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Abstract

Present paper is concerned with the oscillatory motion of
conducting visco-elastic [Oldroyd (1958) model] liquid of first order
through porous medium between two infinite flat plates both of which
execute simple harmonic motion in the plane of plates with different
amplitudes and frequencies under the influence of an uniform magnetic
field applied perpendicular to the flat plates. Some particular cases have

also been discussed in detail.

Introduction

The study of the physics of flow
through porous medium has become the basis
of many scientific and engineering applications.
This type of flow is of great importance in the
petroleum engineering concerned with the
movement of oil, gas and water through the
reservoir of an oil or gas field to the hydrologist
in the study of the migration of underground
water and to the chemical engineer in the
filtration process.

The visco-elastic fluids are particular

cases of non-Newtonian fluids which exhibit
appreciable elastic behaviour and stress-strain
velocity relations and are time dependent. The
subject of Rheology is of great technological
importance as in many branches of industry,
the problem arises of designing apparatus to
transport or to process substances which can
not be governed by the classical stress-strain
velocity relations. Examples of such substances
and the process are many, the extrusion of
plastics, in the manufacture of rayon, nylon or
other textiles, fibres, visco-elastic effects are
encountered when the spinning solutions are
transported or forced through spinnerts and in
the manufacture of lubricating greases and

1616, Pal Colony, Near Shesh Cold Store, Ashok Nagar, Etawah (U.P.)-206001



274

rubbers.

The magneto hydrodynamic! flow
means, the motion of the electrically conducting
fluid in the presence of Maxwell electro-
magnetic field. The Flow of the conducting fluid
is effectively changed by the presence of the
magnetic field and the magnetic field is also
perturbed due to the motion of the conducting
fluid. This phenomena is therefore interlocking
in character and the discipline of this branch
of science is called Magnetohydrodynamics
(MHD). It is equally rich and admits wider
applications in Engineering, Technology,
Cosmology, Astrophysics and other applied
sciences. It has tremendously developed in
recent years and some of the monographs in
this direction are due to Ferraro-PIumpton3,
Pail?, Shercliff'®, Sutton and Shermann?,

Jefferey® and Cowling?. Many research
workers have paid their attention towards the
application of visco-elastic fluid flow of
different category through porous medium in
channels of various cross-sections such as

Py =—Po; + Plk
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Gupta and Sharma*; Singh, Shankar and Singh?®;
Singh and Kumar'’; Kundu and Sengupta®;
Hassanien®; Sengupta and Basak'*; Pundhir
and Pundhir'’; Rehman and Alam Sarkar!?:
Saroa’3; Sharma and Pareek (2006); Kumar,
Singh and Sharma® etc.

The aim of the present paper is to
study the oscillatory motion of visco-elastic
Oldroyd liquid of first order through porous
medium between two infinite parallel flat plates
under the influence of uniform magnetic field
applied perpendicular to the flat plates. Both the
plates are assumed to be oscillating harmonically
with different amplitudes and frequencies.
Some particular cases have also been
discussed in detail.

Governing Equations of Motion:

The rheological equations for visco-
elastic [Oldroyd (1958) model] liquid are:

Pi H“E Pic + o Pj; € _:ul(pijejk + pjkeij)_ulpjlejlgik

D
= 2770(% + 4, aeik — 21,88 T 0,8 5ikj

with the equation of incompressibility
g =0
where

2 by =Ty +uyb, b

ot " 1Pt M
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e, = rate of strain tensor
P, = stress tensor
A, = relaxation time

A, =retardation time
n, = coefficient of viscosity

and 4, 1y, Uy, U;and v,are the material
constants, each being of the dimension of time.

For m,>0, A=m=p,=24=0,

=v, =, =0 theliquid will behave as ordinary
viscous liquid.

Formulation of the Problem:

Let d be the distance between parallel
plates, x-axis along the lower plate in the
direction of flow of liquid and y-axis perpen-
dicular to the plates. Supposing that the lower
and upper plates execute oscillations with

different amplitudes
@, ,®, respectively.

v,,V, and frequencies

Following Ghosh (1968) the equation
of motion for visco-elastic Oldroyd liquid of
first order through porous medium between
oscillating plates is given by

-
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+u(1+i a)a—u—(ﬁ+iJ(l+ﬂi )
t ) oy? p K
(1)

= kinetic viscosity, u the

Q)

where U = Il
Jo

coefficient of viscosity, u the velocity of liquid
in the direction of oscillation, p the fluid
pressure, t the time, K the permeability of

porous medium and B,
inductivity.

is the magnetic

Assuming the pressure gradient to be
zero, the equation (1) becomes

0 \ou ERTGRT
(l-i-ﬂlaJE—U(l-i'izaJa—yz
082 u
(p KJ(lMi j (2)

The boundary conditions are:

—iot

u=ve when y=0

y=d

} 3)

Introducing the following non-dimensional
quantities:

u=v,e " when

* L x L
il_d—zil, iz_d—ziz,
2
a);—d—a)z, K*:iK
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in (2) and (3) and then dropping stars, we get

o\ou _du (4., 1 0
(1”15}& o (M KJ@%EJ“
(4)

and
u=ve ' when y=0
u=v,e! when y=1 )

where M =dB \/; ( Hartmann Number).

Solution of the Problem:
We look for a solution of equation (4)
in the form

u=v,f(y)e'™ +v,g(y)e’" (6)
which is evidently periodic in t.
Substituting (6) in (4), we get

2

v,e ! {(1 -l A, )((jj—: + {Aia)f +iw,
y

—[M 2 +%J(l—iwlil)}f}

ot . d*g 2
+V,e (1—|a)212)V+ Lol +io,

—[M 2 +%J(1— iwzﬂq)}g} =0(7)

By assumptionv, and v,are not zero, we
have

g Tat-ian) (s isio)

f=0
dy? (1-iayA,)
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or
. . 1
47t (1—Ia)1&1){la)1 —(M 2 +K)}
+ . f=0

dy? (1_“01}“2)
or

2
d : +m?f =0 (8)
and

. . 1 .

) '%(1—I%&)—(M2+j(l—lwz&)
d°g K g=0
dy’ (1-iwy2,)
or

. . 1
42 (1—Ia)zll){la)2—(M2+K)}
g + g=0
dy? L-iw,2,)
or
d?g
gy 90 ©)
where
(1- ia)lll){ia)l —(M ? +1j}
m? = K and
(1_ia)12~2)
—Ia)zﬂ.1>{ j}
_la)z )

The solution of equation (8) is

f(y)=Acosmy+ Bsinmy (10)
and corresponding boundary conditions for
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f(y)are
f(y)=1 when y=0
f(y)=0 when y=1 } (11)
.. From (10) and (11), we get
f(y)=cosmy— Cf)smsin my (12)
sinm

Similarly from (9) with boundary conditions
g(0)=0and g()=1, we get

_sinny
sinn

g(y)

(13)

Now putting the values of f (y) and g(y)
in (6), we get the velocity of visco-elastic
Oldroyd (1958) type liquid through porous
medium between two parallel flat plates under
the influence of uniform magnetic field.

v sinm (1-y) sinnye,ia,zt
' sinm sinn
(14)

et 4y

Particular Cases:

Case I: If both the plates oscillate with
same amplitudes and different frequencies

then v, =v, = v (say) and from (14)

_y sin m - y)e‘i“’lt . sir] Y io
sinm sinn
(15)
Case Il: If both the plates oscillate
with same frequencies and different amplitudes

then @, = w, = w (say) and from (14)

Je {Vl sinm (1-y) Ly Sinn y}e“"t

sinm 2 sinn

(1—ia)/11){ia)—(M 2 +U} 2

wherem? = .
(1—|a)lz)

Case Ill: If both the plates oscillate
with same amplitudes and frequencies then

v, =V, =V (say) and @, =@, = (say)
and from (14)

— 1_ t H —iwt
u=v{{l—cotm)sinmy+ cosmyle i

(1—ia)ll){ia)—[M2 +ij}

(1-iwA,)

where m? =

Case IV (a): If porous medium is
withdrawn then K = oo and from (14)

sinm (1- iy sinny .
:Vl ( Y)e Imlt+V2 yelzt

sinm sinn
(18)
where m? =M and
(1_iw112)
n? = iwz(l_iwz/%) .
(1—ia)2/12)

All the results agree with Kumar, Singh and
Sharma (2011).

(b): If Magnetic field is withdrawn
i.e. M — 0 then all the expressions agree with

Kumar, Mishra and Singh”,

(c): If both M — 0 and K — o, we
get all expressions of velocity of fluids is
absence of magnetic field and porous medium.
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