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Abstract— An analysis of the unsteady MHD os-
cillatory flow of an incompressible, conducting, opti-
cally thin, dusty visco-elastic fluid through an in-
clined channel filled with saturated porous medium
in presence of heat sink parameter and thermal ra-
diation has been considered. The governing non-
linear partial differential equations are non-
dimensioalized and are solved analytically by using
perturbation technique. The expressions for velocity
field, temperature field, skin friction, heat flux in
terms of Nusselt number, flow flux for fluid and dust
particles are obtained within the channel and are
discussed graphically for various values of flow pa-
rameters involved in the problem.
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I. INTRODUCTION

The analysis of magnetohydrodynamic flow for an elec-
trically conducting visco-elastic fluid past a porous
channel is of great theoretical interest because it has
been applied in engineering, chemical technology and
industry. Applications related to convective flows in
porous media can be found in Nield and Bejan (1999),
and Pop and Ingham (2001). Several investigators have
analyzed the MHD flow in channel for Newtonian or
non-Newtonian fluids in different physical situations.
Some of them are Attia and Kotb (1966), Soundalgekar
and Bhat (1971), Vajravelu (1988), Makinde, and
Mhone (2005), Choudhury and Das (2012). Moreau
(1900) presented a survey of MHD studies in the tech-
nological fields.

The problems of the flow and heat transfer of dusty
fluids arise in many practical applications in the fields
of fluidization, use of dust in gas cooling systems, cen-
trifugal separation of matter from fluid, transport of
liquid slurries in chemical industries, petroleum indus-
try, purification of crude oil, electrostatic precipitation,
polymer technology, fluid droplets in sprays, and pow-
der technology. The equations of motion for binary mix-
ture of fluid and dust particles were proposed by
Saffman (1962). Michael and Miller (1966) analyzed
the plane parallel flow of a dusty gas. Chamkha (1997)
studied the unsteady flow of dusty gas in a channel due
to an oscillating pressure gradient. Ghosh et al. (2000)
made an initial value investigation of an incompressible
visco-elastic (Rivlin-Ericksen) fluid with embedded
small spherical inert particles between two infinite mov-
ing parallel plates in the presence of transverse magnetic
field. Chamkha (2000) presented a closed-form transient
solution for the problem of unsteady laminar hydro-

magnetic fluid-particle flow and heat transfer of a par-
ticulate suspension in an electrically conducting fluid
through channels and circular pipes. Attia (2002) stud-
ied the unsteady flow and heat transfer of a dusty con-
ducting fluid between two parallel plates with variable
viscosity and electric conductivity. He assumed that the
fluid is driven by a constant pressure gradient and an
external uniform magnetic field is applied perpendicular
to the plates. Again, Attia (2006) studied the problem of
time varying hydromagnetic Couette flow with heat
transfer of a dusty fluid in presence of uniform suction
and injection considering Hall Effect. Gireesha et al.
(2009) studied the pulsatile flow of an unsteady dusty
fluid through rectangular channel.  Makinde and
Chinyoka (2010) investigated the MHD Transient flows
of dusty fluid in a channel with variable physical prop-
erties with Navier slip condition. Prakash et al. (2012)
investigated the effects of heat transfer in MHD flow of
dusty visco-elastic stratified fluid through a porous
channel by using perturbation technique. Saxena and
Agarwal (2014) studied the problem of unsteady lami-
nar flow of an incompressible conducting viscous dusty
fluid between two infinitely non-conducting parallel
plates bounded by porous medium. Prakash and
Makinde (2015) studied the oscillatory Couette flow of
dusty fluid in a porous channel in presence of magnetic
field and radiative heat transfer. Madhura and Uma
(2016) studied the flow of an unsteady incompressible
electrically conducting fluid with uniform distribution
of dust particles in a porous channel.

The objective of the present paper is to study the
problem of an unsteady flow and heat transfer of an
electrically conducting, incompressible, dusty visco-
elastic fluid through an inclined channel filled with po-
rous medium in presence of a transverse magnetic field
and thermal radiation. The constitutive equations are
taken as those proposed by Walter (1962), known as
Walters’ liquid B” for visco-elastic fluid.

I1. FORMULATION OF THE PROBLEM
Consider an unsteady flow of an incompressible, elec-
trically conducting, radiative, dusty visco-elastic fluid
characterized by Walters liquid B~ model flowing in an
inclined channel filled with saturated porous medium
under the influence of transverse magnetic field and
heat sink parameter. Consider a Cartesian co-ordinate
system (x,y) with x-axis along the center of the channel
and y-axis perpendicular to it as shown in Fig. 1. To
study the dusty fluid flow, the following assumptions
are made
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Fig. 1. Schematic diagram of the problem.

(i) The dust particles are assumed to be spherical in
shape and uniformly distributed throughout the fluid
and their number density No is constant throughout the
motion.

(ii) A uniform magnetic field By is applied normal to
the plane of the plates. The magnetic Reynolds number
is assumed to be very small so that the induced magnet-
ic field can be neglected.

(iii) The two channel plates are assumed to be elec-
trically non-conducting and kept at two different tem-
peratures Tr, which is fixed, for the lower plate and for
the upper plate Tw, which is oscillating with time about
a constant non-zero mean. The initial temperature of the
fluid and dust particles is assumed to be To.

(iv) The viscous dissipation and the Joule dissipation
are neglected in temperature distributions of fluid and
dust particles.

Since the channel plates are infinitely long, the prob-
lem is essentially one dimensional with velocity of flu-
id, and dust particles are functions of y and t.

The flow of fluid is governed by the following mo-
mentum (Walter, 1962; Saffman, 1962) equation:
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where p is the density of the fluid, p is the fluid pres-

sure, T is the time, v is the coefficient of kinematic vis-
cosity of fluid, Ko is the visco-elastic parameter, F
(=67pvD) is the Stokes constant, D is the average radius

of dust particles, T is the velocity of fluid, u, is the

velocity of dust particles, K is the porous medium per-
meability coefficient, o is the conductivity of the fluid,
g is the gravitational force and « is the inclination of the
channel plates with the horizon.

The motion of the dust particles is governed by the
Newton’s second law of motion (Saffman, 1962):
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where mj is the average mass of the dust particles.

The energy equations describing the temperature
distributions for fluid and dust particles are, respective-
ly, given by
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where k is the thermal conductivity of the fluid, T is the

fluid temperature, 'Tp is the temperature of dust parti-

cles, Qo is the heat absorption coefficient, qr is the radia-
tive heat flux, o, is the mass of dust particles per unit
volume of the fluid, = (=3Pr»Cs/(2Cy)) is the tempera-
ture relaxation time, s (=2pD%(9vp)) is the velocity
relaxation time, Pr (=vpCp/k) is the Prandtl number, C,
is the specific heat capacity of the fluid at constant pres-
sure, Cs is the specific heat capacity of the particles and
05 (=3pp 1(4nD®No)) is the material density of dust parti-
cles.
The corresponding initial and boundary conditions

are

t=0:0=0,=0T =T, T, =T, at
y=0 and y=a;
7>0 U:O'Upzolf:Tf,-lTp:Tf at y:O;
>0 U:U01+.sei“f),u :V0(1+ge'”"),

T=T,=T, +e(, -T)e" =T, at y=a,

where @ is the frequency of oscillation.
Using Cogley et al. (1968), the radiative heat flux
term g is given by

Be _ 421, -T), (6)
oy
where a is mean absorption radiation coefficient.

The following non-dimensional quantities are intro-
duced
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Using (6) and (7), the Egs. (1)-(4) can be written in non-
dimensional form as
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00
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The corresponding initial and boundary conditions (5)
in non-dimensional form are

t=0:u=u,=060=00,=0aty=0and y=1,
t>0:u=0u,=0,0=16,=1 at

it

y=0;

t>0:u=1+e" u, =1+,

- (12)
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where Re is the Reynolds number, Kj is the visco-elastic
parameter, R is the particle concentration parameter, s is
the porous medium shape factor parameter, Da is the
Darcy number, H is the Hartmann number, Gr is the
Grashof number, M is the particle mass parameter, Pr is
the Prandtl number, N is the radiation parameter, Q is
the heat absorption parameter and Lo is the temperature
relaxation time parameter.

I1l. METHOD OF SOLUTION
To solve the Egs. (8)-(11), we assume that the velocity
and temperature are to be of the form
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Using (13), the Egs. (8)-(11) become
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where the primes denote derivative with respect to y.
The corresponding boundary conditions become
U, =0,u; =0,u,, =0,u, =0,6,=16, =0,
0,=160,=0 at y=0;
Up=1u, =Lu,=Lu,=16,=16 =1,
0,=10,=1 at y=1
The Egs. (14)-(21) subject to boundary conditions (22)
are solved and the solution for fluid velocity, dust parti-

cles velocity, fluid temperature, and dust particles tem-
perature are obtained as follows:
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The constants m’s and A’s are not presented here for
the sake of brevity.
The skin friction at the plates for fluid (=z) and dust
particles (z,) are given by
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Nusselt number across the channel’s wall for fluid
(Nur) and dust particles (Nup) are given by
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The flow flux for fluid (¢) and dust particles (¢)

within the channel are given by
1 1
b :_[udy, é, :jupdy. (31)
0 0
IV. RESULT AND DISCUSSION

In order to study the behaviour of flow problems, the
numerical computation of velocity profiles, temperature
profiles, skin friction coefficient, Nusselt number and
flow flux for fluid as well as dust particles are carried
out by assigning the following parameter values for
computations unless otherwise indicated in the figures:

Re=4, N=1, H=1, M=1, s=2, Gr=4, &=0.1, A=0.5,

R=0.4, ax=27, a=716, Q=0.5, Pr=5, K;=0.2, Lo=0.4.

Figures 2a and 2b represents the effect of magnetic
field on the fluid and dust particles velocity profiles,
respectively, across the channel. It is seen that an in-
creasing values of Hartmann number H from H=0
through H=1, 2 to 3 retards the fluid motion as well as
the motion of dust particles. This is due to the fact that
the introduction of a transverse magnetic field normal to
the direction of flow creates the Lorentz force, which
tends to resist the flow. Figures 3a and 3b represents
the effect of porous medium shape factor parameter S
on fluid and dust particles velocity profiles, respective-
ly. It is observed that an increase in S decreases the fluid

147



Latin American Applied Research

velocity and dust particles velocity. Physically, an in-
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Fig. 3b. Effect of s on dust particles velocity.

crease in porous medium shape factor parameter leads
to an increase in the resistance of the medium and thus
decreases the fluid velocity and that of the dust particles
velocity. Figures 4a and 4b depicts the influence of the
heat sink parameter Q on fluid and dust particles veloci-
ty profiles, respectively. Velocity of the fluid and dust
particles is decreasing for increasing of heat sink pa-
rameter. This is due to the fact that an increase in the
heat sink i.e. absorption of heat decreases the buoyancy
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force and thus decreases in the velocity profiles for both
fluid and dust particles. The above observations are in
good agreement with the earlier results of Prakash et al.
(2015) with a=712, u=up=0 at y=1 in the case of New-
tonian fluid.
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Fig. 6a. Effect of N on fluid temperature.
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Fig. 6b. Effect of N on dust particles temperature.
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Fig. 7. Skin friction coefficient against H.

In general, from Figs. 2a-4a and Figs. 2b-4b, it is
observed that the velocity of the fluid and the particles
is low at the lower wall while it is high at the upper
wall. Also, it is observed that the behaviours of fluid
and dust particles velocity are same and the velocity of
dust particles is less than the velocity of fluid.

Figures 5a and 5b illustrates the effect of the heat
sink parameter on the temperature profiles of fluid and
dust particles, respectively, across the channel. It is ob-
served that the fluid and dust particles temperature de-
creases with an increase in the heat sink parameter. Fur-
ther, minimum temperature of fluid and dust particles
seems to occur within the centre line region of the chan-
nel (i.e. y=0.5) for Q = 2, 4, 6. But for Q = 0, for the
maximum temperature seems to occur near y=0.5.

Figures 6a and 6b shows the effect of radiation pa-

rameter on the temperature profiles of fluid and dust
particles, respectively. Increasing radiation parameter
clearly enhances the temperature of both fluid and dust
particles. Skin -friction coefficient of fluid and dust par-
ticles against Hartmann number is presented in Fig. 7. It
is seen that as the Hartmann number increases, the val-
ues of skin-friction of the fluid as well as dust particles
decrease for the lower wall y=0, whereas reverse effect
is seen for the upper wall y=1. Nusselt number against
the radiation parameter is presented in Fig. 8. It is seen
that the Nusselt number for fluid and dust particles in-
creases with an increase in radiation parameter. Figures
9a and 9b represent the flow flux for the fluid and the
dust particles against Hartmann number and radiation
parameter, respectively. It is seen that the flow flux de-
creases for increasing values of Hartmann number while
increases for increasing values of radiation parameter.
Also, it is observed that flow flux of dust particles is
less than fluid.
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V. CONCLUSIONS

The above study leads to the following conclusions:

1. The velocity profile for dust particles behaves the
same as the fluid. Velocity of dust particles is less
than velocity of fluid.

2. Velocity for both fluid and dust particles decreases
with the increasing values of Hartmann number, po-
rous medium shape factor parameter, heat sink pa-
rameter.

3. Increasing values of radiation parameter increases
the temperature of both fluid and dust particles, but
reverse trend is seen in case of heat sink parameter.

4. At the lower wall, the skin friction coefficient for
both fluid and dust particles decreases with the in-
creasing values of Hartmann number, but reverse
trend is seen at the upper wall. Increasing values of
radiation parameter increases the Nusselt number for
both fluid and dust particles.

5. Flow flux of the dust particles is less than fluid.
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