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A B S T R A C T

We investigated the Hall and ion slip effects on the MHD convective flow of elastico-viscous fluid through porous
medium between two rigidly rotating parallel plates with time fluctuating sinusoidal pressure gradient in this
paper. In an initially undisturbed state both the fluid and the plates are in rigid rotation with the uniform angular
velocity Ω about the normal to the plates. At t > 0 the fluid is driven by a fluctuating pressure gradient parallel
to the channel walls. Analytical solutions for the velocity, temperature and concentration are evaluated and
discussed computationally with the help of graphical profiles. For engineering interest, we obtained skin friction,
Nusselt number, Sherwood number and volumetric flow rate and discussed numerically. Elasticity and magnetic
field resist the fluid motion gets thinner boundary layer. Lesser frequency of oscillating pressure gradient
frightens the reverse flow. The similar variation of skin friction should be circumvented with less significant time
span and strength of the magnetic field.

1. Introduction

The magnetohydrodynamic(MHD) flows through porous media has
many practical applications such as electromagnetic flow meters,
electromagnetic pumps and hydromagnetic generators etc. The interest
in MHD convective flows with heat transfer is renewed due to its im-
portance in the design of MHD generators and accelerators in geo-
physics, in systems like underground water and energy storage. When
an elastico-viscous fluid is made to flow due to imposed stress, some
quantity of energy is stored up in the fluid as strain energy in addition
to viscous dissipation. Where as an inelastic viscous fluid, we are con-
cerned with the rate of strain but in an elastic fluid, we cannot neglect
the strain however small, it may be, as it is responsible to go back over
to the actual state. There is a degree of recovery from the strain in only
elastico-viscous liquid when the stress is removed, whereas, in other
liquid the whole strain remains.

Numerous researchers have demonstrated their enthusiasm for
contemplating MHD and heat transfer flow in permeable and non-
permeable media [1–3]. There is a practical interest in streaming
through porous media and traditional interactive applications. Porous
media are used to line a heated body to uphold its temperature. The
porosity on the MHD flow through porous media plays an important
role in mechanical/agricultural engineering and petroleum industries in

extracting petrol from crude oil. The MHD devices find enormous ap-
plications in material sciences even in biomedical science. The appli-
cation of MHD micro fluidic devices has been extensively used in dif-
ferent meadows. Veera Krishna [4] studied the unsteady flow of an
incompressible visco-elastic liquid of the Walter B′ model with si-
multaneous heat and mass transfer near an oscillating porous plate in
slip flow regime taking Hall current into account. The effect of magnetic
dipole on viscous ferrofluid past a stretching surface with thermal ra-
diation was studied by Zeeshanet al. [5]. The effects of variable mag-
netic field on peristaltic flow of Jeffrey fluid in a non-uniform rectan-
gular duct was investigated by Bhatti et al. [6]. Bhatti et al. [7] studied
Hall effects on heat transfer with thermal radiation of Dusty fluid under
the influence sinusoidal motion of magnetic solid parameter. Majeed
et al. [8] contributed to that effect by considering ferromagnetic liquid
flow over a stretching sheet with dipole and heat flux. Recently Ellahi
et al. [9] studied nanoferroliquid flow under the influence of low os-
cillating stretchable rotating disk applying homotopy analysis method.
Zaidi et al. [10] considered effect of Joule heating on MHD flow of
upper convected Maxwell fluid. Further, the effect of oscillating mag-
netic field on ferrofluid was studied by Hassan et al. [11]. The nu-
merical simulation and sensitivity analysis of turbulent flow Shirvan
et al. [12] and combined heat transfer performance in a porous solar
cavity drew the attention of Shirvan et al. [13]. The visualization of a
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flow of fluid inside a porous solid matrix has been discussed by Giver
and Altobin [14]. Kulkarni and Singh [15] have studied unsteady flow
between two infinitely long porous parallel plates when the pressure
gradient varies sinusoidally under no-slip condition on the solid
boundary. Dash and Rath [16] have adopted an explicit finite difference
scheme for flow and heat transfer of an electrically conducting fluid
between porous parallel plates. Veera Krishna et al. [17] discussed the
systematic solution of time-dependent mean velocity on MHD peri-
staltic rotating flow of an electrically conducting couple stress fluid in a
uniform elastic porous channel.

In the investigations concerned with the MHD convective flows, the
Hall current and ion slip terms in Ohm's law were neglected in order to
simplify the mathematical analysis of the problem. However, the sig-
nificance of Hall current and ion slip are essential in the existence of
strong magnetic field. Therefore, in several physical situations it is re-
quired to include the influence of Hall current and ion slip terms in the
MHD equations. Few authors [18–25] investigated the effects of Hall
and ion slip currents on MHD rotating free convective heat generating
flow. Jitendra and Srinivas [26] investigated the effects of Hall and ion
slip on a circulating fluid. Veera Krishna and others [27–31] discussed
Hall effects on MHD flow through porous medium. Sara and Bhatti [32]
investigated the flow of contraction of MHD peristalsis of a Nanofluid
with chemical reaction, Hall and ion slip currents. Veera Krishna et al.
[33] discussed Hall effects on steady hydromagnetic flow of a couple
stress fluid through a composite medium in a rotating parallel plate
channel with porous bed on the lower half. Veera Krishna et al. [34]
discussed Hall effects on unsteady hydromagnetic natural convective
rotating flow of second grade fluid past an impulsively moving vertical
plate entrenched in a fluid inundated porous medium, while tempera-
ture of the plate has a temporarily ramped profile. Veera Krishna et al.
[35] investigated the heat and mass transfer on MHD free convective
flow over an infinite non-conducting vertical flat porous plate. Veera
Krishna and Jyothi [36] discussed the effect of heat and mass transfer

on free convective rotating flow of a visco-elastic incompressible elec-
trically conducting fluid past a vertical porous plate with time depen-
dent oscillatory permeability and suction in presence of a uniform
transverse magnetic field and heat source. Veera Krishna and Subba
Reddy [37] investigated the transient MHD flow of a reactive second
grade fluid through a porous medium between two infinitely long
horizontal parallel plates.

The group transformation method is applied for solving the com-
bined convection problem in an unsteady, two-dimensional, laminar,
MHD boundary-layer flow of a viscous, incompressible and electrically-
conducting fluid along a vertical continuous moving plate saturated
porous medium by EL-Kabeir et al. [38]. The linear transformation
group approach is developed to simulate problem of hydromagnetic
heat transfer by mixed convection along vertical plate in a liquid sa-
turated porous medium in the presence of melting and thermal radia-
tion effects for opposing external flow by Bakier et al. [39]. Mal-
likarjuna et al. [40] discussed the coupled heat and mass transfer by
mixed convection flow of a Newtonian fluid past a rotating vertical
cone embedded in a porous medium in the presence of a magnetic field
and chemical reaction effects. Magneto-hydrodynamics and thermal
radiation effects on heat and mass transfer in steady laminar boundary
layer flow of a Newtonian, viscous fluid over a vertical flat plate em-
bedded in a fluid saturated porous media in the presence of the ther-
mophoresis particle deposition effect is studied by Rashad [41]. Rashad
et al. [42] discussed the effect of chemical reaction on heat and mass
transfer by mixed convection flow through a saturated porous media in
a sphere. Rashad and EL-Kabeir [43] investigated the coupled heat and
mass transfer in transient flow by a mixed convection boundary layer
past an impermeable vertical stretching sheet embedded in a fluid-sa-
turated porous medium in the presence of a chemical reaction effect.
Lie group method is investigated for solving the problem of heat
transfer in an unsteady, three-dimensional, laminar, boundary-layer
flow of a viscous, incompressible and electrically conducting fluid over

Nomenclature

u, v The velocity components along x, y directions (m/s)
k Permeability of porous medium (m2)
Cp Specific heat (J Kg−1 K−1)
K Permeability parameter
l Characteristic length (m)
B0 Applied magnetic field (Wb/m2)
M Hartmann number
P intermediate hydrostatic pressure (N/m2)
p Dimensionless intermediate hydrostatic pressure
q Non-dimensional velocity
t time (s)
g Acceleration due to gravity (m/s

2
)

Q volumetric flow rate (m3/s)
Gr thermal Grashof number
Gm mass Grashof number
R rotation parameter
Sc Schmidt number
Pr Prandtl number
B magnetic field vector (A/m)
E Electric field (c)
V velocity vector (m/s)
J current density vector (A/m2)
Kf thermal conductivity of the fluid (wm−1 k−1)
Kl chemical reaction rate constant (mol L−1s)

Greek symbols

α1, α2, α3 Amplitudes of the disturbance (m)

α thermal diffusivity of the fluid (m2/s)
τ Skin friction
ϕ1 Coefficient of viscosity (Pa s)
ϕ2 Coefficient of elastico-viscosity (Pa s)
γ Elastico-viscous parameter
ω0 Frequency of excitation (Hz)
ω Non-dimensional form of frequency of excitation
ν Coefficient of kinematic viscosity (m2/s)
λ Eigen value
ρ Density of the fluid (Kg m−3)
δ Thermal radiation parameter
σ1, σ2, σ3 Frequency of oscillations (Hz)
β Co-efficient of the thermal expansion due to temperature

difference (K−1)
β∗ Co-efficient of the thermal expansion due to concentration

difference (K−1)
Ω Angular velocity (r/s)
θ Non-dimensional temperature
ϕ Non-dimensional concentration
ωe Cyclotron frequency (e/mob)
τe Electron collision time (s)
βi ion slip parameter
βe Hall parameter

Subscripts

e electron
i ion
p pressure
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inclined permeable surface embedded in porous medium in the pre-
sence of a uniform magnetic field and heat generation/absorption ef-
fects by El-Kabier et al. [44]. Veera Krishna and Chamkha [45] in-
vestigated the diffusion-thermo, radiation-absorption and Hall and ion
slip effects on MHD free convective rotating flow of nano-fluids past a
semi-infinite permeable moving plate with constant heat source. Veera
Krishna et al. [46] discussed the Soret and Joule effects of MHD mixed
convective flow of an incompressible and electrically conducting vis-
cous fluid past an infinite vertical porous plate taking Hall effects into
account. Murthy and Kulkarni [47] studied the flow of visco-elastic
fluid of second order type between two porous parallel plates.

Motivated by the above studies, the bounding surfaces are of dis-
similar geometries and the effect of elastico-viscosity has not been
taken into account. Additionally, the characteristic of the flow variables
are scrutinized by employing classical methods or numerical methods.
Though the present study is a theoretical investigation but it has edge in
practical and experimental works due to following novel features.
Therefore, we examined the Hall and ion slip effects on the MHD
convective flow of elastico-viscous fluid through porous medium be-
tween two rigidly rotating parallel plates with time fluctuating sinu-
soidal pressure gradient. We analyse the mathematical formulation of
the problem in section 2. In section 3, we investigate the numerical
results and discussion. Finally, the conclusion of this study is given in
the section 4.

2. Formulation and solution of the problem

The flow is assumed to be deliberate and laminar. We have con-
sidered a thin solution of non-Newtonian fluid in water. Then the liquid
has petite memory, i.e., it has tiny relaxation time. We consider the heat
and mass transfer over the unsteady flow of elastico-viscous fluid
through porous medium between two rigidly rotating parallel plates at
z = 0 and z = l under the influence of the transverse magnetic field of
strength B0 perpendicular to the main direction of flow inducing a re-
sistive electromagnetic force, called Lorentz force and taking Hall and
ion slip effects into account. In an initially undisturbed state both the
fluid and the plates are in rigid rotation with the same angular velocity
Ω about the normal to the plates and at t > 0the fluid is driven by a
fluctuating pressure gradient parallel to the channel walls (Fig. 1). The
two plates are extended to infinite length so that all the physical vari-
ables are dependent of z and t alone. The velocity components char-
acterizing the laminar flow between the parallel plates are given by (u,
v, 0) in the x, y and z directions respectively. The unsteady hydro-
magnetic equations for the laminar flow through permeable medium in
a gyratory frame (Murthy and Kulkarni [47]) are,
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The initial and boundary conditions are

= = = =u f z v T C t( ), 0, 0, 0 for all 0 (6)

= = = = = >u v T T C C z t0, , at 0 for 00 0 (7)

= = = = = >u v T T C C z l t0, , at for 00 0 (8)

The electron-atom collision frequency is assumed very high, so that
Hall and ion slip currents cannot be neglected. Hence, the Hall and ion
slip currents give rise to the velocity in y-direction. When the magnetic
field intensity is large, the generalized Ohm's law is (Sutton and
Sherman [48]),

+ × × + × ×=J E V B
B

J B
B

J B B( ) ( ) (( ) ))e e e e i

0 0
2 (9)

The component forms of Eq. (9) are
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+ =J J B u(1 )i e y e x 0 (11)

On solving Eqs. (10) and (11) we get,
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Combining Eqs. (14) and (15), let q = u + ivandξ = x − iy,
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It has been reported that a solution of Polyisobutylene in cetane
behaves as a second order fluid. Markowitz and Coleman [49] de-
termined the characteristic constants ϕ1 and ϕ2. In Eq. (16), the pres-
sure gradient is taken to be sinusoidally, then

=p e1 i t
0 0

(17)

Where, eiω0t=cosω0t + i sin ω0t.
We are introducing the accompanying non-dimensional parameters,
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Fig. 1. Physical model.
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By making use of the non-dimensional quantities, the governing
equations are reduced into (dropping asterisks),
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The boundary conditions,

=q z f z t( , 0) ( ) at 0 (21)

= = = =q z0 at 0 (22)

= = = = >q z t0, 1 at 1 for 0 (23)

Where, f(z) is prescribed function of z. The nonlinear third order
equation in a specific form admits a solution f(η) = k1 + k2e−hη, where
k1, k2 and h are the arbitrary constants to be determined with the help
of three boundary conditions as suggested by Crane [50]. The asymp-
totic solution suggested is suitable to boundary value problems, having
one boundary at infinity. For the present problem, the asymptotic so-
lution is unsuitable as both the boundaries are at finite distances. Let us
consider a trial solution following Kulkarni [51] as
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The Eqs. (18), (19) and (20) reduces to (Schlichting and Gersten
[52])

= + +

i
d f
dz

a i f

e e e e
e e

e e e
e e

(1 ) ( )

Gr( )
( )

Gm( )
( )

i t
z z i t z z i t

1

2
1
2 5 1 1

1

( )

1 1
1

2 2 1

2 2

1 1 1

1 1 (27)

=
d f
dz

i fPr( ) 0
2

2
2 2 2 (28)

=
d f
dz

i fSc(Kc ) 0
2

3
2 3 3 (29)

Relevant boundary conditions are,
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Solving the Eqs. (27), (28) and (29) with respect to the boundary
conditions (30), (31) and (32) respectively, we obtained as,
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Substituting these expressionsf1(z), f2(z) and f3(z) in the Eqs. (24),
(25) and (26) respectively, therefore we obtained the velocity, tem-
perature and concentration distributions respectively.

The skin friction, Nusselt number and Sherwood number at the
lower and upper plates are obtained as follows,
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The volume of flow Q per unit width/unit time is,

=Q qdz
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3. Results and discussion

We investigated the Hall and ion slip effects on the MHD convective
flow of elastico-viscous fluid through porous medium between two ri-
gidly rotating parallel plates with time fluctuating sinusoidal pressure
gradient. We have to discuss the heat transfer characteristics of the flow
through a porous medium and presented in Figs. 2–7 and in Tables 2–4.
We fixed λ = 5and the other parameters M = 0.5, K = 0.5, R = 1,
βe = 0.2, βi = 1, γ = 0.2, Gr = 3, Gm = 1, δ = 2, Sc = 0.22,
Kc = 1, Pr = 0.71, t = 0.5, ω = 10,and σ1 = σ2 = σ3 = 5 varied over
a range.

The results illustrated in Fig. 2(a) show the effect of the magnetic
field parameter M on the resultant velocity distribution. The profile is
parabolic nature. The velocity across the boundary layer reduces with
an increase in the magnetic field parameter M and decreases to zero at
the right boundary, which leads to reduce in the layer thickness. This is
due to the fact that the introduction of a transverse magnetic field,
normal to the flow direction, has a tendency or affinity to create the
drag known as the Lorentz force which tends to resist the flow
throughout the fluid region. Thus, it is concluded that the effect of
magnetic field in the presence of porous matrix, sustains a retarding
effect on the velocity distribution. For different values of the perme-
ability parameter K, the velocity distribution through porous medium
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Fig. 3. (a-d) The velocity profiles for q against Gr, Gm, δ and Sc.

Fig. 2. (a-d) The velocity profiles for q against M, K, R and γ.
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Fig. 4. (a-d) The velocity profiles for q against ω, σ1, σ2andσ3; βeandβi.

Fig. 5. (a-c) The velocity profiles for q against Kc, Pr and t.
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Fig. 6. (a-c) The temperature profiles for θ against σ2, δandPr.

Fig. 7. (a-c) The concentration profiles for ϕ against σ3, KcandSc.
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plotted in Fig. 2(b). It is clear that the increased values K increase the
velocity and thereby increase the momentum boundary layer thickness.
Lower the permeability causes lesser the fluid speed is observed within
the parallel plates occupied by the fluid. Hence the resultant velocity
enhances with increasing permeability parameter throughout the fluid
region. From the Fig. 2(c), we noticed that, the resultant velocity en-
hances with increasing rotation parameter R. This may be attributed to
the fact that when the frictional layer at the plates is suddenly set into
the motion then the Coriolis force acts as a freedom in the entire fluid
flow region. The reverse trend is noticed with increasing elastico-vis-
cous parameter γ(Fig. 2(d)). The flow model, devoid of elastic property,
attains maximum velocity. Hence an elasticity of the fluid act as re-
sistive force and oppose the motion of the fluid resulting thinner
boundary layer, i.e., increase in elasticity of the fluid, reduce the mo-
mentum transport in the boundary layer, thus, the velocity decreases.

Fig. 3(a-d) demonstrates the effect of thermal Grashof number, mass
Grashof number, thermal radiation parameter and Schmidt number on
the fluid velocity. The resultant velocity across the boundary layer in-
creases with increasing thermal Grashof number Gr (Fig. 3(a)). The
thermal Grashof number Gr signifies the relative effect of the thermal
buoyancy force to the viscous hydrodynamic force in the boundary
layer. As expected, it is observed that there is a rise in the velocity due
to the enhancement of thermal buoyancy force. It is concluded that
increase in the value of Grashof number or any buoyancy related
parameter implies an increase in the wall temperature and this makes
the bond between the fluid to become weaker, strength of the internal
friction to decrease, the gravity to becomes stronger enough. i.e., makes
the specific weight appreciably different between the immediate fluid
layers adjacent to the wall. The effects of buoyancy parameter are
highly significant in the laminar flow within the boundary layer formed
on parallel plate channel. This is only achievable when the prescribed
surface temperature and prescribed wall heat flux are considered. It can
be concluded that buoyancy parameter has a negligible positive effect
on the local Nusselt number. Similar behaviour is observed with in-
creasing mass Grashof number Gm (Fig. 3(b). The mass Grashof number

Gc defines the ratio of the species buoyancy force to the viscous hy-
drodynamic force. The fluid resultant velocity increases and the peak
value is more distinctive due to increase in the species buoyancy force.
The velocity distribution attains a distinctive maximum value within
the parallel plates and then decreases properly to approach zero at the
upper plate. Thus momentum boundary layer thickness increases with
increase in Gr or Gm. A reversal of this trend is noticed with thermal
radiation parameter (Fig. 3(c)). Fig. 3(d) illustrates that, the resultant
velocity increases with increasing Schmidt number Sc. Hence the ve-
locity of the fluid across the boundary layer increases with the in-
creasing Sc. Increasing the values of Schmidt number trend to increase
the velocity and so accelerate the momentum boundary layer thickness.

Fig. 4(a) shows the velocity distribution in response to the stimu-
lation frequency of the pressure gradient. A backward flow is suggested
which can be attributed to the very high quality of the frequency of
excitation parameter. Therefore, to control the backward flow, it is
advisable to apply an oscillatory pressure gradient. This indicates that
the pressure is the marginal frequency of oscillation. Similar behaviour
is observed with increasing frequency of oscillation σ1, σ2andσ3
(Fig. 4(b)). The variation of velocity with Hall parameter is shown in
Fig. 4(c). Increase the values of βe the velocity increases and hence the
thickness of the momentum boundary layer increases. The effect of ion
slip parameter βi on velocity as observed in Fig. 4(d) and is similar to
that of effect of Hall current.

As we have noticed from the Fig. 5(a-c), the resultant velocity re-
duces with increasing chemical reaction parameter Kc. Increasing the
chemical reaction parameter Kc produces a decrease in the concentra-
tion. In turn, this causes the concentration buoyancy effects decreased.
Consequently, less flow is induced between the plates resulting in de-
crease in the fluid resultant velocity in the boundary layer (Fig. 5(a)).
The effect of Prandtl number on the velocity profiles has been illu-
strated in Fig. 5(b). It is observed that as the Prandtl number increases,
the velocity decreases throughout the fluid region. Also it can be ob-
served that boundary layer thickness also decreases considerably with
increase in Prandtl number. Likewise the magnitude of the velocity

Table 1
The skin friction (τ) with σ1 = σ2 = σ3 = 5, λ = 5.

M K R γ Gr Gm δ Sc Kc Pr ω βe βi t τL τU

0.5 0.5 1 0.2 3 1 2 0.22 1 0.71 10 0.2 1 0.5 1.65140 1.89324
1.0 1.60902 1.85622
1.5 1.54114 1.79580

1.0 1.70954 1.94308
1.5 1.72926 1.95973

2 1.76099 2.02584
3 1.87336 2.16580

0.3 1.34251 1.54083
0.4 1.11475 1.27809

5 1.76024 2.17140
7 1.87401 2.47088

3 1.75509 2.17749
5 1.86982 2.49427

4 1.62700 1.86146
6 1.60823 1.83586

0.3 1.65425 1.89589
0.6 1.66127 1.90174

2 1.65108 1.89279
3 1.65077 1.89234

3 1.60039 1.82819
7 1.54272 1.75740

15 1.50500 1.77068
20 1.28971 1.02602

0.4 1.78665 2.88852
0.6 1.92001 3.27885

2 2.85432 2.43728
3 4.28971 3.02602

0.8 1.45578 1.67444
1.0 1.23989 1.00854

Note: Bold face values represent the variation of particular parameter being other parameters fixed.
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retards with increasing time throughout the fluid region (Fig. 5(c)).
The effects of oscillation, thermal radiation parameters and Prandtl

number on the temperature of the fluid within the channel are show in
Fig. 6(a-c). From Fig. 6(a), it was observe that an increase in the fre-
quency of oscillation decreases the temperature of the fluid in the
channel. As shown, Fig. 6(b), the radiation parameter increases and the
temperature of the fluid decreases and it absorbs its own radiation due
to heat transfer from the liquid. i.e., In fact with an increase in radiation
parameter means an absorption coefficient decrease which is re-
sponsible for the enhancement of temperature field. No doubt the
temperature field decays for increasing values of radiation parameter.
Influence of Prandtl number Pr on the temperature profile is presented

in Fig. 6(c). We noticed that, the temperature distribution is lower for
larger values of Prandtl number. Prandtl number is the ratio of mo-
mentum diffusivity to thermal diffusivity. Higher Prandtl number cor-
responds to lower thermal diffusivity. It is also analyzed that tem-
perature distribution is decreasing function of Prandtl parameter.

The concentration profiles with respect to the parameters the fre-
quency of oscillation, chemical reaction parameter and Schmidt
number are shown in Fig. 7(a-c). We observed that the concentration of
liquid diminishes with increasing the frequency of oscillation
throughout the fluid region (Fig. 7(a)). From Fig. 7(b), an increase in
the chemical reaction parameter Kc decreases the concentration profile
rapidly. The central reason is that, the number of solute molecules
undergoing chemical reaction gets increased as chemical reaction
parameter increases, which lead to decrease in concentration field.
Thus, a destructive chemical reaction reduces the solutal boundary
layer thickness significantly. Fig. 7(c) anticipates that an increase in the
Schmidt number corresponds to a weaker solute diffusivity which al-
lows a shallower penetration of solutal effect. As a consequence the
concentration decreases with increase in Sc. Thus, the solute boundary
layer is thicker for smaller values of Sc and vice versa. We have chosen
the Sc values as Sc = 0.22, 0.3, 0.6, 0.78 which correspond to hy-
drogen, helium, water vapor, and ammonia respectively. Further, it is
observed that the concentration of profile becomes steeper in the pre-
sence of chemical reaction.

From Table 1, we noticed that, the coefficient of skin friction on
both plates decreases with increasing the intensity of the magnetic field
and the other parameters being fixed (similar variation of parameters is
considered for all the Tables 2–5). The skin friction coefficient τU and
τLdecreases with increasing parameters chemical reaction parameter
Kc, Prandtl number Pr, elestico-viscous parameterγ, thermal radiation
parameter δ, frequency of excitation ω and time t whereas these in-
crease with increasing permeability parameter K, rotation parameter R,
thermal Grashof number Gr, mass Grashof number Gm and Schmidt
number Sc. Also from Table 2, Nusselt number at lower plate NuL de-
creases and at the upper plate NuU increases with increase in frequency
of oscillationsσ2, thermal radiation parameter δand Prandtl number Pr.

Table 2
Nusselt number (Nu).

σ2 δ Pr NuL NuU

5 2 0.71 3.26096 8.05266
10 1.74534 10.0277
15 0.38003 12.1189

4 2.72778 9.67704
6 2.29689 11.1548

3 2.35709 10.2334
7 1.19502 13.0234

Table 3
Sherwood number (Sh).

σ3 Kc Sc ShL ShU

5 1 0.22 4.84552 10.1386
10 4.51934 8.07898
15 4.02654 7.52741

2 4.80757 10.2252
3 4.77004 10.2982

0.3 4.71811 9.10433
0.6 3.99527 7.83030

Table 4
The volumetric flow(Q) with σ1 = σ2 = σ3 = 5.

M K R γ Gr Gm δ Sc Kc Pr ω βe βi t Q

0.5 0.5 1 0.2 3 1 2 0.22 1 0.71 10 0.2 1 0.5 0.283513
1.0 0.275509
1.5 0.262680

1.0 0.294490
1.5 0.298214

2 0.307512
3 0.332963

0.3 0.232557
0.4 0.194286

5 0.313565
7 0.345417

3 0.313483
5 0.347026

4 0.277975
6 0.273638

0.3 0.284077
0.6 0.285414

2 0.283437
3 0.283363

3 0.272326
7 0.259540

15 0.255368
20 0.187640

0.4 0.305586
0.6 0.321145

2 0.298874
3 0.314588

0.8 0.215907
1.0 0.187640
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It is observed from Table 3, Sherwood number at both plates ShL and
ShU decreases with increase in frequency of oscillations σ3 and Schmidt
number Sc, where as Sherwood number decreases at lower plate and
increases at the upper plate with increase in chemical reaction para-
meter Kc. Finally, from Table 4, the volumetric flow rate increases with
increasing permeability parameter K, rotation parameter R, thermal
Grashof number Gr, mass Grashof number Gm and Schmidt number Sc.
Also it reduces with increasing Hartmann number M, chemical reaction
parameter Kc, Prandtl number Pr, elestico-viscous parameterγ, thermal
radiation parameter δ, frequency of excitation ω and time t. Table 5
embody the comparison of the investigations. It is found that there is an
admirable assessment of the velocity. The outcomes are good agree-
ment with the results of Langlois and Deville [53]. Also the Fig. 8 de-
scribed that the difference between the velocities without and in-
corporating the Hall and ion slip effects. It is observed that a
considerable quantity of increase in velocity when the permeability
parameter increased.

4. Conclusions

We investigated the Hall and ion slip effects on the MHD convective
flow of elastico-viscous fluid through porous medium between two ri-
gidly rotating parallel plates with time fluctuating sinusoidal pressure
gradient. The conclusions are made as the following.

1. Growing the Hartmann number and elastico-viscous parameter re-
duced the speed.

2. Thermal radiation parameter reduced the velocity and the Schmidt
number increases the thickness of the momentum boundary layer.

3. The thickness of momentum boundary layer increases with in-
creasing Hall and ion slip parameters and reversal behaviour is
observed with increasing time parameter.

4. The thickness of the thermal boundary layer decreases with in-
creasing radiation parameter and frequency of oscillation.

5. The concentration reduced with increasing Schmidt number or fre-
quency of oscillations.

6. The coefficient of the skin friction on both plates reduces with in-
creasing elastico-viscous parameter.

7. Nusselt number and Sherwood number remain constant over time.
8. Volumetric flow rate accelerates with increasing Hall and ion slip
parameters.
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