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Introduction

The unsteady flow and heat transfer through a channel have many applications in the field of
Mechanical engineering, Chemical Engineering and Aerodynamics etc. The pulsatile flow
through a channel filled with porous material have practical applications in bio-fluid flow, in the
dialysis of blood in artificial kidney etc. Magnetic field on the fluid flow i.e.
Magnetofluiddynamic flow is used as controlling device on the flow. Many scientist have used
magnetohydrodynaic flow for the pumping of blood through an artery. Sharma and Sharma
(1997) have discussed unsteady flow and heat transfer between two parallel plates and obtained
skin-friction and Nusselt number. Sorundalgekar and Lahurikar (2002) have worked out
generalized MHD Couette flow with variable viscosity. Sharma and Sharma(2003) have worked
out heat transfer through steady MHD flow between two inclined Walls and discussed
numerically the effect of magnetic field on the flow and heat transfer in terms of skin friction
and Nusselt number. Chamkha(2004) has workedout an unsteady MHD convective heat and
mass transfer past a semi-infinite vertical permeable moving plate with heat absorption. Sharma
and Sharma (2004) have studied unsteady free convection flow between horizontal parallel
porous plates in the presence of heat source. Attia(2005) has studied MHD couette flow with
variable physical properties. Makinde and Mhone (2006) have studied the thermally developing
hartman flow in a channel of uniform width.

In the present paper an attempt has been made to study the effect of variable permeability and
transverse magnetic field on fluid flow and heat transfer when the upper plate of the channel is
oscillating.

Formulation of the problem

A semi infinite long channel of width a is filled with saturated medium is considered to study the
effects of magnetic field under variable permeability on the fluid flow and heat transfer. The
fluid is viscous incompressible electrically conducting. It is assumed that the fluid has small
electrical conductivity and the electromagnetic force produced is very small. The x-axis is taken
along the channel, and y-axis in the normal to the channel. The lower plate of the channel is
static and kept at constant temperature T,, while upper plate of the channel is oscillating with
velocity U(1 + €e'®*) and kept at constant temperature T,,. Using Boussinesq approximation the
equations governing the motion are given by
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Physical model of the problem
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where,

u — axial velocity,

t — time

T — fluid temperature,

p — pressure

g — gravitational force,

q — radiative heat flux

B — coefficient of volume expansion due to temperature

cp, — specific heat at constant pressure

k - thermal conductivity,

p — fluid density

K — porous medium permeability coefficient.

By = (u.Hp), the electromagnetic induction,

U — magnetic permeability,

H, - kinematics viscosity. Intchsity of magnetic field
0. — conductivity of the fluid,

v - kinematics viscosity.

It is assumed that both wall temperature Ty, T, are high enough to induce radiative heat
transfer. Further, it is assumed that the fluid is optically thin with a relatively low density and
the radiative heat flux is given by

dq
3y 4a’(T — Tp)

where, a is the mean radiation absorption coefficient. Further, it is assumed that K, the porous
medium permeability coefficient is variable, given by

K=Ko(1+ee™)
with this value the equation becomes

ou 16P+ 0%u v o,B? BT —T)
at  pox ”ayz KO(1+Ee"Wt)u p utgp 0

To convert governing equation of motion in non-dimensional form introducing following non-
dimensional parameters
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R _Ua__x__y__u
e_v'x_a’y_a'u_U
2 2
9= T—T(), 2_a O-BBO’fzg,
Tw — To pv a
_ aP T,, — T,y)a®
P=—,D§ — =g(w 0)
pvU a vU
Uapc 423
Pe = p’ 2
k k

du . . (0P o 0%u
Rei.fe(i)—t (1+ee™)= —(1+ ee“”)a +(1+ e‘e”’”’*)a—y2

and
peidl — o0 NZ%6
T dy?
Corresponding boundary conditions are
y=1:. u=1+e€e®, =1
y=0: u=0, 6=0

For the sake of brevity the bars are dropped immediately. Here
U — mean flow velocity

Gr — Grashoff Number

H — Hartmann Number

N - radiation parameter

Pe — Peclet Number

Re — Reynolds Number,

Da — Darcy Number

s = (i) — porous medium shape factor parameter

Method of Solution
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The governing equation of motion is nonlinear coupled partial differential equation. For its
solution, let us consider

—g—z = A(1+€ e't)
u@,t) = up(y) + eug (y)e™*
and
0(y,0) = 0y(y)+€ 61 (y)e™
where
A — constant, w —» frequency of the oscillations.

On substituting the above expressions in the equations, we get

Reifeu; ()e™tiw][1 + ee™t ] = (1 + ee™)(1 + ee™*)A

. dzuo d2u1 .
1 iwt iwt
+(1 +ee )<dy2+6dyze >

—s2(ug + euge™t)
—H?(ug + euge™*)(1 + ee™")
+Gri2@90 + eBleit)(l + Eeiwt)

and

TTE O, iweiwt d*8o iwt d*6, 2 iwt
PelfE 61iwe™'] = d—y2+E e d—yz+ N (90+E 0:e )

On comparing the coefficients of like powers of €, we have

zero-order equations

d2u0
—(s? +H)uy = -1—-Gro
d?e,
+N%6, =0
dy? 0
First-order equations
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d2u1 2 2 P dZuO 2
o7 (s + H* — Reilb)u; = =21 — e + H*ugy — Griify — Gri@,
d?6,

dﬂ-+@ﬂ—PawM1=0

Second-order equations

d2u1
dy?

with the corresponding boundary conditions

y:0: u0=0, u1=0,90=0,91=0
y=1 uyp=1 uy =16,=16,=0

The solution of the equation is

On applying boundary condition, 6,(0) = 0 and 6,(1) = 1, we get

1
siniN

C1=OandC2 =

Thus, under the prescribed boundary conditions the solution of 6,(y) is given by

1 . R
6o(y) = T siniNy

Now consider the equation

dze .
(W;+m2—%mM&=o
or
d2e,
2 _
dﬁ+m@_
where
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On applying boundary conditions 6, (0) = 0 and 6, (1) = 0, we get
c3=0andc, =0
Thus, under the prescribed boundary conditions the solution
61(y) =0
Now, we solve equation

d2u0
dy?

— (s? + H>)uy = —1 — Griid,

with the help of the equation , the above equation can be rewritten as

d?u, siniVy
—(s2+H»uy = -1 ———
dy? (s + HDuo SinilV
or
d?u, sinfiVy
Gz A = —A =g, where

A, =4/s? + H2
The complementary function is given by
C - F = cgcoshid,y + cgsinhid,y

and Particular Integral is

Pl - 1 ( 1 sini?WyG )

T me— A2 Sinfl
_ 1 4+ 1 ( siniNy G )
- m2 — A} D+ s A2\ sinfN r
1 1+ 1  siniNy G
AT NZ 1AL s

Thus the complete solution is
ug(y) =C-F+P-I
1  sinfdVy

1
= cscoshiid,y + cesinhii,y + — 4 + 2
CoCOSTERLY T CoSIMERY 02 2 T N2 ¥ A% siniv

on applying the boundary conditions, uy(0) = 0,uy(1) =1
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-1 1

Cc =—,C = —T—FT———
> T AZ’7® T sinhia,

A A Gr
1+ A—Zcosha£A2 -
2

A3 N2+ A3

Then under the prescribed boundary conditions the mean flow velocity profile is given by

A 1
= — coshfA —
Ho®) A3 coshzflay + sinhiA, [
4 1 1+ 1 siniZENyG
A3" TN+ AZ siniN

= —AscoshiA,y + (A5 + Ag + A;)sinhid,y + Az + AusiniNy

y Gr -
1+ A_% (coshiA, — 1) — NZ—-I—A%] sinhiA,y

where

A

3T %2
A
A = Gr
* 7 (N2 + A2)siniN
A = 1
>~ sinhi@,
As .
= fhA, — 1
6 sinhi @, (costhA, —1)
A, sinidV
Ay =——s—
sinhiA,

Now consider the equation

dzul 2 ] o)
e — (H* + Réfiw)u; = —1 — Gri@,
d?
or dyuzl — A3uy = —1 — Grii,
where

Its solution is given by
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u;(y) =C-F+P.I

= cycoshiAgy + cgsinhiAgy + A—Z/'L
8

In view of the boundary condition, u; (0) = 0,u;(0) =1

we get

1
Cy; = —A_%A
1

A
= — |1+ — hidg, — 1
‘s sinhiAg + A2 (coshi“g )]

Then under the prescribed boundary conditions the expression of transient velocity profile is
given by

1 A R
u(y) = —A—%Acoshifﬂﬂgy + sinhil [1 + A—% (coshilg — 1)] sinhilgy

+1/1
A

= —AQCOSh'ngy + (AIO + All)Slnh’Agy + Ag

where Ag =

&>

1
Ay =
10 sinhi’Ag

A11 = Ag. A10 (COSh’.‘AS - 1)
Hence, the expression of velocity profile and temperature distribution are derived and given by

uy,) = (Wo+ewme™

= —Azcoshidl,y + (A5 + Ag + A7)sinhidl,y

and
0(y,t) = 60(y) +€ 6;(y)e™
=6(»)
— 1 inilN
~ s oY
18 International Journal in IT and Engineering

http://ijmr.net.in, Email: irjmss@gmail.com




International Journal in IT & Engineering (IJITE)

Volume 11 Issue 1, January 2023 ISSN: 2321-1776 Impact Factor: 7.256 gg‘;f‘“f
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal

References:

1.

10.

11.

12.

Attia, H. A. (2005) "MHD couette flow with variable physical properties” AMSE
Modelling B. Vol. 74 n° 2, 25.

Chamkha Ali. J., Umavathi J.C., Abdul Mateen (2004), Oscillatory flow and heat transfer
in two immiscible fluids, International J. of fluid Mechanics Research, Vol. 316.

Makinde O.D., Osalusi E. (2006), MHD steady flow in a channel with slip at the
permeable boundaries. Rom. J. of Phys, 51(3-4), 319-328.

Makinde, O. D.; Mhone, P. Y. (2006) "Thermally developing hartman flow in a channel
of uniform width". AMSE, Modelling B, Vol. 75 n° 649.

Mankinde O.D. and Mhone P.Y. (2005) Heat Transfer to MHD Oscillatory Flow in a
Channel filled with Porous Medium. Rom. Journ., Phys., Vol. 50 Nos. 9-10, P. 931-938.
Massoudi M.M.; Phuoc T.X.T.X.(2000) The effect of slip boundary condition on the flow
of granular materials: a continuum approach.International Journal of Non-Linear
Mechanics, Volume 35, Number 4, July 2000. pp. 745-761(17).

Murdoch A. 1., Soliman A. (1999), On the Slip-Boundary Condition for Liquid Flow over
Planar Porous Boundaries. Proceedings: Mathematical, Physical and Engineering
Sciences, Vol. 455, No. 1984 (Apr. 8, 1999), pp. 1315-1340.

Rao I. J. and Rajagopal K. R. (1999) Acta Mechanica Volume 135, Numbers 3-
4/September, 1999, 113-126. 33. Raptis A., Kofousias N. (1981), Heat transfer in flow
through a porous medium bounded by an infinite vertical plate under the action of a
magnetic field. Inter Science, Int. J. of Energy Research. Vol. 6, no. 3, 241-245.

Sharma Anil, Sharma M.K. (2004) Unsteady Free Convection Flow between Horizontal
Parallel Porous Plates in the Presence of Heat Source- Applied Sciences Periodical, Vol.
VI (3), 145-154.

Sharma P.R. and N. Kumar (1997), Unsteady flow and heat transfer through a viscous in
compressible fluid over a porous surface moving in oscillating free stream, Bull. Purel.
APpl. Sciences, India, 16E, 147-154.

Sharma P.R., Gaur Manish and Gaur Y.N. (2003), steady magnetohydrodynamics flow
past a vertical porous, hot plate with periodic temperature, AMSE periodicals modeling,
measurement and control, 'B'.. AMSE, J., France 72, 37-49.

Sorundalgekar V.M.; Lahurikar R.M. (2002) "Generalized MHD Covette flow with
variable visosity" AMSE, Modelling B, Vol. 71 n° 261.

19 International Journal in IT and Engineering

http://ijmr.net.in, Email: irjmss@gmail.com




