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Abstract- In the present paper , Entropy generation analysis of peristaltic flow of Jeffery nanofluid in a tube with
permeable walls has been studied. Mathematical modelling of the governing fluid flow problem is formulated and
solved under the longwave length low Reynold number assumptions. The analytical solution of Velocity and
temperature distribution are obtained. It can be Observed from the graphs that entropy generation attains maximum
value near the walls of the tube and minimum value at the center of the tube.
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1L.INTRODUCTION

Peristalsis is the process of contraction and relaxation
of muscle tissue which can allow movement of a
substance in a given direction. Study of peristaltic
transport captured the interest of many researchers,
since it is the one of the basic physiological
phenomena which has enormous applications in
physiology, ecology, engineering and industry. Some
of the basic applications of peristaltic transport are
swallowing of food through esophagus, urine
transport from kidney to bladder, chime movement in
the intestine, movement of eggs in the fallopian tube,
transport of cilia, circulation of blood in small
vessels, finger and roller pumps for pumping
corrosive materials to prevent direct contact of the
fluid with the pumps internal surface, toxic liquid
transportation in the nuclear industry etc.

Latham[1] is the one who has started experimental
study on peristaltic transport in which he studied the
fluid motion in a peristaltic pump. His research
inspired many to do reseach in the related areas.
Shapiro et al.[2] proposed a descriptive analysis of
peristaltic flow of Newtonian fluid, in which he has
considered long wave length and low Reynold
number. Srinivasa and Kothandapani [3] discussed
the peristaltic transport of viscous fluid in an
asymmetric channel. Later extensive research has
been done on peristaltic transport of different fluid
models under different conditions (Akber et al. [4],
Mekhemier[5], Devi and Devanathan [6], Muthu et

al.[7]).

Choi[8] proposed the name Nanofluid, which is
defined as a convectional heat transfer base fluid with
mixture of ultrafine nanosized particles. The physical
and chemical characteristics of these particles are
different. The nanoparticles have high thermal
conductivity comparative to the base fluids. In recent
years, the study of nanofluid has gained its popularity
due to its extensive applications in bio and
mechanical industries such as paper, printing, paints
and cancer therapy etc. In view of this, the
contributions of peristaltic transport of nanofluids
have been studied [9,10,11] .

Jeffrey fluid is a non-Newtonian fluid, which
describes the characteristics of retardation and
relaxation times. This model is one of the simplest
but most used model because of this feature. Akbar
and Nadeem [12] studied the mixed convective
peristaltic motion of MHD Jeffrey nanofluid in an
asymmetric channel with Newtonian heating. A
theoretical investigation on Peristaltic transport of
effrey nanofluid in curved channel was analyzed by
Narla et al.[13].

Entropy is defined as the measure of irreversibility or
degree of disorder associated with heat transfer
processes. Li and Kleinstreuer [14] analyzed the
entropy generation in trapezoidal micro channels for
pure water and Cuo- water nanofluids. The rate of
entropy generation for a peristaltic pump was studied
by Souidi et al.[15]. Hayat et al.[16] examined the
entropy generation analysis on peristaltic transport of
nanofluid in a tube with flexible walls. Akbar and
Butt [17] studied the analysis of entropy generation

3103



International Journal of Research in Advent Technology, Vol.6, No.11, November 2018
E-ISSN: 2321-9637
Available online at www.ijrat.org

for the peristaltic flow of Cu-water nanofluid in a
channel by considering viscous dissipation.

2. PROBLEM FORMULATION

Consider the incompressible  peristaltic flow of
Jeffrey nanofluid in a horizontal tube with permeable
walls. A sinusoidal wave is disseminating through the
walls of the tube. Cylindrical polar coordinate system
(R, Z) is chosen. Here Z- axis is taken as the
horizontal axis, which coincides with the center of
tube and R is the vertical axis. Further, the flow is
assumed to be symmetric. The wave is propagated
with a velocity C along the wall of the tube.

R

Fig. 1 Geometry of the Problem
The geometry of the wall surface is given as

2T

H=ag+bSin—m—
AlZ - Ct) Eq. (1)
Where a is the radius of the tube, # is the sinusoidal
wave amplitude, C is the wave speed and A is the
wavelength, t is the time.

The geometry of the flow is exhibited in the figure 1

The relations between fixed frame and wave frame
are given as

=R, £=7-Ct, =U, W =W-C Eq. (2)

The governing equations and the boundary conditions
for the flow of an incompressible Jeffrey nanofluid
are
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The stress tensor components are
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Where W are the velocity components in in the

directions of ¥ and Z respectively. T is the local
temperature of the fluid, #=r is dynamic viscosity,

.Iﬁi

Puris  effective  density, (Peedys  is  heat
capacitance, *~r is effective thermal conductivity
and P is pressure.

The non-dimensional variables are

ooz
HEEWETRTE

W
A A.l _EJH_E!}?_EI”IF

oMy A TN, B
b=-fz— =5, =E2
¥ T b

Eq. (7)

Making use of these variables, in Egs.(3) to (6)
under the assumptions of long wave length and low
Reynolds number approximation we get the reduced
equations are as follows

dp
ar =0 Eq. (8)
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Eq. (9)
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Eq. (10)

The non-dimensional boundary conditions are
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Eq. (12)

D; is Darcy number, & slip

Thermal properties of the fluid are given as follows
[references (18-20)]
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Where M is Hartman number, B: is Brinkman
number, £ is Prandtl number and # is the
nanoparticle volume fraction.

2.1 Entropy Generation Analysis

Souidi et al. [15] defined Entropy generation as
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Dimensionless form of Entropy Generation is given
as
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Where 3z is the entropy generation rate,
4

s Ge ' characteristic entropy transfer rate

. [kg + 2k — 20(ks — k)
Ples + 257 + 200k — &)

- KyAT AT
Sy ==— A==
Tga® To Eq. (15)

The total entropy generation from equation (14) can
be written as the sum

Ne =Ny + Ng + Ny = Ny + N5 Eq (16)

Where Nz is the entropy generation due to heat
transfer, Nz is the local entropy generation due to
fluid friction irreversibility and #ar is the entropy
generation due to magnetic field. Sum of Nz Ny is
considered as entropy generation ¥z due to the
combined effect of fluid friction and magnetic field.

since Ws= Nz + Nz in order to observe the nature
of M. Nz the irreversibility ratio is studied, which is
the ratio between entropy generation due to fluid
friction and joule dissipation to the total entropy
generation due to heat transfer.

Irreversibility ratio ¢ is defined as the ratio of fluid
friction irreversibility to the irreversibility due to heat
transfer.

B, fuys (&w)‘ M3B, z
v () G) + e

Nu Ky (@)’
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Eq. (17)

Irreversibility ratio ¢ dominates in the interval (0.1)
and when £ = 1 shows that Irreversibility is due to
heat transfer. Fluid friction and heat transfer have
same effect when & = 1 |

Bejan number is also an Irreversibility parameter

defined as
_ Ng _ 1
T Ny 14§ Eq. (18)

3. Solution of the problem
Solving Egs. (9) and (10) together with the boundary

conditions, we get the solution for the velocity of the
fluid as follows
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The temperature distribution is given as
M?h? Eqg. (20)
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The flow rate is given by
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Where the mean flow rate @ is given as

—F+1 1+E=
Q= 2 2

Integrating equation (22) in the interval [0,1]
pressure rise is obtained as

1
d
Ap = J; d—idz

4 Results and Discussions

Eq. (23)

Eq. (24)

Through the grahical representation, the influence of
various parameters such as velocity(w), pressure

dp
gradient(dz ), temperature(€ ), entropyanaysis(NS),
variation of Bejan number (B} etc. are analyzed.

4.1 Velocity profile:

Figure2 represents the variation of velocity (w) of the
fuid inside the tube which is plotted against the radial
distance (r).This graph depicts the impact of A on
velocity. The velocity decreases with increasing
values of A (velocity is maximum at the center and
minimum at the walls). The variation of velocity (w)

with respect to the variation of Darcy number (‘\JI(Du]
) is shown in figure 3. It has been observed that the
velocity decreases with the decrease in darcy number

V@), From figure 4 it is noticed that the slip
parameter (o) is inversely proportional to velocity
profile (w) .Figure 5 shows the relationship between
velocity (w) and hartmann number (M), Velocity
gradually decreases with increase in hartmann
number(M).It has been observed from figure 6 that
velocity increase  with increase in the value of
e.Figure 7 represents the effect of 41on velocity
(w).it can be observed that as the value of 43
increases there is a little reduction in the value of
velocity(w). We can conclude from the graphs (2-7)
that the velocity(w) is maximum at the center and
minimum at the walls of the tube.

dp
4.2 Pressure Gradient (dz )

Graphs (8-13) shows the impact of various
dp
parameters on pressure gradient (dz).pressure
gradient decreases with increase in Hartmann number
(M) in the interval @ = z < 0.8 and it is minimum
at 0.8 and then increases from there till the end of the
wall. overall it has nonuniform behavior (fig 8). The
oscillatory behavior of pressure gradient with the

effect of the parameters v@a) angd A(fig
9&10).Figure 11 representS the variation of pressure
dp
gradient with e .It is interesting to observe that (dz)
decreases with increase in € in the interval
0=z=02 and the pressure gradient increases
with decrease in € in 0.2 = z = 0.3 and thereafter
pressure gradient is directly proportional to € in the
interval 0.2 = z = 0.7 and inversely proportional
inthe interval 0.7 = z = 1.0V |
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Figure 12&13 shows the variation of pressure
dp
gradient(dz ) with the parameters A and Jeffery fluid
dp
parameter E(AI3). It is noted that (dz) decreases
with increase in A and 41 in the interval
0=z=02 and increases in the interval
02=z=07 and decreases thereafter,it is
dp
observed from the graph that (dz) is minimum at
z=02 and maximumat z = 0.7 |

Figure 14 &15 reflects the influence of Bronian
motion number E(EI.), Hartmann number (M) on
temperature 0. Temperature of fluid in the tube
decreases with increase in Bronian motion number
and Hartmann number. Temprature is maximum at
center r= 0 and minimum at the walls of the tube.

Through the graphs (16-20) we observe that entropy
generation attains maximum value near the walls of
the tube and minimum value at the center of the
tube.

It is observed from the graphs
directly proportional to €, 41, M.

that entropy is

Figure (21-26) are representing the effects of
parameters £r, ¢ ,41 M,Q,A on Beijan number
{(B1.) Through the graphs we can conclude that
Beijan number ¥(EI.) attains maximum vaue at

the walls and minimum value in the interval
—05=r=<05
5.Graphs
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Fig 2: Velocity profile w (r,z) against the radial
distance r for 4

(z=1;¢ = 0.1 ; Q=0.;;M=1; 41 = 0.02:yDa =g 1,
e = 0.01)
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Fig 3: Velocity profile w (r,z) against the radial

distance r for 1|||D11

(z=1;e = 0.1 ; Q=0.1;M=1;
Ay = 0,02; 4 =01; = 0.01 )
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Fig 4: Velocity profile w (r,z) against the radial

w
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Fig 5: Velocity profile w (r,z) against the radial

distance r for M

(Z=1; e=01 ;1 Q=0.1;
= 0.01;4; =002;4= U.1:1|||Du_ =01 )
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Fig 9: Pressure gradient dp/dz versus z for vPla
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Fig 7: Velocity profile w (r,z) against the radial
distance r for 41
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Fig 10: Pressure gradient dp/dz versus z for &
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Fig 8: Pressure gradient dp/dz versus z for M
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Fig 11: Pressure gradient dp/dz versus z for €
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Fig 12: Pressure gradient dp/dz versus z for <
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Fig 13: Pressure gradient dp/dz versus z for 41
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Fig 15: Temperature & versus r for Br
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Fig 16: Entropy versus r for €
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Fig 17:Entropy versus rfor #1

(=01 ;0=0.1;M=1; E-=0.1;
z=01:4=01:F=01:y=01:E.=1)
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Fig 24: Bejan Numbers versus r for different M
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Fig 25: Variation of Bejan Numbers against the radial
distances for @
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Fig 26: Variation of Bejan Numbers against the radial

distances for 1

( E.=01 ;M=1;
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6. CONCLUSION

The Present work addresses the Entropy generation
analysis of peristaltic flow of jeffery nanofluid in a
tube with permeable walls.the following observations
are made Velocity profile(w) and temperature
profile(0) are attaining maximum value at the center
and minimum value at the walls of the tube. Entropy
generation(NS) attains maximum value near the walls
of the tube and minimum value at the center of the
tube.
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