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Abstract - An analysis of the magnetohydrodynamic (MHD) unsteady convective flow of a viscoelastic (second
grade) fluid through a porous medium filled in a vertical channel is carried out. One of the porous plates of the
channelthrough which the fluid is injected is subjected to a slip-flow condition and the other through which the fluid
is sucked to a no-slip condition. The pressure gradient in the channel varies periodically with time. The entire system
rotates in unison about an axis perpendicular to the planes of the channel plates. The fluid is electrically conducting
and a magnetic field of uniform strength is applied along the axis of rotation. The non-uniform temperature
difference of the plates is high enough to induce heat radiation. Assuming constant injection/suction at the channel
plates, a closed form solution of the equations governing the flow is obtained. The effects of rotation, Hall current,
slip-flow parameter, viscoelastic parameter, Grashof number, Reynolds number, permeability of the porous medium
etc. are shown graphically on the velocity and skin friction and discussed in detail.
Keywords: Viscoelastic, Hall current, rotation, porous medium, convective, slip-flow, injection/suction,
magnetohydrodynamic (MHD).

I.

INTRODUCTION

In the recent past a considerable attention has been gained by the magnetohydrodynamic (MHD)
rotating flows of electrically conducting, viscoelastic incompressible fluids due to its numerous applications in
the cosmic and geophysical fluid dynamics. The subject of geophysical dynamics nowadays has become an
important branch of fluid dynamics due to the increasing interest to study environment. In astrophysics it is
applied to study the stellar and solar structure, inter planetary and inter stellar matter, solar storms and flares etc.
During the last few decades it also finds its application in engineering. Among the applications of rotating flow
in porous media to engineering disciplines, one can find the food processing industry, chemical process
industry, centrifugation and filtration processes and rotating machinery. In recent years a number of studies
have also appeared in the literature on the fluid phenomena on earth involving rotation to a greater or lesser
extent viz.Vidyanidhu and Nigam [1],Gupta [2],Jana and Datta [3].Mazumder[4] obtained an exact solution of
an oscillatory Couette flow in a rotating system. Thereafter Ganapathy[5] presented the solution for rotating
Couette flow.Singh[6] analyzed the oscillatory magnetohydrodynamic (MHD) Couette flow in a rotating system
in the presence of transverse magnetic field. Singh[7] also obtained an exact solution of magnetohydrodynamic
(MHD) mixed convection flow in a rotating vertical channel with heat radiation.Hossanien and
Mansour[8]investigated unsteady magnetic flow through a porous medium between two infinite parallel plates.
The study of the flows of visco-elastic fluids is important in the fields of petroleum technology and in
the purification of crude oils. In recent years, flows of visco-elastic fluids attracted the attention of several

Volume 3 Issue 3 February 2014

164

ISSN: 2319 – 1058

International Journal of Innovations in Engineering and Technology (IJIET)

scholars in view of their practical and fundamental importance associated with many industrial applications.
Literature is replete with the various flow problems considering variety of geometries such
asRajgopal[9],Rargopal and Gupta[10],Ariel[11],Pop and Gorla[12].Hayat et al [13] discussed periodic
unsteady flow of a non-Newtonian fluid. Choudhury and Das [14] studied the oscillatory viscelastic flow in a
channel filled with porous medium in the presence of radiative heat transfer.Singh[15] analyzed viscoelastic
mixed convection MHD oscillatory flow through a porous medium filled in a vertical channel.Taking the
rotating frame of reference into account Puri[16] investigated rotating flow of an elastic-viscous fluid on an
oscillating plate. Puri and Kulshrestha [17] analyzed rotating flow of non-Newtonian fluids.Hayat et al[18]
studied hydromagneticCouette flow of anOldroyd-B fluid in a rotating system. Hayat et al [19] investigated the
unsteady hydromagnetic rotating flow of a conducting second grade fluid.
Many common liquids such as oils, certain paints, polymer solution, some organic liquids and many
newmaterial of industrial importance exhibit both viscous and elastic properties. Therefore, the above fluid,
calledviscoelastic fluids, is being studied extensively. Many researchers have shown their interest in the
fluctuatingflow of a viscous incompressible fluid past an infinite or semi-infinite flat plate. Viscoelastic fluid
flow throughporous media has attracted the attention of scientists and engineers because of its importance
notably in the flowof the oil through porous rocks, the extraction of energy from geothermal region, the
filtration of solids fromliquids and drug permeation through human skin. The knowledge of flow through
porous media is useful in therecovery of crude oil efficiently from the pores of reservoir rocks by displacement
with immiscible water. Theflow through porous media occurs in the ground water hydrology, irrigation, and
drainage problems and also inabsorption and filtration processes in chemical engineering, the scientific
treatment of the problem of irrigation,soil erosion and tile drainage are the present developments of porous
media.Rahmann and Sarkar[20] investigated the unsteady MHD flow of a viscoelastic Oldroyd fluid undertime
varying body forces through a rectangular channel.Singh and Singh[21] analyzed MHD flow of a dustyviscoelastic (Oldroyd B-liquid) through a porous medium between two parallel plates inclined to the
horizon.Oscillatory motion of an electrically conducting visco-elastic fluid over astretching sheet in a saturated
porous medium was studied by Rajagopal et al[22]. Prasuna et al[23] examinedan unsteady flow of a viscoelastic fluid through a porous media between two impermeable parallel plates. Very recently,Sahoo[24] studied
the heat and mass transfer effect on MHD flow of a viscoelastic fluid through a porous medium bounded by an
oscillating porous plate in slip flow regime.
When the strength of the magnetic field is strong enough then one cannot neglect the effects of Hall
currents. Even though it is of considerable importance to study how the results of the hydrodynamical problems
get modified by the effects of Hall currents. A comprehensive discussion of Hall currents is given by Cowling
[25]. Soundalgekar [26] studied the Hall and Ion-slip effects in MHD Couette flow with heat transfer.
Soundalgekar and Uplekar[27] also analyzed Hall effects in MHD Couette flow with heat transfer.Hossain and
Rashid[28] investigate Hall effect on hydromagnetic free convection flow along a porous flat plate with mass
transfer.Attia[29] studied Hall current effects on the velocity and temperature fields on an unsteady Hartmann
flow. Effects of Hall currents on free convective flow past an accelerated vertical porous plate in a rotating
system with heat source /sink is analyzed by Singh and Garg [30].
The wall slip flow is another very important phenomenon that is widely encountered in this era of
industrialization. It has numerous applications, for example in lubrication of mechanical devices where a thin
film of lubricant is attached to the surface slipping over one another or when the surfaces are coated with
special coatings to minimize the friction between them.Marques et al[31] have considered the effect of the fluid
slippage at the plate for Couette flow. Rhodes and Rouleau [32] studied the hydrodynamic lubrication of partial
porous metal bearings. The problem of the slip-flow regime is very important in this era of modern science,
technology and vast ranging industrialization.Hayat et al[33] analyzed slip flow and heat transfer of a second
grade fluid past a stretching sheet through a porous space. Mehmood and Ali [34] extended the problem of
oscillatory MHD flow in a channel filled with porous medium studied byMakinde and Mhone[35] to slip-flow
regime. Further by applying the perturbation techniqueKumar et al[36] investigated the same problem of slipflow regime for the unsteady MHD periodic flow of viscous fluid through a planer channel.
Hence, the objective of the present investigation is to study the effects of slip conditions and rotation
on oscillatory MHD free convective flow of a viscoelastic fluid in a vertical porous channel filled with porous
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medium. The transverse magnetic field applied is strong enough so that the Hall currents are induced. The
temperature difference between the walls of the channel is sufficiently high to radiate the heat.
II.
BASIC EQUATIONS
The equations governing the unsteady MHD convective flow of an incompressible, viscoelastic and
electrically conducting fluid in a rotating vertical channel filled with porous medium in the presence of
magnetic field are:
Equation of Continuity:
(1)
Momentum Equation:
,

(2)

Energy Equation:
,

(3)

Kirchhoff’s First Law:
,

(4)General Ohm's Law:
,

(5)Gauss's Law of Magnetism:

,

(6)

Cauchy stress tensor and the constitutive equation derived byColeman and Noll[37] for an incompressible
homogeneous fluid of second grade is
.
Here

(7)

is the interdeterminate part of the stress due to constraint of incompressibility,

,

and

material constants describing viscosity, elasticity and cross-viscosity respectively. The kinematic
the Rivelen Ericson constants defined as
where

,

are the
are

,

denotes the gradient operator and d/dt the material time derivative.

According to Markovitz and Coleman [38] the material constants ,
In the above equations

and

is the velocity vector,

are taken as positive and

as negative.

is the angular velocity of the fluid, p is the pressure,

ρ is the density, is the magnetic induction vector, is the current density, µ is the coefficient of viscosity, t* is
the time, g is the acceleration due to gravity, β is the coefficient of volume expansion, K* is the permeability of
the porous medium, Cp is the specific heat at constant pressure, T* is the temperature,
is the reference
temperature that of the left plate, k is the thermal conductivity, q is the radiative heat σ is the electrical
conductivity, B0 is the strength of the applied magnetic field, e is the electron charge, ωe is the electron
frequency, τe is the electron collision time, pe is the electron pressure,
density of electron.

is the electric field and ηe is the number

III. FORMULATIONOFTHEPROBLEM
Consider an unsteady MHD free convective flow of an electrically conducting, viscoelastic,
incompressible fluid through a porous medium bounded between two insulated infinite vertical plates in the
presence of Hall current and thermal radiation. The plates are at adistance ’d’ apart. We introduce a Cartesian
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coordinate system with X*-axis oriented vertically upward along the centreline of the channel. The Z*-axis taken
perpendicular to the planes of the plateslying in
planes is the axis of the rotation and the entire system
rotates about this axis with uniform angular velocity Ω*. The fluid is injected through the porous plate at
with constant velocity w0and simultaneous sucked through the other porous plate at
with the
same velocity w0. The non-uniform temperature of the plate at

is assumed to be varying periodically

with time. The temperature difference between the plates is high enough to induce the heat due to radiation. The
diagram of the physical problem is shown below.
X*

Porous Medium
W0

W0
B0

O

W0
W0
d

Figure1: Schematic diagram of the physical problem.
Since the plates of the channel are of infinite extent, all the physical quantities depend only on z* and t* onlyfor
this problem of fully developed laminar flow. Let (u*, v*, w*) be the components of velocity in the directions
(x*, y*, z*) respectively. Since the plates are non-porous, therefore equation of continuity (1) on integration
gives
. A strong transverse magnetic field of uniform strength
is applied along the Z*-axis. So
gives

equation (6) for the magnetic field
If

.

are the components of electric current density . The equation of conservation of electric

charge (4) gives
.For non-conducting plates
at the plates and hence zero everywhere in the
fluid. Under the usual assumptions that the electron pressure (for a weakly ionized gas), the thermoelectric
pressure, ion slip and the external electric field arising due to polarization of charges is negligible.It is assumed
that no applied and polarization voltage exists. This corresponds to the case where no energy is being added or
extracted from the fluid by electrical means (Meyer[39]) i.e. electrical field
. Therefore, equation (5)
takes the form:
.
After using equation

(8)

, equation (8) in component form becomes
,

(9)

.
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Solving (9) and (10) for

and

, we get

and
where

is the Hall parameter.

Under the usual Boussinsq’s approximation and followingAttia and Ewis(Attia and Ewis[40]),Attia
(Attia [41]),Kumar and Khem(Kumar and Khem [42])the momentum equation (2) and energy equation (3)
reduce to
,

(11)
,

(12)
(13)

.

(14)

is viscoelasticity and the last term in equation (14) is the radiative heat flux.

where

The boundary conditions for the flow problem are
at

,

,

(15)

at

where

,and

,

(16)

is the frequency of oscillations.

Following Cogley et al [43] it is assumed that the fluid is optically thin with a relatively low density
and the heat flux due to radiation in equation (14) is given by
,

(17)

where is the mean radiation absorption coefficient. After the substitution of equation (17) into equation
(14),we get
.

(18)

Equation (13) shows the constancy of the hydrodynamic pressure along the axis of rotation. We shall
assume now that the fluid flows under the influence of pressure gradient varying periodically with time in the
X*-axis is of the form
and

, where A is a constant.

(19)

Introducing the following non-dimensional quantities
,

,

,

,

,

,

,

,

,

into equations (11) (12) and (18), we get
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,

(20)

,
(21)

,

(22)

where ‘*’ represents the dimensional physical quantities,
is the injection/suction parameter,
is the visco-elastic parameter,

is the Hartmann number,

is the Hall parameter,
is the permeability of the porous medium,
is the Grashof number,
is the Prandtl number,
is the radiation parameter,
is the rotation parameter,
is the frequency of oscillations.
The corresponding transformed boundary conditions are:
,

(24)

,
where

(25)

is the slip-flow parameter.

For the oscillatory internal flow we shall obtainedfrom equation (19)that the fluid flows only under the
influence of a non-dimensional pressure gradientoscillating in time in the direction of x-axis only which is of
the form
and

.

(26)
IV. SOLUTIONOFTHEPROBLEM

In order to combine equations (20) and (21) into single equation, we introduce a complex function
and using (26), we get
.

(27)

The boundary conditions (24) and (25) in complex notation can be written as:
,
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.

(29)

In order to solve equations (27) and (22) under the boundary conditions (28) and (29), we assume in complex
form the solution of the problem as:
,

,and

,

(30)

where only the real part of the solution is significant.
Substituting equation (30) in equations(27) and (22),we get
,

(31)

.

(32)

The corresponding boundary conditions (28) and (29) become:
,

(33)

.

(34)

The solution of the ordinary differential equation (31) for the velocity field under the boundary conditions (33)
and (34) is obtained as

,

where

,

(35)

,

,

,

,

,

.

Similarly, the solution of equation (32) for the temperature field under the boundary conditions (33) and (34) is
obtained as
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.

(36)

From the velocity field obtained in equation (35) we can get the skin-friction
terms of its amplitude

and phase angle

at the left plate (η = - 0.5) in

as

, with

(37)

, (38)

The amplitude is

and the phase angle

(39)

Similarily, we can get the Nusselt number Nu for the rate of heat transfer, in terms of its amplitude
phase angle ߰ from equation (36) for the temperature field as
, with
where the amplitude

,

and the phase angle
ψ

and the

(40)

of the rate of heat transfer are given as

.

(41)

The temperature field, the rate of heat transfer along with its amplitude and phase angle need no discussion
because these have already been discussed in detail bySingh(Singh 2013).
V. RESULTS AND DISCUSSION
The problem of oscillatory magnetohydrodynamic (MHD) convective and radiative flow in a vertical
porous channel is analyzed in slip-flow regime. The viscoelastic, incompressible and electrically conducting
fluid is injected through one of the porous plates and simultaneously removed through the other porous plate
with the same velocity. The entire system (consisting of Porous channel plates and the fluid) rotates about an
axis perpendicular to the plates. The closed form solutions for the velocity and temperature fields are obtained
analytically and then evaluated numerically for different values of parameters appeared in the equations. To
have better insight of the physical problem the variations of the velocity, the skin-friction in terms of its
amplitude and phase angle are evaluated numerically for different sets of the values of injection/suction
parameter ߣ, viscoelastic parameter γ, rotation parameter Ω, Hartmann number M, Hall parameter H, the
permeability parameter K, Grashof number Gr, Prandtl number Pr, radiation parameter N, pressure gradient A
and the frequency of oscillations ߱. These numerical values are then shown graphically to assess the effect of
each parameter for the two cases of rotation Ω = 5 (small) and Ω = 15 (large). The velocity variations are
presented graphically in Figs. 2 to 11 for h = 0.5, γ=0.2, ߣ=0.5, Gr=5, M=2, H = 1, K=0.2, Pr=0.7, N=1, A=5,
߱=5 and t=0 except the ones shown in these figures.
Figure 2 illustrates the variation of the velocity with the increasing slip-flow parameter h. It is quite
obvious from this figure that velocity goes on increasing with increasing slip-flow parameter h. The velocity
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variations with the rotation parameter Ω are presented in figure 3.The velocity decreases with increasing
rotation Ω of the entire system. The velocity profiles initially remain parabolic for small values of rotation
parameter Ω with maximum near the centre of the channel and then as rotation increases the velocity profiles
flatten and the maximum shifts towards the plate with no-slip condition. The variations of the velocity profiles
with the viscoelastic parameter γ are presented in Fig.4. It is very clear from this figure that the velocity
decreases with the increase of viscoelastic parameter for both the cases of small (Ω = 5) and large (Ω = 15)
rotations of the channel. However, for both these cases of rotation, the velocity increases significantly with
increasing injection/suction parameter ߣ as is revealed in Fig.5. The variations of the velocity profiles with the
Grashof number Gr are presented in Fig.6. It is observed that for small (Ω=5) rotation of the channel the
velocity increases with increasing Grashof number. However, for large rotations (Ω=15)the velocity
increaseswith Gr in the right half of the channelwherein hotter plate lies but decreases in the left half of the
channel. For small and large rotations both the maximum of the velocity profiles shifts in the right half of the
channel due to the greater buoyancy force in this part of the channel because of the presence of hotter plate. The
Grashof number has opposite effect on the velocity profiles in the right half and the left half of the channel. In
the right half there lies hot plate at η = 1/2 and heat is transferred from the hot plate to the fluid and
consequently buoyancy force enhances the flow velocity further. In the left half of the channel the transfer of
heat takes place from the fluid to the cooler plate at η = -1/2. Thus, the effect of Grashof number on the velocity
is reversed i.e. velocity decreases inthe left half of the channel with increasing Gr.
It is evident from the Fig. 7 that for small rotation (Ω=5) the velocity decreases with the increase of
Hartmann number M. This is because of the reason that effects of a transverse magnetic field on an electrically
conducting fluid gives rise to a resistive type force (called Lorentz force) similar to drag force and upon
increasing the values of M increases the drag force which has tendency to slow down the motion of the fluid.
However, for large rotations (Ω=15) the effect of Hartmann number is reversed because decreasing velocity due
to the larger rotation is resisted by the Lorentz force. Fig. 8 depicts the variation of the velocity with Hall
parameter H. The effect of Hartmann number on the velocity is insignificant for small or large rotations of the
channel.The variation of the velocity with the permeability of the porous medium K is shown in Fig.9. It is
observed from the figure that the velocity decreases with the increasing permeability K of the porous medium
for both small (Ω=5) and large (Ω=15) rotations of this system of the viscoelastic fluid flow. It is expected
physically also because the resistance posed by the porous medium to the decelerated flow due to rotation
reduces with increasing permeability K which lead to decrease in the velocity. For Ω=15 velocity is much less
than Ω=5.We find from Fig.10that with the increase of Prandtl number Pr and the radiation parameter N the
velocity decreases for small (Ω=5) and large (Ω=15) rotations both. We also infer from Fig.11 that the velocity
decreases with increasing radiation parameter N for small rotation (Ω=5). However, for large rotation (Ω=15)
the radiation parameter has opposing effect on the velocity i.e., the velocity decreases in the right half and
increases slightly in the left half of the channel. From Fig.12 it is evident that the velocity goes on increasing
with the increasing favourable pressure gradient P (
). The effects of the frequency of oscillations ߱ on the
velocity are exhibited in Fig.13. It is noticed that velocity decreases with increasing frequency ߱ for either case
of channel rotation large or small.
The skin-friction

and phase angle ߮ has been shown in Figs. 14 and 15

in terms of its amplitude

respectively. The effect of each of the parameter on
and ߮ is assessed by comparing each curve with dotted
curves in these figures. In Fig.13 the comparison of the curves V, VIII, IX and XII with dotted curve I ()
indicate that the amplitude increases with the increase of injection/suction parameter ߣ, Hall parameter H,
permeability of the porous medium Kand pressure gradient A. Similarly the comparison of other curves II, III,
IV, VI, VII, X, and XI with the dotted curve I () reveals that the skin-friction amplitude decreases with the
increase of slip flow parameter h, rotation parameter Ω, viscoelastic parameter γ, Grashof number Gr, Hartmann
number M, Prandtl number Pr and the radiation parameter N. It is obvious that
goes on decreasing with
increasing frequency of oscillations ߱. Fig. 14 showing the variations of the phase angle ߮ of the skin-friction it
is clear that there is always a phase lag because the values of ߮ remains negative throughout. Here again the
comparison of curves II, III, IV, V, VIII and IX with the dotted curve I (---) indicate that the phase lag
increases with the increase of slip-flow parameter h, rotation parameter Ω, viscoelastic parameter γ,
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injection/suction parameter ߣ, Hall parameter H and permeability of the porous medium K. The comparison of
other curves like VI, VII, X, XI and XII with the dotted curve (---) I shows that the phase lag decreases with the
increase of Grashof number Gr, Hartmann number M, Prandtl number Pr, radiation parameter N and the
pressure gradient parameter A.
VI. CONCLUDING REMARKS
An oscillatory magnetohydrodynamic (MHD) convective flow of an electrically conducting
viscoelastic fluid in a vertical rotating channel is studied analytically in slip-flow regime. The pressure gradient
and the temperature of one of the plates of the channel vary periodically with time. A strong magnetic field is
applied along the axis of rotation and the Hall currents are taken into account. Results are presented graphically
for two cases of small rotation (Ω=5) and large rotation (Ω=15) and some following important conclusions are
drawn from these figures:
(i) The velocity increases with the increase of slip-flow parameter.
(ii) The velocity decreases with increasing rotation of the system. For small rotation the velocity profiles
are nearly parabolic with the maximum nearly at the centre of the channel but as the rotation increases
the maximum shifts towards the walls with no-slip condition.
(iii) The velocity decreases with the increasing viscoelasticity of the fluid irrespective that the rotation is
small or large.
(iv) For rotation small or large, the velocity increases significantly with increasing injection/suction
parameter.
(v) For small rotation of the channel the velocity increases with increasing Grashof number. However, for
large rotations the Grashof number has opposing effect on the velocity i.e., velocity increases in that
part of the channel where the heat is transferred from the channel wall to the fluid but decreases where
the heat is transferred from the fluid to the channel wall.
(vi) The increasing magnetic field strength and the permeability of the porous medium retard the forward
and the backward flows for the cases of small and large rotations.
(vii) The velocity decreases with the increase of Prandtl number and the radiation parameter.
(viii) The velocity increases with the increase of favourable pressure gradient but decreases with
increasing frequency of oscillations.
increases with the increase of injection/suction parameter ߣ, Hall parameter H,
(ix) The amplitude
permeability of the porous medium Kand pressure gradient A but decreases with the increase of slip
flow parameter h, rotation parameter Ω, viscoelastic parameter γ, Grashof number Gr, Hartmann
number M, Prandtl number Pr and the radiation parameter N.
(x) There is always a phase lag. The phase lag increases with the increase of slip-flow parameter h,
rotation parameter Ω, viscoelastic parameter γ, injection/suction parameter ߣ, Hall parameter H and
permeability of the porous medium K but decreases with the increase of Grashof number Gr, Hartmann
number M, Prandtl number Pr, radiation parameter N and the pressure gradient parameter A.
NOMENCLATURE
A
B0
cp
e
g
Gr
h
H
k
K
L1

a constant
magnetic field applied
specific heat at constant pressure
electric charge
Amplitude of skin friction
gravitational force
Grashof number
slip flow parameter
Hall current
thermal conductivity
permeability of the porous medium
mean free path
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M
N
p
Pr
r1
t
T
T1, T2
u, v, w
x, y, z

Hartmann number
heat radiation parameter
pressure
Prandtl number
the Maxwell’s reflexion coefficient.
time variable
fluid temperature
constant temperatures
velocity components
axial variables

Greek symbols
mean radiation absorption coefficient
coefficient of volume expansion
viscoelastic parameter
λ
injection/suction parameter
߱
frequency of oscillations
Ω
angular velocity
µ
viscosity
fluid density
σ
electric conductivity
skin-friction at the left wall
phase angle of the skin-friction
mean non-dimensional temperature
*
superscript representing dimensional quantities

h=0, 0.5, 1

u

η
Fig.2. Velocity variation with increasing slip-flow parameter h keeping other parameters fixed as Ω=5,γ=0.2,
ߣ=0.5, Gr=5, M=2, H = 1, K=0.2, Pr=0.7, N=1, A=5, ߱=5 and t=0.
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Ω=5, 10, 15

u

η
Fig.3. Velocity variation with increasing rotation parameter Ω keeping other parameters fixed as h=0.5,γ=0.2,
ߣ=0.5, Gr=5, M=2, H = 1, K=0.2, Pr=0.7, N=1, A=5, ߱=5 and t=0.

γ=0.2, 0.4, 0.6

Ω=5
Ω=15

u

η
Fig.4. Velocity variation with increasing visco-elastic parameter γ keeping other parameters fixed as
h=0.5,ߣ=0.5, Gr=5, M=2, H = 1, K=0.2, Pr=0.7, N=1, A=5, ߱=5 and t=0.
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Ω=5
Ω=15

ߣ=0.2, 0.5, 1

u

η
Fig.5. Velocity variation with increasing injection/suction parameter ߣ keeping other parameters fixed as
h=0.5,γ=0.2, Gr=5, M=2, H = 1, K=0.2, Pr=0.7, N=1, A=5, ߱=5, t=0.

Ω=5
Ω=15

Gr=2, 5, 10

u

η
Fig.6. Velocity variation with increasing Grashof number Gr keeping other parameters fixed as h=0.5,γ=0.2,
λ=0.5, M=2, H = 1, K=0.2, Pr=0.7, N=1, A=5, �=5 and t=0.
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Ω=5
Ω=15

M=1, 2 ,3

u

η
Fig.7. Velocity variation with increasing Hartmann number M keeping other parameters fixed as h=0.5,γ=0.2,
λ=0.5, Gr=5, H = 1, K=0.2, Pr=0.7, N=1, A=5, �=5 and t=0.

Ω=5
Ω=15

H=1, 3, 5

u

η
Fig.8. Velocity variation with increasing Hall parameter H keeping other parameters fixed as h=0.5,γ=0.2,
λ=0.5, Gr=5, M=2, K=0.2, Pr=0.7, N=1, A=5, �=5 and t=0.
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Ω=5
Ω=15

K=0.2, 0.5, 1

u

η
Fig.9. Velocity variation with increasing permeability parameter K keeping other parameters fixed as
h=0.5,γ=0.2, λ=0.5, Gr=5, M=2, H=1, Pr=0.7, N=1, A=5, �=5 and t=0.

Ω=5
Ω=15

Pr=0.7, 7

u

η
Fig.10. Velocity variation with increasing Prandtl number Pr keeping other parameters fixed as h=0.5,γ=0.2,
λ=0.5, Gr=5, M=2, H=1, K=0.2, N=1, A=5, �=5 and t=0.
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Ω=5
Ω=15

N=1,5

u

η
Fig.11. Velocity variation with increasing radiation parameter N keeping other parameters fixed as h=0.5,γ=0.2,
λ=0.5, Gr=5, M=2, H=1, K=0.2, Pr=0.7, A=5, �=5 and t=0.

A=3, 5, 7

Ω=5
Ω=15

u

η
Fig.12. Velocity variation with increasing pressure gradient A keeping other parameters fixed as h=0.5,γ=0.2,
λ=0.5, Gr=5, M=2, H=1, K=0.2, Pr=0.7, N=1, �=5 and t=0.

Volume 3 Issue 3 February 2014

179

ISSN: 2319 – 1058

International Journal of Innovations in Engineering and Technology (IJIET)

Ω=5
Ω=15

߱ =5, 6, 7

u

η
Fig.13. Velocity variation with increasing frequency of oscillations� keeping other parameters fixed as
h=0.5,γ=0.2, λ=0.5, Gr=5, M=2, H=1, K=0.2, Pr=0.7, N=1, A=5,t=0.
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Fig.14. Amplitude of the skin-friction
for values of the parameters in Table 1.
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Fig.15. Phase of the skin-friction for values of the parameters in Table 1.

Table 1.Values of parametersplotted in Figs. 14 & 15.
hΩ γ λ Gr M H K PrN A
0.5 5 0.2 0.5 5 2 1 0.2 0.7 1 5 I ( )
1.05 0.2 0.5 5 2 1 0.2 0.7 1 5 II
0.5 10 0.2 0.5 5 2 1 0.2 0.7 1 5 III
0.5 5 0.30.5 5 2 1 0.2 0.7 1 5 IV
0.5 5 0.2 1.05 2 1 0.2 0.7 1 5 V
0.5 5 0.2 0.5 10 2 1 0.2 0.7 1 5 VI
0.5 5 0.2 0.5 5 4 1 0.2 0.7 1 5 VII
0.5 5 0.2 0.5 5 2 50.2 0.7 1 5 VIII
0.5 5 0.2 0.5 5 2 1 1.0 0.7 1 5 IX
0.5 5 0.2 0.5 5 2 1 0.2 7.0 1 5 X
0.5 5 0.2 0.5 5 2 1 0.2 0.7 5 5 XI
0.5 5 0.2 0.5 5 2 1 0.2 0.7 1 7 XII
REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]

V. Vidyanidhuand S.D. Nigam, Secondary flow in a rotating channel. Jour. Math. And Phys. Sci., 1, 85, 1967.
A.S. Gupta, Ekman layer on a porous plate. Phys. Fluids15, 930-931, 1972.
R.N. Jana and N. Datta, Couette flow and heat transfer in a rotating system. Acta Mech., 26 301-306, 1977.
B.S. Mazumder, An exact solution of oscillatory Couette flow in a rotating system. ASME J. Appl. Mech., 58, 1104-1107, 1991.
R. Ganapathy A note on oscillatory Couette flow in a rotating system. ASME J. Appl. Mech., 61, 208-209, (1994).
K.D. Singh, An oscillatory hydromagnetic Couette flow in a rotating system. Z. Angew.Math. Mech., 80, 429-432, 2000.
K.D. Singh, Exact solution of MHD mixed convection periodic flow in a rotating vertical channel with heat radiation. Int. J. of Appl.
Mech. & Engng. (IJAME), 18, 853-869, 2013.
I.A. Hossanien and M.A. Mansour, Unsteady magnetic flow through a porous medium between two infinite parallel plates.
Astrophysics and Space science, 163, 241-246,1990.
K.R. Rajgopal, A note on unsteady unidirectional flows of a non-Newtonian fluid.Int. J. Non-Linear Mech., 17, 369-373, 1982.
K.R. Rajgopal and A.S. Gupta, An exact solution for the flow of a non-Newtonian fluid past an infinite porous plate. Meccanica, 19,
158-160, 1984.
P.D. Ariel, The flow of a viscoelastic fluid past a porous plate,” Acta Mech., 107, pp. 199-204, (1994).
I. Pop and R.S.R. Gorla, Second order boundary layer solution for a continuous moving surface in a non-Newtonian fluid. Int. J.
Engng. Sci., 28, 313-322, 1990.
T. Hayat, S. Asghar and A.M. Siddiqui, Periodic unsteady flows of a non-Newtonian fluid. Acta Mech., 131, 169-173, 1998.
Rita Choudhary and Utpal Jyoti Das, Heat transfer to MHD oscillatory viscoelastic flow in a channel filled with porous medium.
Physics Research International doi:101155/2012/879537, (2012).
K.D. Singh, Viscoelastic mixed convection MHD oscillatory flow through a porous medium filled in a vertical channel. Int. J. Phy.
and Math. Sci. 3, 194-205, 2012.
P. Puri, Rotating flow of an elastic-viscous fluid on an oscillating plate. Z. Angew. Math. Mech., 54, 743-745, 1974.
P. Puri and P.K. Kulshreshtha, Rotating flow of a non-Newtonian fluids. Appl. Anal., 4, 131-140, 1974.

Volume 3 Issue 3 February 2014

181

ISSN: 2319 – 1058

International Journal of Innovations in Engineering and Technology (IJIET)

[18] T. Hayat, S. Nadeem and K. Asghar, Hydromagnetic Couette flow of an Oldroyd-B fluid in a rotating system. Int. J. of Engineering
Science, Vol. 42, pp. 65-78, (2004).
[19] T. Hayat, K. Hutter, S. Nadeem and K. Asghar, Unsteady hydromagnetic rotating flow of a conducting second grade fluid. Z. Angew.
Math. Mach., 55, 626-641, 2004.
[20] M.M. Rahmann and M.S.A. Sarkar, Unsteady MHD flow of viscoelastic Oldroyd fluid under time varying body forces through a
rectangular channel. Bulletin of Cacutta Mathematical Society, 96, 463-470, 2004.
[21] A.K. Singh and N.P. Singh, MHD flow of a dusty viscoelastic liquid through a porous medium between two inclined parallel plates.
Proc. of National Academy of Sciences India, 66A, 143-150, 1966.
[22] K.R. Rajgopal, P.H. Veena and V.K. Pravin, Oscillatory motion of an electrically conducting viscoelastic fluid over a stretching sheet
in saturated porous medium with suction/blowing. Mathematical Problems in Engng. 1, 1-14, 2006.
[23] T.G. Prasuna, M.V.R. Murthy, N.C.P. Ramachryulu, and G.V. Rao, Unsteady flow of a Viscoelastic fluid through a porous media
between two impermeable parallel plates. Journal of Emerging Trends in Engineering and Applied Sciences, 1(2), pp. 220-224, 2010.
[24] S.N. Sahoo, Heat and mass transfer effect on MHD flow of a viscoelastic fluid through a porous medium bounded by an oscillating
porous plate in slip flow regime. Hindwai Publishing Corporation, Int. J. Of Chem. Engng. http:// dx.doi.org/ 10.1155/ 2013/380679,
2013.
[25] T.G. Cowling, Magnetohydrodynamics.Intersecince publ. Inc. New York USA, 1957.
[26] V.M. Soundalgekar, Hall and ion-slip effects in MHD Couette flow with heat transfer. IEEE Transactions on Plasma Science, PS-7,
178, 1979.
[27] V.M. Soundalgekar and A.G. Uplekar, Hall effects in MHD Couette flow with heat transfer. IEEE Transactions on Plasma Science,
PS-14 (5) 579, 1986.
[28] M.A. Hossain and R.I.M.I. Rashid, Hall effect on hydromagnetic free convection flow along a porous flat plate with mass transfer. J.
Phys. Soc. Japan, 56, 97-104, 1987.
[29] H.A. Attia, Hall current effects on velocity and temperature fields of an unsteady Hartmann flow. Can. J. Phys., 76, 739, (1998).
[30] K.D. Singh and B.P. Garg, Exact solution of an oscillatory free convective MHD flow in a rotating porous channel with radiative heat.
Proc. Nat. Acad. Sci. Sect. A,80, 81-89, 2010.
[31] Jr. W. Morques, G.M. Kermer and F.M. Shapiro, Coutte flow with slip and jump boundary conditions.Continuum Mech.
Therodynam., 12, 379-386, 2000.
[32] C.A. Rhodes and W.T. Rouleau, Hydromagnetic lubrication of partial metal bearings. J.Basic Eng.-T. ASME, 88, 53-60, 1966.
[33] T. Hayat, T. Javed and Z. Abbas, Slip flow and heat transfer of a second grade fluid past a stretching sheet through a porous space. Int.
J. Heat Mass transfer, 51, 4528-4534, 2008.
[34] A. Mehmood and A. Ali, The effect of slip condition on unsteady MHD oscillatory flow of a viscous fluid in a planer channel. Rom.
Journ. Phys., 52, 85-91, 2007.
[35] O.D. Makinde and P.Y. Mhone, Heat transfer to MHD oscillatory flow in a channel filled with porous medium. Rom. Journ. Phys.,
50, 931-938, 2005.
[36] Anil Kumar, C.L. Varshney and Sajjan Lal, Perturbation technique to unsteady MHD periodic flow of viscous fluid through a planner
channel. J. of Engng. And Tech. Research, 2, 73-81, 2010.
[37] B.D. Coleman and W. Noll, An approximation theorem for functional, with applications in continuum mechanics. Archive for
Rational Mechanics and Analysis, 6, 355-370, (1960).
[38] H. Markovitz and B.D. Coleman, Incompressible second order fluids. Advances in Applied Mechanics, 8, 69-101, 1964.
[39] R.C. Meyer, On reducing aerodynamic heat transfer rates by MHD techniques.J. Aerospace Sci., 25, 561-563, 1958.
[40] H.A. Attia and Mahmoud Ewis Karem Unsteady MHD Couette flow with heat transfer of a viscoelastic fluid under exponential
decaying pressure gradient. Tankang J. Sci. And Engng. 13, 359-364, (2010).
[41] H.A. Attia, Unsteady Couette flow with heat transfer of a viscoelastic fluid considering the Hall effect. Kragujevac J. Sci., 27, 5-22,
(2005).
[42] Rakesh Kumar and Khem Chand, Effect of slip conditions and Hall current on unsteady MHD flow of a viscoelastic fluid past an
infinite vertical porous plate through porous medium. Int. J. of Engng. Sci. and Tech. (IJEST), 3, 3124-3133, 2011.
[43] A.C.L. Cogley, Vinvent W.G. and E.S. Giles, Differential approximation for radiative transfer in a non-gray near equilibrium.
American Institute of Aeronautics and Astronautics, 6, 551-553, (1968).
[44] K.D. Singh,Injection/suctionEffects on hydromagnetic oscillatory convective flow in a rotating vertical porous channel with thermal
radiation.Proc. Ind. Natn. Sci. Acad. 79, 79-90, 2013.

Volume 3 Issue 3 February 2014

182

ISSN: 2319 – 1058

