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Hall current on the flow [10]. Hayat et al. [11] studied effects
of Hall current on peristaltic flow of a Maxwell fluid in a
porous medium. The effects of Hall current and heat transfer
on MHD flow of a Burgers’ fluid under the pull of eccentric
rotating disks has been examined by Siddiqui et. al [12]. In
another paper Gad [13], examined the effect of Hall currents
on interaction of pulsatile and peristaltic transport induced
flows for a particle-fluid suspension. Recently, studies [14–
22] of heat and mass transfer in peristalsis have been
considered by some researchers due to its applications in
biomedical sciences. Heat transfer involves many complicated
processes such as evaluating skin burns, destruction of
undesirable cancer tissues, dilution technique in examining
blood flow, paper making, food processing, vasodilation,
metabolic heat generation and radiation between surface and
its environment, metabolic heat generation and radiation
between surface and its environment. It is clear from
reviewing the existing literature, that no much attention has
been given to the peristaltic flows with heat generation and
Hall Currents, especially such attempts being further
narrowed down for the case of non-Newtonian fluids.
Recently, Krishna and M.G.Reddy [24] discussed the MHD
free convective rotating flow of visco-elastic fluid past an
infinite vertical oscillating plate. Krishna and G.S.Reddy [25]
discussed the unsteady MHD convective flow of second grade
fluid through a porous medium in a rotating parallel plate
channel with a temperature-dependent source.Krishna and
Swarnalathamma [26] discussed the peristaltic MHD flow of
an incompressible and electrically conducting Williamson
fluid in a symmetric planar channel with heat and mass
transfer under the effect of an inclined magnetic field.
Swarnalathamma and Krishna [27] discussed the theoretical
and computational study of the peristaltic hemodynamic flow
of couple stress fluids through a porous medium under the
influence of a magnetic field with wall slip condition. Krishna
and M.G. Reddy [28] discussed the unsteady MHD free
convection in a boundary layer flow of an electrically
conducting fluid through porous medium subject to uniform
transverse magnetic field over a moving infinite vertical plate
in the presence of heat source and chemical reaction. Krishna
and G.S. Reddy [29] have investigated the simulation on the
MHD forced convective flow through stumpy permeable
porous medium (oil sands, sand) using Lattice Boltzmann
method. Krishna and K.Jyothi [30] discussed the Hall effects
on MHD Rotating flow of a visco-elastic fluid through a
porous medium over an infinite oscillating porous plate with
heat source and chemical reaction. B.S.K. Reddy et al.[31]
investigated MHD flow of viscous incompressible nano-fluid
through a saturating porous medium.

Abstract
In this paper, we discuss the hall current effect on the pulsatile
flow of a viscous incompressible fluid through a porous
medium in a flexible channel under the influence of transverse
magnetic field using Brinkman’s model. The non-linear
equations governing the flow are solved using perturbation
technique. Assuming long wavelength approximation, the
velocity components and stresses on the wall are calculated up
to order in  and the behavior of the axial and transverse
velocities as well as the stresses is discussed for different
variation in the governing parameters. The shear stresses on
the wall are calculated throughout the cycle of oscillation at
different points within a wavelength and the flow separation is
analyzed.
Keywords: unsteady flows, hall current effects, pulsatile
flows, porous medium

INTRODUCTION
The flow caused by a pulsatile pressure gradient through a
porous channel or a porous pipe has been investigated in view
of its applications in technological and physiological and
physiological problems. In physiological fluid dynamics this
model plays a significant role in explaining the dialysis of
blood in artificial kidneys, vasomotor of small blood vessel
such as arterioles, venues and capillaries. In most of the above
investigations the boundary surface of the channel or pipe is
assumed to have uniform cross section and an axial pressure
gradient is maintained along the channel, which induces an
unidirectional flow. In many biomedical problems one
encounters the flow bounded by flexible boundaries and flow
through uniform gap is only an approximation. Notable
among them is the blood flow through veins.
A part from this, the non-Newtonian fluids are frequently
encountered in food mixing, chyme movement in the
intestine, blood flow at low shear rate, the flow of nuclear
slurries, liquid metals and alloys. There are also situations
where magnetic field characteristics in nonNewtonian fluids
are significant. For instance, flow of mercury amalgams and
lubrication with heavy oil and grease [3–9]. Current advances
in the subject of Hall current involve Hall accelerators,
nuclear power reactors, flight MHD and MHD generators.
The Hall current IC switch or sensors are extremely useful to
detects the presence or absence of a magnetic field and gives a
digital signal for on and off. Large values of Hall current
parameter in the presence of heavy-duty magnetic fields
corresponds to Hall current, which is how, it shakes the
current density and allows one to understand the impact of
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In this chapter we discuss the hall current effect on the
pulsatile flow of a viscous incompressible fluid through a
porous medium in a flexible channel under the influence of
transverse magnetic field using Brinkman’s model.

the respective equations of continuity are trivially satisfied.
When the strength of the magnetic field is very large, the
generalized Ohm’s law is modified to include the Hall
current, so that

FORMULATION AND SOLUTION OF THE PROBLEM

J

Consider the unsteady fully developed pulsatile flow of
viscous incompressible fluid through a porous medium in a
flexible channel under the influence of transverse magnetic
pressure gradient parallel to the channel walls. Choosing the
Cartesian coordinate system
O(x, y) the upper and lower

collision time,

is the wavelength and s is an arbitrary

function of the normalized axial co-ordinate x * 

x



. The

entire flow is subjected to strong uniform transverse magnetic
field normal to the plate in its own plane. Equation of motion
along x-direction the x-component current density
μe J y H o and the y-component current density  μ e J x H o .

μe is the

(2.5)

J y  m J x   σμe H 0 u

(2.6)

m  ωe τ e is the hall parameter.

where

On solving equations (2.5) and (2.6) we obtain
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Using the equations (2.7) and (2.8) the equations of the
motion with reference to frame are given by
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Eliminating p from equations (2.9) and (2.10), the governing
the flow in terms of appropriate stream function  reduces to

Where (u, v) are the velocity components along O(x, y)
directions respectively.  is the density of the fluid, p is the
fluid pressure, k is the permeability of the porous medium, µe
the magnetic permeability,  the coefficient of kinematic
viscosity and

is the fluid conductivity and

J x  m J y  σμe H 0 v

The equations governing the two dimensional flow of viscous
incompressible fluid through a porous medium under the
influence of transverse magnetic field, using Brinkman’s
model are

u v

0
x y



magnetic permeability. In equation (2.4), the electron pressure
gradient, the ion-slip and thermo-electric effects are neglected.
We also assume that the electric field
E=0 under
assumptions reduces to

x
walls of the channel are given by y   as  Where, a is




(2.4)

Where, q is the velocity vector, H is the magnetic field
intensity vector, E is the electric field, J is the current density
vector,  e is the cyclotron frequency,  e is the electron

field of strength H O . At t >0 the fluid is driven by a constant

the amplitude,

ωe τ e
J  H  σ (E  μe q  H)
H0

( 2 )t   y  2 x   x 2 y
  e2 H 02   2
 
      4
 (1  m2 ) k 

H o is the applied magnetic field. Since the

plates extends to infinity along x and y directions, all the
physical quantities except the pressure depend on z and t
alone. Hence u and v are function of z and t alone and hence

Where
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is the laplacian operator

(2.11)
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The relevant conditions on  are

u

And the boundary conditions at y = s(x), Now to be satisfied
at  1 .



,v 
y
x

(2.12)

Substituting equation (2.16) in the non-dimensional equation
(2.15) and equating like powers of  , the equations
corresponding to the zeroth and first order steady and
unsteady components are,

The relevant boundary conditions are

  0,  yy  0

on y  0

 y  0,   1  k1e it

on

(2.13)

y s
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An oscillatory time dependent flux is imposed on the flow
resulting in a pulsatile flow we assume that oscillatory flux
across the channel is  f 1 k1e it . Where  f is the
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characteristic flux, k1 is its amplitude and  the frequency
of oscillation. We define a characteristic velocity q
corresponding to the characteristic flux , so that  is q a .

2
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Substituting the above non-dimensional variables
into the equation (2.11), the governing equation in terms of
non-dimensional parameter  (on dropping the asterisks)
reduces to







 M2



  M2









 









 0  3  0  0  3  0  0  3  0  0  3  0  (2.21)
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Substituting (2.2.17) in equations (2.2.18) and (2.2.20) we
obtain

(2.15)
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M2 
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k

Equation (2.15) is highly non-linear and is not amenable for
exact solution. However assuming the slope of the flexible
channel  small (<<1). We take  may be given asymptotic
expansion in the form

The corresponding boundary conditions to be satisfied are

 2 0
 2 1
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, 1  0 
 2
 2
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We are making use of transformation
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First Order,

We introduce the following non-dimensional variables.

x* 

(2.18)

(2.17)
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Again substituting (2.17) in the equations (2.19) and (2.21) we
obtain,




2
4 0  M 2
1  2   0




D
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Solving the equations (2.22) and (2.23) subjects to the
boundary conditions (2.24) and (2.25) we obtain.

 0  C1 sinh( 1 )  C2



 0  C8 sinh( 1 )  C9

The corresponding boundary conditions to be satisfied.

(2.32)
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0

on
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Substituting equations (2.30), (2.31), (2.32) and (2.33) in the equation (2.16), we obtain

  C1 sinh( 1 )  C2   k1eit C8 sinh( 1 )  C9     C3 sinh( 1 )  c4 
C5 2 sinh( 1 )  C6 cosh( 1 )  C7 sinh(2 1 )  k1eit  C10 sinh( 1 ) 
 C11  C12 2 sinh( 1 )  C13 cosh( 1 )  C14 sinh(2 1 )



(2.34)

Using the equation (2.12), the axial velocity and the transverse velocity are given by
The axial velocity,

u
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and the transverse velocity,

v  (C1 sinh( 1 )  C2 ) x  k1e it (C8 sinh( 1 )  C9 ) x 
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Shear stress at the wall y=s(x) is given by
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Similarly solving equations (2.26) and (2.27) subjected to the
corresponding boundary conditions (2.28) and (2.29).
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There are substituting for

 

 yy

etc., we obtained the non-dimensional shear stress.

1
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velocity v decreases with increasing in the amplitude of the
boundary wave  . The resultant velocity also reduces with

RESULTS AND DISCUSSION:
The flow governed by the non-dimensional parameters R the
Reynolds number, D-1 inverse Darcy parameter,  the
amplitude of the boundary wave, k1 the amplitude of
oscillatory flux, M the magnetic parameter (Hartman number),
S the oscillatory parameter and m hall parameter. The axial,
transverse velocities and the stresses are evaluated
computationally for different variations in the governing
parameters R,
D-1,  , k1, M, S and m. For computational

increasing the parameter  (Fig 7 and 8). We notice that the
magnitude of the velocity components u and v reduces with
increasing the intensity of the magnetic field M. The resultant
velocity also decreases with increasing the Hartmann number
M (Fig 11 and 12). The magnitude of the axial velocity u
enhances and the transverse velocity v reduces with increasing
the oscillatory parameter S. The behavior of transverse
velocity v is oscillatory with its magnitude decreasing on S
increases through small values less than 3 and later reduces
for further increase in S. The resultant velocity also enhances
with increasing the oscillatory parameter S (Fig 15 and 16).

purpose we chose the boundary wave s(x) = 1+  sinx in the
non-dimensional form. The figures (1-16) represent the
velocity components u and v for different variations of the
governing parameters being the other parameters fixed. We
observe that for all variations in the governing parameters, the
axial velocity u attains its maximum on the mid plane of the
channel. We notice that the magnitude of the axial velocity u
enhances and the transverse velocity v reduces with increasing
the Reynolds parameter R. The behavior of transverse velocity
v is oscillatory with its magnitude decreasing on R increases
through small values less than 30 and later reduces for further
increase in R. The resultant velocity also enhances with
increasing the Reynolds parameter R (Fig 1 and 2). From
figures (3 and 4) we concluded that both the velocity
components u and v reduces with increase in the inverse
Darcy parameter D-1. Here we observe that higher the
permeability of the porous medium larger the axial velocity
along the channel and rate of increase is sufficiently high.
Similarly, the resultant velocity reduces with increasing in the
inverse Darcy parameter D-1. It is evident that the magnitude
of u, v and the resultant velocity increase with increasing the
parameters k1, x and m (5, 6, 9, 10, 13 and 14). The
magnitude of the axial velocity u enhances and the transverse

The shear stress on the upper wall with S=1 is evaluated
through the entire cycle of oscillation at different points
within a wave length for different sets of parameter  . we

choose the boundary wave as s(x) = 1 +  sinx in nondimensional form. As already stated the criterion for the
recognition of separation is the existence of a point at which
the shear stresses at the wall less than or equal to zero
throughout the entire cycle of oscillation. The influence of
porosity in checking separation may be observed from table
(1) for arbitrary values of R, D , k1,  , M and m. This is
evident that the shear stress on the upper wall does not vanish
or become negative at any point in a wave length range
throughout the entire cycle of oscillation. The magnitudes of
1

the stresses enhance with increasing R,
reduces with increasing
fixed S.
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Figure 1: The velocity profile for u against R
k1=1, S=1, D-1 =1000, M=2, m=1, x  t 


4

,

  0.01

Figure 2: The velocity profile for v against R
k1=1, S=1, D-1 =1000, M=2, m=1, x  t 
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Figure 3: The velocity profile for u against D-1
R=10, S=1, k1=1, M=2, m=1 x  t 
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Figure 4: The velocity profile for v against D-1
R=10, S=1, k1=1, M=2, m=1 x  t 
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Figure 5: The velocity profile for u against k1
m=1, S=1, D-1 =1000, M=2, x  t 
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Figure 6: The velocity profile for v against k1
m=1, S=1, D-1 =1000, M=2, x  t 
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Figure 7: The velocity profile for u against
k1=1, S=1, D-1 =1000, R=10, M=2, x  t 


4

Figure 8: The velocity profile for v against
k1=1, S=1, D-1 =1000, R=10, M=2, x  t 
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Figure 9: The velocity profile for u against x
R=10, S=1, D-1 =1000, k1=1, M=2, m=1, t 
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Figure 10: The velocity profile for v against x
R=10, S=1, D-1 =1000, k1=1, M=2, m=1, t 

4646


4

,

  0.01

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 7 (2018) pp. 4637-4651
© Research India Publications. http://www.ripublication.com

Figure 11: The velocity profile for u against M
k1=1, S=1, D-1 =1000, m=1, x  t 
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Figure 12: The velocity profile for v against M
k1=1, S=1, D-1 =1000, m=1, x  t 
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Figure 13: The velocity profile for u against m
k1=1, S=1, D-1 =1000, M=2, x  t 
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Figure 14: The velocity profile for v against m
k1=1, S=1, D-1 =1000, M=2, x  t 
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Figure 15: The velocity profile for u against S
k1=1, D-1 =1000, M=2, m=1 x  t 
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Figure 16: The velocity profile for v against S
k1=1, D-1 =1000, M=2, m=1, x  t 
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Table 1: The shear stress at the upper wall with S=1

pumping with long wavelengths at low Reynolds
number. J. Fluid Mech. 1969; 37: 799–825.

CONCLUSIONS
1.

The resultant velocity also enhances with increasing the
Reynolds parameter R.

2.

Higher the permeability of the porous medium larger
the axial velocity along the channel and rate of increase
is sufficiently high. The resultant velocity reduces with
increasing in the inverse Darcy parameter D-1.

3.

The resultant velocity increase with increasing the
parameters k1, x and m.

4.

The resultant velocity also reduces with increasing the
parameter  .

5.

The resultant velocity also decreases with increasing
the Hartmann number M.

6.

The magnitude of the axial velocity u enhances and the
transverse velocity v reduces with increasing the
oscillatory parameter S. The resultant velocity also
enhances with increasing the oscillatory parameter S.

7.

The shear stresses at the wall less than or equal to zero
throughout the entire cycle of oscillation.

8.

The influence of porosity in checking separation may
be observed.

9.

The shear stress on the upper wall does not vanish or
become negative at any point in a wave length range
throughout the entire cycle of oscillation.
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