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Abstract

This paper deals with peristaltic motion of electrically conducting nanofluid in a tapered asymmetric channel through a porous medium
in presence of heat and mass transfer under the effect of slip conditions. The problem is reduced mathematically by a set of nonlinear
partial differential equations which describe the conservation of mass, momentum, energy and concentration of nanoparticles. The non-
dimensional form of these equations is simplified under the assumption of long wavelength and low Reynolds number. The coupled gov-
erning equations are solved analytically. The expressions for velocity, stream function, temperature and concentration are derived. The
results have been presented graphically for the various interested emerging parameters and the obtained results are discussed in detail. It
is observed that the magnitude of the velocity decreases in the middle of the channel while it increases near the channel walls with an
increase in the non-uniform parameter M. It is also noticed that the nanoparticle temperature increases with increasing thermal slip pa-

rameter L, . The present result coincides with the findings of Kothandapani and Prakash [19].
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1. Introduction

In recent years, peristaltic pumping plays an important role in
development of Science and Engineering. A variety of complex
rheological fluids can easily be transported from one place to an-
other place with a special type of pumping known as peristaltic
pumping. Peristaltic flows are generated by the propagation of
waves along the flexible walls of the channel or tube. This mecha-
nism is seen in many biological system such as urine transport
from kidney to bladder through the ureter, transport of lymph in
the lymphatic vessels, swallowing food through the esophagus, the
movement of chime in the gastrointestinal track, ovum movement
in the fallopian tube, transport of spermatozoa vasomotion of
small blood vessels etc. This analysis was first investigated by
Latham [1]. Later, Jaffrin and Shapiro [2] investigated the peristal-
tic pumping under the assumption of long wavelength and low
Reynolds number approximation. This work was further extended
by so many researchers. Several theoretical and experimental stud-
ies have been reported by many of the researchers on peristaltic
motion of different physiological fluids with different flow ge-
ometries and boundary conditions [3-12].

Nowadays, the study of nanofluids flow has the interest of re-
searchers because of its large number applications in biomedical
and industrial engineering. Choi and Eastman [13] was the first
who initiated this nanofluid technology. The fundamental features
are thermal conductivity enhancement. A detailed analysis of
nanofluids was discussed by Buongiorno [14]. According to his
view the massive increase in thermal conductivity occurs due to

the presence of the Brownian diffusion and the thermophoresis
diffusion of the nanoparticles. Sheikholeslami et al. [15] studied
the natural convection in a concentric annulus between a cold
outer square and heated inner circular cylinders in the presence of
static radial magnetic field. Noreen [16] investigated the mixed
convection peristaltic flow of third order nanofluid with an in-
duced magnetic field and observed that the influence of Brownian
motion parameter and thermophoresis parameter on mass distribu-
tion is opposite to temperature distribution. Ebaid and Emand [17]
gave an exact analytical solution of the peristaltic nanofluid flow
in an asymmetric channel with flexible walls and slip condition
which is useful for Application to the cancer treatment. Nadeem et
al. [18] analyzed the endoscopic effects of peristaltic nanofluid
flow of Jeffrey six-constant fluid model in the presence of magne-
to hydrodynamics flow. Kothandapani and Prakash [19] studied
on peristaltic transport of carreau nanofluid under effect of a mag-
netic field in a tapered asymmetric channel. Dhanapal et al. [20]
examined the peristaltic flow of an incompressible micropolar
nanofluid in a tapered asymmetric channel in the presence of
thermal radiation, heat source parameters and noticed that the
coupling number and Brownian motion parameters have opposite
effects on the microrotation velocity. Prakash and Suriyakumar
[21] analyzed the effect of uniform transverse magnetic field on
the transient free convective nanofluid flow of an incompressible,
viscous electrically conducting fluid between vertical asymmetric
parallel plates in the presence of internal heat generation. They
observed that the increase in Grashof number of copper-water and
alumina-water nanofluids lead to increase in the velocity of the
flow field. Eldabe et al. [22] studied the peristaltic motion of a
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Carreau nano fluid model through a porous medium inside an
asymmetric channel. It is found that the velocity of Carraeu
nanofluid increases at the neighborhood of the channel walls and
decreases near the center of the channel by increasing the Weis-
senberg number and the power law index. Recently, Mishra et al.
[23] investigated the heat and mass transfer in asymmetric chan-
nels during peristaltic transport of an MHD fluid having tempera-
ture-dependent properties by using perturbation technique. It is
found that when the fluid viscosity diminishes, the size of the
bolus increases.

According to the observation of many physiologists, intra-uterine
fluid flow due to myometrial contractions, we made an attempt to
study the peristaltic transport of electrically conducting nanofluid
in a tapered asymmetric channel through a porous medium in
presence of heat and mass transfer under the effect of slip condi-
tions. A detailed mathematical formulation is presented. Expres-
sions for the stream function, velocity, temperature and concentra-
tion have been derived and discussed through graphs. As thermal,
velocity and concentration slip parameters and permeability pa-
rameter tends to zero our results agree with the results of Ko-
thandapani and Prakash [19].

2. Mathematical Formulation of the Problem

Consider the peristaltic flow of an incompressible viscous electri-
cally conducting nanofluid in a two dimensional infinite asymmet-
ric channel through porous medium in presence of heat and mass
transfer under the effect of slip conditions. The flow is generated
by sinusoidal wave trains propagating with constant speed ¢ along
the walls to have different amplitudes and phases. The shapes of
the channel walls are presented as:

le—aisin[%”(’—ct*)+¢o}—mﬁd 1)
sz%sin[%(i—cf)}+mi+d 2

A is the wavelength, 1is he time and c is the propagation veloci-
ty.

Fig: 1: Physical Model

Here the amplitudes of the waves, width of the channel and phase
difference a,,a,,2d, ¢, satisfy the condition for the divergent

channel at the inlet of flow
a/ +a; +2a,a,c0s(¢) <4d* 6)

A uniform magnetic field with magnetic flux density
B=(0,0,B,) is applied. The heat transfer and nanoparticle pro-

cesses are maintained by considering temperature T,,T, and na-
noparticle phenomenon C,,C, to the right and left side walls re-

spectively.
The non-dimensional quantities are given below:
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Kothandapani and Prakash [19] gave the following simplified non-
dimensional governing equations that governs the fluid flow
under the assumption of low Reynolds number and long wave
length approximation:

222‘2)/3'»‘;_(“42+02)Z/+G,0+Gc¢ (5)
%:o (6)
o, prib [aej(&é} Pr Nt (89}2 %
oy* 1+PrRnl oy \ oy ) 1+PrRn{ oy

The corresponding boundary conditions are
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The relation between non-dimensional mean flows F and © is
given by
F =0-+sin[ 27(x—t) Ja+sin[ 2z(x—t)+4¢]b
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3. Solution of the Problem:

With the help of boundary conditions in equations (9), the solu-
tions of the equations (5)-(8) are

0= p, + p3eimlply (11)
Nt _

¢ = _m p;e ey 4 Py + P, (12)

W = Ps+ PgY + P, coshTy + pgsinh Ty + me ™™ + m3y2 (13)

U= ps +Tp,sinhTy +Tp, coshTy —mm, pe ™™ +2m,y (14)
Values of the constants are given in the appendix - A.

4. Results and Discussions:

In order to get insight into the given physical problem, the behav-
iors of various parameters are discussed on temperature, velocity
and concentration. The effects of significant physical parameters
on the flow phenomenon are discussed through graphs by using
the fixed values of the parame-
tera=0.12,b=0.2,M =1,Nt=2,Nb=3,Rn =1,

Pr=1,0=1Gr=15Gc=0.5x=0.6,t=0.1,m=0.2,

L,=01L,=01L,=010=15d, :%. In this section we have

presented the numerical results to analyze the impact of non-
uniform parameter (M) , thermophoresis parameter (Nt) , Browni-
an motion parameter (Nb), Prandtl number (Pr), Reynolds num-
ber (Rn), thermal slip parameter (L,) , concentration slip parame-
ter (L;), temperature Grashof number (Gr), velocity slip (L) ,
magnetic parameter (M), mass Grashof number (GC) ,wave

frame mean flow (®), permeability parameter (o) on tempera-

ture, concentration and velocity profiles through graphs and are
shown from figures (2) —(21).

4.1 Temperature Profiles:

From Figure 2, it is noticed that when there is an increase in the
values of non - uniform parameter IM increases the temperature
profiles in left wall of the channel. Figures 3-7, it is clear that the
temperature profiles increases when there is an increase

inNt, Nb, Pr and L, , however it decreases with the increase in
Rn.

4.2 Concentration Profiles:

From figure 8, it is found that the concentration profiles increases
in the left half of the channel and decreases in the right half of the
channel with the increasing values of non-uniform parameter m .

Figures 9-13 depicts that increase in Nt, Prand L, reduces the
concentration profiles whereas reverse trend is observed in the
case of NbandRn.

4.3 Velocity Profiles:

Figures 14-17, depicts the velocity region reduction in the left
half of the channel and increases in the right half of the channel

with increasing magnitude of Gr, L ,Gcand Nt. The influence

of M and o on the velocity is presented in the Figures 18 and 19.

It is found that the increasing values of M and o reduces the
velocity in the middle of the channel and enhances the velocity at
the walls of the channel. From figure 20, it is observed that the
velocity enhances in the left of the channel and diminishes in the
right half of the channel with the increasing magnitude of Browni-
an motion parameter. Figure 21 shows that the increase in flow

rate ® improves the velocity.
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Fig. 4: Influence of Brownian motion parameter on temperature profiles.
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Fig. 8: Influence of non-uniform parameter on concentration profiles. Fig.12: Influence of Brownian motion parameter on concentration profiles
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Fig. 15: Influence of velocity slip parameter on velocity profiles. Fig. 19: Influence of permeability parameter on velocity profiles.
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Fig. 16: Influence of mass Grashof number on velocity profiles Fig. 20: Influence of Brownian motion parameter on velocity profiles.
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Fig. 21: Influence of mean flow rate on velocity profiles.

Appendix - A
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