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The Influences of Slippage and Hall Currents on
Peristaltic Transport of a Maxwell Fluid with Heat
and Mass Transfer Through a Porous Medium

Nabil T. M. Eldabe, Amira S. A. Asar, Shaimaa F. Ramadan

Abstract: In this paper, the effects of dip velocity and Hall
currents on peristaltic motion of a non-Newtonian fluid with heat
and mass transfer through a porous medium inside a symmetric
horizontal channel with flexible walls are studied. The fluid obeys
Maxwell model, the ohmic and viscous dissipations are taken into
account. Some of partial differential equations describe the fluid
motion with the appropriate boundary conditions are written in
dimensionless form and simplified by using the approximations of
long wavelength and low Reynolds number. These equations are
solved analytically, and the stream function, pressure rise,
temperature, and concentration distributions are obtained as
functions of physical parameters of the problem. The effects of the
parameters of the problem on these solutions are discussed
numerically and illustrated graphically through a set of figures. It
is found that the physical parameters played important roles in
controling the obtained solutions.

Keywords: Slip boundary condition; Hall currents; Peristaltic
transport; a Maxwell fluid; Viscous dissipation; Joule Heating;
Heat and masstransfer.

I. INTRODUCTION

The process of transportation of fluid in a channel or tube

due to successive contractions of wallsis called a peristalsis.
This process has a host of well-established applicationsin the
applied sciences, in biological systems like the urine
transport from the kidney to the bladder, the movement of
chyme in the gastrointestinal tract, transport of spermatozoa
in the mae reproductive tract, movement of ovum in
fallopian tube of the female, swallowing of food through the
esophagus, transport of lymph in the lymphatic vessels and
the vasomotion of small blood vessels such as arterioles, and
venules. Also, from an industrial point of view peristaltic
flows play an important role in sanitary fluid transport, toxic
liquid transport in the nuclear industry, transport of corrosive
fluid, etc. Blood pumps in heart-lung machine and finger
pumps also operate according to the mechanism of
peristalsis. The study of peristaltic flow has been generated
alot of interest and hence the huge amount of literature on the
topic is available for the non-Newtonian fluids.
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The non-Newtonian fluids motion has been an important
subject in the field of biomedical, chemica and
environmental engineering and science. Undoubtedly the
mechanics of non-Newtonian fluids presents specia
challenges to engineers, physicists and mathematicians. This
is because nonlinearity manifestsitself in a variety of ways.
The flows of non-Newtonian fluids are not only important in
the interesting mathematical features presented by the
equations governing the flow but also due to their
technological significance. Moreover, the elastic properties
of real fluids can be determined and measured. The
viscoelastic fluid is a non- Newtonian fluid, which contains
both viscous and elastic properties, most of the biological
fluids such as chyme, blood, and food bolus are found to be
viscoelastic in nature.

In addition, there are series of investigations have been
carried out about the understanding of the dynamics of
viscoelastic material since the contribution of James Clerk
Maxwell. The dynamics of material which having the
properties of viscosity and elasticity when undergoing
deformation is a fundamental topic in fluid dynamics. This
kind of materialreferred to as Maxwell fluid, it has attracted
the attention of many researchers because of its wide
technical and industrial applications. In 1867, James Clerk
Maxwell proposed (Maxwell fluid) and the knowledge was
popularized by James G. Oldroyd a few years after. Also,
Mass transfer can be described as the movement of mass
(material) through a fluid-solid interface or a fluid-fluid
interface. The term "mass transfer" is commonly used in
industry and in engineering for physical processes that
involve convective and diffusive transport of chemical
species within physical systems. Convective heat transfer
plays a vital role in processes involving high temperatures
such as nuclear plants, therma energy storage, gas turbines,
etc.. The ratio between the electron-cyclotron frequency and
the electron-atom-collision frequency referred to as the Hall
parameter; its effect is important when it is high. This
happens, when the collision frequency is low or when the
magnetic field is high its effect isimportant when it is high.

Most of recent research related to the peristaltic transport
with heat and mass transfer for Newtonian and
non-Newtonian fluid under the effect of different parameters.
Eldabe, El-Sayed, Ghaly and Sayed [4] investigated the
unsteady mixed convection peristaltic mechanism problem,
the flow includes a temperature-dependent viscosity with
effects of diffusion-thermo and thermal diffusion. Also, the
effect of chemical reaction, heat and mass transfer on
non-Newtonian fluid flow in a vertical peristatic tube
through porous medium is studied by El-Sayed, Eldabe and
Ghaly [6].
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The effect of elagticity of flexible walls on peristaltic motion
of a dusty fluid in a horizontal channel in the presence of
chemical reaction with heat and mass transfer has been
investigated under long wavelength approximation by
Muthuraj, Nirmala and Srinivas [16].

A theoretical study for peristaltic flow of a MHD fluid in
an asymmetric channel is presented by Sinha, Shit and
Ranjit [22], effects of velocity-dip aswell asthermal-slip and
viscosity variation have been duly taken care of in this study,
they include a heat source term which simulates either
absorption or generation in the equation of energy . The
problem of peristaltic transport of Maxwell fluid in an
asymmetric channel with heat and mass transfer, taking into
account the effect of thermal diffusion (Soret), with creeping
flow developed by Musharafa Saleem and Aun Haider [15].

Mention may be made to some recent interesting studies
available about peristaltic flow of non-Newtonian fluids.
Eldabe, Elogail, Elshaboury and Hasan [5] introduced the
peristaltic flow in a symmetric planner channel through a
porous medium of an incompressible, electrically conducting
Williamson fluid with mass and heat transfer. Viscous
dissipation, Hall effects and Joule heating are taken into
consideration. Bhattia, Ali and Rashidi [3] studied the
combine effects of partial dip and Magnetohydrodynamics
(MHD) on peristaltic flow of Blood Ree-Eyring fluid with
wall properties. Heat and mass transfer with Joule heating on
(MHD) peristaltic blood flow under the influence of Hall
effect is examined by Bhattia and Rashidi [2]. Hayat, Aslam,
Rafiq and Alsaadi [11] investigated the peristaltic transport
of conducting Eyring Powell fluid in an inclined symmetric
channel with Hall current effect. They have modeled the
energy equation by taking Joule heating effect into
consideration, they take into account the vel ocity and thermal
dip conditions. Hayat, Zahir, Tanveer and Alsaedi [13]
studied the peristaltic flow of mixed convective Prandtl fluid
in a planar channel with compliant walls, effects of Hall
current and applied magnetic field are retained, they
characterize the heat transfer in fluid flow through convective
boundary conditions.

Ramesha and Devakar [21] investigated the influence of heat
transfer on the peristaltic transport of an incompressible
magnetohydrodynamic second-grade fluid through a porous
medium in an inclined asymmetric channel.  Some other
workers have investigated peristaltic transport of viscoelastic
fluid with Maxwell model and they have discussed the effect
of different parameters on the peristaltic transport. Hayat
Alvi and Ali [10] studied the peristaltic flow of a Maxwell
fluid in an asymmetric channel, also Hayat, Qureshi and Ali
studied the problem of the peristaltic motion of athird order
fluid under the effect of dlip in an asymmetric channel [14].
Ali, Hayat and Asghar [1] introduced the peristaltic motion of
anon-Newtonian fluid in a channel of compliant boundaries,
congtitutive equations for a Maxwell fluid have been used.
Tripathi [23] studied the peristaltic transport of viscoelastic
non-Newtonian fluids with fractional Maxwell model in a
channel, the effects of friction force along one wavelength
and relaxation time, fractional parameters and amplitude on
the pressure difference are received and analyzed.
El-Shehawy. Eldabe and El-Desoky [7] analyzed the effect of
dlip boundary conditions on the dynamics of the flow of a
Newtonian and non-Newtonian Maxwellian fluid in an
axisymmetric cylindrical tub, the flow isinduced by traveling
transversal waves on the tube wall through porous media.
Gad [8] described the peristaltic transport under the effect of

Hall currentsin a channel having compliant boundaries, The
effect of wall damping, wall tension, Hall parameter and
Hartmann number on the mean axial velocity and reversal
flow is investigated. Hayat and Hina [12] described the
effects of heat and mass transfer on the
magnetohydrodynamic (MHD) peristaltic flow of an
incompressible Maxwell fluid in a planar channel having
compliant walls.

Nadeem and Akram investigated the peristaltic flow of a
linear Maxwell model through porous boundariesin a porous
medium [17]. Hayat, Ali and Asghar [9] introduced the
problem of peristaltic transport of an incompressible,
electrically conducting Maxwell fluid through porous space
in a planar channel. The effect of Hall is taken into account
and permeability of porous medium is considered uniform,
see also [18]-[20]. In this article we introduced a theoretical
study of the dip boundary condition as well as the Hall
currents effects on the peristaltic transport of aMaxwell fluid
through a porous medium in a symmetric channel with heat
and mass transfer taking into account viscous and ohmic
dissipations.

[I. THE GOVERNING EQUATION

The vector form of the equations which describe the
motion of non-Newtonian fluid with heat and mass transfer
under the effect of Hall current can be written as

Continuity equation

V-V =0, )
Momentum equation

po=—VP+V-5+(AB)+R, )
Energy equation

pep o =kVET +S -V +2] -], ©)
Concentration equation

=% = D V2C + Dk V2T, @)

where V' is fluid velocity vector, p is the density of
thefluid, P isthe pressure, R is the Darcy’s resistance for a
fluidin aporous medium, S = (S;;) isthe extrastresstensor
of Maxwell fluid, T is temperature, k is the therma
conductivity, C is the concentration, D,, is the coefficient

of mass diffusivity, k is the thermal diffusion ratio, (%)
denotes the material time derivative and V? isthe Laplacian
operator in second order. The current density including

the Hall effect is given by
jza[VAB—i UAB); (5)

where ] isthe current density including the Hall effect, o
isthe electric conductivity, e isthe electric charge, n, isthe
number density of electrons and B = (0,0,B,) is the
uniform magnetic field. Also, in Maxwell fluid the Darcy’s
resistance R satisfies the following expression

d 2
(1+2g)R=—%7

where A; is the relaxation time, K is the permeability
parameter and u isthe dynamic viscosity.
The constitutive equation for Maxwell fluid is given by
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S+ A (2L — LS — Sl ) = 2ue;; 6)
where
CU =204 v )sy,
o e > @
e = (Li + L))

(1. MATHEMATICLAL FORMULATION

Choose a cartesian coordinates (X,Y) where X-axis is
taken in motion direction while Y-axisis perpendicular on it
asshownin Fig. (1).

[ SN T

H_d +bsm[2T’T (X - C'EJJ

X

SN TN
A

Fig.(1) The geometry of the problem.

The velocity componentsin X and Y directionsareU and V
respectively, taking m = % is the Hall parameter. then
equations (1-6 ) can be written -after using equations (5, 7)-
as

au  ov

Ty =0 (8)
ou a_U U\ _ _ 9P, 0Sxx , OSxy

p( + U +V ) - X X + ay +

"B" _(mV —U) + Ry, )
v v v\ _ 9P  3Syx , dSyy _ OB§

p (6t +U ax + Vav) - ay  ax Y  1+m2 (mU +

V) + Ry,
oT oT oT
pcp<—+ U—+V—>

(10)

0X2 ov2
av av
+ SYX ﬁ + Syy W
oB?
°2 (U2 +V? ) (11)
ac ac ac a%c | d%c
(f_t+Ua_x+Va_Y) = D (555 + 575) + Dk (55 +
2T
as
Sxx 4 [ dXX -2 (SXX ax — Sxy ay)] 2p E (13)
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SyyorSyx + A4 [dSXY

SXX ax Syy ay] “( Z_Z)’ (14)

dSyy

Syy + 4 -2 (SXY ax = Syy ay)] 2#_

(15)
The equations of the walls of a symmetric channel can be

written as

Y=+H=td*asinZ (X —c 1) (16)

where d is the mean half width of the channel, a is the

amplitudes of the waves, 1 is the wave length, ¢ is the

velocity of propagation and t isthetime.

Introducing awave frame (x, y) moving with the velocity ¢

away from the Ilaboratory frame (X,Y) , by the
transformations
x=X-—ct, y=Y, u=U-—-c, v =
v, p (x) =P(X,¢), a7
Also, the non-dimensional variables are considered
X _ Y _ d o ct B
X _-A, y - dl _-A’ - A' u
=Y V= M = GB d
_'C; v _'5 ] - ” o“
a _ H _ T—T,
a= Y h = =, G) = ) q)
“=4 ¢ VY= T, — T,
_ C _'Cb
T C,—Cy
= _d*p T _ 4 C v _ kK pc d =
D= L A==, K—dz, R, = T S
L, (18)

uc
where u and v are the fluid velocity components, p is
pressure in the wave frame of references, 6 is the wave
number, Y is the stream function, M  and R, are the
Hartmann and Reynolds numbers respectively. Apply the
above transformations equation (17) with the dimensionless
equation (18) then the governing equations (9 -16) can be
written as

- d ou ou
6Re (1 + 611 d_f) (ua— + U—)

dy ) ~
- (1 + S/Tldif) [— %+ 6665;"
+ %] +
(1+061,5) [(1+mz) (M8 — 1 — 1)] (19)

63R<1+6/Td>( o aﬁ)
e v e/ Mozt Yoy

. d 0p 08,
—<1+“1d—f)[‘ a3t ox
+665

oy
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y d After eliminating the pressure between equations (27, 28)
S|1+64— +1)+6 6—, 20 :
( La t) [(1+m2) (m(@ +1) v)] (20) and then using (34) we have
34_‘!’ — N2 az_w =0 (36)
PR6< 6®+ 6@) dy* ay2
rtte a = 17 ay , , .
2 2 0°0 d
_ (52070 0% W+Br[(%) roz (2 +1)] 0, @37)
dx? ay
v 2
1 6 [} 940
(asxxa—+5xya—+62 yxa— S By Sra—yzzo (38)
+65,, 20 where N = |#2 + 1 and 302 = 22
vy 6y ere V= x T 1+m?
The appropriate dimensionless boundary conditions due to
+B, ( ) (6292 + (@ + 1), 1) the symmetry of thewallsm terms of the stream function are
Lm? =1 Wipg2l=o—q 0=0 &=
2 2 2 - 2, ay ayz - , o -
722 4 0P _ 1 (5207, 07 2070 0 at y=h, (39)
Red (u tv ay) T s (6 ax? ayz) +5Sr (6 ozt q P 82y
02(:)) ¢=—;, Iy 3_2:_1' =1 &=
=2 ) (22 y y
352 1 at y=-—h, (40)
o oas ou ou where g isthe non-dimensiona dip parameter and q isthe
Sex + A [6% -2 (6§xx a—; + S,y 5 )] = 25— (23)  flux between the two wallsin the wave frame. ¢ isrelated to
the dimensionless average volume flow rate over one period
T =% of the peristaltic wave in the laboratory frame Q
Sy 0TSy + 4y [§ 22 Bry _ 525 2 -5 2 = (622 + %), through therelation Q = q + 1.
Y (22) The equations (36-38 ) are solved subjected to the
boundary conditions (39 and 40) and the stream function 1,
- _ I . _
5, +1, [ddsﬂ (62 av i 5§yyg )] _ 28 (25) the longitudina velocity u = 3y the temperature
distribution ® and the concentration distribution ¢ are
T . _ obtained as functions of the physical parameters of the
¥y =+h =41+ ¢sin2nx, ) 62(26) problem where
where p. = £ £2 isthe Prandtle number, E = l’:A—T =—"—is
4 __ y((BgN?+2)sinh(hN)+Nqcosh(hN))—(2h+q)sinh(Ny)
the E?/kert number B, = P.E, is the Bl»)rlr’lk?;anT ;1umber Y= 2(BhN?—D)sinh (AN )+ 2hN cosh(aN) )
S, = — is the Schmidt number, S, = % is the
m 1= Co 2 . _
Soret number and ¢ = Z is the amplitude ratio. u= (BqN?+2)sinh(hN)+Ngcosh(hN) N(2h+q)cosh(Ny)’

Under the assumptions of long wave length (6§ « 1) and

2(BhN2-1)sinh(hN)+2hNcosh(hN)

0=1lh=y)+ L +F(hy)

low Reynolds number and after dropping bars marks the  and
equations (19 -25) in terms of ¥ where (u = a—f v= Z—f) © =mo(my(h —y) —my(l; + G(h,y)))
will take the form . ) ) . dp
w _ 05y _ ( M2 ) w 1] 109 @7 Also, by integrating the axial pressure gradient -, over
ox 9y 1+m?/ Loy K 0y’ one wavelength A, the pressure riseis given by the relation
op _ 1 dp
2y, (28) Ap =) 2dx (41)
820 8%y M? where
BB Sy SEe B ()R] = @ 1
2 2 ’ Zh, ' 2
L @ - B+ ) .
- 32((BhN? — 1)sinh(hN) + hNcosh(hN))
Syx — lesxy ay? (31) =A,—4,— 87{2,
1
2 2 = ) 27
Sey — A1 Syy g_f = ";_1/2’ (32) 32h((Bhn? — 1)sinh(hn) + hncosh(hn))
v = 16((Bhn* — 1)sinh(hn)
Sy, =0 (33) + hncosh(hn))’,
= hS.S,B,.(2h + q)?,
Using (33) we get that
_ %y
x = 52 (34)
Also, equation (26) can be written as
y=+h =41+ ¢sin2nx, (35)
Published By:
Retrieval Number: 100.1/ijitee.C98080311422 Blue Eyes Intelligence Engineering
DOI: 10.35940/ijitee.C9808.0511622 and Sciences Publication (BEIESP)
Journal Website: www.ijitee.org 10 © Copyright: All rights reserved. Exploring Innovation!



http://www.ijitee.org/

OPEN aACCESS

A; = (N? — 7H*)cosh(2hN), A,
= 8BNH2sinh(2hN), As
= 2N2H2(B?N? + 1)cosh(2hN),
A, = 2N2(B2N?H? + N2 — 2H?), As
= 4BH2N3sinh(2hN), Az = H? + N2,
A, = 1632 (Bnsinh(hn) + cosh(hN)), Ag
= 16BN 2sinh(hN), A, = 8H?2,
F(h,y) = (A3 — Ay + A5)(h* — y?) — Agcosh(2Ny)
+ A,cosh(Ny),
G(h,y) = F(h,y) + (Ag — A;)cosh(Ny) + Ag(cosh(N(h
—¥)) + cosh(N(h +))).

V. RESULTSAND DISCUSSION

During this work we study the effects of dip velocity with
Hall Currents on peristaltic motion of Maxwell fluid through
a porous medium in a symmetric channel with heat and mass
Transfer. The ohmic and viscous dissipations are taken into
consideration. The system of nonlinear partial differential
equations which describe the velocity, temperature and
concentration of the fluid are simplified under the
approximations of long wavelength and low Reynolds
number, then solved analytically subjected to suitable
boundary conditions. The distributions of stream function,
velocity, pressure rise, temperature and concentration are
obtained as functions of physical parameters of the problem,
then the effects of these parameters on those solutions are
discussed numerically and illustrated graphically through
somefigures.  Figs. (2-5) illustrate the relation between
the pressure rise AP and the mean volume flow rate Q for
different values of the physical parameters of the problem. It
is observed in these figures that the pressure rise AP
decreases when the mean volume flow rate Q increases.
Also, itisclear that AP increases with the dlip parameter f3,
as shown in Fig. (2). It is clear from Fig. (3) that AP
decreases with the increasing of the Hartmann number M. In
Fig. (4) we see that AP increases with the increasing of the
Hall parameter m. Itisclear from Fig. (5) that AP decreases
with the increasing of permeability parameter K.

The relation between the velocity component u and the
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distance y iscleared in Figs. (6-9) for different values of the
parameters. It isclear from Fig. (6) that the velocity decreases
with the increasing of B, in the region —1 <y < 0 the
velocity icreases with y and then in the region 0 <y <1
the contrary effect occur. The same behavior occurs with M
asshown in Fig.(7). Figs.(8) and (9) showed that u increases
with the increasing of both m and K. In the region —1 <
y < 0 weobserve u increaseswith y andthenintheregion
0 <y <1 the contrary effect occur. Figs.(10 -14)
illustrate the effects of Brinkman number B, and 8, m, K
and M on the temperature field ©, it is found that @
increases with B, K and M, while it decreases with the
increasing of the parameters f and m. Figs. (15-21) study
the effects of B,., Soret number S,., Schmidt number S, 3,
M, mand K, on the concentration field @ Itisfound that &
increases with both of § and m, while it decreases with the
increasing of B,, S,, S;, M and K.

V. CONCLUSION

In this study, the problem of two dimensional peristaltic
flow with heat and mass transfer of a non-Newtonian
Maxwell fluid through a porous medium in a symmetric
channel has been investigated. The equations governing the
fluid flow in the presence of ohmic and viscous dissipations
with the effect of hal currents, subjected to a set of
appropriate boundary conditions, have been solved
anayticaly under low Reynolds number and long
wavel ength approximations. The solutions of these equations
are obtained as functions of the physical parameters of the
problem. The effects of these parameters on these solutions
are discussed numerically and cleared graphicaly. It isfound
that, the main results are
* The pressure rise AP has the maximum value at the
minimum value of the mean volume flow rate Q and vise
versa
* The temperature distribution ® decreases with increasing
both of g and m.

* The concentration distribution & increaseswith g and
m.

FIGURES
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Fig.(2) For different values of dip parameter S, the pressure

rise AP is plotted against the mean volume flow rate Q
when ¢ =01, K=4, m=05 M = 2.

Fig.(3) For different values of Hartman number M,
the pressure rise AP is plotted against the mean
volumeflow rate Q when ¢ = 0.1, 8 = 0.2, K = 4,
m = 0.5.
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Fig.(4) For different values of Hall parameter m, the Fig.(5) For different values of permeability parameter

pressure rise AP is plotted against the mean volume flow K, the pressure rise AP is plotted against the mean

rate Q when ¢ = 0.1, 8 =0.2, K =4, M = 2. volume flow rate Q when ¢ = 0.2, § =0.5, m =
0.1, M = 2.
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Fig.(6) For different values of dip parameter g, the
longitudinal velocity profile u is plotted against y when
$=052x=1,¢g=05 K=02 M=0.5 m=0.2.

Fig.(7) For different values of Hartmann number
M, the longitudinal velocity profile u is plotted
against y when ¢ =05, x =1, ¢ =0.5, § =0.2,
m=20.2, K=0.3.
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Fig.(8) For different values of Hal parameter m, the Fig.(9) For different valuespermeability parameter K,

longitudinal velocity profile u is plotted against y when The longitudinal velocity profile u is plotted against

¢=05x=1,¢q=05 =05 M=5, K=03. y when ¢ =05, x=1,q=05, =05 M=5,
m=1.
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Fig.(10) For different values of the Brinkman number Fig.(11) For different values of the dip
B,,the temperature distribution © is plotted against y parameter §, the temperature distribution @ is plotted
When ¢=051 x=1! q=051 ﬁ=05, M=151 m= agaInS[ y When ¢)=05, x=1, qZOS, Brzl,

0.1, K =1.2. M=2 m=1,K=12.
5
4 25
2.0
3
2] 0 1.5
2
1.0
1
0.5
0] 0.0
-15 -1.0 -05 0.0 0.5 1.0 1.5 -15 -1.0 -05 0.0 0.5 1.0 15
y y

Fig.(12) For different values of the Hall parameter m, the Fig.(13) For different values of the permesbility
temperature distribution © is plotted against y when ¢ = parameter K, the temperature distribution © is plotted
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Fig.(14) For different values of the Hartman number M, Fig.(15) For different values of the Brinkman number
the temperature distribution © is plotted against y when B, the concentration distribution @ is plotted against
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Fig.(16) For different values of

the Soret number S,, the concentration distribution @ is
plotted against y when ¢ = 0.5, x =1, ¢ = 0.5, B = 0.5,
B,=1,M=15 m=0.1,K=12,5.=1.
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Fig.(18) For different values of the dip parameter g, the
concentration distribution @ isplotted against y when ¢ =
05 x=1,9g=05 B, =1, M=15 m=0.1, K = 1.2,
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Fig.(20) For different values of the Hall number m, The
concentration distribution @ isplotted against y when ¢ =
05,x=1,¢q=05, =05B,=1,K=12, M = 1.5,
S.=1,8=1.
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