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Abstract. The slip and heat transfer effects on MHD peristaltic transport of a nanofluid in a
non-uniform symmetric/asymmetric channel have studied under the assumptions of elongated
wave length and negligible Reynolds number. From the simplified governing equations, the
closed form solutions for velocity, streamfunction, temperature and concentrations are
obtained. Also dual solutions are discussed for symmetric and asymmetric channel cases. The
effects of important physical parameters are explained graphically. The slip parameter
decreases the fluid velocity in middle of the channel whereas it increases the velocity at the
channel walls. Temperature and concentration are decreasing and increasing functions of
radiation parameter respectively. Moreover, velocity, temperature and concentrations are high
in symmetric channel when compared with asymmetric channel.

Nomenclature:

x,y  Cartesian coordinates Yo density of the fluid

u ,v  fluid velocities t time

p pressure 4 stream function

Y7, viscosity PP densities

d width of the channel m non- uniform parameter

a,b amplitudes o wave number

A wavelength v kinematic viscosity

c wave speed

=~
S

thermal conductivity

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



14th ICSET-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 263 (2017) 062025 doi:10.1088/1757-899X/263/6/062025

¢,  specific heat P, phase difference

o electrical conductivity B, magnetic field

T temperature 0 non-dimensional
temperature

T, T, temperatures of the fluid at C-C;  concentrations of the fluid

walls

at walls
radiative heat flux

T ratio of the heat capacity of ¢,
nanoparticle and fluid

Nb Brownian motion parameter Mt Thermophoresis parameter

L slip parameter F mean flow in laboratory

frame

] mean flow in wave frame Rn Radiation parameter

o non-dimensional M magnetic parameter
concentration

G, temperature Grashofnumber ~ Gr, mass Grashof number

Pr Prandtl number Re Reynolds number

1. Introduction

Peristaltic pumping is well known principle for fluid transport. It has many physiological, biomedical
and industrial applications such as biofluid transport in different parts of the human body, dialysis
device, heart lung instrument, blood pump machine and other pumping machnary for transporting
eroding industrial fluids. Moreover, due to the requirements in biomedical engineering, several authors
have been studying the peristaltic transport by considering various fluids and different assumptions [1
- 8].

The consideration of slip plays a significant role in study of some polymer flow problems. Few
authors have studied [9 — 14] the effects of slip, heat transfer and magnetohydrodynamics on
peristaltic pumping.

It is clear that the natural fluids such as, water flops to attain the current requirements in
improving thermal conductivities. But, nanofluids are useful toenhancethe thermal
conductivities of traditional fluids. Recently, the authors [15 — 20 ] have considerable interest on
peristaltic flow of nanofluids due to widespread applications of nanofluids in engineering and
medicine.

Motivated by the above observations, in this paper we have studied the effects of Brownian motion
and thermophoresis on peristaltic slip flow of a MHD nanofluid in a symmetric/asymmetric channel.
The expresions for stream function, temperature and concentrations are obtained. The influence of
various parameters on the present study have explained through the graphes.

2. Modelling of the problem

We consider the peristaltic slip flow of a conducting nanofluid in a non-uniform vertical asymmetric
channel. The flow is formed by a sinusoidal wave propagation along the walls of the channel with a
constant speed c (Fig.1). The flow geometry of the present problem is defined as

_- - - . 2 — - —_
hi(x,t)=—a, Sm|:7ﬂ-(x—ct)+¢o}—mx—d (D

e (i) = mx+a, Sin 7 (x—ct) +d @)

As per the above assumptions and long wave length and small Reynolds number approximations the
simplified non-dimensional governing equations for the present study are given by (Kothandapani and
Prakash [15])
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Figure 1. Flow configuration
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Corresponding boundary conditions are
2
LW 10V 0=g=1, at y=h, =bsin2a(x—1)}+1+mx,
2 oy Oy
F oy oy .
z//:—z,gfL P =—1, 0=¢=0, at y=h =—asin[27(x—1)+¢]—1—mx,
The non-dimensional quantities in the above simplified equations are defined as :
— — — — - 27 "
xA=x,yd=y,wcd =y, uc=u,vc=v,p= ici,tz%t, =%,a=%,
— y - -
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The relation between non-dimensional mean flows F and © is given by
F =0 +sin[27(x—1) Ja+sin[ 2z(x—1)+ ¢ |p
hy hy

Where F= judyz J%—Wdy
hl hl y

3. Solution of the problem

3)
4

®)

(6)

(7
®)

©)

(10)

an

By solving equations (5) and (6) by utilizing the boundar conditions (7) and (8) we obtain the

temperature and nanoparticle concentration as
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O=C,+Cye (12)
¢=—%C3e*"\“+cly+c4 (13)
Differentiation of equation (3) with respect to y yields as

o'y e o’y 00 o¢ (14)

7 >~ +Gr,—+Gr,.—=0

oy oy oy oy

From equation (12), (13) and (14) with the help of boundary conditions (7) and (8) we obtain the
stream function and the velocity as

w =C, +C,y +C, coshMy + Cgsinh My + L e " + 1, y? (15)
u=C, + C,M sinh Myy + C,;M coshMy — C, I, e " + 21, y (16)
Nb +N e Gt 1 N —Cilyhy
Where ¢ = m ,Cy = T Gl _ =Gty G = oGl _ g i C, :V;Cze -Chy,
CS = g - C6h2 - C7 cosh mhz - Cs sinh Mh2 —13670'”12 —l4h22 5 C6 = 71*C7ls *Cslg 7110 yC. = ll6 —Gilis 5 Cy = 116117 — 114119
! 14 115117 - lmllzs
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4. Results of the problem
The effects of the physical parameters on the flow phenomenon are
discussed through graphs by using the fixed values of the parameters as x=0.6, t=0.1, m=0.2,

a=0.12,b=0.2, M =1, Nt=2, Nb=3, Rn=1, Pr=1, Gr. =1.5, G, =0.5, L=1, =15, ¢, = 7/4 (asymmetric
channel) and ¢, = 0 (symmetric channel). It is clear that the velocity, temperature and concentration are
high in symmetric channel when compared with asymmetric channel.
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From Fig.2 and Fig.3, we observed that the increase in Grashof number declines the velocity in the
left half of the channel and opposite behaviour is observed in right half of the channel. Fig.4 depicts
that the large values of magnetic parameter reduce the fluid velocity in the left half of the channel and
enhances in right half of the channel. Further the velocity profiles are intersected at mid point of the
channel. The effect of slip is shown in Fig.5. We noticed that the higher values of the slip parameter
decrease the velocity in the middle of the channel but the situation is reversed at the channel walls.
Fig.6 displays that the increase in flow rate improves the fluid velocity.
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Figure 12. Concentration profiles for Nt Figure 13. Velocity profiles for Nb

The impact of nonuniform parameter m shown in Figures 7 — 9. We identified that the influence of
m on the velocity is same as in the case of slip parameter. Also observed that the increase in m
increases the temperature field at the left wall and the profiles are coinside at the right wall of the
channel while it enhances the concentration in left half of the channel and reduces in the right half of
the channel. From Fig.10 — Fig.12, we noted that the higher values of thermophoresis parameter
decrease the fluid velocity in the left half of the channel and the contrary behaviour is noticed in the
right half of the channel. Moreover, we observed the increase in temperature field and decrease in
concentration.
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Figure 18. Temperature profiles for Rn Figure 19. Concentration profiles for Rn

To study the effect of Brownian motion parameter Nb we plotted the figures 13 — 15.The increase
in Nb improves the velocity in the mid way of the channel but reduces at the channel walls. Further it
enhances the temperature and concentration fields. From figures 16 — 19, we seen that the increment in
Prandtl number boosts the temperature whereas it diminishes the concentration. Also we noticed the
opposite behaviour for increasing radiation parameter. Fig.20 explains the validation of the present
work.
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Figure 20. Validation with the existing work
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