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ABSTRACT

A study is carried out to examine the influence of Hall effects on the peristaltic flow of Newtonian fluid through
porous medium under the assumption of long wave length in a two- dimensional vertical channel. The non-dimensional
flow governing equations with boundary conditions are solved for axil velocity and axial pressure gradient. The influence
of various emerging parameters on the pumping characteristics are studied and explained with the aid of graphs.
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INTRODUCTION

A branch of science which deals with properties
magnetism and electrically conducting fluids such as
electrolytes, plasmas and salt water is called magneto
hydrodynamics (MHD). In magneto hydro dynamics,
magnetic fields can allow currents in a fluid which is
electrically conducted, and it separates the fluid and
changes the magnetic field. MHD is designed with the
amalgam of Maxwell’s equations of electromagnetism and
Navier-Stokes differential equations of fluid dynamics.
Solution of these equationscan be found either
numerically or analytically. The impact of moving
magnetic field on blood stream was concentrated by
Agrawal and Anwaruddin (1984) and examined that an
increase in magnetic field leads to an enrichment in fluid
velocity. Elshahed and Haroun (2005) deliberate the effect
of magnetic field on peristaltic flow of Johnson-Segalman
fluid. Subba Narasimhudu and Subba Reddy (2017) have
done their research to study the effect of Hall on the
peristaltic flow of a Newtonian fluid in a channel.

Moreover, the number of researchers have been
investigated the fluid flow through a porous medium by
using Darcy’s law Scheidegger (1974) and Varshney
(1979) and Raptis and Perdikis (1983) have given some
studies on this point. The first research work was
presented by Elsehawey et al. (1999) on peristaltic flow
through a porous medium and also examined the
peristaltic motion of a generalized Newtonian fluid
through a porous medium (2000).

By taking above works into account, we examine
the effect of Hall on the peristaltic stream of a Newtonian
fluid through a permeable medium in a two-dimensional
vertical channel wunder the presumption of long
wavelength. A closed form solution is acquired for axial
velocity and pressure gradient. The impacts of many
arising parameters on the time- averaged volume flow rate
are examined with the help of graphs.

FORMULATION OF THE PROBLEM

We assumed the peristaltic pumping of a
conducting Newtonian fluid flow through a porous
medium in a vertical channel of half-widtha. A
longitudinal train of progressive sinusoidal waves takes

place on the upper and lower walls of the channel. For
convenience, we confined our discussion to the half-width
of the channel as shown in the Figure-1. The wall
deformation is given by

H(X,f)=a +b sin[%[(X—ct)} @2.1)

Here b represents the amplitude, A the wavelength and c is
the wave speed.

Under the presumptions that the channel length is
an integral multiple of the wavelength Aand the pressure
contrast across the ends of the channel is a consistent, the

flow becomes steady in the wave frame (x, y) moving

with velocity ¢ away from the fixed (laboratory) frame
(X.Y). The change between these two casings is given by

x=X-ct,y=Y, u=U-c, v=V and p(x) = P(X, 1) (2.2)

Where(u, V) and (U, V) are the velocity components,

P and P are pressures in the wave and fixed frames of
reference, respectively.
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Figure-1. Physical pattern.

The flow governing equations in wave frame are
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where Ois density, g is acceleration due to gravity, O is u=—c at y=H (2.6)
electrical conductivity, B0 is the magnetic field strength,

0
m is Hall parameter, k is permeability of the porous 8—” =0 at y=0 2.7
medium. Y
The boundary conditions dimensional form are
Presenting the dimensionaless quantities
. . . . 2 H , 2p? k
LN LN LN L LA B Ve N L
A a c co A Hecl A a a ac 7 a
Into equations (2.3) to (2.5), we get u=-1 at y=h=1+¢sin2zx (2.14)
ou + o =0 (2.8) Ou
ox Oy —=0 at y=0 (2.15)
y
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Here Re is the Reynolds number, M is the
2
Hartmann number, Fr = £ is the Froude number, and
ag
Da is the Darcy number.

—iJr?f[
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Using extended wavelength (i.e., A<<1 )
approx., the equations (2.9) and (2.10) become

62u_N2 _6_p_&+

6y_2 U= N’ (2.11)
%”=0 (2.12)
M? 1
where N = s+—.
1+m”~ Da

From equation (2.12), it is understood that P is
function of X. Then (2.11) can be written as

2
6u_N2 :d_p_&Jr

il N?
oy’ dx Fr

(2.13)

The boundary conditions in non-dimensional
form are given as

a wave frame is given by

q= hudy (2.16)

0

The instantaneous flow Q (X,?) in the laboratory
frame is

0X.0)=['Udy = (u+1)dy=q+h 2.17)
’ 0 0 ’
— . 1
The () over one period T| = — | of the
C
peristaltic wave is given by
o1 dr = 1 2.18
0= [ 0di=q+ (2.18)

SOLUTION
Cracking equation (2.13) together with boundary
conditions (2.14) and (2.15), we get

1 [dp Rej[ }
— |- = 1]-1
N \dx Fr

The volume flow rate ¢ in a wave frame of

|-+

coshNy
cosh Nh

3.

reference is given by

sinh Nh — Nhcosh Nh
cosh Nh

_%(d_p_ﬁj[ (3.2)
N’ \dx Fr

q
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From equation (3.3), we write

+h)N? cosh Nh
dp _ (g+/n)N coshNh_ Re (3.3)
dx sinh Nh— Nhcosh Nh  Fr

The dimensionless pressure rise Ap per one
wavelength is defined as

7
Ap = . d—pdx 3.4
x
As Re—0 andDa—>o, our outcomes

coincides with the consequences of Subbanarasimhudu
and Subba Reddy (2017).

RESULT AND DISCUSSIONS
Figure-2 depicts the difference of pressure rise

Ap with time-averaged flow rate é for various values of
Hartmann number M withDa=0.1,Re=0.5, Fr=2,
$#=05 and m=0.2. It is identified that, the time-
averaged flow rate é increases in the pumping region
with rising values of M , while it decreases in both the
free-pumping and co-pumping regions with increasing M .

The Ap with é for diverse values of Hall
parameter mwith Da=0.1, Re=0.5, Fr=2, ¢=0.5
and M =1 is portrayed in Figure-3. It is noticed that, the
é declines in the pumping region and upsurges in both the
free-pumping and co-pumping regions on cumulative m .

Figure-4 demonstrates the Ap with é for
different values of Da withm=0.2,Re=0.5,Fr=2,
¢=05 and M =1. It is understood that, the é decreases
in the pumping region and increases in both the free-
pumping and co-pumping regions with increasing Da .

The Ap with é for dissimilar values of
Reynolds number Rewithm=0.2,Da=0.1, Fr=2,
$=0.5 and M =1 is Figure-5. It is spotted that, é
increases with increasing Re in all the three regions.

Figure-6 depicts the Ap with é for altered
values of Frwithm=0.2,Re=0.5, Da=0.1, ¢=0.5
and M =1. It is detected that, the é decreases with
increasing F'r in all the three regions.

The Ap with é for distinctive values of ¢with
Da=0.1, Re=05, Fr=2,M=1
exposed in Fig. 7. It is found that that the é increases

and m=02 is

with increasing ¢ in pumping and free pumping regions
and decreases in the co-pumping region.
CONCLUSIONS

In this article, we explored the effect of Hall on
the peristaltic flow of a fluid through a porous medium in

a vertical two-dimensional channel under the assumption
of long wavelength approximation. An analytical method
adopted to find the solution for the velocity field and

pressure gradient. It is perceived that, the éin the
pumping region is increases with increasing values of M ,
Re and ¢, while it experiences declinement with
increasing 71, Da and Fr.
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Figure-2. The Ap with é for various estimations of M with

Da=0.1, Re=0.5, Fr=2, $=0.5 and m=0.2.
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Figure-3. The Ap with 0 for different values of Hall
parameter 7721 with Da=0.1,Re=0.5, Fr=2,¢=0.5
and M =1.
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Figure-3(i). Enlargement of Figure-3.

Da=0.01,0.1,1,10
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Figure-4. The Ap with Q for different values of Darcy

number Da withm=02, Re=0.5, Fr=2, ¢=05
and M =1.
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Figure-5. The Ap with rate Q for altered values Re with

m=02,Da=0.1, Fr=2,4=05 and M =1.
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Figure-6. The Ap with Q for dissimilar values of Fr with
m=02,Re=0.5,Da=0.1,4=0.5 and M =1.
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Figure-7. The Ap with Q for distinctive values of ¢ with
Re=0.5,Fr=2,M=1 and m=02.

REFERENCES

Agrawal H. L and Anwaruddin B. 1984. Peristaltic flow of
blood in a branch, Ranchi University Math. J. 15: 111-121.

Ali N., Hussain Q., Hayat T. and Asghar S. 2008. Slip
effects on the peristaltic transport of MHD fluid with
variable viscosity, Physics Letters A. 372: 1477-14809.

Eldabe N. T. M., Ahmed Y. Ghaly A. Y., Sallam S. N.,
Elagamy K. and Younis Y. M. 2015. Hall Effect on
peristaltic flow of third order fluid in a porous medium
with heat and mass transfer. Journal of Applied
Mathematics and Physics. 3, 1138-1150.

Elshahed M. and Haroun M. H. 2005. Peristaltic transport

of Johnson-Segalman fluid under the effect of a magnetic
field. Mathematical Problems in Engineering. 6: 663-677.

710



VOL. 17, NO. 6, MARCH 2022

ARPN Journal of Engineering and Applied Sciences

©2006-2022 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

El Shehawey E. F., Mekheimer Kh. S., Kaldas S. F. and
Afifi N. 1999. A. S. Peristaltic transport through a porous
medium. J. Biomath. 14.

El Shehawey E. F. and Husseny S. Z. A. 2000. Effects of
porous boundaries on peristaltic transport through a porous
medium. Acta Mechanica. 143: 165-177.

Ferraro V. C. A. 1966. An Introduction to Magneto-Fluid
Mechanics, Clarendon Press, Oxford.

Hayat T., Ali N and Asghar S. 2007. Hall effects on
peristaltic flow of a Maxwell fluid in a porous medium,
Phys. Letters A. 363: 397-403.

Hayat T., Khan M., Siddiqui A. M. and Asghar S. 2007.
Non-linear peristaltic flow of a non-Newtonian fluid under
the effect of a magnetic field in a planar channel.
Communications in Nonlinear Science and Numerical
Simulation. 12: 910-919.

Jyothi S., Subba Reddy M. V., Gangavathi P. 2016.
Hyperbolic tangent fluid flow through a porous medium in
an inclined channel with peristalsis. International Journal
of Advanced Scientific Research and Management. 1(4):
113-121.

Ranjitha B. and Subba Reddy M. V. 2018. Radiation
effects on the peristaltic flow of a Jeffrey fluid through a
porous medium in a channel. Int. J. Mathematical Archive.
9(9): 55-64.

Raptis A. and Peridikis C. 1983. Flow of a viscous fluid
through a porous medium bounded by vertical surface. Int.
J. Engng. Sci. 21: 1327-1330.

Scheidegger A. E. 1963. The physics of through porous
media, McGraw-Hill, New York.

Subba Narasimhudu K. and Subba Reddy M.V. 2017. Hall
effects on peristaltic pumping of a Newtonian fluid in a
channel with long wavelength approximation, JUSPS-B.
29(6): 142-148.

Subba Reddy M. V. and Gangadhar K. 2010. Non-linear
peristaltic motion of a Carreau fluid under the effect of a
magnetic field in an inclined planar channel, International
Journal of Dynamics of Fluids. 6: 63-16.

Varshney C. L. 1979. The fluctuating flow of a viscous
fluid through a porous medium bounded by a porous and
horizontal surface, Indian. J. Pure and Appl. Math. 10:
1558.

Ravindranath Reddy, G. and Anjan Suram. 2021.
Influence of Heat transfer on peristaltic pumping of
Prandtl fluid in a channel under the effect Hall Current.
Global Journal of Pure and Applied Mathematics. 17(5):
89-112.

ISSN 1819-6608

711



