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ABSTRACT : The effects of fluctuating gravitational field on free convection MHD flow past a uniformly
moving infinite vertical porous plate with time-dependent suction velocity in a porous medium have been
analyzed. A constant heat flux is prescribed on the plate. The gravitational field is assumed in the form g = g,
+ g, cos(w* t*).The governing equations are solved by perturbation technique. Fluid velocity and fluid
temperature shows remarkable change with change in gravitational field. Small increase in gravity modulation
parameter shows significant increase in amplitude of skin-friction and has insignificant decreasing effect on

phase of skin-friction.
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NOMENCLATURE

B, = magnetic field intensity

C = dimensionless species concentration in the fluid
C* = species concentration in the fluid

C, = specific heat at constant pressure
c:; = species concentration in free stream
c: = species concentration at the wall

D = chemical molecular diffusivity

Ec = Eckert number

g = acceleration due to gravity

g, = constant gravity level

g, = the amplitude of oscillating component of acceleration

due to gravity

Gc = modified Grash of number
Gr = Grash of number

K = dimensionless permeability of porous medium
K, = permeability constant of porous medium
K* = permeability of porous medium

M = magnetic parameter

p = pressure

Pr = Prandtl number

q = Heat flux per unit area

Sc = Schmidt number

T* = temperature
T; = temperature of fluid in free stream

t = dimensionless time

* = time

u = dimensionless velocity of fluid

u* = velocity of fluid

U = dimensionless velocity of the moving vertical porous

plate

U* = velocity of the moving vertical porous plate

V' = suction velocity

: MHD, Gravity modulation, Heat Flux, Free convection, Oscillatory suction, Porous medium

V, = suction velocity constant of the fluid through the
porous surface
B = coefficient of thermal expansion
B* = coefficient of thermal expansion with concentration
A = thermal conductivity
€ = a constant (0 <& << 1)
¢ = phase difference for skin friction
K = thermal conductivity
U = viscosity
U = kinematic viscosity
p = density of the fluid
0 = electric permeability
0 = dimensionless temperature
w = dimensionless frequency of gravitational oscillation
w* = frequency of gravitational oscillation
T = skin friction
T, = mean skin friction
INTRODUCTION

The study of porous media is widely used in high
temperature heat exchangers, turbine blades and jet nozzles.
Porous media are useful in diminishing the natural free
convection which would be intense on a vertical heated
surface. To make heat insulation of surface more effective,
it is necessary to study the free convection flow through a
porous medium. Unsteady oscillatory free convection flows
play an important role in chemical engineering, turbo
machinery and aerospace technology. The free convection
effect on the flow of an ordinary viscous fluid past an
infinite, vertical porous plate with constant suction and
constant heat flux was investigated [1]. Magnetic field
effects on the free convection and mass transfer flow through
a porous medium with periodic suction and constant heat
flux [2]. Saini and Sharma [3] have studied heat and mass
transfer in MHD flow past a vertical plate embedded in
porous medium. Soundlgekar and Patil [4] have studied
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Stokes problem for infinite vertical plate with constant heat
flux. They observed that with increasing time and Grashof
number the velocity of the fluid increases.

The effect of gravity modulation and magneto-
hydrodynamics on a free convection flow is useful in space
technology. It needs special attention on forces involving
vibrations that occur due to interaction of several
phenomena. In space vehicle, there are transient
perturbations to the gravity field at a point. An excellent
account of this physical feature has been described by Li
[5]. Sharidan and Pop [6] have studied g-jitter fully developed
combined heat and mass transfer by mixed convection flow
in a vertical channel.

In the space lab and Shuttle environments, the existence
of perturbative accelerations, characterized by a broad
frequency spectrum, is well known. These perturbations are
caused by mechanical vibrations, orbiter maneuvers and crew
activities. These cannot be totally eliminated from the space
environment. A computational study for the investigation of
gravity modulation effects in thermally driven cavity flows
at terrestrial and microgravity environments have been
analyzed by Biringen [7]. The two-dimensional, time-
dependent Navier-Stokes equations are numerically
integrated by a time-split method using direct matrix solvers.

Numerical analysis of thermosolutal flows in a cavity
with gravity modulation effects have been studied by
Jue and Ramaswamy [8]. They used semi-implicit projection
finite element method to solve the transient Navier—Stokes,
energy and species concentration equations. A finite element
study of double-diffusive convection driven by g-jitter in a
microgravity environment is studied by Shu ez. al., [9]. They
have included the use of idealized single-frequency and
multifrequency g-jitter as well as the real g-jitter data taken
during an actual Space Shuttle flight. Numerical study
indicates that with an increase in g-jitter force, the nonlinear
convective effects become much more obvious, which in
turn drastically change the concentration fields. The
simulated results using the g-jitter data taken during space
flights show that both the velocity and concentration become
random, and follow approximately the same pattern as the
g-jitter perturbations. The effect of time-periodic temperature/
gravity modulation at the onset of magneto-convection in
weak electrically conducting fluids with internal angular
momentum is investigated by Siddheshwar and Pranesh [10].

The aim of the paper is to investigate the effect of
gravity modulation with different amplitudes and frequencies
on free convection of a viscous fluid past a uniformly
moving infinite vertical porous plate with constant heat flux
and varying suction velocity. Governing equations have
been solved with regular perturbation method. The variation
in gravity modulation and magnetic parameter make
significant change in skin-friction.

FORMULATION OF THE PROBLEM

We consider MHD incompressible viscous fluid past a
uniformly moving infinite vertical porous plate. Plate is
bounded by a porous medium of time dependent permeability
and suction velocity. The x*-axis is taken along the plate
and y*-axis is taken normal to the plate. A uniform magnetic
field normal to the direction of flow is introduced. The
magnetic Reynolds number is taken to be very small so that
the induced magnetic field can be neglected in comparison
to the applied magnetic field. The temperature difference
between the wall and the medium develops buoyancy force
which induces the basic flow. Initially the plate as well as
fluid are assumed to be at the same temperature and the
concentration of species is very low.

Since the plate is considered infinite in the x*-direction,
all physical quantities are independent of x* and are function
of y* and ¢* only. Under these assumptions flow is governed
by the following set of equations
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The suction velocity on the vertical plate is imposed in
the form

Pr=—pr 1+ (5
The relevant boundary conditions are at y* = 0 :

wk= UX V=—7 (1+ee"),
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The (*) stands for dimensional quantities. The subscript
() denotes the free stream condition.

The permeability of the porous medium is taken in the
form
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K*= K, (1 +¢& ") A7)

The time-dependent gravitational acceleration is

assumed in the form g = g, + g, cos w*r*, where g, is the

constant gravity level in the environment, g, is the

amplitude of the oscillating component of acceleration and

w* is the frequency of gravitational oscillation. The
gravitational acceleration is rewritten in the form

J0* ¥
g= g + g€ (8)
The following non-dimensional quantities are introduced
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The physical variables used herein are defined in
Nomenclature.

Equations (1) through
dimensional form

(9) take the following non-
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where, g, = &ag,

The boundary conditions in the dimensionless form are

=U, @=—1, C=1+&“ aty =OE
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SOLUTION OF THE GOVERNING EQUATIONS
For small amplitude oscillation (0 < € << 1), the velocity,
temperature 0 and concentration C are represented as
(u, 8, C) (v, 1) = (g, By, C) () + &(uy, B, C)) (e
.(15)
Substituting (15) in (11) to (13) and separating steady
and unsteady components, we have
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where prime denotes derivative with respect to y.

The corresponding boundary conditions (14) reduce to
the form

uy=U, u, =0, 6 =-1, §=0, C,=l, C =, aty =0 %
uy -0, u, -0, 6 -0, 6 -0, C, -0, C, -0, asy — oo
(22)

The equations (16) to (19) are still coupled for the
variables u,, u, and 6,,8,. These equations have been solved
for Ec << 1, using perturbation technique in the following
form
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(g, By, uy, 61) = (ugg, 649, 1195 6y9)
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+ Ec (uy,, 8y, gy, 0yy) -(23)
Finally, we have
u(y, ) = upy () + ”01()’)‘ Ec + € [u), (v)
+u,, (v) Ec] & (24)
B0, )= By () + 601()’) Ec+e[8,, (v
+6,; () Ec] & -(25)
Cr, )= C, (v) + €C, () & (26)

The analytical expressions have not been recorded here
for the sake of brevity.

RESULTS AND DISCUSSION

We discuss velocity field, temperature field,
concentration field and skin-friction by assigning numerical
values to various parameters. Prandtl number for air and
water at freezing point are taken as 0.71 and 11.4 respectively.
The values of Schmidt number Sc for Hydrogen, Ammonia,
Helium and Water-vapor are 0.24, 0.78, 0.30, and 0.60
respectively. We consider gravity modulation parameter
€a = 10. The value of Eckert number Ec is taken 0.001 and
€ = 0.005. The values of Grashof number Gr, Modified
Grashof number Gc and permeability parameter K, are
selected arbitrarily.

A. Velocity profiles

Fig.1 represents the velocity profiles for various values
of Gr, Ge, Sc and U. The velocity component near the plate
increases with increase in Grashof number Gr, Modified
Grashof number Gc and U, and after attaining a maximum
value, it start decreasing gradually. The magnitude of
velocity decreases with increase in Schmidt number Sc.
Increase in Gr has more impact on the increase of velocity
component as compared to increase in Gc. Fig.2 shows the
velocity profiles for various values of Magnetic parameter
M and gravity modulation parameter £0. It is seen that fluid
velocity decreases with increase in Magnetic parameter M,
while it increases with increase in gravity modulation
parameter £0. The velocity component shows more variation
in the vicinity of the plate and then decreases exponentially
far away from the plate.

31
I Curve Gr Gc Sc U

1] | 10 10 0.22 O

254 1l 20 10 022 0
1] 10 20 022 O

[\ 10 10 0.60 O

2 \% 10 10 0.78 O
\Y| 10 10 022 1

1.5
u(y, ty
1

0.57

0

0 0.5 1

Fig.1. Velocity profiles versus y for Pr = 0.71, M = 10, ea = 10

and wt = 4.
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Fig.2. Velocity profiles versus y for Pr = 0.71, Sc = 0.22,
Gr = 10, Gc = 10, w = 30 and wt = 174.

B. Temperature profiles

Fig.3 exhibits the variation of fluid temperature for
different values of Prandtl number Pr, Gravity modulation
parameter €0, Magnetic parameter M and velocity of moving
plate U. It is seen that with increase in Prandtl number Pr
fluid temperature decreases more rapidly for water at freezing
point (Pr = 11.4) in comparison to air (Pr = 0.71). Fluid
temperature decreases with increase in U and Magnetic
parameter M, while it increases with increase in gravity
modulation parameter €0.
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Fig.3. Temperature profiles versus y for Sc = 0.22, Gr = 10,
Gc = 10, w = 30 and wt = 174.

Fig.4 indicates the effects of Gr, Sc, Gc¢ and K, on
temperature profiles for w = 30, Pr = 0.71, ea = 10 at time
¢t =Tv4w. It is seen from the figure that with increase in Gr,
Ge, and K, fluid temperature increases; while it decreases
with increase in Sc. Temperature profiles II and III crosses
at y = 0.0996. The quantitative effect of K, on fluid
temperature is small.
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Fig.4. Temperature profiles versus y for Pr = 0.71, M = 0.5, Ec
= 0.001 and wt = T174.

C. Concentration profiles

The effect of Schmidt number Sc on concentration
profiles for w= 30, € = 0.005, and Pr=0.71 at time ¢ = V4w
is shown by Fig.5. It is observed that concentration profiles
decreases with increase in Schmidt number Sc, the
concentration field falls slowly and steadily. The gravity
modulation and magnetic parameter M do not have any
impact on the concentration profiles.
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Fig.5. Concentration profiles for w = 30, € = 0.005 and wt = 174.
D. Skin-Friction

The skin-friction in the non-dimensional form on the
plate y = 0 is given by

T %

2
PV
where T, is the mean skin friction; €[V| and @ are amplitude
and phase difference of the fluctuating component.

1= =T, + €N cos (wr + @) -(27)

Fig.6 shows the effect of magnetic parameter M, Schmidt
number Sc, velocity of the moving vertical porous plate U
and gravity modulation parameter €0 on skin friction T for
Pr=0.71, Gr=5, Gc =3, Ec = 0.001, w= 10 and € = 0.005
at wt = T4 versus K. It is seen that T increases with
increase in gravity modulation parameter €a, while it
decreases with increase in magnetic parameter M, Schmidt

number Sc and the velocity of the moving vertical porous
plate U. With increase in permeability parameter K, there is
an increase in T. There is a significant difference in the
value of T with small change in gravity modulation parameter
ea.
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Fig.6. Skin-friction coefficient versus k, for Pr = 11.4, Gr = 5,
Gc = 3, w = 10 and wt = 1W4.

CONCLUSIONS

It is observed that the velocity component near the
plate increases with increase in Gr, Gc¢, U and gravity
modulation parameter €0, while it decreases with increase in
Sc and magnetic parameter M. Fluid temperature decreases
with increase in Prandtl number Pr, U, M and Schmidt number
Sc, while it increases with increase in gravity modulation
parameter €d, Gr, Gc and K. It is seen that skin friction
coefficient increases with increase in gravity modulation
parameter €0, while it decreases with increase in magnetic
parameter M, with increase in permeability parameter K,
there is an increase in skin friction coefficient. Small change
in gravity modulation parameter €0 effects skin friction
coefficient significantly.
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