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Abstract

The study reported herein deals with the MHD heat and mass transfer flow of
amixed convection, incompressible, electrically conducting, and viscous fluid
past an infinite vertical porous plate with time dependent suction velocity. A
uniform magnetic field is applied in the direction norma to the plate.
Solutions for the velocity field and temperature distributions are obtained
using multiparameter perturbation technique. Approximate solutions for
velocity, temperature, skin friction and rate of heat transfer have been
obtained.
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Introduction

Unsteady mixed Convection MHD flows are of great importance in aeronautics,
missile aerodynamics etc. Due to these prospects, many authors have studied free
convection and mass transfer flow of a viscous fluid through porous medium.
Lighthill (1954) studied the effects of free oscillations on the flow of a viscous
incompressible fluid past an infinite plate. Nanda and Sharma (1963) analyzed for
free convection boundary layers aong a semi-infinite vertical plate. Shreekanth et al.
have investigated the effects of permeability variation on free convention flow past a
vertical porous wall in a porous medium when the permeability varies in time. Singh
et.al. have discussed hydromegnetic free convective and mass transfer flow of a
viscous stratified fluid considering variation in permeability with direction. More
recently, Acharya et al have studied free convention and mass transfer in steady free
convection and mass transfer in steady flow through porous medium with constant
suction in the presence of magnetic field. Messiha (1966) studied two dimensional
incompressible fluid flow problems aong an infinite flat plate with no heat transfer
between the fluid and the plate when the suction velocity normal to the plate as well
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as the external flow varies periodically with time. Further Raptis and Perdikis (1985)
studied the unsteady two dimensional free convective flows through highly porous
medium. Recently, Ahmed and Ahmed (2004) analyzed the effect of two dimensional
MHD oscillatory flows aong a uniformly moving infinite vertical porous plate
bounded by porous medium. Ahmed (2007) were investigated the effects of unsteady
free convective MHD flow through a porous medium bounded by an infinite vertical
porous plate. Soundalgekar (1973 a, b) considered the free convection effects on the
oscillatory flow past an infinite vertica porous plate with constant suction.
Vighnesam and Soundalgekar (1998) studied the combined free and forced
convection flow of water from a vertical plate with variable temperature. Sahoo et.al.
(2003) have analyzed the effects of MHD unsteady free convection flow past an
infinite vertical plate with constant suction and heat sink.

The study reported herein analyses the effect of time dependent suction and
periodic heat transfer on unsteady mixed convection MHD flow past a vertical porous
flat plate. The various governing equations of the problem under consideration are
solved by using perturbation technique.

Formulation of the problem

Consider the two dimensional flow of an incompressible, electricaly conducting,
unsteady and mixed convection fluid. The plate herein is assumed to be infinite in
length, vertical in direction and flat. The permeability and suction velocity is taken to
be time dependent. In the Cartesian coordinate system, let X-axis be along the plate in
the direction of the flow and Z-axis norma to it. A uniform magnetic field is
introduced normal to the direction of flow. We assume that the magnetic Reynolds
number is very small so that the included magnetic field is neglected. The influence of
the density variations is also negligible. With the above assumptions, the governing
eguations of continuity, momentum and energy and heat transfer are given by,
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Also the free stream velocity oscillates with time is assumed to be of the form:

U(T) =U, (1+£€™)

Introducing the following dimensionless quantities:
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With the help of dimensionless quantities, the equations (2) and (3) reduce to
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And the non-dimensional free streamis
U (t) =1+ ge™ (6)

The relevant boundary conditions in non-dimensional form are

u=0T=1+se"at y=0
u—>UT—->0 a y—>w

(")

Method of Solution
In order to solve the equations (4) and (5) under the boundary condition (7), we
assume

u(zt)=uy(z)+e€"y (z)}

T(zt)=T,(2)+c€"T,(2)

(8)

Where u, and T, are respectively the mean velocity and mean temperature.

Substituting (8) into the equations (4) and (5), equating the harmonic and non
harmonic terms and neglecting ¢, we get

Ul +u, - Mu, = -G.T, ©)
T/+PT/+P ST,/ 4=—P Ec(u})’ (10)
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Where the primes denote differential with respect to z.
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The equations (9) to (12) are still coupled for the variablesu,, u,, T, and T,. To
solve them, it is to be noted that E_, <<1 for all incompressible fluid and assumed
that:

F(y)=FR(2+E(2+0(E) (13)

Where F stands for “0, “1, To and I

On using (13) into equations (9) to (12) and equating the like powers of Ec, the
following equations are obtained:
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Subject to the boundary conditions:

Uy = 0, Uy =Up=Uy = 0, 22)
Tw=1T,=0T,=1T,=0 atz=0

Uy =L Uy =0,y =11, =0, (23)
To=Tu=Ty=T;=0 atz—> o

In view of the boundary conditions (22) and (23) the solutions of the differential
equations (14) to (21) are:

Ty =€ (24)

Where,
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and the other constants are not presented here for the sake of brevity.

Separating real and imaginary parts of the velocity and temperature expression (8)
and taking only the real parts, the velocity and temperature fields in terms of the
fluctuating parts given by:

u=u,(z)+¢&(M, cosmt-M,; Sinwt) (32)

T=T,(2)+& (T, cosot- T, Sinwt) (33)

. . : IT
Hence expressions for transient velocity and temperature for ot = 2> are

u(z,%)zuo(z)—gMi : T(z,zgjoo(z)—gTi (34)
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Skin Friction and Rate of Heat Transfer
Skin —friction coefficient at the plate can be calculated in non-dimensional formis:

a ' it
‘. :(a—:jm — 1 (0)+ 26 (0) (35)
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Splitting the equation (35) into real and imaginary parts and taking real part only

TW=T0+8‘N‘COS(G)'[+0!) (36)

‘N‘=«/Nf+Nf ,tana=%, N, =Re(N)=M’ N, =Im(N)=M/.

r

Heat transfer coefficient can be calculated in non-dimensional form...

oT , e
q, = _(El_o _ T, (0)+ €T (0) 37)

Splitting equation (37) into real and imaginary parts and taking real parts only
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Expressionfor N, N; Q and Q, are not presented here for the sake of brevity

Discussion of the Result

We have solved the problem of MHD oscillatory flow in a porous plate. Now it is
very difficult to study the effects of al the parameters involved in the problem.
Therefore a few of them, which are comparatively important, have been selected and
their influence on the flow has been discussed. Solutions for the velocity field and
temperature distribution are obtained using the perturbation technique. Approximate
solutions for the velocity, temperature, skin friction and rate of heat transfer have
been obtained.

Nomenclature
(U, w) Velocity components along X and Z direction respectively,

Wo

@ «a <

|

Mean suction velocity,

Dimensionless velocity component,
Acceleration due to gravity,

Magnetic field,

Time,



u Free stream velocity,
T, Temperature at the plate,
T, Free stream temperature.
T Fluid temperature,
T Dimensionless temperature,
Pr Prandtl number,
Gr Grashof number,
S Sink strength,
M Hartman number,
7, Mean skin-friction,
oR Mean heat transfer and
E. Eckert number,
Greek symbols
B Coefficient of volume expansion,
£ Amplitude parameter,
K Thermal conductivity,
Yol Density,
Y7, Coefficient of viscosity,
v Kinematics viscosity,
0] Frequency parameter,
Subscripts
w Evaluated at wall conditions
© Evaluated at free stream conditions
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