in the middle of the channel.

Generally, transverse magnetic field creates Lorentz
force and it has some retarding effect in the vicinity
of the lower plate which is moving in the positive
direction. An accelerating nature of fluid flow is
noticed from the midway of the channel as the upper
plate is moving in the opposite direction of the lower
plate (Figure 1). The retarding effect of Lorentz force
is more prominent in the neighborhood of the lower
plate. Since Reynolds number signifies the effect of
inertia force and viscous force together in the fluid
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flow regime and so it is seen that as Reynolds number
increases, speed of both Newtonian and visco-elastic
fluid flows increases throughout the channel (Figure
2).

The effect of various flow parameters on the fluid
temperature are depicted in figures 3 and figure
4. Figure 3 tells that the increasing values of visco-
elastic parameter from k=0 to k=0.1, decrease
the fluid temperature and the visco-elastic effect
is maximum in the centre of the flow channel. In
addition to that the effect of intensity of magnetic
field on the temperature field is seen on figure 3. It is
noticed from figure 3 that the magnetic field affects
the Newtonian fluid temperature a little bit but it
affects non-Newtonian fluid temperature vigorously.
The magnitude of the fluid temperature slightly
rises for Newtonian fluid but the non-Newtonian
fluid temperature decreases rapidly due to increase
of intensity of the magnetic field. This magnitude is
higher in Newtonian fluid than visco-elastic fluid.

The effects of Reynolds number on temperature
distribution is illustrated in figure 4. It is seen that
with the modification of visco-elastic parameter,
temperature field of visco-elastic fluid gradually
decreases but the increasing effect of Reynolds
number Re, modifies the magnitude of visco-elastic
fluid temperature field.

The rate of heat transfer in terms of Nusselt number
and the rate of mass transfer in terms of Sherwood
number are not significantly affected by the visco-
elastic parameter.

CONCLUSION

The present investigation noted the following

conclusions:

o 'The rising value of visco-elastic parameter
accelerates the speed of visco-elastic fluid.

o The fluid temperature decreases with the
modification of visco-elastic parameter.

o The rate of heat transfer and the rate of mass
transfer are not significantly affected by the visco-
elastic parameter.

Fig. 1: Velocity u against y for Pr=1, K=1, w=2,0t=m/4,
Ec=0.02, Re=0.5, A=0.1, U=1 ,e=0.01
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Fig. 2: Velocity u against y for M= 2, Pr=1, K=1,0=2,0t=1/4,
Ec=0.02, A=0.1, U=1 ,e=0.01
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Fig. 3: Temperature 0 versus y for Re= 1, Pr=1,
K=1,0w=2,wt=m/4,
Ec=0.02, A=0.1, U=1,£=0.01
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Fig. 4: Temperature 0 versus y for Pr=1, K=1,

w=2,0t=n/4,
Ec=0.02, M=1, A=0.1, U=1 ,e=0.01
1.03
Re=1:k=0

1.025 A
1.02 -

1.015 4

0.995 A

0.99

0.985

REFERENCES

1.

10.

11.

12.

Berman A. S., 1953, Laminar flow in channels with porous
walls. J. Appl. Phys., 24, 1232-1235.

Alpher, R. A., 1961, Heat Transfer in Magneto-
hydrodynamic Flow between Parallel Plates, Int. J. Heat
and Mass Transfer, 3(2), 108-112.

Verma P. D., Bansal J. L., 1966, Flow of an incompressible
fluid between two parallel plates, one in uniform motion
and the other at rest with uniform suction at the stationary
plate. Proc. Indian Acad. Sci., 64 (6), 385-396.

Verma P. D., and Gaur, Y. N,, 1972, On the unsteady flow
and temperature distributions of a viscous incompressible
fluid flow between two parallel plates, Proc. Indian Acad.
Science, 75 (3), 108-116.

Kaviany, M., 1985, Laminar flow through a porous channel
bounded by isothermal parallel plates. Int. J. Heat Mass
Transfer, 28(4), 851-858.

Sharma, P. R. and Singh R., 1992, Steady flow and heat
transfer of an ordinary viscous fluid between two parallel
plates. Proc. Nat. Acad. Sci., 62(A), I, 35-54.

Sharma, P. R. and Patidar, R. P.,, 1994, Steady laminar flow
and heat transfer for a viscous incompressible fluid through
parallel walls with suction/injection, J. Ultra Scientist
Physical Sciences, India, 6,193.

Attia, H. A., Kotb N. A., 1996, M.H.D. flow between two
parallel plates with heat transfer. Acta Mechanica, 117(1-
4), 215-220.

Sharma, P. R. and Kumar, N., 1998, Unsteady flow and heat
transfer between two horizontal plates in the presence of
magnetic field, Bull. Pure and Applied Sciences, 17E (1),
39-49.

Sharma, P. R. and Mishra, U.,, 2002, Steady heat transfer
through laminar flow between parallel plates with different
permeability, J. Ultra Scientist Physical Sciences, 14(1), 79-
82.

Bodosa, G. and Borkakati, A. K., 2003, MHD Coutte flow
with heat transfer between two horizontal plates in the
presence of a uniform transverse magnetic field, Theoret.
Appl. Mech., 30(1), 1-9.

Sharma, P. R., Sharma, R. P, Mishra, U,, Kumar, N. and
Gaur, Y. N., 2004, Unsteady flow and heat transfer between
parallels porous plates with heat sink/source, J. Appl. Sci.

13.

14.

15.

16.

17.

Periodical, VI(2), 97- 109.

Sarangi, K. C. and Sharma, V. K., 2005, Unsteady MHD flow
and heat transfer of a viscous incompressible fluid through
a porous medium of variable permeability bounded by two
parallel porous plates with heat source/sink, Rajasthan
Ganita parishad, 19(2), 179-188.

Umavathi, J. C., Chamkha, A.J., Mateen, A. and Al-Mudhaf,
A., 2009, Unsteady oscillatory flow and heat transfer in a
horizontal composite porous medium channel, Nonlinear
Analysis: Modelling and Control, 14(3), 397-415.

Ajadi, S. O., 2010, Analytical Solutions of Unsteady
Oscillatory Particulate Visco-Elastic Fluid Between Two
Parallel Walls, International Journal of nonlinear Science,
Vol.9 (2), 131-138.

Attia, H. A., 2010, Unsteady MHD Couette flow of a visco-
elastic fluid with heat transfer, Kragujevac J. Sci. 32, 5-15.
Choudhury R. Dhar P, Dey D., 2014, Visco-Elastic MHD
Flow through a Porous Medium Bounded by Horizontal
Parallel Plates Moving in Opposite Direction in Presence of
Heat and Mass Transfer, International Journal of Computer
Applications 97(16), 6-12.

www.ieasrj.com

International Educational Applied Scientific & Research Journal [IEASR]] | 12



